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AND-41 NTERMEDI ATE THEREFOR  TECHNI CAL FI ELD The present ention
rel-ates to a novel pyridine derivative exhibiting a selective '
phosphodi esterase IV inhibitory activity, and a potent inhibitory IeBOSi ty
of bronchoconstriction and/or an anti-inflammatory activity of airway, a
process for preparing the sane, and an internediate therefor. PR OR ART
European Patent Publication EP-557016-Al (FU. S, Patent No. 5342941)
di scl oses that sonme conpounds such as 1-(3-pyridyl)-2,3-bis(hydroxynethyl)-
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I soqui noline exhibit an anti-asthmatic activity. However, they never
di scl ose conpounds wherein the pyridine ring is substituted by a
ni t rogen- cont dtleldycl i ¢ fused ring and an unsubstituted or
substituted am no _group such as_ the conpounds_  of the present invention.
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second nessengers, are deconposed .and inactivated by phosphodiesterase
(abbr evi at ed selectirophpsplmdiessarase [Vanhibitory activisy, atidi petent inhilponysozy e
gene famlies are recognized and these PDEs w dely distributes in

_ activity of bronchoconstriction and/or an anti-inflammatory activity of airway, a
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process for preparing the same, and an intermediate therefor.
" PRIOR ART | _

European Patent PuEIication EP-557016-A1 (=U. S. Patent No. 5342941)
discloses that some compounds such as 1-(3-pyridyl)-2,3-bis(thydroxymethyl)-
6;7-diethoxynaphthalené exhibit an anti-asthmatic.activity.' European Patent
Publication EP-664289-A2 and European Patent Publication EP-490823-A1
(=U. S. Patent No. 5177085) disclose that some cdmpounds such as 3,4-
dihydro-6,7-dimethoxy-1-(3,5-dimethoxypheny1)—3-hydroxyméthyl-
isoquinoline exhibit an anti-asthmatic activity. However, they never disclose
compounds wherein the pyridine ring is substituted by a nitrogen-containing

‘heterocyclic fused ring and an unsubstituted or substitutéd- amino group such as
the compounds of the present invention.

On the other -hand, it is known that cAMP and cGMP, which are
intracellular second .messéngers, are decomposed and inactivated by
phosphodiesterase (abbreviated as “PDE”). Currently, at least seven different
PDE isozyme gé,ne families are recognized and these PDEs_Widely distribufes in
many cell types and tissues of the living body. A PDE inhibitor inhibits said
PDE, by which the level of cAMP and cGMP in tissue cells is increased, and as a



many cell types and tissues of the living body. A PDE inhibitor inhibits.
sai-d PDE, by which the level of cAMP and cGW in tissue cells is

i mcreased, and as a ' : 2
result, a PDE inhibitor exhibits various pharnacol ogi cal activities, for
exanpl e, relaxation of vascular snooth nuscle and bronchial snooth nuscle,
and induction of positive inotropic action and chronotropic action in the
heart. Moreover, a PDE inhibitor can corgrol the central function owing to
increase of CAMP in the central system i.e., it can exhibit an
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asthma as a PDE inhibitor. However, since the PDE jnhibitory activity of
this drug i $eHsrand further shows lipocatabolic action of fatty cells [cf. Trend% in Y

Pharmacological Sciences, 12, 19-27, 1991].

Therefore, an agent inhibiting PDE is considered to be useful in the
trcatrhent of various diseases, such as bronchial asthrha, thrombosis, depressioh,
central hypofunction after cerebrovascular obstruction, cerebrovascular
dementia, Alzheimer’s type dementia, various inflammations, obesity, and heart
failure. '

On the other hand, various anti-asthmatic agents have been known, but
those known agents have some defects such as insufﬁciéncy in effects of -
inhibiting bronchoconstriction and further insufficient removal of side effects on
the heart, and hence, it has been demanded to develop a new type drug.

Hitherto, theophylline has been used in the treatméﬁt of asthma as a PDE
inhibitor. However,-since the PDE inhibitory activity of this drﬁg is non-
'speciﬁc; it shows cardiotonic and central activities in addition to relaxation
activity of bronchial smooth muscle. Therefore, careful attention has to be paid

to this agent in view of such side effects. Accordingly, under the circumstances,
it has Been desired to dévelop a new medicament which can selectively inhibit

phosphodiesterase IV (PDE IV) which largély exists much more in the bronchial



specific, it shows cardiotonic and central activities in addition to
relaxation activity of bronchial snooth nuscle. Therefore, careful
attention has to be paid to this agent in view of such side effects.
Accordi ngly, under the circunstances, it has been desired to devel op a new
medi cament which can selectively inhibit phosphodiesterase IV (PDE |V)
which largely exists nuch nore in the bronchi al -

3 snooth nuscle and the inflammtory celd s unlike other isozynes of PDE.
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of airway, and being useful in the prophylaxis or treatment of asthma. Another

' _objec"t of the present invention is to provide a process for preparing a novel
pyridine derivative. Still further object of the present invention is to provide an
intermediate for preparing the same.

DETAILED DESCRIPTION OF INVENTION

The present invention relates to a pyridine derivative of the formula (I): |
A | |
A RS :
( l 9—1( o
N RS

wherein A is a group selected from the following formulae:

33 1 '
R N R%2 R! N-R R SN
. 1
Rsz42 R2 ~N , ) R2 N

(in which R and R2 are the same or different and each a hydrogen atom, or a
protected or unprotected hydroxy group, R3! is a protected or unprotected

hydroxymethyl group, R32 is a hydrogen atom, a lower alkyl group, or a



[err] (in which Rlerr] and Rlerr] are the sane or different and each a
hydrogen atom or a protected or unprotected hydroxy group, R31 is a
pretected or unprotected hydroxynethyl group, R32 i's'a hydrogen atom a

| ower al kyl group, or a : . 4
protected or unprotected hydroxynmethyl group, R33 is a substituted or
unsubstituted | ower al kyl group, R41 is a protected or unprotected

hydr oxynet hyl group, R42 is a protected o4 unprotected hydroxynmethyl group,
and the dotted |line nmeans the presence or absence of a double bond),

Rlerr] and err re the same or different and ch a hydrogen atom or a
protect ed or PR Gaéét‘@ﬂr%tﬁf:ﬁg hydspxymgthy, greu d8 o é g‘fﬂéir t er mi ni
together with the adjacent nitrogen atomto which they bond to forma '
substit ut ed omsubstituted loweralkiybgeoup; Raliis agprotested ar usprptestetaceut i cal | y
acceptabl e salt thereof. The desired conpound (1) of the present

i nvention ory 5{%@ I gﬁ% tive
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bronchoconstri or _an a nf | ammat.or t of airway, so
Chat the.pr Bt w%&ﬁﬁae aiShf 21, pielendl B aiHebs Bhb dobIe Bt opnyi axts or
treatnent of . asthrrg For_ exanpl e, the present conpound (1)

and RS are the same or different and each a hydrogen atom, or a

protected or unprotected amino group, or both may combine at their termini
'together with the adjacent nitrogen atom to which they bond to form a
suBstituted or unsubstituted heterdcycli_c group,

or a pharmaceutically acceptable salt thereof.

The desired .compou'nd (I) of the present invention or a pharmaceutically’
acceptable salt thereof shows a selective PDE IV inhibitory activity, and a
potent inhibitofy activity of bronchoconstriction and/or an anti-inflammatory
activity of airway, so that the presént compound (I) is a useful medicament in
the prophylaxis or treatment of asthma. For example, the present compound (I)
shows a more potent inhibitory activity on the anﬁgen-indﬁced
bronchoconstriction than theophylline does, and is characteristic in the potent -
inhibitory effe_ct on the brorichoconstriction but no side effects on the heart.

When R! and/or R2 of the present compound () are a protected hydroxy

- group, the protecting. group for hydroxy group may be any pharmaceutically
acceptable protecting groups for hydroxy group, for example, a substituted or
.unsubstituted lower alkanoyl group, a substituted or unsubstituted alkyl group,
or a substituted or unsubstituted cjcloalkyl group. Preferable protecting group

is an alkyl group, more preferably a lower alkyl group.

When R31, R32, R33, R4l and/or R42 are a protected hydroxymethyl



shows a nore potent inhibitory activity on the anti gen-induced
bronchoconstriction than theophylline does, and is characteristic in the
pot-ent inhibitory effect on the bronchoconstriction but no side effects on
t he heart. Wien Rlerr] and/or R err] .of the present conpound (I)
are a protected hydroxy group, the protecting group for hydroxy group may
be any pharmaceutically acceptable protecting groups for hydroxy group,
for exanple, a substituted or unsubstituted |ower alkanoyl group, a
substituted or unsubstituted al kyl group, or a substituted or

unsubstltuted c al k [ ou Pr | e e IS an
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Rerr], R[err] d/or err] are a protected hydro %£§
5 group, t hea“f)’r ‘E?chﬁ uatlh;acmtalﬁﬁc%s&?tlas PP % ﬁ%tgﬁ?HP’JPBup my -
be any pharmaceutically e tabI | rqup for .hydrqgx roup, for
exanpl e, one<CXANRIE ARES wﬁ&% g‘elﬁ?ﬂ’r Bﬂ?’%&‘ﬁ ?Eﬁ&qut‘apag’Oﬂts@t ﬁe%’s gBteS not
produce any harnful si de- pr.oduct s, @agch as,a subst |tut d or ynsubstituted
| ower al kand3rodye® apy harmfiglside-preducss, sich asa substibte PkyPSlétsaﬂﬁe ower
substituted or_ unsubstituted | ower alkoxycargf ﬁw group, or a substltuted
or unsubst it LAlkenoy\&IpERy &Y ﬂt@tﬁﬂ or unsubstitn{ed alky) group, @cwbstituted or
unsubstituted | ower al kanoyl grou i ncludes a | ower al kanoyl group whi ch
may opt i onal |ynsubstituted loweral ygaré)oav graIp, o aupbstited op ynsubstituted
protected or unprotected am no group, a carboxyl group, a |ower
al koxycar bonydycipalkiyl groupydr oxy group and a I ower al koxy group.
The “substituted or unsubstituted lower alkanoyl group” includes a
lower alkanoyl group which may optionally be substituted by one or two
groups selected from a protected or unprotected amino group, a carboxyl group,
a lower alkoxycarbonyl group, a hydroxy group and a lower alkoxy group.
The “substituted or unsubstituted alkyl group” includes an alkyl group which
may optionally be substituted by a group selected from a lower alkoxycarbonyl
group, a lower alkoxy group, an aryl group, and a lower alkyl-substituted
piperazinylcarbonyl group. The aryl group includes, for example, a phenyl
group, a lower alkoxyphenyl group, and a naphthyl group.
The protecting group of the protected amino group which is one of the
substituents of the “substituted or unsubstituted lower alkanoyl group” may be
any protecting groups for amino group, for example, an acyl group such as a
lower alkanoyl group (e.g., acetyl, propionyl), a lower alkoxycarbonyl group, or
a phenyl-lower alkoxycarbonyl group (e.g., benzyloxycarbonyl).
The “substituted lower alkyl group” for R33 includes a lower alkyl group

~ which is substituted by a gfoup selected from a pyridyl group, a cyclo-lower

alkyl group and a hydroxy group.



The "substituted or unsubstituted al kyl group" includes an al kyl group
which may optionally be substituted by a group selected froma | ower

al koxycar bonyl group, a |ower al koxy group, an aryl group, and a | ower

al kyl -substituted piperazinylcarbonyl group. The aryl group includes, for
exanmpl e, a phenyl group, a |ower al koxyphenyl group, and a naphthyl group.
The protecting group of the protected am no group which is one of the
substituents of the "substituted or unsubgtituted | ower al kanoyl group"” may
be . any protecting groups for anino group, for exanple, an acyl group such

as a |ower alkan I rou cet pr opi.onyl
al koxycar bonyl gr % E&clﬁ}&wpafpga%qlbg Elggﬂ%s d%ﬁéﬁg‘%@"&nml

benzyl oxycarbonyl). The "substituted | ower alkﬁ roup” for Rerr]

i ncl udes a Itsmthqlwyh the adacenhnigtogen atomstoi whichdhey angnmlpdssaaect ed from
a pyridyl group, a cyclo-lower alkyl group and a hydroxy group.

6

Thbetezamonegysilice hgtegolicydicrechétyrattiaydliv grguphaaing Gptienaltyhei r
termini together with the adjacent nitrogen atomto which they bond
i ncludes a heteroatomseteated fronhenitrogencato, anaxygen atont and acuifur gtom in
having optionally a heteroatom selected froma nit rogen atom an oxygen
atom and a sadditionabsaid adjaeeititiiroged atosmi d adj acent ni trogen atom
Sui t abl e exanpl es of such heterocyclic group are pyridyl, quinolyl,

ST 1 el et g . o, |

napht hyri di ni\_sbquﬁhbl)‘lPdﬁﬂ@b¢1ﬁ¥[b}pyndyl pyrro[2,3-b]pyridyl, imidazo[4,5-b]pyridyl,
pyrido[2,3-d]thiazolyl, pyrido[2,3-d]oxazolyl, naphthyridinyl, quinoxazolinyl,
phthalazinyl, quinazolinyl, indolyl, pyridazinyl, thieno[2,3-d]pyridazinyl, |
azepinyl, azetidyl, isoindolyl, pyrrolyl, benzazepinyl, phenanthridinyl,
benzothiadinyl, benzimidazolinyl, pyrazinyl or morpholino (these heterocyclic
groups optionally being hydrogenated partially or wholly). Among these |
groups, preferable ones are pyridyl, quinolyl, isoquinolyl, naphthyridinyl,
phthalazinyl, qﬁinozolinyl or thienc_)[2,3-d]pyridazinyl (these heterocyclic
groups optionally being hydrogenated partially or wholly).

When one or both R5 and RS are a protected amino group, the protecting

group for amino group may be any pharmaceutically acceptable protecting
groups for amino group, for example, a lower alkanoyl group or a phenyl-lower
alkoxycarbonyl group.

| On the other i’land, the above-mentioned heterocyclic groups may
optionally be substituted by one or more groups which are the same or different,
and selected from (1) a lower alkenyl group; (2) a lower alkynyl gfoup; 3)a
lower alkylthio group; (4) a cycloalkyl group; (5) a triﬂuorometﬁyl grodp; 6)a
cyano group; (7) a tetrazolyl group; (8) a formyl group; (9) an amino group; (10)



pht hal azi nyl, quinazolinyl, indolyl, .pyridazinyl, thieno[2,3-d]pyridazinyl,
azepi nyl, azetidyl, -isoindolyl, pyrrolyl, benzazepinyl, phenanthridinyl,
benzothladlnyl ben2|n1dazol|nyl pyra2|nyl or nDrphollno (these

het erocyclic groups optionally belng hydrogenated partially or mholly)
Anong these groups, preferable ones are pyridyl, quinolyl, isoquinolyl,
napht hyri di nyl, phthal azi nyl, quinozolinyl or thleno[2 3- d]pyrlda2|nyl
(these heterocyclic groups optionally berzng hydrogenated partially or

whol | y) . -When one or both Rerr] and R err] are a protected am no
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(14) & bis- lower alkyl-substituted piperazinylcarbonyl group; (18) a hydroxy-lower alkyl-
substituted piperazinylcarbonyl group; (19) a tri-lower-alkylsilyloxy-lowér
alkyl-substituted piperazinylcarbonyl group; (20) a lower alkoxycarbonyl
group; (21) a carboxyl .groupl;' (22) a lower alkyl group which may optionally be
substituted by a morpholino group or a pyridyl group; (23) a lower alkoxy
group which may optionally be substituted by a group selected from a piperidyl
group, a pyridyl group, a hydroxy group, or a lower alkoxy group; (24) an oxo
group; (25) a hydroxy group; (26) a pyrimidinyl group; (27) a phenyl group
which may optionally be substituted by a di-lower alkylamino group or a |
halogen atom; (28) a halogen atom; (29) a nitro group; (30) an imidazolyl group;
(31) a lower alkylenedioxy group; (32) a thiazolyl group; and (33) a thienyl
group. |
Among these'groups, more preferable substituents are one or more
groups which are the same or different and selected from (1) an amino groui); 2)
a pyridyl group; (3) a lower alkyl group which may optionally be substituted by
a morpholino group or a pyridyl group; (4) a lower alkoxy group which may
6ptionally be substituted by a pyridyl group; (5) an oxo group; (6) a pyrimidinyl
group; (7) a phenyl group which may optionally be substituted by a di-lower



(hydr oxy- | ower al kyl)am nocarbonyl group; (15) a bis(tri-Iower

al kyl' silyl oxy- | ower al kyl)am nocarbonyl group; (16) a norpholinocarbonyl
group; (17) a lower alkyl-substituted piperazinyl carbonyl group; (18) a
hydr oxy-1 ower al kyl - substituted piperazinyl carbonyl group; (19) a
tri-lower alkylsilyloxy-lower alkyl-substituted piperazinyl carbonyl group;
(20) a | ower al koxycarbonyl group; (21) a carboxyl group; (22) a | ower

al kyl group which nmay optionally be subsgituted by a norpholino group or a
pyridyl group; (23) a |ower al koxy group which may optionally be-

subst | LUt ed it Brih8 WosFbeAYAn AR BOPEAGHn 480Y0) o iKY Hlo OUP: 2

hydr oxy group,” or a group dr oxy

group; (26) a up; (27) a phenyl group which nay optionally
be substi tutaé1 @ngltg e'ﬁﬂﬁg(?u al kyl am no group or_a halogen atom (28) a
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group which may optjonally be_substituted by a pyridyl group; (5) an oxo
group; (6) ®XSyELONPdi The ﬁ@rw,s licgroups wl@ﬁwe@ﬁbﬁe@sm éhW@BPlaé%ally be

substituted by a di-Iower

al kyl ani no dretrrpcysliGgroaps fening @ partiad structysg @fﬁm fofEH];a (9) a sANdzol yI
group; and (10) a thienyl group. Anong t he substitut efheterocyclic
groups, pharnmaceutically preferabl e heterocyclic groups a-r-é(ones whi ch are

substi t ut ed t by an oxo graou a droxy group or,an‘am no group,
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especial ly ic groups are exemphﬁed as follow.




oxo group. The heterocyclic groups substituted at |east by an oxo group are
het erocyclic groups having a partial structure of the fornula: [err]
and- the suitable exanples of such heterocyclic groups are exenplified as
fol |l ow [err] ' : 9
[err] - (these heterocyclic groups substituted by an oxo group may
optionally be further substituted by one or two groups selected from(1l) a
| ower al kenyl group; (2) a | ower al kynylg group; (3) a | ower al kylthio
group; (4) a cycloalkyl group; (5) a trifluoronethyl group; (6) a cyano
group; (7) a tetrazolyl group; (8) a fornyl group; (9) an am no group;
(10) a nono- or di-lagwer alk I erei nQthe | ower al kyl noiety
may optionally be subl ’ prt a nor phol i no group,
a nonocycl oal kyl - sdX pyridN _gFe0p, an inidazolyl
group, a piperidyl \l) a pyridyl group;
(12) a norpholino g triazolyl group;

5) a .

) am nocarbonyl ~—gr oup;

i

(these heterocyclic groups substituted by an oxo group may optionally .be
further substituted by one or two groups selected from (1) a lower alkenyl
group; (2) a lower alkynyl group; 3) a Ipwér alkylthio group; (4) a cycloalkyl
group; (5) a trifluoromethyl group; (6) a cyano group; (7) a tetrazolyl group; (8)
a formyl group; (9) an amino group; (10) a mono- or di-lower alkylamino group
wherein the lower alkyl moiety may optionally be substituted by a group
selected from a morpholino group, a monocycloalkyl-substitﬁted amino group, a
pyridyl group, an imidazoly_l group, a piperidyl group and a pﬁrolidinyl group;
(11) a pyridyl group; (12) a morpholino group; (13) a lower alkyl-substituted
triaiolyl group; (14) a bis(hydroxy-lower alkyl)aminocarbonyl group; (15) a
bis(tfi-lower alkylsilyloxy-lower alkyl)aminocarbonyl group; (16) a morpholino-
carbonyl grouf); (17) a lower alkyl-substituted piperazinylcarbonyl group; (18)a
.hydroxy-low'er alkylisubstituted piperazinylcarbonyl group; (19) a tri-lower
alkylsilyloxy-lower alkyl-substiéuted pipe_razinylcarbonyl group; (20) a lowér
alkoxycarbonyl group; (21) a carboxyl group; (22) a lower alkyl group which
may optidnally be substituted by a .m_orpholino group or a py;idyl_ group; (23) a
lower alk.oxy group which may éptionally_be substituted by a group selected

from a piperidyl group, a pyridyl group, a hydroxy group, and a lower alkoxy



bi s(tri-lower alkylsilyloxy-Iower alkyl)am nocarbonyl group; (16) a

nor phol i no- carbonyl group; (17) a | ower al kyl-substituted

pi perazi nyl carbonyl group; (18) a hydroxy-lower al kyl-substituted

pi perazi nyl carbonyl group; (19) a tri-lower alkylsilyloxy-Iower

al kyl - substi tuted piperazinyl carbonyl group; (20) a |lower al koxycarbonyl
group; (21) a carboxyl group; (22) a |ower alkyl group which may
optionally be substituted by a norpholinoygroup or a pyridyl group; (23) a
| ower al koxy group which rmay optionally be substituted by -a group sel ected

from a pi per Cylo; 08 B oRoMatbhiasy a tyRrody ISR 16)Y Symidihlh B! el
al koxy 5*%‘?}5‘ 4?) an
; (25 d \ ;. (26 i m di nyl, g . (27 ph I
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or a hal ogen atom 8) a halo ato 29) a nitro.group; an

i ni dazol y? gEERHP oiéiy?%epm?mw hﬂe&ém{pnejr@éba netg@g? m&?@fz@? yl group; .
and (33) a thi,enyl group), When err] and Eier ] o{ the formul a
(1) conbi ne Hnidagplyl grewps (i) adgwenalkylgnedioxyrgroup; @2 Athiazelyd geormiasd ¢ o
forma substituted or unsubstituted heterocyclic group, the suitable

exanpl es of {33 athienylige¥).-or unsubstituted heterocyclic group are (1) an
oxo0-substi tuted di hydroqui nol yl group which may optionally be substituted
by a pyridyl groupYhgmR anddlﬁv)eﬁthb%nnulae(dl) cbhrhbide at theduéerminiltogethemwithhi ch
may optionally be substituted by a norpholino-substituted | ower alkoxy

group or a pild sfhcénthfitrogeh atbrh @ Eormlaksubytifit€l Br ufshbsafuteX Reterdeifetici t ut ed

di hydr opht hal azi nyl group which may optionally be substituted by
group, the suitable examples of the substituted or unsubstituted heterocyclic
group afc (1) an oxo-substituted dihydroquinolyl group which may optionally
be substituted by a pyridyl group, (2) an oxo-substituted dihydroisoquinolyl
| group which may optionally be substituted by a morpholino-substituted lowef
alkbxy group or a pyridyl-substituted lower alkoxy group, (3) an oxo-
subsiituted dihydrophthalazinyl group which may optionally be substituted by
a group selected from a lower alkyl grouﬁ being optionally substituted by a
pyridyl group; a pyrimidinyl group; a lower alkoxy group; a halogen atom; a
pyridyl group; a thiazolyl gfoup; a phenyl group being optionally substituted
by a di-lower alkylamino group ora halogen atom; and a thienyl group, (4) an
oxo-substituted dihydropyridyl group which may optionally be substituted by a
pyridyi group, (5) an oxo-substituted dihydronaphthyridinyl group, (6) a di-
oxo-substituted dihydroquinazolinyl group which may optionally be
substituted by a lower alkyl group, and (7) an oxo-substituted thieno-
pyridazinyl group which may optionally be substituted by a tri-lower alkoxy-
_s_ubstituted phenyl group. |
Among the present compounds (I), preferéble compounds are compounds

of the formula (I) wherein A is a group selected from the following formulae:



a group selected froma |l ower al kyl group being optionally substituted by a
pyridyl group; a pyrimdinyl group; a |lower al koxy group; a halogen atom a
pyri dyl group; a thiazolyl group; a phenyl group being optionally
substituted by a di-lower al kylam no group or a hal ogen atom and a

t hi enyl group, (4) an oxo-substituted di hydropyridyl group which may
optionally be substituted by a pyridyl group, (5) an oxo-substituted

di hydr onapht hyri di nyl group, (6) a di- 0Xg-substituted di hydroqui nazoli nyl
group which nmay optionally be substituted by a |ower al kyl group, and (7)
an oxo-substituted thieno- pyridazinyl group which may optionally be
substituted by a tri-Ilower al koxy- substituted phenyl group. - Anong
t he present conpounds ()R} bIR3bonpounR \Egounds of the
formula (1) wherein Ais a g h sl ected fromt wi ng formnul ae:

[err] (in which Rerr] R e 0 peint and each a

| oner al koxy group, R317s a hyd oxyret hyl group which may’ optionally be
substituted by a Iower alkylcarbonyl group, R32 is a hydrogen atomor a

hydr oxynet hyl group, R33 is a nethyl group bel ng sulggtituted by a
cycl o-lower alkyl group gn a hyd?fx}k” R33

(in which R! and R2 are the same or d1fferent and each a lower alkoxy group,

R31 is a hydroxymethyl group which may optionally be substituted by a lower
alkylcarbonyl group, R32 is a hydrogen atom or a hydroxymethyl. group, R3is a
methyl group being substituted by a cyclo-lower alkyl group or a hydroxy
group, R is a hydroxymetﬂyl group, R42 is a hydroxymethyl group, and the
dotted line means the presence or absence of a double bond), and the

substituted or unsubstituted heterocyclic group formed by combining RS and

RS at their termini together with the adjacent nitrogen atom to which they bond

is a group selected from (1) an oxo-substjtuted dihydroisoquinolyl group which
is substituted by a group selected from a morpholino-substituted lower alkoxy
group and a pyridyl-substituted lower alkoxy group, (2) an oko-substituted
dihydrophthalazinyl group which may optipnally be substituted by a group
selected from a lower alkyl group being optionally substituted by a pyridyl
group; a pyrimidinyl group; a lower alkoxy group; a halogen atom; a pyridyl
group; a thiazolyl group; a phenyl group being optionally substituted by a di-
lower alkylamino group or a halogen atom; aﬁd, a thienyl group, (3) an oxo-
substituted dihydronaphthyridinyl group,. (4) a di-oxo-substituted dihydro-

quinazolinyl group, and (5) an oxo-substituted thienopyridazinyl group which



group, R41 is a hydroxynethyl group, R42 is a hydroxynet hyt group, and the-
dotted |ine neans the presence or absence of a double bond), and the
substituted or unsubstituted heterocyclic group formed by conbining R err]
and Rerr] at ‘their termni together with the adjacent nitrogen atomto
whi ch they bond is a group selected from (1) an oxo-substituted

di hydr oi soqui nolyl group which is substituted by a group selected froma
nmor phol i no-substituted | ower al koxy groug2and a pyridyl-substituted | ower
al koxy group, (2) an oxo-substituted dihydrophthalazinyl group whi ch may
optionally b %HBQ& tl?ﬂaQ¥ vﬂﬁQﬂbef +ﬁﬁﬁﬁ£dgﬂﬁﬂ}€% r al kyl group

: Felng orilon Iy su S y a pyri grou dlny: ?roqp; g
pﬁﬁﬁ;L ""?rSE% bei ng® ﬁ%ﬁ%&e@h%@uﬁ%ﬁ% prigeCeif cs@xf%f?é&%m ho gr oup
ai hydr onapht HPTERUGE Aot %arﬁ#‘ S QP B rmold G refla 4 Bl Bleop!eReed from

qui nazol i nyl and an oxo- substituted thienopyridazinyl group
e 2Row R formrul Y

whi ch Ing f 12 is substituted by
a tri-lower al koxy-substituted phenyl group. ' Anong the present
conpounds (I), pharnmaceutically preferable conpounds are conpounds of the

formula (1) wherein A isR

pSeR8tt ed IR \R&vvlngforrmlae
[err] ~

R2 = R%2

(in which R! and R2 are the same or different and each a lower alkoxy group,
R31 is a hydroxymethyl group which may optionally be substituted by a lower
alkylcarbonyl group, R32 is a hydrogen atom or a hydroxymethyl group, R42 is a
hydroxymethyl group, and the dotted line means the presence or absence of a
double bond), and the substituted or unsubstituted heterocyclic group formed
by combining R and RS at their términi together with the adjacent nitrogen

atom to which they bond is a group selected from (1) an oxo-substituted
dihydroisoquinolyl group which is substituted by a group selected from a
moqﬁholino—substituted lower alkoxy group and a pyridyl-substituted lower
alkoxy group, and (2) an oxo-substituted dihydrophthalaiiny group which may
optionally be substituted by a group selected from a lower alkyl group, a
pyrimidinyl group, a.lower alkoxy group, a pyridyl group, a thiazolyl group, a
phenyl group, and a t.hienyl group.

Among the present compounds (I), pharmaceutically more preferable
compounds are compounds of the formula (I) wherein A is a group of the

formula:



(in which Rlerr] and Rlerr] are the sane or different and each a | ower

al koxy group, R[err] is a hydroxynethyl group which may optionally be
substituted by a |l ower al kyl carbonyl group, R32 is a hydrogen atomor a
hydr oxynmet hyl group, R42 is a hydroxynethyl - group, and the dotted |ine
means the presence or absence of a double bond), and the substituted or
unsubstituted heterocyclic group fornmed by conbining Rlerr] and Rlerr] at
their termni together with the adjacent pgtrogen atomto which they bond
is a group selected from (1) an oxo-substituted dihydroi soquinolyl group
which is substituted by a group selected froma qgrpholino-substituted

| oner al koxy group and a pyri dyl - suBStNguted-thaudt™ al koxy group, and (2)
an oxo-substituted di hydrophthal aziny g ich may optionally be
substituted by a group sel ected frogi, eyl group, a pyrinidinyl
group, a |lower al koxy group, a pyriayl group,|a thiazolyl group, a phenyl
group, and a thienyl group. Anmong the present conpounds (1),
phar-maceutically nore preferable conpounds are conpounds of the formula
(1) wherein finiwhishRband &2 ark¢he samemor alifferent and each a lower alkoxy group,

13 (in which Rlerr] and R err] are the same or different and each a

| oweral koxy ROt 91R hydFoklyrhéthyl BYSliP WHIEH fidy SRl beibiRbtdby MBey De

substituted by a
alkylcarbonyl group, and the dotted line means the presence or absence of an

double bond), and the substituted or uns_ubstituted heterocyclic group formed
by combining R5 and RS at their termini together with the adjacent nitrogen

atom to which they bond is a group selected from (1) an oxo-substituted
dihydroisoquinolyl grouplwhich is substituted by a morpholino-substituted
lower alkoxy group, and (2) an oxo-substituted dihydrophthalazinyl group
which may optionally be substituted by a group selected from a lower alkyl
| groui), a pyridyl group, and a thiazolyl group.
Among these compounds, pharmaceutically preferable other compounds

are compounds of the formula (I) wherein A is a group of the formula:

(in which R! and R2. are the same or different and each a lower alkoxy group,
R3lisa hydroxym‘etixyl group which may optionally be substituted by a lower
alkylcarbonyl group, and the dotted line means the presence or absence of an
double bond), and the substituted or unsubstituted heterocyclic group formed

- by combining RS and R6 at their temini together with the adjécént nitrogen |

atom to which they bond is a group selected from (1) an oxo-substituted



al kyl car bonyl group, and the dotted |line neans the presence or absence of
an doubl e bond), and the substituted or unsubstituted heterocyclic group
formed by conmbining Rlerr] and Rlerr] at their termni together with the
adj acent nitrogen atomto which they bond is a group selected from (1) an
0x0-substituted dihydroi soqui nolyl group which is substituted by a

nor phol i no-substituted |ower al koxy group, and (2) an oxo-substituted

di hydr opht hal azi nyl group which rmay optiopgplly be substituted by a group
selected froma | ower al kyl group, a pyridyl group, and a thiazolyl group.

compounds of S orSaay OB ERGHE bifich ¢ rBRERTRY 3 BOIR e RIREM [ ()
&1 Koxy or oup, morelnS sy Bolobeet ARG Bloih and RegaBTHLSRE g 1gger
e e S e D GO S R s g S T
hei Tt er m i SYEBHGHURLION4 EFPURACIertsh B0 alPwPLAIH] EEBRIEWHR AR EE9uBond
12 “aPhydr of <o AAORER OB 6y EROWS &Rzl Areups phenyl ggpm brige: ed fr om

over " al koxyORHORRYY TABFUIRIC 2y Adbler ALEH Sy Brospar o alogy Rlaghious ahi ch
'S thienyl group, and (3) an oxo-substituted thienopyridazinyl group which is

substituted by a tri-lower alkoxy-substituted phenyl group.
Among these compounds, pharmaceutically more preferable other

compounds are compounds of the formula (I) wherein A is a group of the

formula:

R} AR

R? N

(in which R! and R? are the same or different and each a lower alkoxy group,

R31 is a hydroxymethyl group, énd the dotted line means the presence or
absence of an double bond), and the substituted or unsubstituted heterocyclic
group formed by combining R5 and RS at their termini together with the
adjacent nitrogen atom to which they bond is a group selected from (1) an oxo-
substituted dihydrois"oquinolyl group which .is substituted by a group selected
from a morpholino-substituted lower alkoxy group and a byridyl-substitutcd
lower alkoxy group; (2) an oxo-substituted dihydrophthalazinyl group which is
substituted by a group selected from a lower alkoxy group; a halogen atom; a

pyridyl group; a thiazolyl group; a phenyl group being optionally substituted



substituted by a group selected froma |ower alkyl group; a |ower alkoxy
group; a halogen atom a pyridyl group; a thiazolyl group; a phenyl group
being optionally substituted by a di-lower alkylam ho group or a hal ogen
atom and a thienyl group, and (3) an oxo-substituted thienopyridazinyl
group which is substituted by a tri-Ilower al koxy-substituted phenyl group.
Anong t hese conpounds, pharmaceutically nore preferable other conpounds
are conpounds of the formula (1) wherein fgis a group of the formila:

[err] (in which Rerr] and Rlerr] are the sane or different and each a

| ower al koxy, groun, rr] is a hydroxynethyl grou nd the dotted.line
neans t he prﬁgérfﬂ'3°WF$[a_§fy§ Sfo‘énord%ﬁgﬁ&%&ﬁ?z argjngapﬁ%ylsgmgg,iq @4 or
unsubstituted heterogcycli group.fornmed by conbjnin err], and.R err] at
thei.r term nfd Pé&ﬁq%éé“w"i Fb‘gﬁ‘épy%é‘}z&ggrﬁrc’ﬁpt‘?’g‘iéb s é&ﬁ?@d\m 2 ﬁnﬁ{qur bond
Is a group selected from (1) an oxo- substituted di hydroi soqui nolyl group
whi ch i's subalkoryrsabpstint @Lﬁﬁﬂ 80UWPct ed from a morphol i no-substit ut ed

| ower al koxy group and a pyridyl-substituted  |ower al koxy group, (2) an
oxo- subst it ut ed dAmeRSHeshPEIpORMs.phaTmagenticallymost preterable camppuadyr oup
selected froma | ower al koxy group; a hal ogen atom a_ pyri dyIl group; a

the fosmula:

t hi azol yl gr atepcomapqunsisyof the senmwlai(BgwhereinAdis iagroup of
15 -

(in which R! and R2 are the same or different and each a lower alkoxy group,

R3! is a hydroxymethyl gfoup, and the dotted line means the présence or
absence of a double bond), and the substituted or unsubstituted heterocyclic
group formed by combining RS and R at their termini together with the
adjacent nitrogen atom to which they bond is a group selected from (1) an oxo-
substituted dihydroiséquinolyl group which is substituted by a morpholino-
substitufed lower alkoxy group; and (2) an oxo-substituted dihydro-
phthalazinyl group which is substituted by a group sélected from a pyridyl
group and a thiazolyl group.

Phannéceutically preferable other compounds are compounds of the
foﬁnula (I) wherein A is a group of' the formula:

R! R

R? N

_(in which wherein Rl and R2 are the same or different and each a lower alkoxy

group, R31 is a hydroxymethy! group, and the dotted line means the presence or



by a di -1 over al kyl am no group or a halogen atom and a thienyl group, and
(3) an oxo-substituted thienopyridazinyl group which is substituted by a

tri=lower al koxy-substituted phenyl group. Anong t hese conpounds,
pharmaceutical ly nost preferable conpounds are conpounds of the fornula
(I') wherein Ais a group of the formul a: (in which Rerr] and R err]

are the sane or different and each a | ower al koxy group, R31 is a
hydr oxymet hyl group, and the dotted |ine ngans the presence or absence of
a doubl e bond), and the substituted or unsubstituted het erocyclic group

ad] acent ni { F’%%%H@@g?[&#%b%%ﬁm@ tmmted G DhilneliRiEh dflebbielic) “ar

0XO0- substltuted i hydr oi soquij nol group which is, substituted by a
mor phol i no- omegdmm bining wngr%ﬁpt sﬁdemmlwgeélm\gmsmtut ed

di hydro- pht haI azinyl group which is substituted by a group selected from
a pyridyl gradjpcentchitroghi ataryto whichthey bond is Bhaxoesubstifuted | y pref er abl e
ot her conpounds are compounds of the fornula (1) wherein Ais a group of
the formul a: dihydfephthalazinyb group lwhitle nedynopticmally bensubstianted byre ﬁtdlfp same
or different and each a | ower al koxy group, R31 i-s a hydroxynet group,
and the dott estléctad frommslowree apkylsgroap being optionally substituted by a pyndyl
group; a pyrimidinyl grbup; a lower alkoxy group; a halogen atom; a pyridyl
. group; a thiazolyl group; a phenyl group being optionally substituted by a di-
lower alkylamino group or a halogen atom; and a thienyl group.
Pharmaceutically preferable other compounds are compounds of the
formula (I) wherein the heterocyclic group formed by combining R5 and RS at

their termini together with the adjacent nitrogen atom to which they bond is a

group of the formula:

wherein R?1, R92 and R93 are the same or different and each a hydrogen atom; a
thienyl group; a halogen atom; a lower alkoxy group; a lower alkyl gt'oup which -
may optionally be substituted by a pyridyl group; a phenyl group which may
optionally be substituted by a di-lower alkylarhino_ group, a lower alkoxy group
or a halogen atom; a pyridyl group; a pyrimidinyl group; or a thiazolyl group.
Among these compounds, more preferable compounds are compounds of the

formula (I) wherein R91, R92 and R93 are the same or different and each a

hydrogen atom; a thienyl group; a halogen atom; a lower alkoxy group; a



16 “absence of a double bond), and the substituted or unsubstituted
heterocyclic group formed by conbining Rlerr] and R err] at their termni
tagether with the adjacent nitrogen atomto which-they bond is an
oxo-substituted dihydrophthal azi nyl group which may optionally be-
substituted by a group selected froma |ower alkyl group being optionally
substituted by a pyridyl group; a pyrimdinyl group; a | ower al koxy group;
a hal ogen atom a pyridyl group; a thiazglyl group; a phenyl group being
optionally substituted by a di- |ower alkylam no group or a hal ogen atom
and a thienyl group. . Phar nmaceut i.cal |,y .pr D). nds are
conpounds ofPheR¥ g?%}whach( may GRion ytl??esq%flgl}t%ig&% %lﬁa%ggdik)ggﬁeﬂgyby
conmbining Rl err] an err]. at their, termni _taogether with the adjacent
nitrogen at oBfPHB QM%’C&&TLS% tom; A PYddy] STRUR, B B@QMYF&‘WBM: [err]
wherein R err], err]. and er are e sane or ditferent .and each

hydr ogen at om aFi[rltdapéﬁsmulng&L,Sﬁi Hmrfﬁia% %Pﬁh.bnﬁnap‘?sb‘&%}%f\%%l’%i bclpp,gfa

| ower al kyl group which may optionally be substituted by asﬁér_i Syl group;
a phenyl gr othp pyidihe ring, ami;theopmlfmybbestdlsbgmm%ﬁmyoﬁ—ml Wed-

al kyl am no group, a |l ower al koxy group or a halogen atom a pyridyl group;

a pyrimdi nyﬁom&yéfﬂwPﬁidihb&ﬁ@.W group. Anong these conpounds, nore
pr ef er abl e conmpounds are conpounds of the formula (1) wherein Rerr],

Rierr] and R err]Asfdhg! thesé phfrmPdcedticalty Pk‘éfembtlh ecinpounds(f) the eompbond  a
t hi enyl group; a halodgen atom a |ower al koxy group; a :

of the formula (I) wherein R1 and R2 are the same or different and each a lower

alkoxy group, R31 is a hydroxymethyl group, R32 is a hydroxymethyl group, R33
isa Hydroxymethyl group, R4! is a hydroxymethyl group and R#2is a
hydroxymethyl group is more preferable.

The compound (I) of the present invention may exist in the form of an
optically active isomer thereof owing to asymmétric carbon atoms. thereof, and
the present inQenﬁon also includes these optical isomers and a mixture thereof.

The present compounds (I) can clinically be used either in the free fom or
in the form of a pharmaceutically acceptable salt thereof. The pharmaceutically
acceptable salt includes a salt with an i_norganic acid such as hydrochloride, -
sulfate or hydrobromide, or ;':1 salt with an organic acid such as acetate, fumarate,
oxalate, methanesulfonate or maleate. The compounds (I) having a substituent
such as a carboxyl group may clinically be used in the form of a basic salt such
as an alkali metal salt (e.g., sodium salt, potassium salt) or an alkaline earth metal-
salt (e.g., calcium salt) as well.

The desired compound (I) or a salt thereof includes either intracellular salt
or an additive thereof, and solvates or hydrates thereof. |

The present compound (I) or a pharmaceutically acceptable salt thereof .



17 phenyl group which may optionally be substituted by a di-I|ower

al kyl am no group or a halogen atom a pyridyl group; .or a thiazolyl group:

In+the formula (1), the preferable substitution position of Ais 4-position

of .the pyridine ring, and the preferable substitution position of .

-NR[err]Rerr] is 2- position of the pyridine ring. . Anong t hese

phar maceutical ly preferabl e conpounds (1), the conpound of the fornula (I)

wherein R err] and R err] are the sanme or ]8i fferent and each a | ower

al koxy group, R31 is a hydroxynethyl group, R32 is a hydroxynethyl group,

R33 is ah . : | LS a
e o Bt Hunce Shally o pRAIRAI St Can e T B Yo ]

hydr oxynmet hyl~group
present inventi ' L0, ' I ' ' r
Pherof ow ng s eadBtaiatiarhab iR prdiiin fitn ABORR. etorlidy, Lepuper™
i nvention alsg_i udes_ thes i isoners and a m xture thereof.
The present @&%‘g{f%fdgfﬂﬁogg’aﬁldg%ﬁfaﬁgﬁ'I y be used either in the free formor
in the formof a ar qaceut j,cal |y acc ab salt therepf. The
phaLmaceEt ijcal lh?/ p§$%§§§ea 't e;s‘fﬂngp‘? sﬁ@g@&’_"jﬁ '.”\%\H‘T‘?nﬁﬁ?ioﬁﬁ%ani c acid
such as hydrochl ori de ul fate, or robrom de, or a s Wi n organic
2610 such as HidoRabatioaiaceEaibisall Mottt Hrn St ontencd Wit By o The
conmpounds (1) having.,a suhstituent such a carboxyl group p clinically
be Used in t {FFAMEEy HE dmRIStEation routescapd the agesaVRighis sk canditigns ofths
sodium salt, potassiumsalt) or_an al kalipe eart al salt (e.g.,. .
cal ci um sal t )Pasigntieppt 1t is ustally in.theange amﬁ)@émg?é F)g/]églgﬁ}’d?fpfefﬁmrléof
i ncludes either intracellul ar salt ' _

the range of about 0.003-3 mg/kg/day.

The compounds (I) of the pfesent invention may be prepared by the
follov;/ing Processes A, B, and C.
Process A

Among the desired compounds (I), the compounds of the formula (I-a):

Al
El \a R’
I g = N\R6 - (I-a)

wherein Al is a group selected from the following formulae:

1 31 1
R R R SN
RZ N R2 Z R4l
L 32 1 _R3 R
RN N R R N SN
R2 = R42 R2 <N , ’ R2 N
(in which R! and R2 are the same or different and each a hydrogen atom, or a

protected or unprotected hydroxy group, R3! is a protected or unprotected



or an additive t hereof, and sol vates .or 'hydrat es thereof. The

present conpound (1) or a pharmaceutically acceptable salt thereof

18 can be administered either orally or parenterally, and can be

formul ated into a conventional pharmaceutical preparation such as tablets,
granul es, capsules, powders, injections, and inhalants. - The dose of
t he conpounds (1) of the present invention or a pharmaceutically
acceptabl e salt thereof may vary in accoa%pnce with, for exanple, the

adm ni stration routes, and the ages, weigitts and conditions of the
patients, but- it is usually in the range of about 0.001-10 ng/kg/ day,

preferably ihydrokgmethydgrobp,aR¥uis ahyiidgén awnkgl lhayer alkyl grodfieoreonpounds
(I') of the present invention nay be prepared by the follow ng Processes A,

B, and C nf#l‘gf%iéda)ér unprotfégg?ﬁld\{ggtglﬁﬁiyl\?g?ﬁw %SSlﬁ)lsl).ituté(P §r conpounds

of the for I's a group selected from

the following f rr,rulade' : ' . :
unsubstituted lower alkyl group, R4 is a protected or unprotected hydroxy-

methyl group, and'R42_is a protected or unprotected hydroxymethyl groupj, RS
and RS are the same or different and each a hydrogen atom, or a protected or

“unprotected amino group, or both may combine at their termini together with
the adjacent nitrogen atom to which they bond to form a substituted or

unsubstituted heterocyclic group, may be prepared by reacting a compound of

the formula (II):

l/X 1Y)

wherein A2 is a group selected from the following formulae:

11 . 34 11
R R R ~N .
R21 N , r2! 253
R!! NORS R R RY SN
N ) 1
Rzlm R4 R2! <N _ an@:\r/ N

(in which R11 and R2!"are the same or different and each a hydrogen atom, or a
protected or unprotected h}ldroxy group, R34 is a protected or unprotected

hydroxymethyl group, R35 is a hydrogen atom, a lower alkyl group, or a

protected or unprotected hydroxymethyl group, R36 is a substituted or



[err] (in which Rlerr] and Rlerr] are the sanme or different and each a
hydrogen atom or a protected or unprotected hydroxy group, R31 is a
protected or unprotected - 19
hydr oxynmet hyl group, R[err] is a hydrogen atom a |ower al kyl group, or a
protected or unprotected hydroxynmethyl group, R33 is a substituted or
unsubstituted | ower al kyl group, R41 is a protected or unprotected hydroxy-
met hyl group, and R42.is a protected or ugprotected hydroxynet hyl group),
Rlerr] and R6 are the sane or different and each a hydrogen atom or a

protected or u rote ed a rou or both may conbine a eir termni
Doget her i tWSUPRDIES Jouet "ﬂkwf.ggwp%‘%%mmmt owégmmeﬁk%g%yma
substituted or unsubstltuted het erocyclic group, nay be prepared by

reacting a ceerndpdonp, aridR44 &y apratetiet)or unpfretecied hydemethyAgm@),aangl oup
selected fromthe follow ng fornul ae:

X is a halogen atom, with a mtrogen—contammg compound of thc formula (IIT):
H——N:II:: (Im

wherein R5 and RS are the same as defined abov'e, and when the product has a

| 'hydroxy group and/or a hydroxymethyl group, then if necessary introducing a
‘protecting group onto the hydroxy moigty of the produc_t, or when the product
has a protected hydroxy group and/or a protected hydroxymethyl group, then if
necessary removing the protecting groups from the product; and further if
necessary, followed by convg:rting the product into a pharmaceutically

acceptable salt thereof,

Process B

Among the desired compounds (I), the compound of the formula (I-b):
Rl R3l
R? =N 3} @-b)
AN R
(3
N RGI

wherein R3! and R61 combine at their termini together with the adjacent
nitrogen atom to which they bond to form a heterocyclic group which is
substituted at least by an oxo group, and the other symbols are the same as

defined above, may be prepared by subjecting a compound of the formula (IV):



[err] (in which Rerr] and Rerr] are the sanme or different and each a
hydrogen atom or a protected or unprotected hydroxy group, Rerr]4 is a
protected or unprotected hydroxymethyl group, R err] is a hydrogen atom a
| ower al kyl group, or a protected or unprotected hydroxynethyl group, R36
is a substituted or- ' : 20
unsubstituted | ower al kyl group, R err] is a protected or unprotected
hydroxy- methyl group, and Rlerr] is a pngtected or unprotected

hydr oxynet hyl group), and X is a halogen atom wth a nitrogen-containing
conpound of the formula (I111): [err] wherein Rerr] and R err] are the
sane as defined above, and When the produgt has a hydroxy group and/or a
hydr oxynet hyl group, then R} 1ai 2 +Rt'roducing a protecting group onto

t he hydroxy noiety of the prod or en the product has a protected

hydr oxy group and/or a prgjacted hyd ynmet hyl group, nif necessary
renoving the protecting groups fromt product,_gnd fdrther if necessary,
followed by converting the product i o ar, eutically acceptable salt
t hereof. Process B Anong t he desill edJc ginds (1), the conpound of
the formula (1-b): N
~ wherein R37 is a protected hydroxymethyl group, and the other symbols are the
same as defined above, or a salt thereof, to intramolecular cyclization reaction,
and when the product has a hydroxy group, then if necessary introducing a
" protecting group onto the hydroxy group of the product, or when the product
has a protected hydroxy group and/or a protected hydroxyméthyl group, then if
necessary removing protecting groups from the product, and further if
necessary, followed by converting the product into a pharmaceutically
acceptable salt thereof. |
Process C
Among the desired compounds (I), the compound of the formula (I-c):

Al

0 R92 '
&y
Z I-c)

N N
Rl - R93

wherein R%1, R92 and R93 are the same or different and each a hydrogen atom; a
thienyl group; a halogen atom; a lower alkoxy group; a lower alkyl group which
- may optionally be substituted by a pyridyl group; a phenyl group. which may

" optionally be substituted by a di-lower alkylamino group, a lower alkoxy group,



[err] wherein Rerr] and R err] conbine at their termni together with the
adj acent nitrogen atomto which they bond to forma heterocyclic group

whii ch is substituted at |east by an.oxo group, and the other synbols are
the same as defined above, may be prepared by subjecting a conpound of the
formula (1V): 21 [err]

wherein R37 is a protected hydroxynethyl group, and the other synbols are
the sanme as defined above, or a salt thgpeof, to intranol ecul ar -
cyclization reaction, and when the product has a hydroxy group, then if

oroauct . or SAGHIEH éé*g%t?%nd%ﬁf?@&sﬁﬁux&%EE%&%MQ@B yg'r ﬁﬁ#&%&ﬁf’; e
G oups. 1 omePHIN, PRl eyt fhdimq o EFEERCEYS: ST MhalboBy Eohier i ng

t he product mt@ ?lcgﬂgr maceutically acceptable salt thereof Process C
Am)ngthed 8 ounds (1), the conpound of the formula (I-c):

[’\ \/k a-d)

R94

wherein R94, R95 and R are the same or different and each a hydrogen atom; a
thienyl group; a halogen atom; a lowe}' alkoxy group; a lower alkyl group which
may optionally be substituted by a pyridyl group; a phenyl group which may |
optionally be substituted by a di-lower alkylamino group, a lower alkoxy group

or a halogen atom; a pyridyl group; a pyrimidinyll group; or a thiazolyl group,

and Al are the same as defined above, may be prepared by reacting a compound

A2 of the formula (I-e):

[ ‘ \,}NH-an (<)

N

wherein A2 is the same as defined above, or a salt thereof, with a carboxylic acid

derivative of the formula (V): .
R9i

o W)

wherein the symbols are the same as defined above, or a salt thereof, or a



[err] wherein R91, R92 and RO3 are the sane or different and.each a
hydrogen atom a thienyl group; a halogen atom a | ower al koxy group; a

| ower al kyl group which wmy optionally be substituted by a pyridyl group;
a phenyl group. which may optionally be substituted by a di-Iower

al kyl am-no group, a | ower al koxy group,

22 or a halogen atom a pyridyl group; a pyr|n1d|nyl group; "or a thiazolyl
group, and the other synbols are the sane23s defined above, or the
conpound of the formula (I-d): [err] wherein R94, RO5 and R96 are

t he sane or di t thlenyl group; a hal ogen
atom a | ower cfgftg)rxgﬁlé a%ﬂﬁ%gﬁsgﬂ V%m(/;e}?/tﬂé 4 (gfﬂp whi ¢ may optionally be
.substituted by a pyr|dyl group; a phenyl grgyp mhlch may optionally be
substituted by a di-Iower alkyl B rou | ower al koxy. group or a

hal ogen atom a pyridyl group; a pyri 'dq yI group, a thiazolyl group,
and Alerr] are the sane as defin ' be prepdred by reacting a
conmpound of thei{g‘,‘or la (1-e): :

wherein the symbols are the same as deﬁnéd above, or a salt thereof, and when
the product has a hydroxy group and/or a hydroxymethyl group, then if
~ necessary introducing a protécting group onto the hydroxy moiety of the
product, or when the product has a protected hydroxy group and/or a protected
hydroxymethyl group, then if necessziry removing protecting groups from the
product, and further if necessary, folldwed by converting the product into a
.pharmaceutically acceptable salt thereof.
The above Processes A, B and C are can'iéd out as follows.
Process A
The reaction of the compound (II) and the nitrogen-containing
compouﬂd (III) is carried out in the presence of a base and a copper catalyst in a
suitéble solvent. The base includes, for example, an alkali metal hydride, an
alkali metal éarbonate, and the copper catalyst includes, for example, copper (I)
iodide, copper (D bromide, copper (0) powder, copper (I) oxide, and copper (II)
bromide, etc. The solvent includes, for example, dimethylformamide, dimethyl-
sulfoxide, dimefhqucetamide, toluene, and xylene. The reaction is preferably
carried out ét a temperature of from 80°C to 160°C, preferably at a temperaturé
of from 120°C to 150°C. -
Process B
| The intramolecular cyclization reaction of thé compound (I.V) is carried

oout in the presence or absence of an acid catalyst in a suitable solvent. The acid



[err], wherein A2 is the sane as defined above, or a salt thereof, with a

carboxylic acid derivative of the fornmula (V): [err] wherein the
synbols are the sanme as defined above, or a salt thereof, or a- :
23 carboxylic acid derivative of the forrmula (VI): [err] wherein the

synbol s are the sane as defined above, or a salt thereof, and when the
product has a hydroxy group and/or a hydroxynethyl group, then if
necessary introducing a protecting group op4o the hydroxy noiety of the
product, or when the product has a protected hydroxy group and/or a

Do e e TR B DB phb RSN A BY BEHATS,
(e Product | B e ALRGRRSCHIACH, ichSEeRbRb Tt b Stide e ™
chloride, alumina, phosphorus oxybromide, silica chloride, and polyphosphoric
acid, and the solvent includes, fdr example, acetonitrile, toluene, xylene, and
chloroform. The reaction is preferably carried out at a temperature of from 50°C
to 180°C, preferabiy ata tefnperature of from 80°C to 120°C. .
Process C
The reaction is carried out in a suitable solvent (e. g., a lower alkanol,

ethylene glycol, dioxane, and toluene) at a temperature of from 100°C to 140°C.

In the above Processes A, B and C, when R1! and/or R2! are a protected
hydroxy group, and R34, R35, R36, R43 and/or R% are a protected hydroxy-
methyl group, the removal of these'protccting groups from the product is carried
out by a conVentionél method such as hydrolysis, acid-treatment, reduction, etc.,
which should be selected according to the types of the protecting groups. to be
removed. Moreover, the protecti'ori of the 6- and/or 7-hydroxy moieties, and the
2- and/or 3-hydroxymethyl moieties ié carried out by a conventional method, i.e.
by condensing each product with an acid anhydride or an acid halide of a lower
‘alkanoic acid or a cycloalkanoic acid which correspond to the protecting
groups for R1, R2, R31, R32 R33, R4l andlor.R‘“, ora loWer alkyl halide which
may option'ally be substituted by a lower alkoxycarbonyl group, or a protected
or unprotected carboxyl-substituted lower alkyl sulfonate. The reaction is
preferably carried out in the presence of a base (e.g., triethylamine, pyﬁdine,
dimethylaminopyridine, sodium hydride, hexamethylphosphoric triamide) in a

‘'suitable solvent (e.g., methylene chloride, tetrahydrofuran) or without a solvent.



The reaction of the conpound (I1) and the nitrogen-containing conpound
(') is carried out in the presence of a base and a copper catalyst in a
sui tabl e solvent. The base includes, for exanple, an alkali netal hydride,
an alkali netal carbonate, and the copper catalyst includes, for ‘exanple,
copper (I) iodide, copper (lI) brom de, copper (0) powder, copper (I)

oxi de, and copper (Il) bromde, etc. The sol vent includes, for exanple,
di met hyl f or mam de, di nmethyl- sul f oxi de, 28i et hyl acet am de, tol uene, and
xyl ene. The reaction is preferably carri'ed out at a tenperature of from

80[err]C to 160[err]C, preferabl a. Lenper at ur £ to
15([)[ er]r] C. Pr oE:Jsl?—] %alﬁ%g comgwqu a:[} gﬂheﬁﬁfg}[ ‘E@%ﬂ%ﬁz‘a‘% ia%ir?vgeggé@?g%ﬁﬁdf t he
conmpound .(IV) is carried out resence or absence of an acid

in_the
cat al yst i n andsiantbepprsparsd ey the ﬁq{ﬂp%@&pfoccsses. :
24 catal yst includes, for exanple, phosphorus .oxychl oride h us
penta- chlori de,AmDugith@ﬁQmpﬁﬂdﬁi@,IﬁtthF b?ﬂﬂ““!ﬂ““&rqowoué’alq;rtﬁgﬁmg

anhydride, zinc chloride, alum na, phosphorus oxybrom de, silica chloride,
and pol yphogfihay ¢an beaprepareshas foll®wso| vent i ncl udes, for exanpl e, '
acetonitrile, toluene, xylene, and chloroform The reaction is preferably
carried out at a tenperature.gh from r[[‘f( K3, C to 180[err]C, greéferably at

a tenperature of from 80[er e 'to 12 )2 pr OceSﬁuC The
reaction is carrieB sy g esgyifiabl lvent (e.g., a alGRAbl |,
et hyl ene gl ycol, dioxa | gen —gtXa tenpesature lr ony100C to
. 140[err]C. r2! x! N R*!
' . X
- W (3
(VID) (VI N
(X)
11 )
R CHO . Rll N COOR73
o cN"COOR™
R21 : . ~N

X) XI)
Rll N N R34
R2! 2N N
. AN . N
(3 (7
(XH) (II-a)

wherein R71 is a lowér alkyl group, R72 is a lower alkyl group, R73 is a lower
alkyl group, Xlisa halogen atom, and the other symbols are tbe-same as defined

above.
That is, the compound (II-a) is prepared by the following steps:

(i) condensing the acetal compound (VII) with the compound (VIID to



In the above Processes A, B and C, when Rlerr] and/or R err} are a
protected hydroxy group, and R err], Rerr], Rerr], Rerr] and/or R err]
are- a protected hydroxy- nethyl group, the renoval of these protecting
groups fromthe product is carried out by a conventional nethod such as
hydrol ysis, acid-treatnment, reduction, etc., which should be selected
according to the types of the protecting groups to be renoved. Moreover,
the protection of the 6- and/or 7-hydroxy 4pieties,’ and the- 2- and/or

3- hydroxymet hyl noieties is carried out by a conventional nethod, i.e. by
condensi ng each product wth acid anhydride or an acid halide of a |ower
al kanoi ¢ aC|ngPthc§PHHH%! g&c aci d which correspond to the protecting
groups for Rerr], Rerr],. Rl err] err%@q err] and/or R[err] or
a lower alkyl hali @b emeying pmswtm&gwps rogy, the ¢ampind,(1X3 tp ghes the

al koxycar bonyl group, 9or a protected or unprotected carboxyl-substituted
| oner al kyl seompaurd Xrne reaction is preferably carried out in the
presence of a base (e.g., triethylam ne, ridine, dinethylam nopyridine,
sodi um hydri de, he(éﬂ)Tet FsAcHngsh h@pnmoundd%cw}hﬂwnaonlmﬂﬁtmvens@mgme
(e.g., methylene chloride, tetrahydrofuran) or w thout a solvent.

25 The thestampepnsh@¥Bund (11) of the present invention is a nove
conpound, and can be prepared by the foll ow ng processes. Anong t he
conpounds (11), thév) sosubjecting the compannd (X1} tocretiuction to givieltha compound
prepared as foll ows.

Om)’ .
| (v)  and if necessary, protecting the 3-hydroxymethyl group of the
compound (XII) to-give the compound (II-a).

Among the compounds (II), the isoquinoline compound (II-b) can be

prepared as follows



[err]‘ wherein Rerr] is a lower alkyl group, Rerr] is a |lower alkyl
group, Rerr] is a lower alkyl group, Xerr] is a halogen atom and the

ot ver synbols are the sanme as defined above. That is, the conpound
(I'1-a) is prepared by the follow ng steps: (i) condensing the acetal
conmpound (VII) with the conmpound (VIIl) to
26° give the conmpound (I X); (i1) renoving the protecting groups from
t he conpound (1 X) to give the conpound (ZXJ; (iii) reacting the
conpound (X) with the isonitrile derivative to gi ve
74
R-’1 ON(R )2 Ru 'OR71
Rl 7
OR SR ' 0
| J — - R2 '
R21 Xl + N/ X
3
N
vip - Xan
XIV)
: 11
Rl CHO _ R COOH
O
2! O R%!
y »
. | y
= AV N

N
XV) (XVD
| 11 . . | f |
R RIL
NH
RzlmCOOH —_— RZIm\COOH
. AN _ A
xvID - / eV



t he conmpound (XI);
to give the conpound (Xl1),
3- hydr oxymet hyl group of the
Anong the conpounds (I1),
as follows.
28 [err]

(XIX)

Z

R!L X
R2! Z C60R76
S

€

27
11
R! P -
r2! Z~COOR"
~N
L2
| N

(v)

t he isoquinoline compound (I1-b) can be
[err]

N .
XXD
Rll \N
R2! Z~COOR"®
N
0>
N X
(XXTIT) Rl
R21

Rll
R <~ COOR™
’ N

(iv) subjecting the conpound (XI) to reduction

and if necessary, protecting the

compound (XIl1) to give the conmpound (11-a).

pr epar ed

28

X3
N

Z

{

)
N
xx
Rll
N
r2! Z~COOR™
N
W
N
{
0
XXID
Rll \N
2! AN_OH
——— S
W
/ N X
oxXav)
N
R4
N
»
N” X
(I1-b)

wherein R74 is a lower alkyl group, R75 is a lower alkyl group, R76 is a lower

alkyl group, X2 is a halogen atom, X3 is a halogen atom, and the other symbols

are the same as defined above.

and the protecting groups of the resulting compound (XIV) are removed;

That is, the compound (II-b) is prepared by the following steps:

@ condensing the acetal compound (VII) with the compound (XIII),



wherein Rlerr] is a lower alkyl group, Rerr] is a |ower alkyl group,
Rlerr] is alower alkyl group, X err] is a halogen atom Xferr] is a

hal ogen atom and the other synbols are the sanme as defined above.

That is, the conpound (I1-b) is prepared by the foll ow ng steps: (1)
condensi ng the acetal conmpound (VII) with the conpound (XII1), and the
protecting groups of the resulting compound (XIV) are renoved,

29 ' (ii) oxidizing the resulting ?%npound(xv); ' (iii)
reacting the resulting conpound (XVI) w t he hal ogenonal oni c

(i) oxidizing the resulting compound (XV);

(i) reacting the resulting compound (XVI) with the halogenomalonic
acid diester derivative; |

(iv) reacting the resulting compound (X VII) with ammonia;

(v) esterifying the resultitig compound (XVIII);

(vi) halogenating the resulting compound (XIX) to give the compound
XX);

(vii) de-halogenating the compound (XX) to give the compound
(OKI); -

- (viii) reducing the cdmpound (XXIII) to give the compound XXIV);

(ix) then if necessary, by protecting the 3-hydroxymethyl group of the

isoquinoline nucleus of the compound (XXIV).
- Among the compounds (II), the quinoline compound (II-c) can be

prepared as follows.



acid diester derivative; (iv) reacting the resulting conpound (XVII)
with amoni a; (v) esterifying the resulting conmpound (XVII1);

(vi) halogenating the resulting conmpound (XIX) to give the conpound (XX);
(vii) de-hal ogenating the conmpound (XX) to give the conpound (viii)
reduci ng the conpound (XXIIl1) to give the conpound (XXIV); : (1x)

then if necessary, by protecting the 3-hydroxynethyl group of the '

i soqui nol i ne nucl eus of the conpound (XX Vig Anong t he conpounds
(1), the quinoline conpound (II-c) can be prepared as follows.

30 [err] 7
CON(R72) 0 R
0R7l R \OR7l
X p2! o

(VID

N
(IX)
| R COOH
R?! 0 | 21 o .
A R
(3 S
_ N
0.4 XXV)
R NH,
R NH, CN. . R2l 0
I S |
R i E PR E?,—x
e’
N N



32 wherein Rerr] is

a |ower al kyl group, Rerr] is a lower alkyl group, R79 is a |lower alkyl _
group, Rerr] is a |lower alkyl group, and the other synbols are the sane as

defi ned above. That is, the conpound (Il-c) is prepared by the
foll owi ng steps: '

[erri

31
ORI NH, ' _ Rll Ny ~' S
o 0 R77OCH=C(COOR78)2 Rzlm\ COOR™
E}x | | E}x

.
XXV f‘o | (XXIX)
&,
o %,
RN
0 &o

R!! ' R1L N. _R"® RIL N
o X >
R21 2 R21 2 COORSO R21 & OH
N 0 AN X
ﬁ} , E J-x E J-x
~
N N

N.
N
Z




(i) condensing the acetal conpound (VIl1) with the conpound (VIII) to give
t he conpound (1 X); (ii) renoving the protecting groups fromthe
corpound (I X) to give the conpound (X); (ti1) oxidizing the
conmpound (X), and converting the resulting conpound (XXV) into an acid
azi de conpound, which is further subjected to rearrangenent reaction to

gi ve the conpound (XXVII1), or (iv) condensing the aniline conpound
(XXVI) with the conpound (XXVII1) to give32he compound (XXVII1); (v).
reacting the compound (XXVII1) with a |ower al koxynet hyl enenmal onic acid

0ot or CoPRRRISEIoNS: 1 55, KB « SUBHEN i, RS R "

compound (XXVI11) wth a 3-oxo-lower alkylcarboxylic acid ester

derivative, alkyl grijpe R3Pngatower elkyl group, andsheiother §y0bols are thessamet aon t o
gi ve the conpound (XXII), or (vii) alternatively, reacting the

conmpound ( XX¥afined wbbte.a tetronic acid, and subjecting the resulting :
conmpound (XXXI11) to reduction to give the conmpound (XXXl V); (vii)

then, if necessarThaPisQiRCdmSouEL idpiepaiddly Gedolowiig §tBes: compound
(XXX), the conpound (XXXII [gg%l th(emggrrpound X)%( g $1bp:

33 Among t hg) compeyistsidg the: adehﬂ camﬂwnawm wﬁﬂﬂw&ﬁnﬁbﬁn@&vnﬁﬁ be
to give the compound (IX);

(@) removing the protecting groﬁps from the compound (IX) to give
the compound (X); |

(i) oxidizing _the compound (X), and converﬁng the resulting
compound (XXV) into an acid azide cbmpound, which is further subjected to
rearrangement reaction to give the compound (XXVIII), or

av) condensiﬁg the aniline compound (XXVI) with the compound
(XXVII) to give the compound (XX VIII);

(v)  reacting the compound (XXVIII) with a lower
alkoxymethylenemalonic acid diester compound, subjecting the resulting
compound (XXIX) to reduction, to give the compound (XXX); or

(vi) altemativély, reacting the compound (XXVIII) with a 3-oxo-lower
alkylcarboxj'lic acid ester derivative, and sﬁbjecting the resulting compound
(XXXI) to reduction to give the compound (XXXII), or

(vii) altema{'tively, reacting the compound (XXVIII) with a tetronic acid,
and subjecting the resulting compound (XXXIII) to reduction to give the
compound (XXXIV); |

. (vii) then, if necessary, protecting the hydroxymethyl groups of the
compound (XXX), the compound (XXXII) and the compound (XXXIV).



prepared as foll ows.
sanme as defined above.
by- condensi ng the acetal
the protecting groups from
reacting the product w th hydrazine.
pht hal azi none conpound (11-¢e) can be

That i s,

34

[err] wherein the synbols are the
the conmpound (Il1-d) nay be prepared

conmpound (VII) with the conmpound (VII1), renoving
the resulting compound (IX), followed by
Anong the conpounds (I1), the

prepared as foll ows.
33

Among the compournds (II), the phthalazine compound (II-d) can be

prepared as follows.

o | R7l CON(R72)2 " OR71
R 0R71 . I X R ()R71
R21 Xl N/) X ~ R21 . o

=R
. ' }X
(VID) (VI EN’
)
11

R SN

R21 ~N

=

e
N
(II-d)

wherein the symbols are the same as defined above.

That is, the compound (II-d) ﬁ;ay be prepared by condensing the acetal

compound (VII) with the compound (VIII), removing the protecting groups from

the resulting compound (IX), followed by reacting the product with hydrazine.

Among the compounds (II), the phthalazinone compound (II-e) can be

prepared as follows.



[err‘] wherein the synbols are the sanme as defined above. That i's, the

conpound (Il-e) is prepared by the foll ow ng steps: (i) condensing the
acetal compound (VII) with the conmpound (VII1), (ii) renoving the
protecting groups fromthe resulting conpound (IX), (iii1) oxidizing
.the resulting conpound (X) to give the conpound (XXV); (iv) reacting

t he conpound (XXV) with hydrazine to give the conpound (XXXV); (v)
.then, protecting the 2-position of the phg8#4al azi ne nucl eus of the conpound
( XXXV) . The starting conpound (1V) is a novel conpound, and can be

pr epar ed 35 by the follow ng process. e;{]

OR”! CON(R72)2 R

1
OR" R OR"!
x RZI 0

S
VI (VIID) [ P

N
(IX)
Rl CHO Rl COOH
' 0
R21 O R21 4
N | X
(Fx L
N7 o N
® - v
9
Rll NH N/R36
R21 /I\II /1\'1
N N
= [ =
N N
ooxXxXv) (I-e)

wherein the symbols are the same as defined above.
That is, the compound (II-e) is prepared by the folloWing s'ieps:
® condehsing the acetal compound (VII) with the compound (VIII),
(@) removing the protecting groups from the resulting compound Ixo,
(ﬁj) oxidizing the resulting compound (X) to give the compound
- XXV);
(iv)  reacting the compound (XXV) with hydrazine to give the
compound (XXXV); _ '
(v)  then, protectmg the 2-position of the phthalazme nucleus of the .
compound (XXXV).

The starting compound (IV) is a novel compound, and can be prepared



36

35
by the following process.
. O
Rl 1 1 1
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RZI _ N\<
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R 11
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[err]i : 37 wherein R81 is a
| ower al koxycarbonyl group, R82 is a |lower al kyl group, and the other

synbol s are the sanme as defined above. That is, the conpound (I1V) is
prepared by the follow ng steps: (i) ~reacting the conpound (XXXVI)
with an N-acetylglycine to give the conmpound (XXXVII), (1)

hydr ol yzi ng t he corrpound (XXXVI'1) to give the conmpound (XXXVIII)

(iii) subjecting the conpound (XXXVII1) 8g hydrogenolysis to give the
conmpound ( XXXl X) ; (iv) hydrolyzing the conpound (XXXI'X) to give the
conmpound (XL); (v) esterl fying the corrpound (XL) to gl ve the

conpound (XLII1); oR! caorRatively pr &t Og'ﬁ group
of the compound (XL), |fy the resulting conp X &L d
removi ng the protectlizn Reetip oﬁ‘ 2t he am no gr oup pf af nﬂ nd (XLIT) to

gi ve the compound (XLIII); (vii) subjecti ng t he corrpound (XLI 1) to
reducti on, condensing tﬂf resul ting compound (XLIV) wth a
hal ogenopyri di necar box$FDaci d, - and hydrol yzi ng t NELA¥s ugyg conpound
(XLV) to give the conmpoun (@dbh}; or (viii) al erratlvel y,
reacting the conmpound (XYl Il)wth the hal ogenopyridin cﬂ x*l ic acid,
and subjecting the resultj nq’lc‘o und N/

;IB?/ _

N

:ZII)/ECOOR” | j@/\/\ojk X
T3 | 0 L}x

(XLVD) - XLV)

N
O lIN F=x
N
(XLVID
RSl
-,
I-I_N\RSZ
(IlI-a)
11 ' 11
R :@A/\OH R :@/\(\OR”
21 -
R 51 R?l

(XLVID o | av)



(XLVf) to reduction to give the conmpound (XLVII); (ix) reacting the

conpound (XLVII) with the conmpound (ll1l-a), and if necessary, protecting
t he hydroxymet hyl group of the resulting conpound (XLVII). The
conpound of the following fornmula (XLIII-a) and the conpound of the
formula (XLIV-a) are prepared by the foll ow ng process.

38 ' [err] wherein R83 is a | ower al koxycarbonyl
group, R84 is a lower al kyl group, and thg other synbols are the sanme as
defi ned above. That is, the conpound (XLIIl-a) and the conpound

(XLIV-2) are 0 R8!is a lower alkoxycarbony! group, R82 is a lower alkyl group, and.

the other symbols are the same as deﬁned ebove.-
That is, the compound (IV) is prepared .by the following steps:
@  reacting the compound (XXXVI) with an N-acetylglycine to give
| the compound (XXX VII),
@) hydrolyzing the compound (XXXVII) to give the compound
- CCXXVI; °

(i) subjecting the compound (XXXVIII) to hydrogenolysis to give the
compound (XXXIX); . |

(iv)  hydrolyzing the eompound XXXIX) to give_the compound (XL);

(v)  esterifying the compound (XL) to give the compound (XLIII); or

(vi) alteratively protecting the amino group of the compound (XL),
esterifying the resulting compound (XL1), aﬁd removing the protecting group of
the amino group of the compound (XLII) to give the compound (XLIII);

(vii) subjecting the compound (XLIII) to reduction, condensing the
resulting compounci (XLIV) with a halogenopyridinecarboxylic acid, and
hydrolyzing the resulting compound (XLV) to give the compound (XLVII); or |

(\)iii) alternatively, reacting the compound (XLIII) with the |
halogenopyridinecarboxylic acid, and subjecting the resulting compound

(XLVD) to reduction to give the compound (XL VII);

(ix) reacting the compouﬂd (XLVII) with the compound (IlI-a), and if
necessary, 'protecting the hydroxymethyl group of the resulting compound
(XLVID. . | |

The compound of the following formula (XLIII-a) and the compound of
the formula (XLIV-a) are prepared by the following process.



obtai ned by the follow ng steps: (1) protecting the am no group of
t he conpound (XL-a) to give the conpound (XLI-a); (ii) esterifying
t he- conpound (XLI-a) to give the conpound (XLII-a); (iii) protecting
t he hydroxy group of the compound (XLII-a) to give the conpound (XLIII-b)
(or alternatively, protecting the hydroxy noiety and the carboxyl noiety
of the compound (XLI-a) are sinultaneously protected to give the conpound

(XLITT-b)); (iv) renoving the protectg ng groups of the am no group -of
t he 39 conpound
(XLI'TT-b); and further (v) - subj ecting the resul ti n% corrpound
(XLI11-a) to reduBiOg L RVeCO0K conpound (X Hn the
processes for prepari he tompounds_(11) and (I ach!l i npernediate

t herefor can be ugg 1he ¥am of ones as expyy by NER™cheni cal

fornul a per se, but also a salt thereof, or a reactive derivative thereof
can be used, unless th diysturb the reactlo g Mor eover, in the
preparation of the desired ‘conpound of th presengﬂlﬂﬁventlon and t he
starting conmpounds, when.the startlng hpounds or each internediate
therefor have a functional group, it y be possible to protect such
functional groups with a suitable protecting grpup other than theg,above-
ment i oned groups RA%Bt hod usedR ﬁenistry

B ——

NHR?3 NHR®3

R%0

R¥0 ~~~COOR® Rs“Oj@/\(\oH
Rs4omz R¥0 /  NH,

(XLIT-a) (XLIV-a)

- wherein R33 is a lower alkoxycarbonyl group, R84 is a lower alkyl group, and

the other symbols are the same as defined above.

That is, the compound (XLIII-a) and the compound (XLIV-a) are
obtained by the following steps: |

(i) . protecting the .amino group of the compound (XL-a) to give the
coﬁpound (XLI_-a)';

(id) es__terifS/ing the compound (XLI-a) to give the compound (XLII-a);

(iii) protecting the hydroxy groﬁp of the compound (XLII-a) to give
the compound (XLIII-b) (or alternatively, protecting the hydroxy moiety and
the carboxyl moiety of the compound (XL1I-a) are simultaneously protected to
give the compound (XLIII-b));

(iv)  removing the protecting groups of the amino group of the



field, and after these protecting groups are not necessary, then these
protecting groups nmay be renoved. I'n the present specification and
clainms, the "al kyl group” means a straight chain or branched chain al kyl
group having 1 to 16 carbon atons, especially ones having 1 to 8 carbon
atons. The "l ower al kyl group” and the "lower al koxy group” nean a

strai ght chain or branched chain ones having 1 to 6 carbon atons,
especially ones having 1 to 4 carbon atonszgrespectively. The "l ower

al kanoyl group"” nmeans a straight chain or branched chain al kanoyl group

having 2 to 7 carbon 1S lally ones having 2 to 5 carbon atons.

The "cycl o- | oﬁg’?lpgflﬂgikigﬁbtﬁ?pagﬁgﬁﬁée%ycl oal kyl groups having 3 to 8 carbon
atons, especially es having 3 to 6 carbon atong, "hal ogen, atoni is-
chl orine, bronine, (8% uoPYHECHERE pgd;qqgﬁlng compoqﬁ()ﬁigi-@atto ir fonde giye

illustrated in nore detgaj anpl es and
40 Referencemwfﬁ&ﬁgﬁl d not be construed to be linited thereto.

Exanmple 1 1 To a sqlution of 4-(3-pyridyl)phthal azin-1(2H)-one
(167 mg) in dinet &Py%mrﬁﬁﬁsseéf‘e@rﬁpmag @@mpomﬁ)ﬁndeﬂw),mchssi um

carbonate (103 ng), . copper iodide (70 ) and

2- br ono- 4- [ 6, Mtermagdiptgtpereforcan be ysed m”tgnqﬂoun of ones as expressed by the

Phe m xt ur o, Phemige] {orbld per seuub oo saltiberaekoan mreastint derivativedhofeod.  and
thereto is added aqueous amonia. The m xture is extracted with 1

chl orof orm aeah begsed, unless they disturb the reaction.

Moreover, in the preparation of the desired compound of the present
invention and the starting compounds, when the starting compounds or each
intermediate therefor have a functional group, it may be possible to protect sﬁch
functional groups with a suitable proiecting group other than the above-
mentioned groups by a conventional method used in the synthetic chemistry
field, and after these protecting groups are not necessary, then these protecting
groups may be removed.

In the present specification and claims, the “alkyl group” means a
straight chain or branched chain alkyl group having 1 to 16 carbon atoms, |
especially ones hav-ing 1 to 8 carbon atoms. The “lower alkyl group” and the
“lower alkoxy group” mean a straight chain or branched chain ones having 1
to 6 carbon atoms, especially ones having 1 to 4 carbon atoms, respectively.
The “lower alkanoy!, group” means a straight chain or branched chain alkanoyl
group having 2 to 7 carbon atoms, especially ones having 2 to 5 carbon atoms.
The “cyclo-lower alkyl group” rﬁeans cycloalkyl groups having 3 to 8 carbon
atoms, 'especlially ones having 3 to 6 carbon atoms. Thé “halogen atom” is

chlorine, bromine, fluorine or iodine.

The present invention is illustrated in more detail by Examples and



extract is washed, dried, concentrated, and purified by silica gel colum
chromat ogr aphy (sol vent; chloroformnmethanol = 19:1) to give 4-[6, 7-

di4ret hoxy- 2- (4- pyri dyl ) net hyl pht hal azin- 1 (2H)-on-4-yl]-2-[4-(3-pyridyl)-
pht hal azi n- 1(2H) - on- 2-yl ] pyri di ne (216 ng). (2) The conpound (216
ng) obtained in the above (1) is dissolved in a mxture of chloroform and
met hanol (chl oroform nmethanol = 4: 1), and thereto i's added 2M
hydrochloric acid (0.18 m), and the m xtgpe is concentrated. The mxture
I's subjected to azeotropic distillation with ethanol and to the residue is

Z?ngrcg: ?nre? hgivexzce( ur %j-‘& Sh%'phfﬂrt Sﬁtq?éxﬁ to be limited thereto.
(2H) - on-4-yl 1F_.-2 !4] iS pyr| dyI ) pht halazin- 1 (2H)-on 2-yl] - pyridine
di hydr ochl or : M p. 225-230[err]C (deconmposed) Exanples

of  the for ?‘mf 2 [Pﬁ) mscﬁﬁ'@&ﬁb@ 1&%@&@%%2@% i AL (1)

_ ﬂd (2) to me y osmacu(;n e 81 mi) grse d gggclegsi-\l;gﬁ( potassmm carbonate (103 mg),

| copper iodide (70 mg) and 2-bromo-4-[6,7-dimethoxy-2-(4-pyridyl)methyl-
phthalazin-1(2H)-on-4-yl]pyridine (335 mg) under nitrogen atmosphere, and the
mixture is refluxed for two hours. The reaction mixture is cooled, and thereto is
added aqueous ammonia. The mixture is extracted with chloroform, and the
extract is washed, dried, concentrated, and purified by silica gel column
chromatography (solvent; chloroform:methanol = 19:1) to give 4-[6,7-
dlmethoxy 2-(4-pyr1dy1)methylphthalazm—1(2H)-on-4-yl] 2-[4-(3-pyndyl)—
phthalazm-l(2H)-on—2—y1]pynd1ne (216 mg). .

(2) The compound (216 mg) obtained in the above (1) is dissolved in a

mixture of chlorofoﬁn and methanol (chloroform:methanol = 4:1), and thereto is
added 2M hydrochloric acid (0.18 ml), and the mixture is concentrated. The
mixture is subjected to azeotropic distillation with ethanol, and to the residue is
added chloroform. The mixture is filtered to give 4-[6, 7-dimethoxy-2-(4-pyridyl)-
methylphthalazin-1 (2H) -on-4-yl]-2- [4—(3-pyndyl)phthalazm- 1 (2H)-on-2-yl]
-pyridine dlhydrochlonde (106 mg).

| M.p. 225-23Q°C (decomposed)
Examples 2-5 -

4-(3-Pyridyl)phthalazin-1(2H)-one and the corresponding compound of

the formula [II-e] are treated in tkge same manner as in Example 1-(1) and -(2) to

give the compounds as listed in Table 1.



[err]. Ex. No. R ~ Physicochem cal properties

2% * [err] Mp. 215- 220[err]C (deconp.) 3 * * [err]
M p: 184- 190[err]C(deconp) . 4* Jerr] M p
167-170[err] C [err] Mp. >230[err]C

*: Hydrochloride; **: Di hydrochloride Exanpl e 6

2- Brono- 4- (6, 7- di met hoxypht hal azi n-1-yl ) pyridine and 4-(3-pyridyl)-

pht hal azi n-1(2H)-one are treated in sane nﬁnner as in Exanmple 1-(1) and
-(2) to give

4- (6, 7-di met hoxypht hal azi n-1-yl) - 2 [4 (3;3@@ dyl ) pht hal azi n- 1( 2H) - on- 2-

yl I'pyri di ne hydrochl ori de. é[err}C (deconposed)

42 Exanple 7 (D) To a solutlon of, met hyl isocyanoacetate (18 ml)
in dimethyl- formamde (85 m) is added so@l um hydride (7.85 g, 62.4 %in

oil) with ice- cooling under ni€Hs@ RpRe and the mixture is

stirred at room

iy
N
~
>N
Ex. No. - R Physicochemical properties -
: X '
2%% | M.p. 215-220°C (decomp.)
: N
N o
Jx* | M.p. 184-190°C (decomp.)
=
4% /V M.p. 167-170°C
5% ~~~COH M.p. >230°C
*: Hydrochloride; **: Dihydrochloride
Examgle 6

2-Bromo-4- (6 ,7-dimethoxyphthalazin-1-yl)pyridine and 4- (3-pyndyl)-
phthalazin-1(2H)-one are treated in same manner as in Example 1-(1) and -(2) to
give 4-(6,7-dimethoxyphthalazin-1-yl)-2-[4-(3-pyridyl)phthalazin-1(2H)-on-2-
yljpyridine hydrochloride. | _

M.p. 232-236°C (decomposed)



tenperature for 30 mnutes. To a solution of 3,4-dinmethoxy-6-(2-chloro-

I soni coti noyl ) benzal dehyde (52.0 g) in dinethylformam de (170 nml) is addeg
drepwi se the above solution at 40-50[err]C, and then the m xture is stirred
at 50[err]C for one hour. The mxture is neutralized with 10 % acetic
acid, concentrated, and extracted with chloroform The extract is washed,
and the insoluble materials are collected by filtration, and the filtrate
is dried and concentrated. The resultant gnd the collected insoluble
materials are conbined, and recrystallized from ether-nmethanol to give

2-chloro-4-(3zpeth car bonyl -6, 7- di nmet hoxyi soqui nol i n-1-yl ) pyridine
(16.1 g). 35—"3—“12%;(—% 246-247[err] C (2)  The conpound (12.9 g)

L L O B A B LA 5%
' 21.2 . £Q %1 ' i, I Irar
{emper at ur e coFBAmIde (8 AL Seded sty by (£S5 024 %dn p i et

tenperature, ang., thqeﬁrgeto,i s added thanol,. To the m xture is added 2M
aqueous sodi Lﬁﬂ‘ﬁ?‘&r eH@‘%%QR?‘E‘FPSg’SBrWﬂi the, puxWEe 15 STRd-Atteony | rred  at

40[err] C for égo m'rqriut es. .The. t ettsr a%\,ydrscg&ur_ an Ig%;agqrh iqsm&epgr gt %(cilé and the
28?73%2& | az\as?gdg, gt’elr ed, and ligrigeﬂ%alr at_géd?.%gnd, t hFen r esi)gug }'qs pql??%/?ir Zda[)$
silica gel cdsemigotipylIbenzaldeyds (528 8)dndimetydfosmemide Ci0omb is added t o
gl ve 2 Shloro, (5. hydr oxyret iyl -0, - et oyl soaut nol - 1-v1) pvr i ne
for one hour. The mixture is neutralizéd with 10 % acetic acid, concentrated,
and extracted with chloroform. The extract is washed,.and the insolﬁble
materials are collected by filtration, and the filtrate is dried and concentrated.
The resultant and the collected insoluble materials are combined, and
recrystallized from ether-methanol to give 2-chloro-4-(3-methoxycarbonyl-6,7-
dimethoxyisoquinolin-1-yl)pyridine (16.1 g).
M.p. 246-247°C |
- (2) - The compound (12.9 g) obtained in the above (1) is suspended in
tetrahydrofuran (300 ml), and thereto is added dropwise a solution of sodium
bis(methoxyethoxy)alunﬁnurxi hydride (21.2 ml, 70 % toluene solution) in
tetrahydrofuran (50 ml) at a temperature below —10°C. The mixture is gradually
warmed to room temperature, and thereto is added methanol. To the mixture is
added 2M aqueous sodium hydroxide solution (90 ml), and the mixture is stirred
at 40°C for 30 minutes. The tetrahydrofuran layer is separated, and the aqueous
layer is extracted with ethyl acétate. All the organic layers are combined,
washed, dried, and concentrated, and the residue is purified by silica gel column

chromatography (solvent; chloroform:acetone = 2:1) to give 2-chloro-4-(3-

hydroxymethy1-6,7-dimethoxyisoquinolin-1-yl)pyridinc (7.44 g).



M p. 162-163C (3) A solution of the conmpound (992 ng) obtained in
the above (2) and hydrazi ne-nonohydrate (32.6 m) is refluxed for one
hoeir. The reaction mxture is cooled and the preC|p|tates are coll ected
by filtration to give 2-

hydr azi no- 4- ( 3- hydr oxynet hyl - 6, 7- di met hoxyi soqui nol i n-1-yl ) pyri dine (552
ngy) . Mp. 157-159[err]C (4) A m xture of the conmpound (1.63
g) obtained in the above (3), 2- nicoti |l benzoic acid (1.25 g) and

et hyl ene glycol (50 m) is heated with stirring at 120[err]C for three
hours. The reactlpp %qggo's cooled, and thereto is added an aqueous
sodi um hydr ogen carbonate Solution. The precipitates are collected by

hi or of or m et hang) = Scrolytici of fifk 85paSid (30 Bis3 ERLAAEL Bl the dBe@S'

d h

< ﬁ%ﬁ%@fﬁ;j@@%&@t@& i e
K fi Sfecp e Yf};:qtgon BI%E 2

ﬁ;grgﬁthrgp?gjt Oél ?% 9)1’ 2 xtu e |Jstcon§c1=. ed The y xture

IS subjecte Xcﬁ 01 &y ((’i’f ?ﬁhly ?r {hﬁx&sﬂgﬂﬂol éir’féf )PXUFHE’ {5;52 due is

added et her. ye precipitates are coll ected by filtration to give

4- ( 3- hydr oxy®&)net hyl - 6, 7- di met hoxyi soqui nol i n-

1-yl)-2-[4-(3-pyr lazin- 1 (2H)-on-2- yl]pyridine hydrochloride
(1.83 9). Md% %gg [err] C (deconposed) Exanples 8-13

(4) A mixture of the compound (1.63 g) obtained in the above (3), 2-
nicotinoylbenzoic acid (1.25 g) and ethylene giycol (50 ml) is heated with
stirring at 120°C for three hours. The reaction mixture is cooled, and thereto i.s
added an-aqueous sodium hydrogen carbonate solution. The precipitates are
collected by filtration, and purified by silica gel column chromatography
(solvent; chloroform:methanol = 10:1) to give 4-(3-hydroxymethyl-6,7-
dimethoxyisoquinolin-1-yl)-2-[4-(3-pyridyl)phthalazin-1(2H)-on-2-yljpyridine
(1.68 g). |

M.p. >250°C

&) | The compound (1.68 g) obtained in the above (4) is dissolved in a
mixture of chloroform arid methanol (chloroform:methanol = 10:1), and thereto is
added 2M hydrochloric acid (1.62 ml), and the mixture is concentrated. The
mixture is subjected to azeotropic distillation with ethanol, and to the residue is
added ether. The precipitates are collected by filtration to give 4-(3-hydroxy-
methyl-6,7-dimethoxyisoquinolin-1-yl)-2-[4-(3-pyridyl)phthalazin-1(2H)-on-2-

| yllpyridine hydrochloride (1.83 g).
| M.p. 2574260°C (decomposed)
Examples 8-13



44 2 Hydr azi no- 4- ( 3- hydr oxynet hyl - 6, 7- di net hoxyi soqui nolin- 1-yl)-
pyridine and the correspondi ng carboxylic acid conpound of the formula (V)
are treated in the sane manner as in Exanple 7-(4) to give the conpounds as

listed in Table 2. Table 2 [err]
Ex. No. R Physi cochem cal properties 8
[err] M p. >250C . 9 [err]

M p. 204-206[err]C . 10 -4&lerr] M p.
>250[err] C 11 [err] M p. >250C 12

[err] M 195-199[ err

. C . Loo=H
M p. 248-250[err] pCZ-H@g@p&{&lhydroxymeth_yl-6],’7?1d1methoxy1soqu1nolm-l-yl)—
3, 4- Di et hoxy-6-(2-chl oroi soni coti noyl ) benzal dehgde i's tre?t ed in ih&
: pyridine and the corresponding carboxylic acid compound of the formula (V)
are treated in the same manner as in Example 7-(4) to give the compounds as

listed in Table 2.
Table 2 -

R

Ex. No. Physicochemical properties

R
8 —@-’Cl M.p. >250°C

9 M.p. 204-206°C

10 —cH, | M.p. >250°C

11 _«5/ M.p. >250°C

12 | _<\:ls | M.p. 195-199°C

13 H M.p. 248-250°C
. Example 14

3,4-Diethoxy-6-(2-chloroisonicotinoyl)benzaldehyde is treated in the

same manner as in Example 7-(1) to -(5) to give 4-(3-hydroxymethyl-6,7-



sane manner as in Exanple 7-(1) to -(5) to give 4-(3-hydroxynethyl-6, 7-

45 di et hoxyi soquinolin- 1 -yl)-2-[4-(3-pyridyl)phthal azin-1

(2H) - on-2-yl ] pyri di ne hydrochl ori de. M p. >250[err]C Exanples
15-17 2- Hydr azi no- 4- ( 3- hydr oxynet hyl - 6, 7- di et hoxyi soqui nolin-1
-yl)pyridine and the correspondi ng carboxylic acid conpound of the fornmula
(V) are treated in the sane manner as in Exanple 7-(4) to -(5) to give the
conpounds as listed in Table 3. 45 - 4

Table 3 [err] Ex. No. R - Physi cochem cal properties

diethoxyisoquinolin-1-yI)-2- [4-(3-py_ridyl)phthalazin_—_i (2H)-on-2-yl]pyridine |
hydrochloride. '
M.p. >250°C |
Examples 15-17
2-Hydrazino-4-(3-hydroxymethyl-6,7-diethoxyisoquinolin-1-yl)pyridine
and the corresponding carboxylic acid compound.of the formula (V) are treated
_in the same. manner as in Example '7-(4) to -(5) to give the compounds as listed

in Table 3.



[err] 15 Mp. >250[err]C 16 [err]
Mp. >250[err]C 17 [err] M p. 208-212[err]C
(deconp.) - 47 Exanple 18
2- Hydr azi no- 4- ( 3- hydr oxymnet hyl - 6, 7- di et hoxyi soqui nolin- 1-yl)pyridine and
2-(3,4,5-trinmethoxybenzoyl)-3-thi ophenecarboxylic acid are treated in the
sanme manner as in Exanple 7-(4) to give 4-(3-hydroxynethyl -6, 7-di et hoxy-

i soquinolin- 1 46

-yl)-2-17-(3,4,5-tri met hoxyphenyl ) thi eno[ 2, 3-d] pyri dazi n- 4(5H) -

on-5-yl ] pyridine. M p. 250-251] ergl@c Exanpl e 19 (1) To
acetic acid (80 m) are added 4-(1-chl oro- ,?—di met hoxy- 3- _
met hoxycar bonyl i soqui nol i n-4-yl )cpﬁri dine (6.11 g), sodium.acetate (1.4 Q)
and 2tls A OH :

- HCl1
Ex. No. R Physicochemical properties
15 M.p. >250°C
16 M.p. >250°C
17. M.p. 208-212°C '(decomp.)




10 % pal | adi umcarbon (2.5 g), and the m xture is subjected to .

hydr ogenation at 50[err]C for 19 hours under pressure (2.7 atm. The

patl adi um carbon is renoved by filtration, and the filtrate is
concentrated to give 4-(6, 7-di met hoxy- 3-

met hoxycar bonyl i soqui nol i n-4-yl ) pyridine (4.84 g). M p.

168-170[ err] C (deconposed) (2) To a solutlon of the conpound (4.4
g) obtained in the above (1) in nethylenE/chloride (40.mM) is added

m chl or operbenzoic acid (5.1 g) at O[err]C, and the mxture is stirred at
Oferr]C for g gU{g, and stirred at roomtenperature for 40 hours. To
the reaction ure i s added an aqueous sodiumthiosul fate solution, and

concent rat ed. STﬁéﬁi 2 ue'*“.%r‘%ﬁ*r‘)#f’ﬁ%ﬂéf}*y;ﬁ”’fca hefpiopinsmaliehpfund, an
(5oL uert B8 9L ABHERSkyerdbls obb¥kstnfhy o e i -
220-224[ err] C ?%?agoﬂggaggﬁ Example 7((§3 to glIl%‘i E?h?&ltg}&ﬂ{gilh)(lzd 97d19&1099t SR

in the above

hour Tho. - BRORIETIR YRS E. £ binRRio ettt AhuliAAR-4G M Ge

chl orof orm Toﬁ]gﬁ xture i s added an aqueous sodi um hydrogen car bonat e
sol ution, re is extracted with chloroform The extract is
washed, dr| ed, ang/b c% gﬁt gt ed, and the residue is purified by silica gel
col um _chromat ogr &pRy @ 1v -chloroformethyl acetate = 10:1) to give

2-chloro-4-(6, 7-di hoxy-.3-
( Xam ienf y-

(1)  To acetic acid (80 ml) are added 4-(1-chloro-6,7-dimethoxy-3-
methoxycarbonylisoquinolin-4-yl)pyridine (6.11 g), sodium acetate (1.4 g) and
10 % palladium-carbon (2.5 g), and the mixture is subjected to hydrogenation at
50°C for 19 hours under pressure (2.7 atm). The palladium-carbon is removed
by filtration, and the filtrate is concer.ltrated to give 4-(6,7-dimethoxy-3-
methoxycarbonylisoquinolin—4—yl)pyridine (4.84 g).

M.p. 168-170°C (decomposed)

(2) To a solution of the compound (4.4 g) obtained in the above (1) in
methylene chloride (40 fnl) is added m-chloroperbenzoic acid (5.1 g) at 0°C, and
the mixture is stirred at 0°C for two hours, and stirred at room temperature for 40
hours. To the reaction mixture is added an aqueous sodium thiosulfate solution,

"and the mixture is ex;rzicted with chloroform. The extract is-washed, dried, and
concentrated. The residue is purified by silica gel column chfomatography
(solvent; chloroform:methanol = 20:1) to give 4-(6,7-dimethoxy-3-methoxy-
carbonylisoquinolin-4-yl)pyridine-N-oxide 2.12 g). |

M.p: 220-224°C (decomposed) |

3) To the com'pound (2.07 g) obtained in the above (2) is added



met hoxycar bonyl i soqui nol i n-4-yl)pyridine (1.05 Q). M p. 164-168C
(deconposed) (4) The conpound obtained in the above (3) is treated
in the sane nmanner as in Exanple 7-(2) to -(5) to give

4- (6, 7-di met hoxy- 3- hydr oxynet hyl - :

I soqui nolin-4-yl)-2-[4-(3-pyridyl)phthal azin-1(2H)-on-2-yl]pyridine
hydrochl ori de (145 ng). M p. 231-233[err]C (deconposed) Exanple 20
(D) To a solution of (2S)-1-acetoxy-3-(344-di net hoxyphenyl)-2-{2-[4-
(3-pyridyl)phthal azi n-1(2H)-on-2-yl ]isoni coti noyl am no} propane (150 ng) in
acetonitrile (5 m) is added phosphqrus oxychloride (0.29 m), and the
mxture is hpbesphomriexychlenids (%ﬁgﬂhia@mthemw@aﬁ fhixedifor gn%ﬁpgr- cbt ed

to room tenperature, and neutralized with an agueous sodi um h¥drogen
carbonate sofeaction mixhueris goneantrated and-otthe rogidee isradded ichlarplamy Toghe
extract is washed, dried, and concentrated. The residue is crystallized
from et hyl acmistuge iaddedean aqueous sodium hydrogen carbonate solution, and the

(3S) -4-(3-acet oxynethyl - 3, 4-di hydro- 6, 7-di met hoxyi soqui nolin- 1
~yl)-2-[ 4- ( 3- mixtyre thyeXtractddawithi ablarofedm .o The-exkrapt/isiwiashed,(drdsl, agdl, as

yel | ow crystal s. Mp. 177-179[err]C . - (2)  The conpound (200
nmy) obtai ned concentratedoand tli¢ résiduedisquhrifeedhby silica gel column chromatography
49 4M sol ution of hydrogen chloride in dioxane (0.09 nl) to give
(3S)-4-(3- atselvenynatlosdfofin;ethyl dvethate =61 (71 jitorgivie@ephlormrd+(6¢7-dimethoxy-3-
1-yl)-2-14-(3-pyridyl)- _

: methoxycarbonylisoquinolin-4-yl)pyridine (1.05 g).

M.p. 164-1-68°C (decomposed)

(4) The compouhd obtained in the above (3) is treated in the same
manner as in Example 7-(2) to -(5) to give 4-(6,7-dimethoxy-3-hydroxymethyl-
isoquinolin-4-_y1)—2-[4-(3-pyridyi)phthalazin-1(ZI.{)-on-Z-yl]pyridine
hydrochloride (145 mg). |

M.p. 231-233°C (decomposed)

Example 20 _

(1)  To a solution of (ZS)-1-acetoxy—3-(3,4—dimethdxyphenyl)-2—{2'-[4-
(3-pyridyl)phthalazin-1(2H)-on-2-yl}isonicotinoylamino } propane (150 mg) in
acetonitrile (5 ml) is added phosphorus oxychloride (0.29 ml), and the mixture is
heated under reflux overnight. The reaction mixturé is cooled to room
temperature, and neutralized with an aqueous sodium hydrogen carbonate
solution. The mixture is extracted with chloroform, and the extract is washed,
dried, and concentrated. The residue is crystallized from ethyl acetate to give
(35)-4-(3-acetoxymethyl-3,4-dihydro-6,7-dimethoxyisoquinolin-1-y1)-2-[4-(3-
pyridyl)phthalazin-1(2H)—on—2—yl]pyridine (1.36 thg), as yellow crystals.

M.p. 177-179°C '

(2)  The compound (200 mg) obtained in the above (1) is added to a



pht hal azi n- 1(2H) - on- 2-yl ] pyri di ne hydrochl oride (200 ng). M p.
178-181[err] C (deconposed) Exanples 21-32 The correspondi ng
conpounds (1V) are treated in the sane manner as in Exanple 20-(1) and
-(2), or Exanple 20-(1) to give the conpounds as listed in Tables 4-6.
50

Table 4 [err] Ex. No. R
Physi cochem cal properties 21 - [err] - Mp.
155-158[ err] C (deconp.) 22 [gor] M p.
157-159[ err] C (deconp.) 23 ' [err] M p. 165-167C -

E g:ggg‘g: ; _ 4M2sglution of hydrogen c{il%rnrd]e in dioxané (0.(% 1%1) tlo4g2i_v%%§§f-a[(}3g
acetoxymethyl-3 ,4—dihydro—6,7-dimethoxyiéoquinoiin—1-y1)-2-[4-_(3~pyridyl)-
phthalazin-1(2H)-on-2-yl]pyridine hydrochloride (200 mg).

M.p. 178-181°C (decomposed)
Examples 21-32 | |
The corresponding compounds (IV) are treated in the same manner as in
| . Example 20-(1) and -(2), or Example 20-(1) to give the coxﬁpounds as listed in
Tables 4-6.



51 Table 5 _ [err] Ex. No. . R

Physi cochem cal properties 25 [err] M p.
99-102[err] C (deconp.) 26 [err] M p
229-230[err]C ‘[err] 27 -
201- 204[err]C 28 [err] M p. 184-186[err]C
50
Table 4

- HCl
R .
Ex. No. R Physicochemical properties
21 _<\:",$ | M.p. 155-158°C (decomp.)

22 —@ - M.p. 157-159°C (decomp.)

CH
23 —@m( > | Mp. 165-167°C (decomp.)
CH,

24 o | M.p. 142-145°C (decomp.)

M p



52 | Tabl e 6 [err] Ex. No. _ R

Physi cochem cal properties 29 [err] M p.
208~ 210[err]C 30 - [err] M p. 220-223C 31
[er] Mp. 175-177[err]C 32 . lerr] M p. 186-188C
53 :
51

Ex. No. R Physicochemical properties
' -HCl
25 M.p. 99-102°C (decomp.)
o
26 M.p. 229-230°C
27 LN ~ M.p. 201-204°C
g
28 M.p. 184-186°C




Exanpl e 33 (1) : _ _

(3S) -4-(3-Acet oxynet hyl - 3, 4-di hydr o- 6, 7- di met hoxyi soqui nol i n- :

1-yl)-2-[4-(3-pyridyl)phthal azi n-1(2H)-on-2-yl]pyridine (400 ng) is

suspended in a mxture of nmethanol (20 m) and tetrahydrofuran (10 m),

and thereto is added dropw se a 1M aqueous 1ithium hydroxide solution

(1.43 m) under ice- cooling. The m xture is stirred for 15 m nutes under

" ice-cooling, and the mxture is reacteS%?t room tenperature for three
hours. The reaction mxture is concent ed, and the water is added to the

residue. The m xture is extracted wth nethylene chloride, and the extract

is washed, dried and concentrated. ThEable§ide is purified by silica gel

col um chr omat ogr aphy (solvent; chloroform nethanol = 10:1) to give

(3S) - 4- (3, 4- di hydr o- 3- hydr ox¢gs#td W nerboxy- '

i soqui nol i n-1-yl)-2-[4-(3-pyridyl )pht hhl az n-l@ﬁyﬂcﬂm-}yl ] pyri di ne (230

ny) . M p. 235-238[err&§

in the-above (1) is reacted MO

di oxane (0.1 m) to give (3S)-4-(3, 4-

di hydr o- 3- hydr oxynet hyl - 6, 7- di net hoxyi §

pht hal azi n- 1(2H) - on- 2-yl ] pyri di ne hydr kghl&(i de (200 ny). M p.

225-228C (deconposed) ~Exanpl es 34-45 R -

4- (3- Acet oxynet h 3ng- drhydro-6gp/7-dr -1 OWgr & | - 1L]-vyl)-2-
suf)sti t ut edypyri jﬁj-gl(bN@h Lpﬁ?/mrl';#;111’112\ treated Fggﬁgéwggﬁrgﬁné@hé&le s i % )Exarrpl e
33-(1) and -(2) fo give isted in Tables 7 to 9.
29 M.p. 208-210°C
\N N/CH3
30 ~ M.p. 220-223°C
[ I O :
31 \1{ l M.p. 175-177°C
32 M.p. 186-188°C




- Table 7 - [err] Ex. No. R

54

Physi cochem cal properties 34 [err] M p.

249- 251[ err] C (deconp.) 35 [err] M p. 213-216[err]C
(deconp.) 36 [err] " Mp. 182-185[err] C (deconp.) 37
[err] Mp. 171-173[err] C (deconp.)

55 Tabl e 8 [err] Ex. No. R

Physi cochem cal properties 53 .

Example 33 _

(1) (38)-4-(3-Acetoxymcﬂ1yl-3 ,4-dihydro-6,7-diniethoxyisoquinolin- .
1-y1)-2-[4-(3-pyridyl)phthalazin-1(2H)-on-2-yl]pyridine (400 mg) is suspended
in a mixture of methanol (20 ml) and tetrahydrofuran (10 ml), and thereto is
added dropwisé a 1M aqueous lithium hydroxide solution (1.43 ml) under ice-

cooling. The mixture is stirred for 15 minutes under ice-cooling, and the mixture

is reacted at room temperature for three hours. The reaction mixture is

- concentrated, and the water is added to the residue. The mixture is extracted

with methylene chloride, and the extract is washed, dried and concentrated.
The reside is purified by silica gel column chromatography (solvent; chloroform:

methanol = 10:1) to give (3S)-4-(3,4-dihydro-3-hydroxymethyl-6,7-dimethoxy-

| iséquinolin-1-yl)-2-[4-(3-pyridyl)phthalazin-1(2H)-on—‘2-_yl]pyridine (230 mg).

M.p. 235-238°C

(2) The compound (200 mg) obtained in the above (1) is reacted with
a4M so_lﬁtion of hydrogen chloride in dioxane (0.1 ml) to give (3S)-4-(3,44
dihydr0-3-hydrdxyniethyl-G,7-dimethoxyisoquinolin-1-yl)-2—[4-(3-pyridyl)-
phthalazin-1(2H)-on-2-yl]pyridine hydrochloride (200 mg). |

M.p. 225-228°C (decomposed)
Examples 34-45 o

4-(3-Acetoxymethyl-3,4-dihydro-6,7-di-lower alkoxyisoquinolin-1-y1)-2-

substituted pyridine compounds are treated in the same manner as in Example

- 33-(1) and -(2) to give the compounds as listed in Tables 7t0 9. -



38 [err] | M p. 140-143[err]C (deconp.)

: 39
. [err] M p. 215-217[err]C (deconp.) 40 [err] -

M p. 207-210[err] C (deconp.) 41 [err] M p.
205-207[ err] C (deconp.) 56

Table 9 [err] Ex. No. R - *  Physi cochem cal
properties 42 [err] : M p. 243-245[err]C
(deconp.) , 54 : :

Table 7
CH;0

“HCL
R
Ex. No. R Physicochemical properties
34 —@S M.p. 249-251°C (decomp.)

35 | _@ M.p. 213-216°C (decomp.)

. CH
36 —O‘( | Mp. 182-185°C (decomp.)

37 M.p. 171-173°C (decomp.)




43 [err] M p. 235-236[err]C (deconp.) 44
[err] M p. 244-246[err] C (deconp.) 45 '
[err] M p. 203-206C (deconp.) Exanpl e 46 1

- Acet oxy- 3 (3, 4-di met hoxyphenyl ) - 2-{2-[4- (3-pyridyl ) pht hal azi n-

57 1(2H)-on-2-yl]isonicotinoyl am no)propane is treat ed in the sane manner
as in Exanple 20-(1) and -(2) to give

4- (3-acet oxynet hyl - 3, 4-di hydr o- 6, 7- di met kgxy- i soqui noI in- 1 '
-yl)-2-[4-(3-pyridyl)phthal azin-1 (2H) -on-2-yl]pyridine hydrochlori de.

M p. 183-186C (deconposed) Exanple 47

4- ( 3- Acet oxynet hyl - 3, 4- di hydr o-6, 7-di nért‘ar%9<§| soqui nolin- 1-yl)-2- [4 (3-
pyridyl) pht hal azi n-1(2H)-on-2-yl ] pyridine is treated in the sane manner as
in : '

Ex. No. R Physicochemical properties
38 " M.p. 140-143°C (decomp.)
- 39 M.p. 215-217°C (decomp.)
40 M.p. 207-210°C (decomp.)
41 M.p. 205-207°C (decomp.)




Exanple 33-(1) and -(2) to give '

4- (3, 4- di hydr o- 3- hydr oxynet hyl - 6, 7- dlnethoxy- i soquinolin- 1 -yl)-2-
[4-(3-pyridyl)phthal azin- 1 (2H)-on-2-yl]pyridine hydrochloride.

M p. 236-238[err]C (deconposed) Exanple 48

2- Hydr oxynet hyl - 4- (4- pyri dyl.) - 6, 7- di net hoxy- 3- qui nol'i necarboxylic | actone
(14 g) is suspended in tetrahydrofuran (50 m)., and thereto is added
dropwi se a mxture of sodi um bi s(met hoxyeggoxy)al um num hydride (20.3 m,
70 % toluene solution) in tetrahydrofuran (10 n) at -10[err]C over a
period of 30 mnutes. The mxture is Sﬁkhkﬁﬁlat -10[err]C for 1.5 hour,
and stirred at O[err]C for 6 hours. xture is added nethanol, and
then further added thereto a 2M aqueous sodlun1hydrOX|de sol ution (100 m)
at O[err]C. The mixture is evaperfsQdg 1S e tetrahydrofuran, and
the residue is extracted with met hyl hl o |de The extract is washed,
dried, and concentrated. The rq@%f pfNed by silica gel colum
chromat ography (solvent; chloro | = 20:1) to give

4-[2, 3-bi s(hydroxynet hyl ) -6, 7-di met hoxyquigsli n-4-yl ] pyridine (5.12 g).

M p. 197-200[err]C 58
Exanpl e 49 -HCl

- 2-Chl oro-4-[2, 3-bi s(hydroxynet hyl ) -6, 7-di -‘ho}§quinolin-4-yl]- pyri di ne
is treated in the same manner as in Exanple 7-(3) to give 2-hydrazino-
4-12, 3-bi s(hydroxynethyl)-6. 7-di met hoxygui nolin-4-yl]pyridine..

Ex.No. | - R Physicochemical properties

42 M.p. 243-245°C (decomp.)

43 s A M.p. 235-2§6°c (decomp.)

44 M.p. 244-246°C (Qecomp.)

45 M.p. 203-206°C (decomp.)
Exampie 46

1-Acetoxy-3-(3,4-dimethoxyphenyl)-2-{2-[4-(3 -pyridyl)phthalazin-



M p. 225-227[err]C Exanple 50 _ :

2- Hydr azi no-4-[ 2, 3-bi s( hydroxynet hyl ) -6, 7- di net hoxyqui nol i n-4-yl] -

pyridine is treated in the sane manner as in Exanple 7-(4) and -(5) to give
4- [ 2, 3-bi s(hydroxynet hyl ) -6, 7-di met hoxyqui nolin-4-yl]-2-[4-(3-pyridyl)-
pht hal azi n- 1(2H) - on- 2-yl ] pyri di ne hydrochl ori de. M p. 216-219[err]C
(deconposed) Exanple 51 (1) A m xture of

3, 4- di met hoxy- 6- (2-chl or oi soni cotinoyl )anjjdine (2.93 g), nethyl ,
acet oacetate (2.16 m ), conc. hydrochloric acid (0.1 m) and acetic acid

cooled’ to r IaDrempensemeothnyamins rabe isdfaied i 5 seBedndulE Bt
and Che. ext + BERMDIC2G ) o Biveudie BHOBNTIMRT -y B Infbme o ©
5% Bl D AR R sl o o
(6, 7-di nmet hoxy- 3- met hoxycar bonyl - 2- met hyl qui nol i n-4-yt)pyridine (3.0 g).
M p. 145- 147h¥drepkdoride. = (2) . |
2- Chl or o- 4- (6, 7-di net.hoxy- 3- met hoxycar bonyl - 2- met hyl qui nol i n-
4-yl)pyridine is M-Eal%ﬁ%Sﬁ"Q l{decnmposedhner as in Exanple 7-(2) to -(5) to
give 4- (3-hydroxynet hyl -6, 7-di net hoxy- 2-met hyl qui nol i n-4-yl)-2-[4-(3
-pyridyl)- Bxampled4ln-1(2H)-on-2-yl]pyridine hydrochl ori de.
> . 4-(3-Acetoxymethyl-3,4-dihydro-6,7-dimethoxyisoquinolin-1-y1)-2-[4-(3-
pyridyl)phthalazin-1(2H)-on-2-yl]pyridine is treated in the same manner as in
Example 33-(1) and -(2) to give 4—(3,4-dihydro-3-hydroxymethyl-6,7-dimethoxy'—
isoquinolin-1-yl)-2-[4-(3-pyridyl)phthalazin-1(2H)-on-2-yl]pyridine
hydrochloride.
M.p. 236-238°C (decomposed)
Example 48
2-Hydroxymethyl-4-(4-pyridyl)-6,7-dimethoxy—3-Quinoiineéarboxylic
lactone (-14 g) is suspended in tetrahydrofﬁran (50 ml), and thereto is added
dropwise a mixture‘of sodium bis(meth'oxyethoxy)aluminum hydride (20.3 ml,
70 % toluene solution) in tetrahydrofurén (10 ml) at —10°C over a period of 30
minutes. The mixture is stirred at —10°C for 1.5 hour, and stitred at 0°C for 6
hours. To the mixture is added methanol, and then further added thereto a 2M
aqueous sodium hydroxide; solution (100 ml) at 0°C. The mixture is evaporated
to remove the tetrahydrofuran, and the fesidue is extracted with methylene
chloride. The extract is-washed, dried, and concentrated. The residue is purified
by silica gel column chromatography (solvent; chloroform:methanol = 20:1) to
give 4-[2,3-bis(hydroxymethyl)-6,7-dimethoxyquinolin—4-yl]pyn'dine (5.12 g).
M.p. 197-200°C



M p. >250[err]C Exanple 52 (1)

2- Chl or 0- 4- ( 3- hydr oxynet hyl - 6, 7- di net hoxyqui nolin-4- yl)pyridine is
treated in the sane manner as in Exanple 7-(3) to give 2-

hydr azi no- 4- ( 3- hydr oxymet hyl - 6, 7- di net hoxyqui nol.i n-4-yl ) pyri di ne.

M p. 217-220[err]C (2) The conpound obtairned in the above (1) is
treated in the sane manner as in Exanple 7-(4) and (5) to give

4- ( 3- hydr oxynet hyl - 6, 7- di met hoxy-

qui nol i n-4-yl)-2-[4-(3- pyrldyl)phthala2|n %(ZFD on-2-yl ] pyridi ne T

hydr ochl ori de >250[err] C Reference Exanple 1 0 a.

sol ution of Zgéﬂﬁaklﬁ—S dlnethoxybenzaldehyde di net hyl acetal (21.8 g) in

tetrahydrofuran (8 ) ed dropw se_a.solu of n b i thium
(1.6 M hexane sol uf?—,(fﬂ]orq;% [g%rﬂ’l)s lb)fdo SXY‘@EW#%&JF%‘“EQPW@W H?'{‘fl]@ “under
ni trogen atnosphere, and the mxture is stl,rr d forJZP mnute The
resulting soPYH4iBg is §eﬁ‘ﬁeéﬁlﬂ3ﬁm§@nﬂﬁ‘f'§ H‘ Jto give -hydrazmo-

2-brono- N, N-di net hyli so- nicotinam de g) .in tetrahydrofuran (80 m)
at a. tenperat4nla3 b%‘lsﬁwdfwlﬁwl]}’b'G ahmeﬁh@tmum@% 4ydlpyridinead for 30

m nutes. To the reaction mxture I s added acetic acid (4.5 m), and the

m xture i s poured Mipo 2281227 Cand extracted with et hyl acetate. The
extract is washed, dried, and concentrated, and the residue is purified by
silica gel coExampleh$®natography (sol vent; hexane:ethyl acetate = 2:1) to
gi ve 3, 4-di met hoxy- 6- (2- bronpi soni cot | noyI ) benzal dehyde di methyl acet al

(13.9 g) as an oi | 3-Hydrdzioo-4- [223ﬂ:ns(daydm)@xmthyk)—@—d1mcthoxyqumolm—4-yl]-

3, 4- Di met hoxy- 6- ( 2- br onoi soni coti noyl ) benzal dehyde di net hyl acet al :
pyridine is treated in the same manner as in Example 7-(4) and -(5) to give 4-
[2,3-bis(hydroxymethyl)-6,7-dimethoxyquinolin-4-yl]-2-{4-(3-pyridyl)-
phthalazin-1(2H)-on-2-yl]pyridine hydrochloride. -

M.p. 216-219°C (decomposed)
Example 51

(1) A mixture of 3,4-dimethoxy-6-(2-chloroisonicotinoyl)aniline (2.93
g), methyl acetoacetate (2.16 nﬂ), conc. hydrochloric acid (0.1 ml) and acetic
acid (30 ml) is heated under reflux for two hours. The reactilon mi_xture is cooled
to room temperature, and thereto is added an aqueous sodium hydrogen
carbonate solution. The mixture is extracted with ethyl acetate, and the extract’
is washed, dried, and concentrated. The residue is purified by silica gel column
chromatography (solvent; chlbrofonn:e_thyl acetate = 9:1) to give 2-chloro-4-
(6,7-dimethoXy-3-n_icthoxycarbonyl-2—m_ethquuinolin-4-yl)pyn'dine (3.0g).

M.p. 145-147°C |

2 2—Chloro-4-(6,7-dimethoxy-3-methoxycarbonyl-2—methquuinolin-
4-yDpyridine is Freated in the same manner as in Example 7-(2) to -(5) to give 4-
(3~hydro$cymethyl-6,7-dimethoxy-2—methy1quinolin—4—yl)-2—[4-(3-'pyridy1)-
phthalazin-1(2H)-on-2-yl]pyridine hydrochloride.'l |



60 (13.9 g) and 2M hydrochloric acid (1 m) are added to a m xture of
acetone (30 m) and water (5 m), and the mxture is stirred at room
tenperature for two hours. The m xture is evaporated to renove the
.acetone, and the remaining aqueous layer is extracted with chloroform The
extract is washed, -dried, and concentrated. The residue is purified by
silica gel colum chronmatography (solvent; chloroformethyl acetate = 4:1)
to give 3, 4-dinmethoxy-6-(2-brono- isonigatinoyl)benzal dehyde (8.65 g).

M p. 133-134[err]C Reference Exanple 3 To a sol ution of

3, 4- di net hoxy- 6- Wrogg@‘i_gm coti noyl ) benzal dehyde (8.61 g) in di oxane
(120 M) is adde a solution of resorcinol (3.25 g) 1in acetate

buffer (pH 3§8, 60 Q) at roomtenperature. To the mixture iis gradually
added dr opwi I eous sol ution of sodium hypochlorite (3.1 g) in water

(30 M), and the mxture_is stirred, at ro m_t erature for t hours. The
pH val ue of the rdicti#nChipsa-r@-hydrgxyms {.g‘p (Lhoxp;gplp conc.
hydro- chloric acid, and then extracted W|th chloroform The extract is
washed, dri ex)pyrigine ivteaiad in thesamee giapger as in Exmple 7 3) to give 2-

3, 4- di met hoxy- 6- (2- br onoi soni cot i no%/7) benzoic acid & M p.
199- 200] er r | iydraginer4=3-hydrexipn -dlmethOxyqumohn-4-yl)pyrl ine.

3, 4- Di met hoxy- 6- ( 2- br onoi soni cotl noyl)ben20| c acid (15.2 g) and hydra2| ne
nonohydrate (15 nMipa?2b7-238¢d to ethanol (30 m), and the mixture is -
heat ed under reflux for one hour. The reaction m'xt'ure'is cooled with ice,
and _' (2) The compound obtained in the above (1) is treated in the same

manner as in Example 7-(4) and -(5) to give 4-(3-hydroxymethyl-6,7-dimethoxy-
quinolin-4-yl)-2-[4-(3-pyridyl)phthalazin-1(2H)-on-2-yl]pyridine hydrochloride.

M.p. >250°C
Reference Example 1

To a solution of 2-bromo-4,5-dimethoxybenzaldehyde dimethyl acetal
(21.8 g) in tetrahydrofuran (80 ml) is added dropwise a solution of n-butyl
lithium (1.6 M hexane solution, 46.8 ml) at a temperature below —50°C under '
nitrogen atmosphere, and the mixture is stirred for 20 minutes. The resulting
solution is added dropwise into a solution of 2-bromo-N,N-dimethyliso-
nicotinamide (18.1 g) in tetrahydrofﬁran (80 ml) at a temperature below —60°C,
and the mixture is stirred for 30 minutes. To the reaction mixture is added acetic
aci& (4.5 ml), and the mixture is poured into water, and extracted with ethyl
acetate; The extract is washed, dried, and 'conc_entrated, and the residue is
purified by silica gel column chromatography (solvent; hexane:ethyl acetate =
2:1) to give 3,4-dimeth6xy-6-(2-bromoisonicotinoyl)benzaldehyde dimethyl
acetal (13.9 g) as an oily product.

Reference Example 2
3,4-Dimethoxy-6- (2-bromoxsomcot1noyl)benzaldehyde dimethyl acetal



the precipitates are collected by filtration to give :

2- brono- 4- (6, 7-di met hoxy- phthal azi n-1(2H)-on-4-yl)pyridine (14.1 g).

61" Mp. >230[err]C Reference Exanple 5

2- Brono- 4- (6, 7- di met hoxypht hal azin- 1 (2H)-on-4-yl)pyridine (362 ng),

4-pi colyl chloride hydrochloride (180 ng), and potassium carbonate (359 ny)
are added to dinethylformam de (10 m), and the mxture is heated with
stirring at 80[err]C for three hours ungg nitrogen atnosphere. \ater is
added to the reaction nixture and the mxture is extracted with nethyl ene

2 br om- 4- [6?173 §sﬁe§‘ﬁm%z rpwéfxﬁmﬁ”d AR AT of Soetone (30

2 on- 4- I i ne 2-184[err]C Reference
(2H) - y water((§ ml), and the mixture is stlrreti3 at room temperature for two

Exanpl es 6- 8
2-Brono-4-(6, 7 t hoxypht hal azi n 2H) -on-4-yl ) pyridine and the
cor r espondi nb‘“ﬁ'ﬁi I’HBFFp’élﬁYGP%aéeé focEgmaye; the @petone,randnthe yemaining n

Ref erence Exanpl e to give the conpounds as listed in Table 10.
aqueous layer i$ extracted with chloroform. The extract is washed, dried, and

concentrated. The residue is purified by silica gel column chromatography
(solvent; chloroform:ethyl acetate = 4:1) to give 3,4-dimethoxy-6-(2-bromo-
isonicotinoyl)benzaldehyde (8.65 g).

M.p. 133-134°C
Reference Example 3

To a solution of 3,4-dimethoxy-6-(2-bromoisonicotinoyl)benzaldehyde
(8.61 g) in dioxane (120 ml) is added dropwise a solution of resorcinol (3.25g)
in acetate buffer (pH 3.8, 60 ml) at room temperature. To the mixture is
gradually added dropwise an‘aqueous solution of sodium hypochlorite (5.1 g) in
water (30 ml), and the mixture is stirred at room temperature for two hours. The
pH value of the reaction mixfure is adjusted to about pH 1 with conc. hydro-
chloric acid, and then extracted with chloroform. The extract is washed, dried,
and concentrated to give 3,4-dimethoxy-6- (2-brom01somcotmoyl)benzmc acid
(8.07 g).

M.p. 199-200°C
Reference Example 4 |

3,4-Dimethexy-6-(2—bromoisonicotinoyl)benzoic acid (15.2 g) and
hydrazine monohydrate (15 ml) are added to ethanol (30 ml), and the mixture is
heated upder reﬂux for one hour. The reaction mixtu_re. is cooled with ice, and
the precipitates are collected by ﬁlfration to give 2-bromo-4-(6,7-dimethoxy-

phthalazin—l(2H)-on-4—yl)pyridine (14.1 g).



62 | Tabl e 10  lerr] Ref. Ex.
6

No. R Physi cochem cal properties

[ err] M p. 189-191ferr]C o 7 [err]
Mp. 197-199[err]C 8 [err] M p.
213-215[err]C Ref erence Exanple 9 : To a sol ution of

2- br ono- 4- (6, 7-di met hoxypht hal azi n-1(2H)-on-4-yl)- pyridine (362 ng) in
di rethyl formam de (2 m) is added sodiumdfydride (48 ng, 62.4 %in oil,)
with ice-cooling under nitrogen atnosphere, and the mixture is stirred at
roomtenperature for 30 _njnutes. To the mxture is nethyl bronpb- acetate
(0.11 m) under iMePcB@OI%, and the mxture is stirred for 15 mnutes. To
~the mxture i s added water,_and the mxture is extracted with ethyl
acet ate. TheReferenceExamplgihed, dried, and concentrated to give
2-brono-4-(6, 7-di net hoxy- 2- . . o
met hoxycar bony| ne#Bep-fdbe- dimethoxyphthalazip- 1 @Fhron-A/puiding 362 mg),
M p. 200- 201Ler.r] C Reference Exanple 10

-picolyl chloride hydrochlor?ge (180 mg), and potassium carbonate (359 mg)

are added to dimethylformamide (10 ml), and the mixture is heated with stirring
at 80°C for three hours under nitrogen afmosphere. Water is added to the
reaction mixture, and the mixture is exfracted with methylene chloride. The
extract is washed, dried, and conCeﬁtrated to give 2-bromo-4-[6,7-dimethoxy-2-
(4-pyﬁdy1)metﬁylphthalazin-_1(2H)-on_-4-yl]pyridine (355 mg).
M.p. 182-184°C
Reference Examples 6-8 _
2-Brdmo-4—(6,7-dimethoxyphthalazin—1(2H)-on—4-y1)pyridine and tﬁe
corresponding 'halogeno compound are treated in the same manner as in

Reference Example 5 to give the compounds as listed in Table 10.



~

63 To a sol ution of

2- brono-4- (6, 7- di met hoxy- 2- met hoxycar bonyl net hyl - , _
pht hal azi n- 1(2H)-on-4-yl)pyridine (4.34 g) in tetrahydrofuran (20 m) is
added sodi um borohydride (0.76 g), and further thereto is added dropw se
with heating a mxture of nethanol (3.2 m) and tetrahydrofuran (5 m)
under reflux over a period of one hour. The reaction mxture is allowed to
stand for cooling, and thereto is added er under ice-cooling. The

m xture is extracted with chloroform an he extract is washed, dried and
concentrated. The residue is recrystallized fromisopropyl ether to give
2- br ono- 4- (6, 7- di met hoxy-2-  hydr oxyet hyl#He A8l azi n- 1(2H) - on- 4-yl ) pyri di ne
(3.08 9g). M p. 208-210[err]C Reference Exanple 11 To a

sol ution of 3, 4-di met hoxy- 6-(2- br onoi soni coti fbyl ) benzal dehyde (4.5 g) in
met hanol (70 m) is added dropw se i azine pQnobRdrate (0.8 nl). The
reaction mxture is cooled with ice, s pr%bipitates are coll ected by
filtration, and recrystallized from netfagoll t O NJi ve

2- br ono- 4- (6, 7-di net hoxy- pht hal ag€HOlL- yI™ py
crystals. M p. 157-159[err]C Referencd Exanple 12

2- Brono- 4, 5- di met hoxybenzal dehyde di net hyl gé€tl and 2-chloro-N, N

di net hyl i soni coti neam de are treated in the lsang_manner as in Reference
Exanple 1 to give 3, 4-di met hoxy-6-(2-chl oroi sdhi cdri noyl ) benzal dehyde

di ret hyl acetal as an oily product. Reference Exanple 13

Ref. Ex. No. R Physicochemical properties
6 T M.p. 189-191°C
N
7 “ M.p. 197-199°C
_ N\
8 v M.p. 213-215°C

Reference Example 9 -

To a sdlution of 2-bromo-4-(6,7-dimethoxyphthalazin-1(2H)-on-4-yl)-
pyridine (362 mg) in dimethylfonnamide (2 ml) is added sodium hydride (48 mg,
62.4 % in oil,) with ice-cooling under nitrogen atmosphere, and the mixture is
stirred at room temperature for 30 minutes. To the mixture is methyl bromo-
acetate (O.'ll ml) m;'der ice-cooling, and the mixture is stirfed for 15 minutes. To
the mixture is added water, and the rhixture is extracted with efhyl acetate. Tﬁe
extract is washed, dried, and concentrated to give 2-bromo-4-(6,7-dimethoxy-2-
methoxycarbonylmethylphthalazin-1(2H)-on-4-ylpyridine (390 mg).

M.p. 200-201°C
Reference Example 10



2- Brono- 4, 5- di et hoxybenzal dehyde di net hyl acetal and 2-chl oro- NN

di met hyl i soni coti neam de are treated in the sane nanner as in Reference
64° Exanples 1 and 2 to give '

3, 4-di et hoxy- 6- (2-chl oroi soni coti noyl ) benzal dehyde. M p. 153-154C
Ref erence Exanple 14 2- Brono- 4, 5- di net hoxybenzal dehyde di net hyl
acetal and N, N-di net hyl - I soni cotineam de are treated in the sanme manner
as in Reference Exanples 1 and 2 to givg3

3, 4-di met hoxy- 6- (2-i soni coti noyl ) benzal dehyde. Mp. 128-130[err]C-

T et AP
. 258-260[err] éh?*&é%ﬂﬂ32@§)°n'4@é’ﬁéﬂ%“e%%&ﬂ% ‘%ﬁ’hydmf“fan &mel) i gdded

G et iyl br omBRAINGRBOEOIOAIdR 76 Ehi4nek Hehe efriods 2046 BWiRE Wilte
For four houheatinga kgl hehaBAcins At ead ey il BPaser e
renove the solvent, and to the residue_is poured water. The mxture is

extract ed wi ONer apsiipd of ongthourg ddeigaction mixture 15 allogyedfo siandstor capling,

concentrated. The residue is o o . .
and thereto is added water under ice-cooling. The mixture is extracted with

chloroform, and the extract is washed, dried and concentrated. The residue is
recrystallized from isopropyl ether to give 2-bromo-4-(6,7-dimethoxy-2-
hydroxyethylphthalazin-1(2H)-on-4-yl)pyridine (3.08 g).

M.p. 208-210°C
Reference Example 11

. To a solution of 3,4-dimethoxy-6-(2-bromoisonicotinoyl)benzaldehyde-
(4.5 g) in methanol (70 ml) is added dropwise hydrazine monohydrate (0.8 ml).
The reaction mixture is cooled with ice, and the precipitates are collected by
filtration, and recrystallized from methanol to give 2—bromo-4-(6,7-d_imethoxy-
phthalazin-1-ypyridine (4.01 g) as yellow crystals.

M.p. 157-;59°C
Reference Example 12
2-Bromo-4,5-dimethoxybenzaldehyde dimethyl acetal and 2-chloro-N,N-
dimethylisonicotine€amide are treated in the same manner as in Reference
Example 1 to give 3,4-dimeth(;xy-6-(2—chloroisonjcotinoyll)benzéldehyde
~ dimethyl acetal as an oily product.
Reference Example 13
' 2-Bromo-4,5-diethoxybenzaldehyde dimethyl acetal and 2-chloro-N,N-

dimethylisonicotineamide are treated in the same manner as in Reference



crystallized fromether. The resulting crystals are added to a m xture of
acetic acid (300 m) and conc. hydrochloric acid (300 m). The mxture is
heat ed under reflux for five hours, and concentrated. The residue is
crystallized from tetrahydrofuran to give

3-car boxy-4-(4-pyridyl)-6,7-di net hoxyi socoumarin (23.4 g). - Nlp. '
>250C 65 (2) To a
2.6M amopnia’in nethanol (100 m) is addgg 3-carboxy-4-(4-

pyridyl)-6, 7-di met hoxyi socoumarin (1.86 g), and the mxture is allowed to

: ti
mixture s OB Auh2 T IVE Her eSOty DhE P sl ¢ he
‘mixture is adjusted pH 5 with 1M hydrochloric acid, and
concentr at ed. TOSMHZJ {f%iggﬁé i s added a 4M hydrogen chl ori de in et hyl

acet at e, anj tEe m'jéure Is , stirred at roomtenperature for 20 hours. The
reaction m ted, and the residue Is dissolved in a

m xture of nethanpl. and roform(S the mxture is washed with a
saturated sodi um%h em%@gs‘gmmthwbeaz deby. we%m pRe DiN-dameethiki due

Is recrystallized from nmethanol -ethyl acetate to give
3- car boxy- 4- 1§qms9ﬁmwmfie@r¢ trgatediin dhe sarae manser as i Beference Bxampleni andde
glcgr Eéxy 4-% > gimei Miqzlggtgé:gb]r-ge(ﬂmaymgéq)dyl&mnmldpbydg one hydrochl oride
( 12.6 g) i S added 1 o 2hso? 8% us .oxychl oride (200 ng), and the
Reference Example 1
3,4-Dimethoxy-6-(2-isonicotinoyl)benzaldehyde is treafed in the same
manner as in Reference Example 3 to give 3,4-dimethoxy-6-(2-isonicotinoyl)-
benzoic acid.
M.p. 258-260°C (decomposed)
Reference Example 16
(1)  To a solution of 3,4-dimethoxy-6-(2-isonicotinoyl)benzoic acid
(50.8 _g) and diethyl bromomalonate (30 ml) in dimethylformamide (500 ml) is
added potassium carbonate (24 g), and the mixture is stirred at room temperature
for four hours. The mixture is concentrated under reduced pressure to remove
the solvent, and to the residue is poured water. The mixture is extracted with
ethyl acetate, and the extract is washed, dried, and concentrated. The residue is
crystallized from ether. The resulting crystals are added to a mixture of acetic
acid (300 ml) and conc. hydrochloric acid (300 ml). The mixture is heated under
reflux for five hours, and concentrated. The residue is crystallized from
tetrahydrofuran to give 3-carboxy-4-(4-pyridyl)-6,7-dimethoxyisocoumarin
A23.4 g). o
M.p. >250°C



m xture is stirred at 50[err]C for 1.5 hour. The reaction mxture is
concentrated, and thereto is added toluene (200 m), and thereto is
further added nmethanol (100 m). To the mixture is further added
triethylamne (15 m) at Jerr]C, and the mxture 1is stirred at room
tenperature for 30 mnutes. The reaction solution is concentrated, and to
the residue is added water. The m xture is extracted wth chloroform and
the extract is washed, dried, and concentggted. The residue is purified by
silica gel chromatography (solvent; chloroformethyl acetate = 5:1) +to

give 3 met hoxycar anyl +ds (4 gty he T RGO ) AR b 208
2 et hoycar IRHAYD 6 I RRIGRsRoHERRL sl Anbh R i thowsd s gand o)

and the mxtyre_is, heated under reflux for The reaction .m xture
i s concent ra#e’aﬁvaﬂays fifoom fepergiiye i EWWBT%‘??@CTMH?%%IHP@“FCSIS

further added gradua y sat ur, at gueous._ so hy en, car honat e
sol uti on, and@OPRENLFAL S‘(‘%Lﬁ‘%%mt@ﬁ FSMW@F“Z%%&@W&E ‘%rﬁggé?‘égﬁpésl ayer is

collected dried nd concentrated. . The residue urified b |I|ca gel
chr onat ogr apl#d J'-(sé“éf%?hom ér‘&tbrlrMétM‘ii}PCthEétaﬁ an congentrated., do the

1- chl or o- 3- et hoxycar bonyl - 4-pyrid I) 6, 7- d|nethoxy- |squ|noI|ne (5.17
9). Mrpsid dn 5 e 7 4 7 4M WG)C loideineeihyl aoesatp) andithe mixture is

stirred at room temperature for 20 hours. The reaction mixture is concentrated,
and the residue is dissolved in a xhixture of methanol and chloroform (3:2), and
the ﬁixture is washed with a saturated sodium chloride solution, dried,_’_ and
concentrated. The residue is recrystallized from methanol-ethyl acetate to give
3-carboxy-4-(4-pyridyl)-6,7-dimethbxy_isoquiﬂolin-1 (2H)-one hydrochloride
(1.3 g).

M.p. >250°C

(3)  3-Carboxy-4-(4-pyridyl)-6,7-dimethoxyisoquinolin-1(2H)-one
hydrochloride (12;6 g) is added to phosphorus oxychloride (200 mg), and the
mixture is stirred at 50°C for 1.5 hour. The reaction mixture is concentrated, a}nd
thereto is added toluene (200 ml), and thereto is further added methanol (100
ml). To the mixture is further édded triethylamine (15 ml) at 0°C, and the mixture
is stirred at room temperature for 30 minutes. The reaction solution is
concentrated, and to the residue is added water. The mixture is extracted with
chloroform, and fhe extract is washed, dried, and concentrated. The residue is
purified by silica gel chromatography (solvent; chlorofoﬁn:ethyl acetate = 5:1)
to give 3-methoxycarbonyl—4-(4-pyridy1)-6,7-dimethoxyisoquinolin-1(.2H)-one
(6.55 g). o |

M.p. 243-245°C (decomposed)



(1) To a suspension of |ithiumalum numhydride (7.75 g) in-tetra-
hydrofuran (200 mM) is gradually added dropwi se a sol ution of

3- (8, 4-di met hoxy- phenyl)-L-al anine nmethyl ester (12.2 g) in
tetrahydrofuran (100 m) at O[err]C. The reaction mxture is stirred at
O[err]C for 30 mnutes, and then thereto are added dropw se water (7.7
m), 10 % aqueous sodi um hydroxide solution (7.7 mM) and water (23.1 m).
The reaction mxture is stirred at roon1t§gperature overnight, and '
filtered through a cerite pad. The filtrate is concentrated to give (2S)-2-

am no- 3- (3, 4-di net hoxyphenyl ) - 1-propanqgl .(1 as an. hrown oily_ progduct.
(2)  (2S)-2: Anino{4) (3, aﬁmmwa@?kﬁméq?mﬁ}%baa@@ﬁe@%w Xy F .nyﬂ
i sonicotinic acid (4. 26%} _1- hydr oxybenzotri g{zﬂol e gonohy rate, (3.16 g) and
1,3- di cycl dnkpyady Bl dimethoxyispquipolinr H2ERwae (O@)niidhthedREXIRIGIIS i de (20
m), .and the mxture is_stirred at roomtenperature qvernight. The
reaction ni xtheated andeg geflen for2.8chouss d The seactionimixirgds congrntrated; and
i nsoluble materials are renoved by.filtration, and the filtrate is
concent r at ed theretp iscaddeg)chlorpform.ofo-the mixture is further added gradually a
67
i soni cot i noylsaturated-aguebns sodivonhydrogen cachenate) sdution,and; the trhixtygshiany | ) -
propane (5 g). (3) To a suspensi on of
(2S) - 1- ( 2- br stimeddor 20 tmmaydso xBHe-argaticdayerds collected, dried, and concentrated.
I soni coti noyl am no) - 3- (3, 4-di met hoxyphenyl ) propane (4.68 g) in nethanol
(100 m) is Trdesidae idpurifibd by silyeh gelicheoriftography (salment; bklordform:ethyk
stirred for 15 hours. The reaction m xture is concentrated under reduced
pressure to -resrvwe= 3:hptogivealhochloré3dmetimxiyeaibdugl-4-€4 yridyt)-6J-dinidthoxy-
met hyl ene chloride. The extract

isoquinoline (5.17 g).

M.p. 220-22_2°C (decomposed)
Reference Example 17 |

(1)  To a suspension of lithium aluminum hydride (7.75 g) in tetra-
hydrofuran (200 ml) is gradually added dropwise a solution of 3-(3,4-dimethoxy-
phenyl)—L-alanine methyl ester (.1 2.2 g) in tetrahydrofuran (100 ml) at 0°C. The
reaction mixture is stirred at 0°C for 30 minutes, and then thereto are added
dropwise water (7.7 ml), 10 % aqueous sodium hydroxide solution (7.7 ml) and
Qater (23.1 ml). The reaction mixture is. stirred at room temperature overnight,

and filtered through a cerite pad. The filtrate is concentrated to give (2S)-2-

amino—3-(3,4-diméthoxypheny1)-1-propanol (10.8 g). as an brown oily product.

(2) (ZS)-2'-Am1’no-3-(3,4—dimethoxyphe¥1yl)-1-propanol (2 g), 2-bromo-
isonicotinic acid (4.2 g), 1-hydroxybenzotriazole monohydrate (3.16 g) and 1,3-
dicyclohexylcmbodiﬁide (4.26 g) are added to methylene chloride (20 ml), and
the mixture is stirred at room temperature ovemigﬁt. The reaction mixture is
concentrated, and thereto is added ether. The insoluble materials are removed

by filtration, and the filtrate is concentrated to give (28)-1-(2-bromo-



I s washed, dried, and concentrated. The residue is purified by silica gel
chronatography (solvent chl orof orrm acetone = 5:1) to give -

(29 -2-(2-bromp- isonicotinoyl am no) - 3-(3, 4-di net hoxyphenyl ) - 1- propanol
(1.2 9). M p. 151-153[err]C (4) To a sol ution of

(2S) - 2- (2-br onoi soni coti noyl am no) - 3- (3, 4-  di met hoxyphenyl) - 1- pr opano
(1.2 g) in dinethylformam de (40 m ) are added potassium carbonate (0.88
g) and copper (1) iodide (0.61 g) at roonB?enperature under nitrogen

at nosphere. The m xture is heated with stirring at 120[err]C for 30

m nutes. To the reaction mxture is added 4- (3 pxri l%ﬁ al azin 182FD one
(1.42 g), andsenieotingyloxy-242 HEMS%IGWI%QM aming-3:(3.4 {r@qu:wphgp

hours. The reaction m xture is cooled to roomtenperature, and thereto is
added aqueouspropaneod 8. The nixture is extracted wth chloroform and the
extract is washed, dried and concentrated The residue is purified by
silica gel chromat(@yrapFya spspsnsiomof @ﬁodr@-bmmma@@pemo)doxy)ﬂ (Btbrgmpe

(29)-2- {2-[4-(3-pyri yI)phthaIa2|n- on-2-yl ]isonicotinoyl anm no
- 3- (3, 4- di netiseni mpmo)pfﬁ Mndﬂme(tb%phﬁ@)'l)pmpane (4568;g) in3sethanpkiLOpC
(5  To a solution of (2S {2-14-(3-pyridyl)phthal azin-1(2H) -on-2-yl]-
68 i soni cot imbys addedod 1L mmmmmdayé J andithe muipture s gtirosi fog)lSi n

nmet hyl ene chloride (5 nl) are added acetic anhydride (50 [err]l),
triethyl am ndopg) Thereddtion mixture isatomcpnirated mndex rediiced prashyieztoi remoypei di ne
under ice-cooling, and the
‘the methanol, and the residue is extracted with methylene chloride. The extract
is washed, dried, and concentrated. The residue is purified by silica gel
chromatography (solvent; chloroform:acetone = 5:1) to give (25)-2-(2-bromo-
isonicotinoylamino)-3-(3,4-dimethoxyphenyl)-1-propanol (1.2 g).
M.p. 151-153°C |
~(4) Toasolution of (ZS)-Z-(2-bromoisenicotinoylamino)-3-(3,4-
dimethoxyphenyl)—l-propanol (1.2 g) in dimethylformamide (40 ml) are added
potassium carbonate (0.88 g) and copper (I) iodide (0.61 g) at room temperature
under nitrogen atmosphere. The mixture is heated with stirring at 120°C for 30
minutes. To the reaction mixture is added 4-(3-pyridyl)phﬂ1alazin—1(2H)-one
(1.42 g); and the mixture is heated with stirring at 130°C for two hours. The
reaction mixture is cooled to room temperature, and thereto is added aqueous
ammonia. The mixture is extracted with chloroform, and the extract is washed,
dried and concentrated. The residue is purified by silica gel chromatography
(solvent; chloroform:acetone = 1:1) to give (28)_-2—{2—[4-(3-pyridyl)phtha1azin¥
1(2H)-on-2—y1] tsonicotinoylamino}-S-(B ,4-dimethoxyphenyl)-1-propanol (330
o | _ _
M.p. 135-137°C
(3)  Toasolution of (28)-2-{ 2-[4-(3-pyridyl)phthalazin-1(2H)-on-2-yl]-



m xture is stirred at roomtenperature for two hours. To the reaction

" mxture are added nethanol and a saturated sodi um chloride sol ution under
ice-cooling, and the mxture is extracted with chloroform The extract is
washed, dried, and concentrated. The residue is crystallized fromether to
give (2S5)-2-{2-[4-(3- pyridyl)phthalazin- 1

(2H) -on-2-yl ]isonicotinoylamno } -3-(3 ,4-di net hoxy- :

phenyl ) - 1- acet oxypr opane (200 ng). 68M p. 118-120[err]C Reference
Exanpl e 18 (1) To net hyl ene chloride (120 m) are added

3- (3, 4-di met hox L) al soni cotinic
acid (10,9 g)sone ?fyﬁqﬁ@ indY I o s hProbatb B B
1, 3-di cycl ohex r b d t red room
t enper at ur e Xf %iqrﬂ%e &W&'b #f @Z’%F‘é‘a ?‘E‘ydgpgt(ﬂﬁp\’/éb&%l}{ ?%Q i on,
and the filtrgte is c ntrated. .The re uels urified b 5|I|c el
chr omat ogr apﬂgf @é‘&%@%&cﬁé lgg&fﬁl}rgg@[y 2 Xﬂdﬁ‘f’“ﬁ“g j<gec and e
br onmoi soni coti no I(l‘ 4- di met hoxyphen i ne ‘i‘th(}/l ester 13 9 % as
an oily pr o dRixfu re 1s stirred af ggom tqup%rgggp o Wp gurs. To the reaction mixture
N- ( 2- br onoi soni (gtl noyl ).-3-(3, 4 t hoxy- . ph nyll)y al ani ne et h%/ ester
(12.8 g) in @dde #elrand 3 _weraw sopdiurehlaride, a0 Hongidsh jeerfepling agdg) |
and thereto is added dr opwi se met hanel (15 nl) with_  heating under reflux
over a peri odhomixtweds erftacied wild chloroformn Wbﬂ@&?f@cm&Wﬂéb@ﬂ &iriegh endi ce, and
thereto is added water. The mixture is extracted with chloroform and the
extract is weoheentrated.eThe sesidueiscupstalized fram gthes to give-(25)-2-{2-[4-(3-
pyridyl)phthalazin-1(2H)-on-2-yl]isonicotinoylamino }-3-(3,4-dimethoxy-
phenyl)-1-acetoxypropane (200 mg). |

M.p. 118-120°C
Reference Example 18

(OH To methyleﬁe chloride (120 ml) are added 3-(3,4-dimethoxy-
phenyl)alanine ethyl ester (12.4 g), 2-bromoisonicotinic acid (10.9 g), 1-hydroxy-
benzotriazole monohydrate (8.23 g) and 1,3-dicyciohexylcarbodiimide (11.1 g,
and the mixture is stirred at room temperature overnight. The insoluble materials
are removed by filtration, and the filtrate is concentrated. The residue is purified
by silica gel chromatography (solvent; chloroform:acetone = 10:1) to give N-(2-
bromoisonicotinoyl)-S-(3,4-dimethoxyphenyl)alanine ethyl ester (13.9 g) as an
oily product.

(2) To asplution of N-'(2-bromoisonicotinoyl)-3—(3,4-dimethoxy-
phenyl)alanine ethyl ester (12.8 g) in tetrahydrofuran (100 ml) is added sodium
borohydride (3.3 g), and thereto is added dropwise methanol (15 ml) with
heating under reflux over a period of three hours. The reaction mixture is

cooled with ice, and thereto is added water. The mixture is extracted with

chloroform, and the extract is washed, dried, and concentrated to give 2-(2-



69 bronvoi soni coti noyl am no) - 3- (3, 4- di net hoxyphenyl ) - 1-propanol (10.2 g).
(3) 2- ( 2- Bronoi soni cot i noyl am no) - 3- (3, 4- di net hoxyphenyl )-1- propanol is
treated in the sane manner as in Reference Exanple 17-(4) to give 2- {
2-[4-(3-pyridyl)phthal azin- 1(2H)-on-2-yl]isonicotinoylamno } -3-(3 ,4-

di met hoxyphenyl )- 1 -propanol . M p. 147-148C (4) 2-

[ 2-[4-(3-Pyridyl)phthal azi n- 1( 2H) - on- 2-yl ] i soni cot i noyl am no} -

3- (3, 4-di met hoxyphenyl ) -1-propanol is tregged in the same manner as in
Ref erence Exanple 17-(5) to give -

2-{

"3 (3, 4- 0 mePROSSsBibHACTEkTack it Clafetblpheny B RRGBBL 2R, L o o
ydr ochl o de (66@” 2@ gk IR AR 3 G AN BRSSDE: "o «
(15g gl gg/cl ohBi‘{H %ce)tg‘% ?ﬂ%ﬁ’(egszi‘%)ee@rfrgﬁ%h sxgggeggt(e(ng j?é‘%ﬁ&n?%ﬂl (émoogﬁ"&e (660
enst fon m xPoks #ﬁa&éﬂiﬁpﬁ alaatp- LA on bR boy Amind ba Gk T |
o v L odmear e SALBRRAL S 48 Vmi:‘aoxy?“' o lormacetone = 109
ester (93.5 Q). Mp. 108-109[err]C (2)

N- ( 2- Br onoi soni coM. 90}147 1§8(@ 4- di nmet hoxyphenyl ) -L-al anine ethyl ester is
treated in the sane manner as in Reference_ Exanp

e S ot o Bt | Ayt faPyBay Db bal s G bea oY xsomcpnaéﬁammo}-
M p- 136- 138{3errJ

dimethoxyphenyl)- 1-propanol is treated in the same mannef as in
Reference Example 17-(5) to give 2—{2,—[4-(3-pyridyl)phtha1azin—1(2H)-on-2—yl]-
isonicotinoylamino }-3-(3,4-dimethoxyphenyl)-1-acetoxypropane.

Mp. 85-87°C
Reference Example 19

(D 3-(3,4-Dimethoxyphenyl)-L-alanine ethyl ester hydrochloride 66
g), triethylarnine (33.3 ml), 2-bromoisonicotinic acid (50.6 g), 1-hydroxybenzo- |
triazole monohydrate (38.4 g) and 1,3-dicyclohexylcarbodiimide (51.7 g) are
added to methylene chloride (660 ml), and the mixture is stirred at room
temberature for four hours. The reaction mixture is washed, dried, and
concentrated. The residue is purified by silica gel chromatography (solvent;
chloroform:acetone = 10:1) to give N—(2-bromoisonicotinoyl)-3-(3,4-dimethexy-
phenyl)-L-alanine €thyl ester (93.5 g). |

M.p. 108-109°C

2) N-(2-Bromoisonicotinojrl)-3-(3,4-dimethoxyphenyl)-L—a1anine_
ethyl ester is treated in the same manner as in Reference Exareple 18-(2) to give
(2S)-2-(2-bromonicotinoylamino)-3-(3,4-dimethoxyphenyl)- I-propanol
M.p. 136- 138 C



70 ﬁeference Exanpl es 20-27 (2S)-2-(2-B rononi cotinoyl am no)-3-(3
, 4- di met hoxyphenyl)- 1 -propanol and the correspondi ng heterocyclic

conpounds of the formula (lI1l1-a) are treated in the same nanner. as in

Ref erence Exanple 17-(4) to give the conpounds as |isted in Tables 11 and
12. Table 11 [err]

R Ref. EX. No. R Physi cochem cal properties

20  Jerr] Mp. 132-4g5[err]C 21

[err] M p. 143-145C 22 [err]

Mp. 153-155C _ . 23
_ (pgwder) " Reference Examples 20-27

Terr] Mp. 76-78[err]C

(2S)-2-(2-Bromonicotinoylamino)—B-(S,4-dimethoxyphenyl)-l-propanol '
and the corresponding heterocyclic compounds of the formula (I11-a) are treated
in the same manner as in Reference Example 17-(4) to give the compounds as

listed in Tables 11 and 12.
Table 11

CH3_ OH
H 0
CH,0
- 0
|
N I}I |
N
R
Ref. Ex. No. R | Physicochemical properties
20 _<\:",S | M.p. 132-135°C

21 | ~® M.p. 143-145°C
22 _@_N<CH3 M.p. 153-155°C
CH3 o B

23

| M.p. 76-78°C (powder)




71

Physi cochem cal properties
68--70[ err] C ( powder)
97-99[err] C (powder)
153-156[err] C 27
167-170[err] C

Table 12
24
25
26

[err] Ref. EX. No.
[err]

[err] :

[err] _

[err] M p.

71

Table 12

_CH3 OH
H 0
CH;0

7’
>
N R

.R
M p.

"M p.

M p.

Ref. Ex. No.

Physicochemical properties

24

M.p. 68-70°C (powder)

25

M.p. 97-99°C (powder)

26

M.p. 153-156°C

27

M.p. 167-170°C




72 }@ference Exanpl es 28-35 The pyridine derivatives of the formla
(XLVII1) are treated in the sane manner as in Reference Exanple 17-(5) to
gi ve the conmpounds as listed in Tables 13 and 14.

Tabl e 13 [err] Ref. Ex. No. R :
Physi cochem cal properties ' 28 [err] M p.
106-109[ err] C-(powder) : 29 [err] M p.
151-153[err] C 30 : [Exr] M p.
177-178[err] C 31 . [err] M p.
65-67[err]C pRPUESL Examples 28-35 73

" The pyridine derivatives of the formula (XLVIII) are treated in the same
manner as in Reference Example 17-(5) to give the compounds as listed in

Tables 13 and 14.

Table 13
O
CH, . HN
~ o)
|
N $ |
NS
R
Ref. Ex. No. ' R Physicochemical properties
28 _C“,S M.p. 106-109°C (powder)
\ N »

29 M.p. 151-153°C

~
0 | )| Mp s
cH; | |
31 1 /\(/] M.p. 65-67°C (powder)

N




Tablé 14 [err] Ref. Ex. No. R Physi cochem cal

properties 32 [err] ' M p. 52-55C (powder)
33* [err] " Mp. 84- 87[err]C(povvder) 34
[err] Mp. 75- 77C(povvder) : 35 [err]
+Mp. 71-74[err] C (powder) - :
74 Reference Exanple 36 (1D To acetic anhydride (193 m) are
added 3, 4-di et hoxybenzal dehyde 73
Table 14 B
CH;0S OCOCH,
H O '
CH;0O
’
- |
N R
Ref. Ex. No. . R - Physicochemical properties
32 X M.p. 52-55°C (powder)
O\/\N

M.p. 84-87°C (powder)

33
. 3.4 | M.p. 75-77°C (powder)
35 M.p. 71-74°C (powder)




(234.4 g), N-acetylglycine (95.4 g) -and sodium acetate (49.5 g), ‘and the

m xture 1is heated under reflux for one hour, and the reaction m xture is
al lowed to stand for cooling. The reaction mxture is further allowed to
stand in a refrigerator overnight, and then thereto is added water. The

m xture i.s extracted with chloroform and the extract is washed, dried and
concentrated. The residue is <crystallized fromethanol to give

4- (3, 4-di et hoxybenzyl i dene) - 2- net hyl oxazokz 5(4H)-one (100.9 g).

Mp. 117-119[err]C (2)

4-(3,4-Dieth fbenz I'denﬁ%- - met hyl oxazol -5(4H)-one (100 g) is added to
acet one (Zooﬁ%;ﬂ%ﬁéj%@PHLﬁi§X)rﬂ), and the m xture is heated under '
reflux for 3.5 hours. e mxture js, evaporated t nove .t he acetone, and
cooled to roomt elﬁﬂér attﬂ? acetig, lﬁepﬁlggt@ {2 édg‘%fi sécﬂléﬂi%ybﬁnmldﬁ!)fd@n,
and "washed with wat to give . ~ o
N-acet yl - 3- (?,25146},51 ﬁ_gﬁsﬁﬁ)ﬁ 1ne £33-4r&) And fodinm ggetag) (49.5 g), andthe migture 93¢
(3) To a susgension of N-acetyl-3-(3, 4-di et hoxyphenyl)dehydro- al ani ne
(100.2 g) i nlabeated uaderretiuotoriane hopraandtthemeaoiqnamixiure is allovashto(stang |
and the mxture is subjected to hydrogenation at 40[err] C under 3 atns of
hydr ogen gas feneodting ufbe repstiopanintyretis furthesablpwedso standtina refmgeraiog t he
filtrate is concentrated. The resi-due is crystallized fromether to give
N-acet yl - 3- ( ®vernight, énd dhem Hareto) is| addied avarato . Theymixture is extidered with
149-151[err] C (4) To 1M hydrochloric acid (600 m) is added
N- acet yl - 3- ( 3hloroform, and the extract is washed, dried and concentrated. The residue is
crystallized from ethanol to give 4-(3,4-diethoxybenzylidene)-2-methyloxazol-
5(4H)-one (100.9 g).
M.p. 117-119°C
() 4-(3,4-Diethoxybenzylidene)-z-methyloxazol-5(4H)-one (100 g) is
added to acetone (200 ml) and water (400 ml), and the mixture is heated under -
reflux for 3.5 hours. The mixture is evaporated to remove the acetone, and
cooled to room temperature. The precipitates are collected by filtration, and
washed with water to give N-acetyl—3-(3,4-diethoxyphenyl)dehydroalanine (99
8- |
‘M.p. 190-193°C
(3)  To a suspension of N-acetyl-3-(3,4-diethoxyphenyl)dehydro-
alanine (100.2 g) in acetic acid (1000 ml) is added 10 % palladium-carbon (4 2),
and the mixture is subjected to hydrogenation at 40°C under 3 atms of
hydrogen gas for 7 hours. The catalyst is removed by filtration, and the filtrate
is concentrated. The residue is crystallized from ether to give N-acetyl-3-(3,4-
diethoxyphenyl)alanine (70.1 g).
M.p. 149-151°C

(4)  To IM hydrochloric acid (600 inl) is added N-acetyl-3-(3,4-



75 di et hoxyphenyl)alanine (70 g), and the m xture is heated under refl ux
overnight. The reaction m xture is concentrated to dryness, and the residue
i s> suspended in ethanol (900 m ), and thereto is added drowpi se acetyl
chloride (200 m) at -10[err]C After addition, the m xture is gradually
warnmed to room tenperature, and the mxture is stirred at roomtenperature
overnight. The reaction mxture is concentrated, and to the residue is
added an aqueous potassium carbonate solpgion, and the mxture is
~extracted with ethyl acetate. The extract is washed, dried, and thereto is

el SRR 00 L A B s ™0
2 % £ e B ARGk S A Bp i o
and ~(2) to. §ispEndkE 3t Ehanl JoDGpR 254 TRGSIeLis e drowDUS PERT Gy ) - 1
2" 27 B omoi sAALBDIGIOS: Afer SARTOn e IR BTSN Wrmpahi o9 e
e e marfRoRPSRSFS, it SHEBTE I AFe 3 O0R) FRocgHvEs OVeighipheds as
listed in Talt'zelagtiér? mixture is concentrated, and to the residue is added an aqueous
potassium carbonate solution, and the mixture is extracted with ethyl acetate.
" The extract is washed, dried, and thereto is added a 4M hj'drogen chloride in .
ethyl acetate (60 ml), and the mixture is concentré.ted. The residue is crystallized
from ether to give 3-(3,4-dimethoxyphenyl)alanine ethyl ester hydrochloridé
(63.4 g). |
“Mp. 151-152°C
(5)  3-(3,4-Diethoxyphenyl)alanine ethyl ester hydrochloride is treated
in the same manner as in Reference Example 19-(1) and -(2) to give 2-(2-bromo-
iéqnicotinoylamino)-3-—(3,4-diethoxyphenjl)-1-propanol. |
M.p. 97-99°C
Reference Examples 3:2.-49
2-(2-Bromoisonicotinoylamino)-3-(3,4-diethoxyphenyl)-1-propanol and
the corresponding heterocyclic compound of the formula (IIl-a) are treated in

 the same manner as in Reference Example 17-(4) to give the compounds as

listed in Table 15.



76 Tabl e 15
R Physi cochem cal properties

M p. 154-155[err]C 38

M p. 163-165[err]C 39

150- 152[err] C 40

68-70[ err] C (powder)

Ref erence Exanpl es 41-44

[err] Ref .
37
[err]
[err] M
[err] M
The pyridi

derivative of the fornula (XLVIII) is trgged in the sane

p
p
n

Ex. No.
[err]

e

Table 15
,CzHSO OH
HN._O
C,H,0
z
o |
N R
Ref. Ex. No. R Physicochemical properties
“N
N
37 M.p. 154-155°C
. A
~ N
o)
~ N/CH3
38 (jgo M.p. 163-165°C
~
39 l‘ﬂ\ | M.p. 150-152°C
N
40 M.p. 68-70°C (powder)

Reference 'Examples 41'-44

The pyridine derivative of thé formula (XLVIII) is treated in thé same



77 manner as in Reference Exanpl e 17-(5) to give the conpounds as |isted

in Table 16. Tabl e 16- [err] Ref .
Ex.- No. R : Physi cochem cal properties 41 -

[err] : M p. 160-163[err]C 42 [err]

Mp. 47- 49[err]C(powder) 43 [err] : M p.
55-57[ err] C (powder) _ _ 78

Ref erence Exanpl e 45 ' (1) 2- Bromp74, 5-di met hoxybenzal dehyde

di ret hyl acetal and 2- chloro-N, N-diethylisonitocineam de are treated in

the same mnr}ﬁénn%% aé in Reference Example 17-(5) to give the compounds as listed in Table

16.
Table 16
C.Hs0 OCOCH3 .
C,H,O
%
- |
N R
Ref. Ex. No. R : Physicochemical properties
41 Y M.p. 160-163°C

\NﬂN/CHB
42 I A o ~M.p. 47-49°C (powder)

43 \IE\BD M.p. 55-57°C (powder)
o . N

‘M.p. 71-74°C (powder)

/

44




Ref erence Exanples 1, 2 and 3 to give :

3, 4- di net hoxy- 6- (2-chl oroi soni coti noyl)- = benzoi c aci d. M p.
201-203[err] C (2) To a sol ution of

3, 4-di met hoxy- 6- ( 2- chl or oi soni coti noyl )benzoic acid (70 g) in
tetrahydrofuran (1800 m) is added triethylamne (45.5 m) at room
tenperature under nitrogen atnosphere, and thereto is added dropw se ethyl
chloroformate (25 nl) at a tenperature belyxgv -20[err]C, and the m xture is
stirred at -20[err]C for 10 mnutes. To the reaction mxture is added a

1. 38M aqueous;S éodi u%am dF iﬁl ution (500 M), and the mxture is stirred
at roomtenp our, and extracted with ethyl acetate. The
extract is washed,, drie and cen ed in
Col uene (1300 ) (dn ?ﬁom%fﬁ)@lmgt oRufzaHhaF Asnyl Bedpt iR Srour | T
the reaction mixtu onc. dro hl orJ.c 450 m under

i ce- cool i ng, 8“1’@@?&9&’@0“ O‘HB?ﬁr@ ﬁrcageldl Prﬂi?% f’%‘% 5@ for one
hour. To the re m Xt .S edJ mxture.is
ot 1 act ad v tREGRTSPIEATPIOH e 225080 B0 Se b e %(%ﬁﬁlor%ﬂ%ﬁflpaﬂéd
The residue is crystallized fromether to give 3 4- d| met hoxy- 6- ( 2-

chl or oi soni coPen#SYE eldi | i ne (50.3 g). M p. 132-134C Reference
Exanpl e 46 To 1, 2-di chl oroet hane (150 ml) is added boron chloride

(25 g) under ice- MspoROk20336d the mixture is stirred for 15 mnutes. To

the reaction mxture is ad_ded‘drogvm se a solution of 3,4-dinethoxyanjline
(36.3 g) in 1,2-di @l or¥o a solution of 3;4-dimethoxy-6- (2-chloroisonicotinoyl)benzoic

acid (70 g) jn tetrahydrofuran (1800 ml) is added triethylamine (45.5 ml) at room
temperature under nitrogen atmosphere, and thereto is added dropwise ethyl
~ chloroformate (25 ml) at a temperature below —20°C, and the mixture is stirred at
—20°C for 10 minutes. To the reaction mixture is added a 1.38M aqueous
sodium azide solution (500 ml), and the mixture is stirred at room temperature for
1.5 hour, and extracted with ethyl acetate. The extract is washed, dried, and
concentrated. The residue is dissolved in toluene (1300 ml), and the mixture is
heated under reflux for one hour.. To the reaction mixture is added conc.
hydrochloric acid (450 ml) under ice-cooling, and the mixture is heated with
stirring at 80°C for one hour. To the reaction mixture is édded ice-water, and
the mixture is extracted with chloroform. The extract s washed, dried and
concentrated. The residue is crystallized from ether to give 3,4-dimethoxy—6-(2-'
chloroisonicotinoyl)aniline (50.3 g). |
M.p. 132-134°C
Reference Example 46
To l,2—diéhloroethane (150 ml) is added boron chloride (25 g) under ice-
cooling, and the mixture is sti.rred for 15 minutes. To the reactic;n mixture is

added dropwise a solution of 3,4-dimethoxyaniline (36.3 g) in 1,2-dichloro-



79 ethane (150 nl), and thereto is added 4-cyanopyridine (27.1 g). The
reaction mxture is heated under reflux overnight, and thereto.is added 2M
hydrochloric acid (160 m). The m xture is heated with stirring at
80[err]C for two hours, and thereto is added a 2NIaqueous sodi um hydr oxi de
solution (450 m) under ice- <cooling. The m xture is separated to coll ect
the 1, 2-dichloroethane layer, and the aqueous layer is extracted wth

ethyl acetate. The organic |ayers are comg ned, washed, dried and
concentrated. The residue is crystallized from ether to give

3, 4- di met hoxyetﬁﬁhé gf}‘l(fﬁ’ﬁj A8y éﬁ‘%‘eg fé%{c&i%ﬁ 4kc ﬁnoggndlncf (M Pg). 1Phe tokdkivhr | C

Ref erence Exanple oxyan

Exaipl e 46 ¢ ol IR Y Biaedt BpddrTRHEY, dvarhighy. aRTherd fitfadka 1 i GLimBtie
M 192-194C T
3dgl gl nmet hoxy %dp\?i@?]ﬁ@gt Tﬁ%@ﬁgtﬂ?f@%‘r?‘ﬁ%“’f‘h §1rﬁn§%{%gpuene g)\p(%l&o%,)and
9. 66
0 eThtee:rjéEQL fsiethis piiach 720 Bp Bl AR LR d%g?ﬁk%nﬂﬁﬁpﬁ%%mzﬁei ige
De T
Tater al are Gointcy DHF BORWRY IS sePRGHE i cONFRRER b2 Eoigteathali BYe Fad o
value of the _ m xture |s ad ust ed H th an ueous, pot aSSI um
car bonat e sol thejagyeous ayer keexract ?‘i)v‘tl&%‘gyﬁn?‘iﬁi%tecr Qganie 3y | ect ed by

filtration. The resuylti crude crystals are,re tallized fr di oxane
to give 2- hdeQiQPWHhVP&lﬁdé neg ﬁl‘iﬁ’FF?mGat? ’dIThEtrﬁ% §%§tﬁm¢a?¥%?boxyl iC
| actone (14.1

et?ler to give 3,4- d1methoxy—6-1somcot1noylam1me (13.1 g).
M.p. 155-158°C

Reference Example 47

3,4-Dimethoxyaniline and 4-cyanopyridine-N-oxide are treated in the
same manner as in Reference Exarﬁple 46 to give 3,4-dimethoXy-G-isonicotinoyl-
aniline-N-oxide.

M.p. 192-194°C
Reference Example 48

To a suspension of 3,4-dimethoxy-6-isonicotinoylaniline (13.1 g) in
toluene (100 ml) are added tetronic acid (5.6 g) and p-toluenesulfonic acid
monohydrate (9.66 g). The reaction mixture is heated under reflux for 10 hours
while the generated water is removed by a Dean-Stark apparatus. The insoluble
material are cqllectegi by filtration, and thereto is added water. The pH value of
the mixture is-adjusted to pH 9 with an aqueous potassium carbonate solution,
and the precipitated crude crystale are collected by filtration. The resulting
crude crystals are recrystallized frem dioxane to give 2-hydroxymethyl-4-(4-

_ pyridyl)—6,7-dimethoxy-3-quinoliﬁecerbexylic lactone (14.1 g).
M.p. >220°C



80 Reference Exanple 49

3, 4- Di met hoxy-6-isonicotinoylaniline-N-oxide. is treated in the manner as
in Reference Exanple 48 to give 2-hydroxynethyl -4-(4-pyridyl)-6,7-

di met hoxy- 3- qui nol i necar boxylic | act one- N-oxi de. M p. >220C

Ref erence Exanpl e 50 - To xylene (3 m) are added

2- hydroxynet hyl - 4- (4-pyridyl)-6,7- di nmet hoxy- 3-qui nol i necarboxylic

| act one- N-oxi de (677 ng) and 2-chloro- qg@onoline (1.3 g), and the m xture
i s heated under reflux for 16 hours. The reaction mxture is cooled to

room terrperatgé@’ n@?ﬁﬁaﬁ'ﬁéﬁt@ I s added water. The mxture is extracted
with nethyle he extract is washed, dried, and
concentrated. The 4 gShdhignlsy fs'g{l@?lpgybaﬁg@ecﬁ-&%e SR %8 omer as

(sol vent; chl orof

-6, 7-a ot ndbyReletzic SRA A B give 2 aliometplub R b6 7y

>220[err] C ference, Exa xture of toluene (20 m) and
trifluor oace?@%’ﬁ”@ﬂ“ﬂﬁ)‘ Mgﬂlactone%-oxl e.

3, 4-di met hoxy- 6- ( -chI fgfde%fm cotinoyl)aniline (10 g) and tetronic acid
" (3.76 g), and th s heated under reflux for two hours wi th using

a Dean-stark _a paratus The_ reaction mxture is cooled to room
t enperat ure, MEIQEQE_%QEB!&J& thereof is adjusted to pH 9 with an aqueous
pot assi um car bonat e sol uti gn, the mxture is extracted with nethyl ene
chloride. The ext r%iﬁy}e@e\ﬂééh]édife added 2-hydroxymethyl-4-(4-pyridy1)-6,7-

dimethoxy-3-quinolinecarboxylic lactone-N-oxide (677 mg) and 2-chloro-
quinoline (1.3 g), and the mixture is héated under reflux for 16 hours. The
reaction mixturé is cooled to room temperature, and thereto is added water. The
mixture is extracted with methylene chlpn'dg, and the extract is washed, dried,
and concentrated. The residue is purified Ey silica gel ¢hromatography (solvent;
chloroform:acetone = 2:1) to give 2—hydroxymethyl-4-{4—[2—(quinolin-2(lH)-on-
'l-yl)]pyridyl}-6,7-dimethoxy-3-quinolinecarboxylic lactone (340 mg). |

M.p. >220°C
Reference Example 51

To a mixture of toluene (20 ml) and trifluoroacetic acid (15 ml) are added
3,4-dimethoxy-6-(2-ch10‘roisonicotir'loyl)aniline (10 g) and tetronic acid (3.76 g),
and the mixture is heated under reflux for two hours with using a Dean-stark
apparatus. The reaction mixture is cooled to room temperature, and the pH
value thereof is adjusted to pH 9 with an aqueous potassium carbonate solution,
and the mixture is extracted with mcth);lene chloride. The éxtract is washed,
dried, and concentrated. The residue is reprystallized from methanol to give 2-
hydroxymethyl-4-[4-(2—chloropyfidyl)]-6,7-dimethoxy-3-quinolinécarboxylic
lactone (8.26 g).



dried, and concentrated. The residue is recrystallized from nethanol to
give 2- hydroxynet hyl -4-[4-(2-chl oropyridyl)]

- 6,-7- di met hoxy- 3- qui nol i necarboxylic |actone (8.26 ).

81 M p. 245-246C Reference Exanple 52

2- Hydr oxynet hyl - 4-[ 4- (2-chl oropyridyl )] -6, 7-di met hoxy- 3- qui nol i ne-
carboxylic lactone is treated in the sane manner as in Reference Exanple 48
to give " 81 .

2-chl oro-4-[ 2, 3- bi s(hydroxynet hyl ) - 6, 7- di met hoxyqui nol i n-4-yl )] pyri di ne.

I:\),/E O ot ﬁ?i[y.e[sf ]( EkeL by 52??‘32& )Sgni line (10 g) and diethyl
T30 o1 1T § oREIERoRERADIESR: o™ Cacti on m xiure |5 added et her . and the
AR He S SRR N IR TR Hea R
st Gt el e e s o s N 7
e B D ot b ol e 35T e
recrystallized frogma m xture of methanol -nmethylene chloride to give
2- chi or 0- 4- ( 3- et h&¥ype 498084 &ui nol i ne- 6, 7- di et hoxy- 4-yl )pyridine (4.83 g
) Reference Example 53
3,4-Dimethoxy-6-(2-chloroisonicotinoyl)aniline (10 g) and diethyl
ethoxymethlenemalonate (8.2 ml) are heated with stirring at 120°C to 130°C for
two hours. To the reaction mixture is added ether, and the precipitatéd crystals
are collected by filtration. The resulting crystals (15.1 g) and lithium chloﬁde
6.9 'g) are added to dimethylformamide (150 ml), and the mixture is heated
under reflux for 45 minutes under nitrogen atmosphere. The reaction mixture is
cooled to room temperature, and thereto is added water. The mixture is
extracted with ethyl acetate, and the extract is washed, dried, and concentrated.
The residue is recryStallized from a mixture of methanol-methylene chloride to
give -2—chloro-4-(3-ethdxycarbonquuinoline-6,7 -dimethoxy-4-yl)pyridine (4.83
N o :
M.po. 191-193°C
Reference Example 54
2-Ch10ro-4-(3;ethoxycarb'onquuinoliné-6,7-dimethoxy-4-yl)pyridine is -
treated in the same manner as in Example 7-(2) to give 2—ch16r6-4-(3-hydroxy-
methyl-6,7-dimethoxyquinolin-4-yl)pyridine.
M.p. 183-i85°C
EFFECTS OF INVENTION



M po. 191-193C Reference Exanple 54

2- Chl or 0- 4- ( 3- et hoxycar bonyl qui nol i ne- 6, 7- di met hoxy-4-yl)pyridine is
treated in the sane manner as in Exanple 7-(2) to give

2-chl oro- 4- (3- hydroxy- nethyl -6, 7-di met hoxyqui nol i n-4-yl ) pyri di ne.

M p. 183-185[err]C EFFECTS OF INVENTION .

82 The desired conpound (1) of the present invention and a
pharmaceutically acceptable salt thereof sgpw an excell ent
bronchoconstriction inhibitory activity and/or anti-inflammtory activity

of airway, and ar %Héﬁ@%igeci P?mkpﬁng[@p&y&]g?r seBl ir{v"eﬁﬁbﬂ‘i@g of asthma. That

i's, the desired conpounds () . preseént i nvention R effectivel y
1t o neorBEARERISH) Sbdciabib bt skl S BB RSl
A e e A

hardly show alny S
bronchoconstrgction i.,nhibitory actiyity and,l ow . toxicity, and hence, they
advant ageousl| {° 8‘53‘3(4?’@% Q;’aff“d’g?eﬁ of;a 'CSH@HS_: the, W&ﬁgﬂn&meagﬁmqfne
shows serious,side eff.ects.on the_heart. such.a h rtension, .

car di opl anus, thEHresent iaventian cap effreivelyd R’ft@f:btrﬁgc guspction jpdugadon and
a pharmaceuti accept abl e salt thereof substantially do not show such

cal |
side effects %Y%‘Pﬂ%ﬁ%ﬁ%ﬁm&ﬁsé&&@bﬁl# arine; QEPHABMBENSact i vi ty.

Besides, the desired compounds (I) of the present invention and a

o~

pharmaceutically acceptable salt thereof hardly show any side effects on the
heart, but selectively show a bronchoconstriction inhibitory _aétivity and low
toxicity, and hence, they advantageously show high safety as a medicament.
Although theophylline shows serious side effects on the heaﬁ such as
hypertension, cardioplamus, etc., the desired compounds (I) of the present
invention and a pharmaceutically acceptable salt thereof substantially. do not

show such side effects but only show an excellent antiasthmatic activity.



>

PYRIDINE DERIVATIVES PROCESS FOR PREPARI NG THE SAME,

ANDII\FI’ VWHAT |S CLAIMED | S: 1. A
pyri din ﬂmm he formula (1): [err]
wherein 'S agmoup selected fromthe |l owi ng fornul ae: [err]

(in which Rlerr] and Rlerr] are the sane or different and each a hydrogen
atom or a protected or unprotected hydroxy group, R31 is a protected

al kyl group, or RMEVYARE eRieREFdRY dr oxynet hyl group, R33

or unprotect ed pYRIQYNdELﬁ {(,%b s OpROGRss Rk eREFARINGITAREsAMEL oM a | ower
a

I's a substit stltuted | ower al kyl group, R4l is a

- protected ork{&ﬁ&'ﬁ gmﬁig hydr oxymet hyl group, R err] is a protected

or unprotected hydroxymet hyl group, and the dotted |line nmeans the
presence or absence of a doubl e bond), R5 and R6 are the sane
or different and each a hydr.og atom aqr a rot ect ed or unprotected
anmi no group, or bdth n‘a@PEBﬁmerf{e“é’@ f’ﬁ@?l‘h"cmu}ﬂag
A
5
Xy _R
IN, N ®

-wherein A is a group selected from the following formulae:
R} R RN~ RN
R2 <N " R2 20
1 32 . Rl R R
R2 ZNR42 R2 eN R? ¢

(in which R! and R2 are the same or different and each a hydrogen atom, or a
protected or unprotected hydroxy group, R3! is a protected or unprotected
hydroxymethyl group, R32 is a hydrogen atom, a lower alkyl group, or a
protected or unprotected hydroxymethyl group, R33 is a substituted or
unsubstituted lower alkyl group, R#! is a protected or unprotected
hydroxymethyl group, R42 is a protected or unprotected hydroxymethyl group,
and the dotted line meaﬂs the presence or absence of a double bond),

RS and R are the same or different and each a hydrogen atom, or a

' protected or unprotected amino group, or both may combine at their termini
together with the adjacent nitrogen atom to which they bond to form a

substituted or unsubstituted heterocyclic group,



together with the ' [ \ atomto which they bond to forma
substituted or unsimm“lﬂm""ﬂrggpcycl I c group,

84 . or a pharnmaceut i«Caklyraccept abl e salt thereof. 2. The conpound
according to claim1l, wherein R err] and R err] are the sanme or different
and each a hydrogen atom a hydroxy group, or a lower al koxy group, R31 is
a hydroxymet hyl group which may optionally be substituted by a | ower

al kyl carbonyl group, R32 is a hydrogen atqg a lower alkyl group, or a
hydr oxynet hyl group, R33 is a lower alkyl group which is substituted by a

group selected froma ddvl gro a | g-} ower al kyl group, and a
hydr oxy group?rmga‘i’%a‘%}ghﬁéi%ﬁw Fsﬁﬁﬁeﬁf@t\nd R42 is a hydroxy- nethyl
group. 3. The conpound according to any . one of cl.ai and 2,
wherein the het erdcycl The gpmpound aReRrding %ﬂﬂ%ilnﬁ’%@l%m QQQB%% Fr
termni together wth the adjacent nitrogen atomto which they bond is a

het er ononocy cdainte or differentand edchca hydiogenrabomi 8 hydioxycggroup, draavlower
optionally, in addition to said adjacent nitrogen atom a heteroatom

selected fro ”élﬁogi' ?—m R hdtoR¥neeiyl gibapwhidlimay uptionallpbem

4. The conpound according to claim3, 'wherein the heterocyclic group
e Y O ey iy SR R 5 bYafogth g 2
aroup, " Calkyl gxoup, or & hydroxymetay] group, RS i a lower alkyl group which is
substituted by a group selected from a pyridyl group, a cyclb-lower alkyl group,
and a hydroxy group, R4 is a hydroxymethyl group, and R42 is a hydroxy-
methyl grbup.

3. The compound according to any aone of claims 1 and 2, wherein
the heterocyclic group formed by combining RS and RS at their termini together
with the adjacent nitrogen atom to which they bond is a hleter_omonocyclic, '
heterobicyclic or heterotricyclic group having optionally, in addition to said
adjacent nitrogen atom, a heteroatom selected from a niirogen atom, an oxygen
atom, and a sulfur atom.

4, The compound according to claim 3, wherein the heterocyclic
group formed by combining R5 and R at their termini together with the
adjacent nitrogen atom to which they bond is a pyridyl group, a quinolyl group,
an isoquinolyl group, a cyclopenta[b]pyridyl group, a pyrro[2,3-b]pyridyl group,
an imidazo[4,5-b]pyridyl group, la pyrido[2,3-d]thiazolyl group, a pyrido[2,3-d]-
oxazolyl group, a naphthyridinyl group, a quinoxalinyl group, a phthalazinyl
group, a quinazolin_yl group, an indolyl group, a pyridazinyl group, a thieno[2,3-
d]pyridazinyl group, an azepinyl group, an azetidyl group, an isoindolyl group, a

pyrrolyl group, a benzazepinyl group, a phenanthridinyl group, a benzo-



an im dazo[ 4, 5-b] pyridyl group, a pyrido[2, 3-d]thi az-ol yl group, a

pyrido[2,3-d]- oxazolyl group, a naphthyri I noxal i nyl
~group, a phthalazinyl group, a quinazoli nyﬂlmmm“nmuﬂum group, a
pyridazi nyl group, a thieno[2,3- d]pyridazinyl¢grioup, an azepinyl group,
an azetidyl group, an isoindolyl group, a pyrrolyl group, a benzazepinyl
group, a phenanthridinyl group, a benzo- - '

85 thiadinyl group, a benzimdazolinyl ggeup, a pyrazinyl group or a

nmor phol i nyl group, these heterocyclic groups optionally being hydrogenated
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or different’ re selected from (1) a | ower alkenyl group; (2) a |l ower
al kynyl. groupV a lower alkylthio group; (4) a cycloal kyl group; (5) a
trifluoromethyl group ) acano gro 7) a tetrazolyl roup; . ( a
fornyl group: (9)2an a d aceey lggﬁéﬁﬁy%‘{"'%c mﬂﬁelrtoa‘?k‘yﬁgrel%ﬁ{%o

group wherein the | ower aIkyI nolety may optionally be substituted by a
group sel ect sdbstituenta Qfdhphotww@mcgrpupafomed)bymmmg-%md Rfat gkeinni no
group a pyridyl group, an imdazolyl group, a piperidyl group and a

pyrrolidinyl tefiial pogeticr)with pl¢ adjdcent siv@gen htgmao wiiiph didynborl atepond 8) a
| ower al kyl - substituted triazolyl group, (14) a bis(hydroxy-I| ower

al kyl ) am nocawb@gups Fhivhiire (A sarfie or diffétent and areadekockad fristnoddy o lower
al kyl ) am nocar bonyl group; (16) a

: alkenyl group; (2) a lower alkynyl group; (3) a lower alkylthio group; (4) a
cycloalkyl group; (5) a trifluoromethyl group; (6) a cyano group; (7) a tetrazolyl
group; (8) a formyl group; (9) an amino group; (10) a mono- or di-lower alkyl-
amino group wherein the lower alkyl moiety may optionally be substituted by a
‘group selected from a morpholino group, a monocycloalkyl-substituted amino
group; a pyridyl group, an imidazolyl group, a piperidyl group and a pyrrolidinyl
group; (11) a pyridyl group; (1-2) a morpholino group; (13) a lower alkyl- -
substituted triazolyl group; (14) a bis(hydroxy-lower alkyl)aminocarbonyl
group; (15) a bis(tri-lower alkylsilyioxy-lower all;yl)aminocarboﬁyl group; (16) a
morpholinocarbonyl group; (17) a lower alkyl-substituted piperazinylcarbonyl
group; (18) a hydroxy-lower alkyl-substituted piperazinylcarbonyl group; (19) a
tri-lower alkylsilyloxy-lower alkyl-substituted piperazinylcarbonyl group; (20) a
lower alkoxycarbonyl group; (21) a carboxyl group; (22) a lower alkyl group
which may optionally be substituted by a morpholino group or a pyridyl group;
(23) a lower alkoxy group which may optionally be substitutcd by a group
selected from a piperidyl group, a pyridyl group, a hydroxy group, and a lower
alkoxy grOup; (24) an oxo group;- (25) a hydroky group; (26) e pyrimidinyl
group; (27) a phenyl group which may optionally be substituted by a di-lower



nor phol i nocar bonyl group; (17) a | ower al kyl-substituted :

pi per azi nyl carbonyl group; (18) a hydroxy-Ilower alkyl-su

pi perazi nyl carbonyl group; (19) a tri-lower alkylsilyl oxﬂ“lMl‘ﬁ““"“ |“|I|
al kyl - substi tuted pi perazinyl carbonyl group; (20) a .l ower *al koxycdrbdnyl
group; (21) a carboxyl group; (22) a lower al kyl group which may
optionally be substituted by .a norpholino group or a pyridyl group; (23) a
| ower al koxy group which may optionally beggubstituted by a group selected
froma piperidyl group, a pyridyl group, a hydroxy group, and a | ower

aroun, 27"l B ok b VAR o () Bl

Crous’or & na@Man imigarolybgroups (3D lawen dkviepsdioxy sroum: 638 a oy ©an

i m dazol yl group; (31) | oer al kyl enedi oxy group; (32) a thiazolyl

group; and (3553)‘13’%9?1433? agli"&%flgf%@ 6. The conpound according to
claimb5, wherein the heterocyclic ,  group forned by conbining R5 and. R6 at
their ternini togePher \IIA'%FP? ““é’o*}g‘:&@é(ﬁflgrﬁ?tréfad@ei Wherrin, °%ﬁﬁfﬂ°¥ ¥y bond
is a group selected from (1) an oxo- substituted dihydroquinolyl group
whi ch nmay opt growp formed byueembining R3andaR6 ay thein termying tpgether) with the
0xo0-substituted di hydroi soqui nolyl group which nay optionally be

substituted bydjacetnifrogeh acdmdo fwltichahepbphdis 2 grouphselécted fOm (1Qvaer oxad-Koxy
group and a pyridyl-substituted | ower al koxy group, (3) an oxo-

by 2 oroup sel cted 11om e ouer SN Oroup BernG P Tonal Ty SUBSE It ut ed

by a pyridyl group, (2) an oxo-substituted dihydroisoquinolyl group which may

| optionally be substituted by a group selected from a morpholinb-sufastituted
lower alkoxy group and a pyridyl-substituted lower alkoxy group, (3) an oxo0- -
substituted dihydrophthalazinyl group which may optionally be substituted by
a group selected from,é lower alkyl group being optionally ‘substituted by a
‘pyridyl group; a pyrimidinyl group; a lower alkoxy group; a halogen atom; a
pyridyl group; a thiazolyl group; a phenyl group being optionally substituted
by a di-lower alkylamino group or a halogen atom; and a thienyl group, (4) an
oxo-substituted dihydropyridyl group which may optionally be substituted by a
pyridyl group, (5) an oxo-substituted dihydronaphthyridinyl group; (6)la di-
oxo-subs_tituted dihydroquinazolinyl group which may optionally be
substituted by a lower alkyl group, and (7) an oxo-substituted
thienopjridazinyl group which may optionally be substituted by a tri-lower
alkoxy-substitﬁted_ phenyl group.

7. The compound according to claim 1, wherein A is a group selected

from the following formulae:



pyri dyt group, a pyrimdi nyI group; a |lower al koxy group; a hal ogen atom a

pyridyl group; a phenyl group being optionally
substlt M[lﬂlm r al kyl am no group or a hal ogen atom and a

hi enyl grou an *oxo-substituted di hydropyridyl group which may
optlonally be substituted by a pyridyl group, (5) an oxo-substituted
di hydronapht hyri di nyl group; (6) a di- oxo-substituted di hydroqui nazolinyl
group which nay optionally be substituteglzby a | ower al kyl group, and (7)
an oxo-substituted. thienopyridazinyl group which may optionally be

substituted by a tri-lower alkoxy-substituted phenyl group. 7.
The conpound according. toRnI aim 1 vsﬁmr ein AjRg a . group selected fromthe
foll owi ng formul ae: [err] ~N(in which Rlerr] and
Rlerr] are the sanme or dif] Nd each a | &roup,
Rlerr] is a hydroxynet hy$ group whi ch may op]?i onal | beRsubstitut ed by a
| oner - al kyl carbonyl group,” R32 is a hydrogen atom or a hydroxynet hyl
group, Rerr] is a met hyl group which is substd{tuted by a group
selected froma cyclo-1 O\ll\{ﬂ?l‘ al kyl R32 Rl N’R33
1
R? 7 R* R? N

y

(in which R! and R2 are the same or different and each a lower alkoxy group,
R3lisa hydroxymethyl group which may optionally be substituted by a lower
alkylcarbonyl group, R32 is a hydrogen atom or a hydroxymethyl group, R33 is a
methyl group which is substituted by a group sele&‘;ted from a cyclo-lower alkyl
group and a hydroxy group, R4! is a hydroxymethyl group, and R42 is a
hydroxymethyl group), and the heterocyclic group formed by combining R>

and RS at their termini together with the adjacent nitrogen atom to which they
bond is a group selected from (1) an o_xo-substituted dihydroisoquinolyl group
which is substitutéd by a group selected from a morpholino-substituted lower
alkoxy group and a pyridyl-substituted loWer alkoxy group, (2) an oxo- |
substituted dihydrophthalazinyl group which may optionally be substituted by
a group selected from a lower alkyl group being optionally substituted by a
pyridyl group; a pyrimidinyl-group; a lower alkqu group; a halogen atoin; a

_ pyridyl group; a thiazolyl group; a phenyl group being optionally substituted
by a di-lower alkylamino group or a halogen atom; and a thienyl group, (3) an
oxo-substituted dihydronaphthyridinyl group, (4) a di-oxo-substituted dihydro-
quinazolinyl group, and (5) an 6xo-substitut'ed thienopyn'dazinyi group bein.g.

substituted by a tri-lower alkoxy-substituted phenyl group.



grouf)" and a hydroxy group, R4l is a hydroxynethyl group, and R42.is a
‘hydr oxynet hyl group) m E Ewm“ﬁycl ic group formed by combining Rerr]
~and R6 at their tern“m ml m the adj acent nitrogen atomto which

t.hey bond is a*grbuptsdlected from (1) an oxo-substituted

di hydr oi soqui nol yl group which is substituted by ‘a group sel ected
froma norpholino-substituted | ower ~al koxy group and a

pyridyl -substituted | ower al koxy group, (%8 an oxo- substituted

di hydr opht hal azi nyl group which may optionally be substituted by

. a

group selected fr al - hed [ syhstitut ed a
pyridyl group; a ggli m%é?ﬁgbﬁh%%‘g&pg@ro ncgful%g?(y&gféll&kj%A 1§%Ph§g§%g{)e§m a
pyridyl group ' yl_ Qi - .a phenyl group being optionally
substituted Q}or%tﬁg'ggafogbxéx,g_f%r&gfaeal kyl ami no group or a hal ogen atom and a
t hi enyl group, (3) an . 0XO0-substituted di hydronapht hyridi nyl group,
(4) a di-oxo-substituygled dj hydr og3! Rdui pazoNi nR32group, and (5) an
0x0-substituted thienop i N substituted by a
tri-lower al koxy-subsja
88 - 8. The conmpound
selected fromthe follow ng fornul ae: [err] (in which Rerr] and
Rlerr] are the sane or different and each a lower al koxy group, - R31 is a
hydr oxymet hyl(igywhich Rfiasd Rbgredbeisamel orydiffereniiandieach adower alkoxywgroup,
al kyl car bonyl group, R32 is a hydrogen atom or a hydroxynet hyl group, and

R3! is a hydroxymethyl group which may optionally be substituted by a lower

alkylcarbonyl group, R32 is a hydrogen atom or a hydroxymethyl group, and
R42 is a hydroxymethyl group), and the heterocyclic group formed by

combining R3 and RS at their termini together with the adjacent nitrogen atom

to which they bond is a group selected from (1) an oxo-substituted
dihydroisoquinoly_l group which'is substituted by a group selected from a
morpholino-substituted lower alkoxy group and a pyridyl-substituted lower
alkoxy group, and (2) an oxo-substituted dihjdrophtha’laziny group which may
optionally be substituted by a group selected from a lower alkyl group, a
pyrimidinyl group, a lower alkoxy group, a pyridyl group, a thiazolyl group, a
phenyl group, and a thienyl group. |

9. The compound according to claim 1, wherein A is a group of the
formula:
R ~ R
R? N

(in which R! and R2 are the same or different and each a lower alkoxy group,

and R3!is a hydroxymethyl group which may optionally be substituted by a



R42 1s a hydroxynethyl group), and the hetero y

conbining Rlerr] and .Rerr] at their termni to . dj acent
ni trogen atom to which they bond is a group seﬂig mmn Iﬁn
0x0-substituted dihydroisoquinolyl group which +0y a group

selected froma norpholino-substituted: | ower al koxy group and a

pyridyl -substituted | ower al koxy group, and (2) an oxo-substituted

di hydr opht hal azi ny group whi ch nay optiongly be substituted by a group
selected froma | ower alkyl group, a pyrimdinyl group, a |ower alkoxy
group, a pyridyl group, .,a thiazolyl group, a enyl oup,,,and a thienyl
gr oup. layveral amg ﬁFRP@c@%‘?&T%E‘“FEPCé’ Eﬁ? ﬁ}lciu,pgfﬂqg{%gil?y gombining o,
of the formula: [err] (in which Rlerr] and Rlerr] are the same or

di fferent andRézand RS atihetr tefmini yogethepwithahg adjacent nittogean giemde yyhichy |
group which may optionally be substituted by a

89 lower al kyneyabdrisla groupelectéd! fione (Heareorssabstitugpdalihy droisveginnlyl

conbining R5 and R6 at their termni together with the adjacent nitrogen

atom t 0_ whi chgrddipwhidNg substituied by asbfsticttho-substituted bowerxalkexp groupyt ed
di hydr oi soqui nolyl  group which is substituted by a norpholino-substituted

| ower al kqxy ﬁﬁﬂ’lw% an dRE-subbtifife P dihyEptithhlazRy] grévsiwhidh halyasptivnallgrisup
whi ch nmay optionally be

substituted by a group selected from a lower alkyl group, a pyridyl group, and a

- thiazolyl group. |
10.  The compound according to claim 1, wherein A is a group of the

formula:

RA_ ~ R

R? N

(in which R! and R2 are the same or different and each a lower alkoxy group,
and R31 is a hydroxymethyl group which may optionally be substituted by a -
lower alkylcarbonyl group), and the heterocyclic group formed by combining
RS and RS at their termini together with the adjacent nitrogen. atom to which
they bond is a group selected from (1) an oxa-substituted dihydroisoquinolyl
group which is substi_tuted by ‘a group selected from a morpholino-substituted
lower alkoxy group and a pyridyl-subs_titutéd lower alkoxy group, (2) an oxo-
substituted dihydroi)hthalazinyl gro.up §vhich is substituted by a group selected
from a lower alkyl group; a lower a!koxy group; a halogen atom; a pyridyl
group; a thiazolyl group; a phenyl group which may -optionally be substituted
by 4 di-lower alkylamino group or a halogen atom; and a thienyl group, and (3)

an oxo-substituted thienopyridazinyl group which is substituted by a tri-lower



wherein Ais a group of the formula:

(in which Rlerr] and Rlerr] are the sane or different and each a | ower

-al koxy group, and R31 is a hydroxynethyl group which nay optionally be
substituted by a |ower alkylcarbonyl group), and the heterocyclic group
formed by conbining R5 and R6 at their tegmnni together with the adjacent
nitrogen atomto which they bond is a group selected from (1) an

oxo-substituted di hydroi sogui nol,yl roup which is substituted by a group
sel ect ed frorﬁ?]éo’ﬁf)‘lséﬁﬁftflf‘ﬁf@?ﬂ%i&rﬁ’ﬂg'd | ower al koxy group and a

pyridyl -substituted | o al kox roup,,. (2 n. 0X0-. sSubsgtituted

di hydr opht hal azi nyk -grlf%emﬂxvg a&ffﬁ’éf‘?&%?t@ﬁ“‘b?’ yham% ¥4 %’?PBd’f % om a
| ower al kyl ‘group; a |ower al koxy group; a halogen atom a pyridyl -group;
a thiazolyl PBEBkJa phenyl group which may optionally be substituted by a
di -l ower al kyl ami no group or a hal ogen atom and a thienyl group, and (3)
an oxo-substituted thienopyridaﬁinyl group mﬁbph I's substituted by a
tri-|ower ' N 90 '

al koxy-substituted phenyl group. The conpound according to
claiml1, wherein Ais a group of? : '

subsfituted by a group selected froma |ower alkyl- group, '
and a thiazolyl group. 10. The conpound accordi ngl“]m"l E “jmﬂrm“l
* c s *

-(in which R and R2 are the same or different and each a lower alkoxy group,
and R3! is a hydroxymethyl group), and the heterocyclic group formed by

combining RS and R at their termini together with the adjacent nitrogen atom
to which they bond is a group selccfed from (1) an oxo-substituted dihydro-
isoquinolyl group which is substituted by a group selected from a morpholino-
substituted lower alkoxy group and a pyﬁdyl_—substituted lower alkoxy group,
(2) an oxo-substituted dihydrophthalazinyl group which is substituted by a
group selectéd from a lower alkoxy group; a halogen atorﬁ; a pyridyl group; a |
thiazolyl group; a phenyl group being optionally substituted by di-lower
alkylamino group or a halogen atom; and a thienyl group,: and (3) an oxo-
substituted thienopyridazinyl group which is substituted by a tri-lower alkoxj-
substituted phenyl group.

12. | The c?mpound according to claim 1, wherein A is a group of the

formula: _

R! ~_R3

R? N

(in which R! and R2 are the same or different and each a lower alkoxy group,



(in whi ch Rlerr] and Rlerr] are the same or different and each a | ower

al koxy g l ﬂiﬂ is a hydroxynet hyl group), and the heterocyclic
gr oup fo”mmmllmu) ““lg R5 and R6 at their termini together with the

adj acent hitfoden™atdm *to which they bond is a group selected from (1) an
ox0-substituted di hydro- isoquinolyl group which is substituted by a group
sel ected froma norpholino- substituted | ower al koxy group and a

pyridyl -substituted | ower al koxy group, ©P) an oxo-substituted
di hydr opht hal azi nyl group which is substituted by a group selected froma

| ower al koxy gr m_a ri,dyl zol roup; a
phenyl group %@ﬁg‘ Epﬁﬁ)ﬁ‘%f&%b'?‘eguﬁﬁfpwﬁéad% 3}? ‘&@lm g&ﬁg %ﬁ)bgroup or
a hal ogen atom and a thienyl group, and (3) an oxo- substltut ed

t hi enopyr i daz¢ombingigoRP antiRhati theiy uermini togethérywith the adjecrnt nitrgery atom

substituted phenyl group. 12. The conpound according to claim1,
wherein A is @ JhiRHRh&Y bbﬂs is . @r&up sélectedrfrdm (1) ahiorovdubstituicer r] and
Rlerr] are the same or” different and each a | ower al koxy group,

91 and R31 igihddfbisHqRmyers! BYoupdwRith is s%@ntde@d B§teemeptiline-aitetputé@r med by
lower alkoxy group, and (2) an oxo-substituted dihydrophthalazinyl group |
which is substituted by a group selected ﬁom a pyridyl group and a thiazolyl |
group.

13.  The compound according to claim 1, wherein A is a group of the

formula:

(in which R! and R? are the same or different and each a lower alkoxy group,
and R3! is a hydroxymethyl group), and the heterocyclic group formed by
combining R3 and RS at their termini tdgether with the adjacent nitrogen atom
to which they bond is an oxo-substituted dihydrophthalazinyl group which
may optionally be. substituted by a group seiected from a lower alkyl group
being optionally substituted by a pyridyl group; a pyrimidinyl group; a lower
alko;ty group; a halogen atom; a pyridyl group; a thiazolyl group; a phenyl
group being optionally substituted by a di-lower alkylamino group or a halogen
atom; and tl thignyl group. | '

14. A process for preparirtg a pyridine derivative of the formula (I-a):



conmbining R5 and R6 at their termni together with the adjacent nitrogen
atom to which they bond is a group selected from (1) an oxo-substituted
di hydr oi soqui nol yl group which is substituted by a norpholino-substituted
| ower al koxy group, and (2) an oxo-substituted di hydrophthal azi nyl group

which is substituted T d froma pyridyl group-and a
t hi azol yl group. - mmmmrmnmggmﬁound according to claim1, wherein A.
is agroup of the forthul&: v » "s(im whigdp R err] and R err] are the sane’
or different and each a | ower al koxy-group, and R31 is a hydroxynethyl
group), and the heterocyclic group formed by conbining R5 and R6 at their
termni together with the adjacentphitrogen atom to which they bond is an
oxo-substi tuted di hydropht hal azi ny|_group ich my optionally be
substituted by a group selected f a | oRker al kyl grouyp being optionally
substituted by a pyridyl group; N Ely| group; @2 ower al koxy group;
a hal ogen atom a pyridyl group; aNhfiazoRyl group; a phenyl group being

optionally substituted by a di-|ower. al kyl ami no, group or a hal ogen atom
and a thi enylwé?f&!}b‘fﬁ is a'group gelec rfFQIEéE%%ﬁﬁWW%efBEBFH@: a pyridine
derivative of the fornula (1-a): : 92

Rl X R3l Rl Q N
RZ' <N . Rzmk4l .
1 32 | i R33 R1 .
R N\ R R O N° N
: )
Rsz42 RZ <N , R2 N

(in which R1'and R2 are the same or different and each a hydrogen atom, or a .

protected or unprotected hydroxy group, R3! is a protected or unprotected
hydroxyrﬁethyl group, R32 isa hydrogen atom, a lower alkyl group, or a
protected or unprotected hydroxymefhyl group, R33 is a substituted or
unsubstituted lower alkyl group, R%! is a protected or unprotected hydroxy-
methyl group, and R42 is a brotected or unprotected hydroxymethjl group), R3

“and RS are the same or different and eaéh a hydrogen atom, or a protected or
unprotected amino group, or both may combine at their termini together with
the adjacent ni_trogén atom to which they bond to form a substituted or
unsubstituted heterocyclic group, or a phannaceu_tiéally acceptable salt thereof, |

which comprises reacting a compound of the formula (II):



[err]‘ wherein Alerr] is a group selected fromthe follow ng fornul ae:
[err] (in which Rerr] and Rlerr] are the same or different and each a
hydrogen atom or a protected or unprotected hydrexy—group, R31 is a
protected or unprotected . hydroxynet hyl group, RFZ i s a hydrogen at om

e

9

a
| oner al kyl group, or a protected or unprotect ,!llmm Mlmroup, R33
e ot ected or

IS a substituted or unsubstituted | ower alkyl
unprot ected hydroxy- nethyl group, and R4Q@3is a protec ed of ufipr ot ect ed
hydr oxynet hyl group), R5 and R6 are the same or different and each a
hydrogen atom or a protected or unprotected am no group, or both may
conbine at their termni together wath the adjacent nitrogen atomto which

‘they bond to forma substituted or} unsubstituted heterocyclic group, or a
pharmaceutically acceptabl e salt E&{'ﬁ‘of, whi ch conprises reacting a
~

conpound of the formula (I1): X I [err]
N o
wherein A2 is a group selected from the following formulae:

R!! N R R!L I}I,R“ R N
R“mk“ , Y3 N ’ R“:@N

(in which R!! and R2! are the same or different .and each a hydrogen atom, ora
protected ér unprotéct’ed Hydroxy group, R34 is a protected or unprotected
hydroxyrhcthyl group, R3S is alhydrogen atom, a lower alkyl group, or a
protected or unprotected hydroxymethyl group, R35 is a substituted or

unsubstituted lower alkyl group, R43 is a protected or unprotected hydroxy-

methyl group, and R% is a protected or unprotected hydroxymethyl group), and

X is a halogen atom, with a nitrogen-containing compound of the formula (III):

Rs
H—N(R6 (1y)

wherein R3 and RS are the same as defined above, and when the product has a

hydroxy group and/or a hydroxymethyl group; then if necessary introducing a |
protecting group onto the hydroxy moiety of the product, or when the product

has a protected hydroxy group and/or a protected hydroxymethyl group, then if



wherein A2 is a group selected fromthe follow ng fornul ae: [err]
(in which Rerr] and R err] are the sane or different and eac
atom or a protected or unprotected hydroxy group, R34 is

unprotected hydroxynethyl group, Rlerr] is a hydrogen ato,v@g mﬁﬁ,ﬁ’m
- group, or a protected or unprotected hydroxymethyl group, c
substituted or wunsubstituted |ower alkyl group, R43 is a protected or

unprot ected hydroxy- nethyl group, and F4rr] is a protected or
unprotected hydroxymethyl group), and Xis a hal ogen atom with a.

5 [err] wner@rRas ERPRE bebrotd k@R fom e product, nd furtherf
product has el oioigway By 2alk Shirt IRKSRANERRAYh pilaibcul 08

necessary in a prote |ng roxy nol g¥y of the

product, has a protected hydr oxy group and/or a
pr ot ect ed hyg&gﬁvﬂf'ﬁ@ ﬂ%&lgélfp then if
94 necessary renpying,l %cgss%?%}ép%&fgsyﬁdl%%m&&ocﬂsffamﬁ% Jyr ther

i f

Rl R3l
R? =N (-b)
‘\\: RSl
E -~ N<R51
N

wherein R! and R2 are the same or different and each a hydrogen atom, or a
protected or unprotected hydroxy group, R3! is a protected or unprotected

hydroxymethyl group, and R5! and R61 combine at their termini together with

the adjacent nitrogen atom to which they bond to form a heterocyclic group
which is substituted at least by an 0xo group, or a pharmaceutically acceptable

salt thereof, which comprises subjecting a compound of the formula (IV):
Rl.l . R37
R21:©/Y
(0] RS 1
L 3 Rﬁl
wherem RM and R21 are the same or dxfferent and each a hydrogen atom, or a

protected or unprotected hydroxy group, R37 is a protected hydroxymethyl

group, and R3! and RS! are the same as defined above, to intramolecular
cyclization reaction, and when the product has a hydroxy group, then if
necessary introducing a protecting group onto the hydroxy group of the

product, or when the product has a protected hydroxy group and/or a protected



necéssary, foll owed by converting the product into a pharnaceutically
accept abl e salt thereof. 15 A process for preparing a pyridine
derivative of the formula (I- [err]- wherein R err] and R err] are

the sa d each a hydrogen atom or a protected or
unpr ot m’m‘"ﬂum ﬁruw R31 is a protected or unprotected hydroxynethyl
group, and¢R[erry err conbine at their termini together with the
adj acent ni t rogen atomto which they bondd§o forma heterocyclic group

\er;i:ggt ifj)l' ZUb;%z,i ;u’;};gé at Ieastﬁﬁyq;n ozo gr oupd_,) or a zgtequrraceut i:tcgflfnltige
e Al e P
AL el
when t he pro@ Wﬁ%%‘@%&?‘%%a‘g%égg%?ﬁét %ecessary I nt roduci rrg a
bt oduct  has . pr otBct ek RRFFSAP GrRApE APEH Heea‘%b?%é‘réef&%”“nﬁﬂlat&%:

Al RY? :
N ﬁl@ 09
g W

wherein Al is a group selected from the following formulae:

Rl N R31 Rl N
U N_RZ? R K R SN
) . 1
Rzm’/IR42 R2 <N ) R2 ~-N

(in which R1 and R2 are the same or different and each a hydrogen atom, or a

protected or unprotected hydroxy group, R3! is a protected or unprotected

hydroxymethyl group, R32 js a hydrogen atom, a lower alkyl group, or a

protected or unprotected hydroxymethyl group, R33 is a substituted or

unsubstituted lower alkyl group, R4! is a protected or unprotected hydroxy-

methyl grorlp, and R42 is a protected or unproteeted hydroxymethyl group), and:
- R91, R92 and R are the same or different and cach a hydrogen atom,; a thienyl

group; a halogen atom; a lower alkoxy group; a lower alkyl group being



95 . hydroxynmet hyl group, then if necessary renoving protecting groups
fromthe product, and further if necessary, followed by converting
the product into a m acceptabl e salt thereof.

16 A process for pre derivative of the fornmula (I1-c):
[err] V\,herel n Al g"m" mr"!ﬁw@#ﬂﬂel ected fromthe follow ng formnul ae:
[err] n whi ch R['erq-' @an s€ are the sane or different and each
a hydrogen atom or a protected or9ggnprotected hydroxy group, R31 is
a protected or unprotected hydr oxynmet hyl group, R err] is a hydrogen

atom a | ower ggﬁ %{ﬂute]%r )aa pyrie lgr%u?c- ﬁﬂeﬂl éfeﬁ)ﬁ%ﬁ‘%@j‘? onally . .

hydr oxynmet hyI°pgrou L err

o 00 ffdchBabyPy %‘&ﬁ%?%%%%?‘fﬁﬂﬁ% 8‘%% Il group, W&y' o
atom & thi chpior) erotBahd £6AokRT aRRTa Byl SRLECR PORMIBRYT el S 2T C e

al kyI group li}gallazrlc)qyl group, or a pyrimidine derivative of the formula (I-d):

Al

1= Ni R

R94

wherein Al is the same as defined above, and R%4, R95 and R% are the same or

different and each a hydrogen atom; a thienyl group; a halogen atom; a lower
alkoxy group; a lower alkyl group being optionally substituted by a pyridyl
group; a phenyi group being optionally substituted by a group selected from a
di-lower alkylamino group, a lower alkoxy group and a halogen atom; a pyridyl
group; a pyrimidinyl group; or a thiazolyl group, or a pharmaceutically
acceptable salt thereof, which comprises reacting a compound of the formula (I-

e):

A2

@NH—NHZ o)

N
wherein A2 is a grofxp selected from the following formulae:



96 dptionally substituted by a pyridyl group; a bhenyl group being
optionally substituted by a group selected froma di-Tower alkylam no

growp, a lower al koxy group and a hal ogen ato
pyrimdinyl group; or a thiazolyl group, or anl)llmm"mm"mﬂ?mltlve of the
formula (1-d): [err] wherein Alerr] is:the samet ax def| med above,

and R94, R95 and R96 are the sanme or different and each a hydrogen atom a
t hi enyl group; a halogen atom a |ower algpxy group; a |ower alkyl group
bei ng optionally substituted by a pyridyl group; a phenyl group being
optionally substituted by a group selected froma di-1lower alkylam no
group, a |ower alkoxy group and a halogga atom_g pyrldyl group; a

pyrim di nyl group; or a t hiRZq or a pRa ally acceptable
] a conpound he formula (I- e):
ed from tr¥-f n®*%¥or nul ae:

salt thereof, which conprises
36 11
Rll N\ R35 . l{ll N,R R N
1
RzlmR“ R2! N , R , N

[err] wherein Alerr] is a g
(in which R11 and R2! are the same or different and each a hydrogen atom, or a

97

protected or unprotected hydroxy group, R34 is a protected or unprotected
hydroxymethyl group, R35 is a hydrogen atom, a lower alkyl group, or a
protected or unprotected hydroxymethyi group, R36 is a substituted or
unsubstituted lower alkyl group, R43 is a protected or unprotected hydroxy-

mcthyl group, and R#4 is a protected or unprotected hydroxymethyl group), or a

salt thereof, with a carboxylic acid derivative of the formula V)

R92
HOO

o V)
R9! RS
wherein R91, R92 and R93 are the same as defined above, or a salt thereof, or a

carboxylic acid derivative of the formula (VI):

. s
wherein R%4, R%5 and R96 are the same as defined above, or a salt thereof, and



[err]* (in which Rlerr] and Rlerr] are the same or different and each a
hydrogen atom or a protected or unprotected hy roxy

prot ected or unprotected hydroxymethyl group, en atom a
| ower al kyl group, or a protected or unprotecte m m !@”’ﬂ,ﬁ oup,
Rlerr] is a substituted or wunsubstituted | ower al* s a

protected or unprotected hydroxy- nethyl group, and R[err] Is a prot ected
or unprotected hydroxymethyl group), or a ggalt thereof, with a car boxylic

acid derivative of theforrrula(\/) . [err]

ther cof o awheRrBbspRict ek o, sOReCREe PR ) gr%ux)?{hepé?a”

mg: glop R[aﬁér Lece@Lary ntro%cﬂg a p]rotecgng gr01§f31 r(Talraxto""ﬁledﬁydroxy n?&%y of the @ salt

product, or when the product has a protected hydroxy group and/or a protected
hydroxymethy! group, then if necessary removing protecting groups from the
product, and further if necessary, followed by converting the product into a
pharmaceutically acceptable salt thereof.

17. A cofnpound of the formula (II):
A2

' x @
N.

wherein A2 is a group selected from the following formulae:

11 34 11
R ~-R R N
R21S =N - Rp2 = R4
11 - 35 pll R3S R
R N_ R R N* SN
. . ] ;
R21mR44 R21 =N RZl ~N

(in which R!1 and R2! are the same or different and aach a hydrogen atom, or a
protected or unprotécted hydroxy group, R34 is a protected or unprotected
hydroxymethyl groub, R35 is a hydrogen atom, a lower alkyl group, or a
protected or unprotected hydroxymethyl group, R36 is a substituted or

unsubstituted lower alkyl group, R43 is a protected or unpfotected hydroxy-

methyl group; and R% is a protected or unprotected hydroxymethyl group), and



98 when the product has a hydroxy group and/or a hydroxymethyl group, then
If necessary introducing a protecting group onto the hydroxy noiety of the
product, or when the product has a protected hydroxy grao ' U
protected hydroxymethyl group, then if necessary rermv?”ﬂlﬂﬂmmnﬂummll :
groups fromthe product, and further if necessary, folloWed by c8nvérttng
- the product into a pharmaceuti-cally acceptable salt thereof. 17. A
conpound of the fornula (11): 99 - [err] wher ei n
Alerr] is a group sel ected fromthe follow ng fornul ae: [err]
(in which R[erk]tls% (!15% mif € the same or-different and each a hydrogen
atom or a - protécte unprot ect.ed hydroxy group, R34 is a protected or
unprotected hydrox I drogen atom a |ower al kyl
group, or a protected oéﬁﬁ%&c@@éﬁéﬁox3 ‘hyl group, Rerr] is a.
substituted or wunsubstituted |lower alkyl group, R err] is a protected or
unprotected hydroxy- nethyl g{;pup and R[elkr3} IS a protected or

unprot ected hydroxynet hyl gro
o ’; R
L R61

wherein R11 and R2! are the same or different and each a hydrogen atom, or a

RZl

protected or unprotected hydroxy group, R37 is a protected hydroxymethyl

group, and R5! and R6! combine at their termini together with the adjacent

nitrogen atom to which they bond to form a heterocyciic group which is
substituted at least by an oxo group, or a salt thereof.

19. A pharmaceutical composition which compriées a therapeutically
effective amount of a pyridine derivative as set forth in either one of claims 1-13
in admixture with é conventional pharmaceutically acceptable carrier or diluent.

20. A use of a pyridine derivative as set forth in either one of claims 1-'

13 for prophylaxis or treatment of asthma..



99 X is a hal ogen atom 18. A conpound of the fornula (IV):

[err] wherein R err] and R err] are the sane or different and each a
hyttr ogen atom or a protected or unprotected hydroxy group, R37 is a
protected hydroxynethyl group, and Rl err] and Rl err] conbine at their
termni together with the adjacent niltdbogen atomto which they bond to
forma heterocycl | C | pRERRINGAWE $AMEQN oXe group,
or a salt thereofP'® g EUI%E AC}Q)QSS Pﬁ#ﬁ%ggggﬂ@gkpmnposmlon whi ch conpri ses
a therapeutically effective armunt of a pyridine derivative as set forth
I n either ure wth a conventional :

phar maceut i cm@é@?@ﬂ@?ﬁﬁwdl | uent . 20. A use of a
pyridi ne derivative as set forth in either one of clains 1- 13 for
prophyl axis or treatnent of asthna.

A pyridine derivative of the formula (I):

A

Xy R
It o~ @
N R

- wherein A is group of the following formulae:

Rl ~ R3l- Rl N
RZ 2N . | RZ . “Z R41

(R! and R2 are each H, or protected or unprotected OH, R31, R41 and R42 are
protected or unprotected hydroxymethyl, R32 is H, lower alkyl, or protected or
unprotected hydroxymethyl, R3.'I3 is substituted or unsubstitutéd lower alkyl, and
thé. dotted line means the presc':ice or absence of a double bond), R and RS are

H, or protected or unprotected amino, or both combine together with the
adjacent nitrogen tQ form substituted or unsubstituted hetérocyc]e, or a;
pharmaceutically ac.ceptable salt thereof, these compounds showing excellent
bronchoconstnctlon inhibitory act1v1ty and/or antx-mﬂammatory activity of

airway, and being useful in the prophylax1s or: treatmcnt of asthma.



