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(57) Abstract
Novel pyrazolopyridylpyridazinone

derivatives characterized by being represented
by general formula (1) and pharmacologicaily o n 0

accepiable salts thereof, which exhibit a l T RS
phosphodiesterase inhibiting activity and have N”X (1)
a selective potent bronchodilating effect on the |

respiratory tract; a process for the preparation R
of them; and bronchodilators containing the R!?
same as the active ingredient; wherein R' is C,

| -C, lower alkyl or C,-C, cycloalkyl; and R?,

R*, R* and R> are each independently

hydrogen, C, -C, lower alkyl or phenyl, or

alternatively R* and R®> may be united to form a double bond.
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SPECIFICATION
Title of the invention
Pyrazolopyridinepyridazinone derivatives and process for
preparing the same
Technical field

The present invention relates to novel
pyrazolopyridinepyridazinone derivatives wilth
phosphodiesterase-inhibiting activity and with selective-to-
respiratory tract and potent bronchodilating effect and
process for preparing the same.

Background technologies

Compounds with dihydropyridazinone and pyridazinone
groups substituted at 3-position of pyrazolopyridine ring have
been disclosed in Japanese Unexamined Patent publication Nos.
Hei 2-243689 and Hei 4-253978. However, with the compounds
claimed in these unexamined patent publications, substituents
at 2-position of pyrazolopyridine ring are limited to aryl
groups such as benzene derivatives, including no inventive
compounds wherein they are alkyl groups. Also,
pyrazolopyridine derivatives with bronchodilating effect are
disclosed in Japanese Unexamined Patent Publication No. Hel 8-
12673, but compounds disclosed therein have quite different
structure from that of the inventive compounds.

Since it was discovered that the bronchodilating effect
is caused through enhanced cyclic AMP and GMP 1in cells,
enzymes that decompose cyclic AMP and GMP and inhibiting drugs
of phosphodiesterase are attracting an attention as

bronchodilator. While theophylline is mentioned for a common
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drug as an inhibiting drug of phosphodiesterase, theophylline
has low selectivity to target organ. For this reason, when
using theophylline to asthmatic patients for the purpose of
bronchodilating effect, undesirable effects such as increased
heart rate, vomition and central action occur very frequently
as well. Developing a drug that acts selectively to
respiratory tract being a target organ and expresses the
bronchodilating effect via potent phosphodiesterase-inhibiting
activity is being desired strongly as an ideal drug with low
side effect.

As a result of diligent studies an a compound with
phosphodiesterase—inhibiting activity and with selective?to~
respiratory tract and potent bronchodilating effect, the
inventors have found that novel pyrazolopyridinepyridazinone
derivatives with different structure from that of
bronchodilators known so far have high safety, too, and have
selective-to-respiratory tract and potent bronchodilating
effect, leading to the completion of the invention.

Namely, the invention provides
pyrazolopyridinepyridazinone derivatives characterized by

 being represented by a general formula (1)

[wherein R1 denotes a lower alkyl group with carbon atoms of 1

s arA amn A AA RS LA AAAAr M s alAlAAA.  * e llad dedde. 2. v v Vet
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to 4 or cycloalkyl group with carbon atoms of 3 to 6, and R2,

R3, R4 and R5 denote identically or differently hydrogen
atoms, lower alkyl groups with carbon atoms of 1 to 4 or
phenyl groups, Or R3 and R5 may combine to form a double

bond], pharmacologically acceptable salts, and bronchodilator

having at least one or more kinds of them as effective

ingredients.

For the pharmacologically acceptable salts of the
compounds represented by the general formula (1) in the
invention, acid adducts like hydrochloride, hydrobromide,
citrate, methanesulfonate and tartrate are mentioned.

Moreover, in the general formula (1) of the invention,
"Jower alkyl group" indicates straight chain or branched
hydrocarbons with carbon atoms of 1 to 4 such as methyl, ethyl
and propyl and, for "cycloalkyl group”, cyclic hydrocarbons
with carbon atoms of 3 to 6 are mentioned. Moreover, for

"halogen atom", chlorine, bromine and iodine atoms are

mentioned.

According to the invention, compounds with R3 and R5 not

forming a double bond among compounds represented by the
general formula (1) aforementioned, i.e. compounds represented

by a general formula (la)

H
N N_ Eo
RB
\ 2R6

Sell A A TAR e e ee "a st e — et LAl b wr] S ANPAL o are RS A = ANRAYTA, G GO Wt~ e LM LAty B e gt B LY @t WAty = - e w1 MRS 4 e et i le Y2 Al et 1EH At 1T o AL Vi o s v e rpf A AN B TLS 0 v AR LR T e e e e e b
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[whereilin Rl is as described above, and R2, R4, R6 and R8

denote identically or differently hydrogen atoms, lower alkyl
groups with carbon atoms of 1 to 4 or phenyl groups], can bé
prepared by reacting compounds represented by a followilng

general formula (6) with hydrazine.

[ whereiln Rl, R2, R4, R6 and R8 are as described above].

The reaction can be conducted at room temperature to

solvent-refluxing temperature as a reaction temperature in an
organic solvent, for example, benzene, toluene, acetic acid,
ethanol or the like. At this time, ethanol is preferable as a
reaction solvent and the reaction temperature is preferable toO
be refluxing temperature under heat.

Moreover, compounds with R3 and R5 combined to form a
double bond in the general formula (1), 1.e. compounds

represented by a general formula (1lc)

s O
s
| | C
\
RZ
R1
[ wherein Rl, R2 and R4 are as described above], can be
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pared Dy oxidizing compounds represented by a general

formula (1lb)

(whereiln Rl, R2 and R4 are as described above].

It is preferable to conduct the reaction by reacting with

bromine in a solvent of acetic acid, and the reaction

temperature 1s preferable to be 50 to 60 °C.

The compounds represented Dy the general formula (6)

aforementioned can be prepared through following three routes.
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synthetic route 1

4 8 Hydrolysis
e R
wcozw

RZ RB
R'  (5)

(4)
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synthetic route 3

cHn(CORm [ ] ¢ ,
(8) N7 X L(Can(COgR“)m Hydrolysis

e ‘
R 9 and decarb-
(9) oxylation

In the synthetic route 1, compounds represented by a

general formula (5)

7

[wherein Rl, Rz, R4, R6 and R8 are as described above, and R

denotes a lower alkyl group with carbon atoms of 1 to 3], can

be prepared by reacting compounds represented by a general

formula (2) with compounds represented by a general formula (

4)
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[whereiln Rl, R2 and R6 are as described above].

X (4)
OR’
RY RS

[wherein X denotes a halogen atom, and R4, R7 and R8 are as

describe above].

1t is preferable toO conduct the reaction at O °C to

solvent-refluxing temperature,. though the reaction

temperature is not restricted particularly, in the presence of

inorganic base such as potassium t-butoxide or potassium

hydride, preferably sodium hydride, using tetrahydrofuran,

1,4-dioxane, OI 1,2-dimethoxyethane, preferably

dimethylformamide.

In the synthetic route 1, the compounds of general

formula (6)

(6)

[ wherein Rl, Rz, R4, R6 and R8 are as described above], can be

prepared by hydrolyzing the compounds represented Dby the

general formula (5) aforementioned.

In the case of acid catalyst, it 1s preferable toO conduct

the hydrolysis Dby heating to 80 to 120 °C, using hydrochloric

b M AR Py - AT W [ S »mmmwu;nwmnm‘..n. T N T L

Ay S b Lol Vil W - pmwmdm.mm-m««u Pl o] .
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acid or hydrobromic acid. Moreover, in the case of alkali

catalyst,

an alcoholic solvent such as methanol or ethanol or in a

solvent such as tetrahydrofuran or dimethylformamide, using

agqueous solution of sodium hydroxide Or agqueous solution ot

potassium hydroxide.

In the synthetic route 2, compounds represented by a

general formula (16)

[wherein R~ and R2 are'as described above, and R denotes a

lower alkyl group with carbon atoms of 1 to 3], can be

prepared by reacting compounds represented by a following

general formula (2a) with compounds represented by a general

formula (3)

[ wherein Rl and R2 are as described above].

CO(OR)2 (3)

It is preferable to conduct the reaction by refluxing

-~ Potavhary v 37 SAAs Al ¢ AT orialAl | BT AR b 8w A Ay A KEathanal AT ST e P
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under heat as a reaction temperature 1in the presence of

inorganic base such as potassium t-butoxide or potassium
hydride, preferably sodium hydride, using solvent amount of

the compounds of general formula (3).

In the synthetic route 2, compounds represented by a

general formula (17)

[wherein R, Rl, R2, R4, R7 and R8 are as described above], can

be prepared by reacting compounds represented by the general

formula (16) with compounds represented by the general formula

(4)

[wherein R, Rl and R2 are as described above].

O
X 4

QLOR., (4)
RY RS

e rraanns i e ar a4 s creie e A K | VA =8 RAAE § v, 4 v AP A e e e S e s
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[ wherein X, R4, R7 and R8 are as described above].

It is preferable to conduct the reaction at 0 °C to
solvent-refluxing temperature, though the reaction temperature
is not restricted particularly, in the presence of inorganic
base such as potassium carbonate, potassium t-butoxide or
potassium hydride, preferably sodium hydride, using
tetrahydrofuran, 1l,4-dioxane or 1,2-dimethoxyethane,
preferably dimethylformamide as a reaction solvent.

In the synthetic route 2, compounds represented by a

general formula (6a)

[wherein Rl, R2, R4 and R8 are as described above], can be

prepared by hydrolyzing and decarboxylating the compounds
represented by the general formula (17) aforementioned.

In the case of acid catalyst, it is preferable to conduct

the hydrolysis and decarboxylation by heating to 80 to 120 °C,

using hydrochloric acid or hydrobromic acid. Moreover, 1in the
case of alkali catalyst, it is preferable to conduct at room
temperature in an alcoholic solvent such as methanol or
ethanol or in a solvent such as tetrahydrofuran or

dimethylformamide, using aqueous solution of sodium hydroxide

or aqueous solution of potassium hydroxide.

In the synthetic route 3, compounds represented by a
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general formula (9)

[ wherein Rl, R2 and R6 are as described above, Rll denotes a

lower alkyl group with carbon atoms of 1 to 3, and (n, m)
denotes a combination of integers of (1, 3) or (2, 2)], can be
prepared by reacting compounds represented by a general

formula (7) with compounds represented by a general formula

(8).
D
>
N\ (7)
R2 RS
R1
[wherein X, Rl, R2 and r6 are as described above].
11
CH_(CO,R ) (8)

[wherein combination of (n, m) and Rll are as described
above].

It 1s preferable to conduct the reaction at 0 °C to
solvent-refluxing temperature, though the reaction temperature
1s not restricted particularly, in the presence of inorganic
base such as potassium carbonate, potassium t-butoxide or
potassium hydride, preferably sodium hydride, using

tetrahydrofuran, 1l,4-dioxane or l1,2-dimethoxyethane,

T v 1WA N DL P 3 b MALT 12 AL Ao rCr L flh LA b Lt v r -G BN AAPEHIAT ARSI E M S WD pa vl ¢ AP et et v a3 SICAAL TS SO L2 S A 9 r L i o 20 = TRt i mliuiey (0L b a0 B B 1 e A A I = v 47500 b 4 At D MR TEE WAL | 4 PI] S0 AP0 LY, ) o s rwrd g o 1% %2 01 bt P et e e i
P I A A AR LY | WAL N DL A R O b MA AL, i radinepncon)



D+ Ty e AL 3 41 DA v RS 1 A A e B Lt Gt o Lt Ay i AL LR 8 AR Y e D e L e e S e TA R B b o AR PRI LAY e aT . oRRL PR T te L Nia L e sels ses S e ow e ee e e . e B L L L P O PR v A S SN O i e TP T SN

CA 02267103 1999-03-26

preferably dimethylformamide as a reaction solvent.
In the synthetic route 3, compounds represented by a

general formula (6b)

[ wherein Rl, R2 and R6 are as described above], can be

prepared by hydrolyzing and decarboxylating the compounds
represented by the general formula (9) aforementioned.

In the case of acid catalyst, 1t 1is preferable to conduct

the hydrolysis and decarboxylation by heating to 80 to 120 °C,
using hydrochloric acid or hydrobromic acid. Moreover, in the
case of alkali catalyst, 1t 1s preferable to conduct at room
temperature 1in an alcoholic solvent such as methanol or
ethanol or in a solvent such as tetrahydrofuran or

dimethylformamide, using aqueous solution of sodium hydroxide

or aqueous solution of potassium hydroxide.

Best embodiment to put the invention into practice
In following, the invention will be 1llustrated based on
concrete examples, but the invention 1s not confined to these
examples. Moreover, when the compounds of the invention have
asymmetric carbons at 4-position and 5-position of

dihydropyridazinone ring, there exist optical isomers, which

are all included in the invention.

- L TS T T T e L B B e e P g e T N T A L S S T P F T S B T e A T e A S PP TPPLer SR v A
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Example 1

Methyl 2-methyl-3-(2—methylpyrazolo[l,5-a]pyridine-3~yl)-

3J-oxopropionate

2—Methyl—3—propionylpyrazolo[l,5~a]pyridine (5.28 g) was
dissolved into dimethyl carbonate (100 ml), and, after adding
sodium hydride (3.37 g), the mixture was refluxed for 8 hours
under heat. Under cooling in water bath, acetic acid was
added, then, following dilution with water, the mixture was

extracted with methylene chloride. After the organlic layer

was dried over anhydrous sodium sulfate, solvent was distilled

ethyl acetate:n-hexane = 1:3 ~ 1:1) to obtain aimed product

(5.13 g) as a yellow olly product.

Examples 2 through 9

Similarly to Example 1, following compounds were obtained

(Table 1).

AL A T K e PR T AL A0l p e el KA, dah s ' ¢ - ' =, of . = ? AT BTN . ‘ v - - - . das  Jpe cppes
& alardiDoi heatis Mas WCT W S0 4 PFTWL VA UL $00L L L WA vt o 4 S v
fiwdl . o ol VAW EIEZR 3 APAD A A 2 A0 OV LA A LA RTINS SR A AR S ML S e
A Lo A ¢ B CALA WML Al AP A L TR PR AT ALY v TN e A A D) L e A el ral r s At e et A AN W AR 4 P, A A a4y -
. ® et o0 .. P ] 1. e Ve ke M. Ll A L) u-tn.r.'a.“‘-lmm)wm
; EN L DO AR Y AL DL 2 T T N mroalfhar e =M =0 et ¢
W -1 i 3 '



[Table 1]

Example Rl
2 Me
3 Et
4 Pr
1-Pr
1-Pr
1-Pr
cyclo-Pr

Example 9

CA

02267103 1999-03-26

Bt

9

Et

Me

R

&

9

Me

Yield(%)

T . pp——

91

93

54

94

91

87

46

Pale yellow oily product
Pale vellow oily product
Yellow oily product

Pale yvellow olly product
Brown oily product
Yellow olly product

Brown o01ly product

Ethyl 4-(2-methylpyrazolo[l,5-a]pyridine-3-yl)-3-methoxy-

carbonyl-3-methyl-4-oxobutyrate

The compound (5.13 g) of Example 1 was dissolved into DMF

(70 ml), and,

mixture was stirred for 1 hour at room temperature.

M AN S M A By A YR b A A S PR v Pt IR AN | 3l 30 b S HVLA M 0 SR SRR 7 A 40T S 15 TV § 1 WS A o o 03 M | O N DO (R A,

wim AR v

BT RN L B B

AN i ey G BRI ek Yl g 8 Mo P N N . A ¥ ol DA < 1 4 Y

15

after adding sodium hydride (1.00 g),

the

PR T A L RTRE AN SR AN it MY S LA 6 VS P10 DT AT 4 PV I VN RARS 4 Wb & S TEA e o o

This was
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cooled in ice bath and ethyl 2-bromoacetate (2.77 ml) was
added. After stirring for 18 hours until the temperature rose
to room temperature, saturated agqueous solution of ammonium
chloride was added and diluted with water, which was extracted
with ether. After the organic layer was washed with water and
with saturated brine and dried over anhydrous sodium sulfate,
solvent was distilled off under reduced pressure. The residue
was purified by means of silica gel column chromatography
(developing solvent, ethyl acetate:n-hexane = 1:2) to obtain
aimed product (4.63 g) as a yellow oily product.,

Examples 10 through 16

By conducting similarly to Example 9 using the compounds

of Examples 2 through 8 as raw materials and using ethyl 2-

bromoacetate, methyl 2-bromoacetate or methyl 2-

bromopropionate, following compounds where obtained (Table 2).

[Table 2]
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Example Rl R2 }.?24t R7 R8 R Y::Le'ld( %) Property

10 Me Et H Me H Me 78 Yellow oily product
11 Et Me H Et H Me 70 Pale yellow o1ly product
12 Pr Me H Et H Me 85 Yellow olly product
13 1-Pr H Me Me H Me 77 Pale yellow olily product |
14 1-Pr Me H Et H Me 69 Pale yellow oily product

| 15 1-Pr Et H Et H Me 69 Yellow oily product
16 cyclo-Pr Me H Et H Me 37 Yellow o1ly product ;

Example 17

4-(2-Methylpyrazolo[l,5-a]pyridine-3-yl)-3-methyl-4-

oxobutyric acid

~COOH

The compound (4.63 g) of Example 9 was dissolved into 47
3 hydrobromic acid (50 ml) and the solution was refluxed for 1
hour under heat. This was poured into ice water and extracted
with methylene chloride. After the organic layer was dried
over anhydrous sodium sulfate, solvent was distilled off under
reduced pressure. The residue was purified by means of silica

gel column chromatography (developing solvent, methylene

chloride:ethanol = 10:1) to obtain aimed product (2.76 g) as

NEITN GNP D SR A g, W EP G i : P TP ML 1y - ¢ PPN 84 O/ T M § 8 o b A e

WSS e e - NI LA P P I8 Ak S | PR kYL SET B a MRV e
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purple powder.

Examples 18 through 24

By conducting similarly to Example 17, following

compounds were obtained (Table 3).

[Table 3]

[ Example R1 R2 R4 R8 Yield(%) Property

| _18 Mel o Et _H H 80 | _:l;own amorphous material
19 Et Me H H 90 Brown amorphous material
20 Pr Me H H 58 Pale yellow amorphous material
21 1-Pr H Me H 99 Pale pink powder
22 1-Pr Me H H 53 Colorless powder
23 1-Pr Et H H 65 Pale yellow amorphous material
24 cyclo-Pr Me H H 60 Brown amorphous material

Example 25
Methyl 4-(2-isopropylpyrazolo[l,5-a]pyridine-3-yl)-3-

phenyl-4-oxobutyrate

LA I L ot 4k ALl AP  Bphnsholrns A A I - DU It LS rr ol € 43 TR R P AT MRALL Bt r IE maele st e MR e m s s e L e e N (R —
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Z-Isopropyl-3-phenacylpyrazolo[1l,5-a]pyridine (1.90 g)
was dissolved into DMF (30 ml), and, after adding sodium
hydride (0.35 g), the mixture was stirred for 0.5 hours at
room temperature. Methyl 2-bromoacetate (1.36 g) was added,
and, after stirring the mixture for 3 hours at room
temperature, saturated aqueocus solution of ammonium chloride
was added and diluted with water, which was extracted with
ether. After the organic layer was washed with water and with
saturated brine and dried over anhydrous sodium sulfate,
solvent was distilled off under reduced pressure. The residue
was purified by means of silica gel column chromatography
(developing solvent, ethyl acetate:n-hexane = 1:3) to obtain
aimed product (1.58 g) as a yellow ol1ly product.

Example 26

4—(2~Isopropylpyrazolo[l,5~a]pyridine-3—yl)-3-phenyl-4-

oxobutyric acid

The compound (1.58 g) of Example 25 was dissolved into
ethanol (15 ml), and, after adding 1N aqueous solution of
sodium hydroxide (5 ml), the mixture was stirred for 1 hour at
room temperature. Water was added to the reaction liguor,

then 10 % hydrochloric acid was added to make pH 3, which was

- - % - PN} TPV N P R ¢ il s S . . -4 i g - > - . : - ; B TR D B I N I A T
H el . N . . PEEPEE PP L -t v Te et he csemmat L AMA AR ARl bats A e 0T Cem TATL LR  HOY A O AR s A LAY TN G Ped G g b v s
'S ‘ o vl .., . R A L RIS T ] ‘VMWWW:(‘“M: P N L e e . ) Parllenads s sLN RS . Tl e L EENETL P es i - . " .
T4 L S 1 Vaf s rbbadsie  FEA sl s e Jah ) Lot L T i sl A A ItV ey | v AR Pa b bl i A el va A Al e . . L] e ® cwndee . .
o arASMIA e iauiralani b, . ‘- - o . I .
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extracted with methylene chloride. After the organic layer
was dried over anhydrous sodium sulfate, solvent was distilled

off under reduced pressure to obtain aimed product (1.50 g) as
colorless powder.

Example 27

Ethyl 2,2-diethoxycarbonyl-4-(2-isopropylpyrazolo-[1,5-

a]pyridine-3-yl)-3-methyl-4-oxobutyrate

N O EtOOC COOE't
| ~

N~ COOE t

}Jﬂ_. Me

Triethoxycarbonylmethane (1.53 g) was dissolved into DMF
(20 ml), and, after adding sodium hydride (0.28 g), the
mixture was stirred for 0.5 hours at room temperature. 3-(2-
Bromo~propionyl)-2-isopropylpyrazolo[1l,5-a]pyridine (1.77 g)
was added and the mixture was stirred for 1 hour at room
temperature, and then further stirred for 7 hours by heating
to 80 to 100 °C. Saturated aqueous solution of ammonium
chloride was added to the reaction liquor, which was diluted
with water, then extracted with ether. After the organic
layer was washed with water and with saturated brine and dried
over anhydrous sodium sulfate, solvent was distilled off under
reduced pressure and the residue was purified by means of
silica gel column chromatography (developing solvent, ethyl

acetate:n-hexane = 1:2) to obtain aimed product (0.67 g) as a
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vellow o1ly product.
Example 28
Ethyl 2-ethoxycarbonyl-4-(2-isopropylpyrazolo(l,5-a]-

pyridine-3-yl)-4-oxobutyrate

DN O

| _COOE t
N7~ ~COOE t
\
N

Sodium (0.10 g) was dissolved 1nto ethanol (4 ml) and
diethyl malonate (0.71 g) was added at room temperature.
After stirring for 20 minutes at 50 °C, a solution of 3-(2-
bromoacetyl)-2-isopropylpyrazolo[l,5-a]jpyridine (1.06 g) 1n
ethanol (6 ml) was added and the mixture was stirred for 75
minutes at 80 °C. The reaction liguor was concentrated, and,
water and ethyl acetate were added to the residue to separate
the organic layer. After the organic layer was washed with
water and with saturated brine and dried over anhydrous sodium
sulfate, solvent was distilled off and the residue was
purified by means of silica gel column chromatography
(developing solvent, ethyl acetate, n-hexane = 1:3) to obtain

aimed product (0.44 g) as pale yellow powder.

Example 29
4~(2-Isopropylpyrazolo[l,5-a]pyridine-3-yl)-3-methyl-4-

oxobutyric acid

L Sl A i SRRl A Pl L AR A sk AR ] D YA, BAE S Sveweas v e 148 et 15 P
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N” ™ COOH
N"“'—’ Me

By conducting similarly to Example 17, using the compound
(0.67 g) of Example 27, same compound (0.31 g) as that of

Example 21 was obtained as pale yellow amorphous material.

Example 30
4-(2-Isopropylpyrazolo[l,5-alpyridine-3-yl)-4-~-oxobutyric

acid

\ COOH

By conducting similarly to Example 17, using the compound

(0.72 g) of Example 28, aimed compound (0.52 g) was obtained
as colorless powder.

Example 31

6-(2—methylpyrazolo[l,5-a]pyridine-3—yl)~5-methyl-4,5-

dihydro-3(2H)-pyridazinone

F, U AAT A ML ST """y e . mq I T &
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Me O
N Z
|. N !
N~ PV{{l
\
N
Me

The compound (2.76 g) of Example 17 and hydrazine
monohydrate (0.90 g) were dissolved into ethanol (30 ml), and
the solution was refluxed for 3 hours under heat. The
reaction liquor was submitted to distillation under reduced
pressure, and the residue was purified by means of silica gel
column chromatography (developing sclvent, methylene
chloride:ethanol = 10:1) to obtain aimed product (2.04 g) as

colorless powder. When recrystallizing from isopropyl ether,
this gave colorless prismatic crystals.
Melting point: 146 ~ 147 °C

Elemental analysis (%): As C13H14N4O

C H N

Calcd.: 64 .45 5.82 23.12

Found : 64.28 5.87 22 .84

Examples 32 through 40

By conducting similarly to Example 31, following

compounds were obtained (Table 4).
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LTable 4]
o Elemental analysis
Example Rl R2 R4 R R8 Yield( %) M.P. (7C) calcd. /found
(Recryst. solvent) C, H, N
CaH(N,O
19 Me Et H H H 80 138 ~ 140 65.61 6.29 21.86
i-Pr.0 65.70 6.31 21.72
Cy4H16N40
33 Et M H H H 79 131 ~ 132 65.61 6.29 21.86
i-Pr,0 65.74 6.22 21.85
C15H1gN40
34 Pr M H H H 66 141 ~ 142 66.65 6.71 20.73
i-Pr,0 66.43 6.64 20.50
C14H16N4O0
35 i-Pr H H H H 86 213.5 ~ 215.5 65.61 6.29 21.86
EtOH 65.33 6.31 21.70
C15H;gNgO0
36 i-Pr M H H H 50 119 ~ 122 66.65 6.71 20.73 |
i-Pr,0 66.54 6.73 20.67
C16H20N40
37 i-Pr Et H H H 77 147 67.58 7.09 19.70
i-Pr_0 67.47 7.05 19.62
Co0HoN4O
38 i-Pr Ph -H H I 55 192 ~ 193 71.49 6.12 16.67
i-Pr,0 71.81 6.25 16.27
but l/SHZO adduct
C15H18N40
39 i-pr H Me H H 86 207 ~ 208 66.65 6.71 20.73
EtOH 66.65 6.58 2..74
C15H16N40
40 cyclo-Pr Me H H H 79 134 67.15 6.01 20.88
i-Pr,0 67.31 6.07 20.85
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Example 41

6-(2-Ethylpyrazolo[1l,5-a]pyridine-3-yl)-5-methyl-3(2H)-

pyridazinone

The compound (1.00 g) of Example 36 was dissolved into
acetic acid (30 ml), and, after adding bromine (0.22 ml) at 65
°C under stirring, the mixture was stirred for 0.5 hours. The
reaction liquor was poured into water, which was extracted
with methylene chloride. After the organic layer was washed
with water and with saturated aqueous solution of sodium
hydrogencarbonate and dried over anhydrous sodium sulfate,
solvent was distilled off and the residue was purified by
means of silica gel column chromatography (developing solvent,
methylene chloride:ethanol = 15:1) to obtain aimed product
0.69 g) as pale purple powder. When recrysﬁallizing from
ethyl acetate, this gave pale purple prismatic crystals.
Melting point: 216 ~ 217 °C

Elemental analysis (%): As C14H14N4O
C H N
Calcd.: 66.13 5.55 22.03

Found : 65.96 5.49 21.90

Examples 42 and 43

Ralala L g L L g e R PR
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By conducting similarly to Example 41, following

compounds were obtained (Table 5).

[Table 5]
_ 1 2 4 : M.P. (°C) Elemental analysis
E:xample' R R " Yieid($) (Recryst. solvent) calcd./found
‘ “15716"4°
42 i~-Pr H Me 71 216 ~ 217 67.15 6.01 20.88
ACOEt 66.95 5.97 20.82
_ C1414N4°
43 i-Pr H H 73 225 65.66 5.59 21.88
. , ACOEt 65.43 5.560 21.64

but 1/10H20 adduct

Example 44

%*

resolution column: Chiralcell OD from Daicel Chemical

Industries, Ltd., mobile layer hexane:isopropanol = 9:1,

injection 1 ml, flow rate 24 ml/min, detecting wavelength 293

nmj).

* Trade-mark

- 26 -
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eluted fractions of front part and 560 mg of (+) form from

eluted fractions of back part as colorless powder,

respectively.

(-) Form Melting point 164 ~ 165 °C, Angle of rotation

[a],>%- 179 (C = 0.24, CHCL1,)
Elemental analysis (%): As C15H18N4O
C H N

Calcd.: 66.66 6.71 20.73
Found : 66.50 6.64 20.67

(+) Form Melting point 164 ~ 165 °C, Angle of rotation
34

[a]D + 179 (C = 0.24, CHC13)
Elemental analysis (%): As C15H18N4O
C H N

Calcd.: 66.66 6.71 20.73
Found : 66.26 6.75 20.48
Experimental example
Measurement of phosphodiesterase-inhibiting activity
Phosphodiestorase-containing fractions were extracted
from respiratory tract and heart of guinea pig according to
the method of Nicholson et al (Br. J. Pharmacol., 97, 889-897
(1989)), and used as enzyme solutions. The measurement of
phosphodiesterase-inhibiting activity was performed by
quantitatively determining (Linden et al, J. Immunol.
Methods., 1531, 209-216 (1992)) the cyclic AMP (cAMP) or cyclic
GMP (cGMP) that remains as a result of enzymic reaction
(Thompson et al, Biochemistry, 10, 311-316 (1971)) through
enzyme 1lmmunoassay (EIA).

1) Enzymic reaction
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This was performed according to the method of Thompson et
al. The enzyme solution was placed in a test tube, and 1 uM
of CAMP or CGMP was added as a substrate. After reacting for
60 minutes at 30 o'C, the test tube was dipped for 2 minutes
into boiling bath to inactivate phosphodiesterase, thus
'stopping the reaction. The testing compound was added to the
test tube simultaneously with substfate.

2) Quantitative determination through EIA

cAMP or cGMP that remained without undergoing

decomposition by enzyme solution was quantitatively
determined, using EIA*kit (from Amasham Co., England) for
quantitativé détermination of-cAMP or guantitative
determination of cGMP to determine the amount of testing

"material necessary to inhibit the enzymic reaction by 50 3% as

ICSO' the results of which are shown in Table 6.

[Table 6]

ICeq(Hng/ml)
s

Example 36

Utilizability in the industry
The inventive compounds express selective inhibiting
effect on phosphodiesterase originating from respiratory

tract, in particular, phosphodiesterase V.

* Trade-mark

- 28 =~
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CLAIMS:

1. A bronchodilator having a pyrazolopyvridinepyridazinone

derivative of general formula (1)

(1)

[wherein R' denotes a lower alkyl group with carbon atoms of
1 to 4 or cycloalkyl group with carbon atoms of 3 to 6, and
R°, R®, R?! and R® denote identically or differently hydrogen
atoms, lower alkyl groups with carbon atoms of 1 to 4 or
phenyl groups, or R’ and R’ may combine to form a double
bond], or a pharmacologically accept salt thereof as

effective ingredient.

2. A bronchodilator according to claim 1 in which R* is

i-Pr, R?® is Me and R’, R! and R’ are each hydrogen.

3. A process for preparing a compound of general formula

(1a)

(1a)

29
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[wherein R' denotes a lower alkyl group with carbon atoms of
1l to 4 or cycloalkyl group with carbon atoms of 3 to 6, and
R“, R*, R®° and R® denote identically or differently hydrogen

atoms, lower alkyl groups with carbon atoms of 1 to 4 or

phenyl groups], which process comprises a compound of

general formula (06)

(6)

‘wherein R, R?, R, R° and R® are as described above],wlith

hydrazine 1n contact with an organic solvent.

4. The process of clalm 3 wherein the organic solvent is
ethanol.
5. The process of claim 3 or 4 wherein the process is

effected at solvent-refluxing temperature.

6. A process for preparing a compound of general

formula(lc)

(1¢)

[wherein R' denotes a lower alkyl group with carbon atoms o:

1l to 4 or cycloalkyl group with carbon atoms of 3 to 6, and

30
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R* and R*® denote identically or differently hydrogen atoms,
lower alkyl groups with carbon atoms of 1 to 4 or phenyl
groups], which process comprises oxidizing a compound of

general formula (1b)

(1b)

[wherein R', R° and R* are as described above] in contact

with an organic solvent.

7. The process of claim 6 wherein the organic solvent 1is

acetic acid comprising bromine.

8 . The process of claim 6 or 7 wherelin the process 1is

effected at 50 - 60°C.

31
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