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dihydropyridine-based calcium antagonists.  As a result, it was found that (R)-2-
amino-1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-pyridinedicarboxylic acid 3-(1-
diphenylmethylazetidin-3-yl) ester 5-isopropyl ester, which is one of the optical isomers
of the racemic form, (£)-2-amino-1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-
pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl) ester S-isopropyl ester, has
particularly superior pharmacological activities such as calcium antagonistic action,

antihypertensive action, vascular dilatory action, cardiac protective action, anti-




2 3 MAR 2001 2 arteriosclerotic action, diuretic
action, renal disorder inhibitory action and lipid

peroxide formation inhibitory action, and is usef ul 3 MAR 2007

as a preventive agent or therapeutic agent

(particularly therapeutic agent) for di seases of the

circulatory system such as hypertension, angina
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mnutes in a solvent (sUch ds an ether, ester or
al cohol and prefera %& fol | owed by
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nitrophenyl)-3,5-pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl) ester 5-

isopropyl ester.

The (R)-2-amino-1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-
pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl) ester 5-isopropyl ester of
the present invention may be converted to a salt in accordance with ordinary methods as
desired. For example, such a salt can be obtained by treating compound (I) with the
corresponding acid for 5 to 30 minutes in a solvent (such as an ether, ester or alcohol
and preferably an ether) followed by filtering the precipitated crystals or distilling off
the solvent under reduced pressure. Examples of such salts include salts of inorganic
acids such as hydrofluorides, hydrochlorides, hydrobromides, hydroiodides, nitrates,
perchlorates, sulfates or phosphates, sulfonates such as methanesulfonates,
trifluoromethanesulfonates, ethanesulfonates, benzenesulfonates or p-toluenesuifonates,

carboxylates such as fumarates, succinates, citrates, tartrates, oxalates or maleates, or




trifluoronet hanesul fonat es, et hanesul f onat es,

benzenesul fonates or p-tol uenesul f onat es,

car boxyl at es such as funmarates, succinates, citra
tartrates, oxal ates or nmaleat®s, or 3 2 3 MAR 2 MAR 2007
salts of ami no acids such as glutanates or aspartates.
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pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl) ester S-isopropyl ester or a

pharmacologically acceptable salt of the present invention is used as a preventive agent
or therapeutic agent for the above diseases, they can be administered per se orally in the
form of a tablet, a capsule, a granule, a powder or a syrup prepared according to a
known method using appropriate pharmacologically acceptable additives such as
excipients, lubricants, binders, disintégrating agents, emulsifiers, stabilizers, corrigents

and diluents or parenterally by an injection or a suppository.




formof a tablet, a capsule, a granule, a powder or a

syrup prepared accordlng to a known nethod using 23 MAR'HNT
appropri ate pharnacol ogi cally acceptabl e additives

such as excipients, |lubricants, binders,

di sintegrating agents, enulsifiers, stabilizers,
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Sjnt ting agent"” can include cellul ose
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bee gum; metal hydroxides such as magnesium hydroxide or aluminum hydroxide;
anionic surfactants such as sodium laurylsulfate or calcium stearate; cationic surfactants
such as benzalconium chloride; or nonionic surfactants such as polyoxyethylene alkyl
ether, polyoxyethylene sorbitan fatty acid ester or sucrose fatty acid ester.

The employable "stabilizer" can include parahydroxybenzoates such as
methyl paraben or propyl paraben; alcohols such as chlorobutanol, benzyl alcohol or
phenylethyl alcohol; benzalconium chloride; phenols such as phenol or cresol;
thimerosal; dehydroacetic acid; or sorbic acid.

The employable "corrigent” can include sweeteners such as saccharin sodium
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(a) Preparation of (£)-2-amino- 1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-
pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl) ester S-isopropyl ester
According to Japanese Examined Patent Publication (Kokoku) No. Het 3-
317135, sodium methoxide (0.27 g) was added to a solution of 2-(3-
nitrobenzylidene)acetoacetic acid isopropyl ester (1.39 g) and amidinoacetic acid (1-
benzhydryl-3-azetidinyl) ester acetate (1.62 g) in isopropyl alcohol (80 ml) and the
mixture was heated under reflux for 4 hours.  After the reaction mixture was cooled,
insoluble material was removed and the solvent was evaporated under
reduced pressure. The thus obtained residue was dissolved in ethyl acetate and the

mixture was




(Exanpl e 1) Preparation of
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;ﬁjﬁhwﬁdaﬂ)oa@'hda@d GJ(-[ diplphehydthbhyidazetl)dister 3-iydpropy! ester (R
ester 5-isopropyl ester (2.17 g, 74% . Melting point:
flpem) 98C; IR spectrum (KBr, X, maxcm1): 3450, 3310,

1675; 1H NWVR
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26t érphenylmethylazeu in-3-yl) ester 5- ISOplOpyl ester (hereinafter ab 1ev1ated as S
form). Regarding the respective separated optical isomers, optical purity was
measured under the following analytical conditions.
Conditions of preparative HPLC

Column: SUMICHIRAL OA-2000 (15 um), 5.0 cm @ X 30 cm

Mobile phase: hexane/1,2-dichloroethane/ethanol (68/29/3) (V/V/V)

Flow rate: 40 ml/min

Detector: UV (254 nm)

Column temperature: 25°C

Sample concentration: racemic form 1 g/10 ml of (chloroform: mobile phase

(3:1) (V/V)) mixture




(racem c form obtained as above was subjected to hj
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followi ng conditions to separate (R)-2-am no- 1, 4-
di hydr o- 6- net hyl -4-(3-ni trophenyl ) -3, 5-pyri di nedi car bo
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5-isopropyl ester (hereinafter abbreviated as R form
Coaddions of analytical HPLC
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SUMCEth iR kenfRr20R02415 M, 5.0 cm (1) X 30 cm Mobile
phase: hexane/ 1, 2-di chl or oet hane/ et hanol (68/29/3)

Reoytion Wme yrdenthe abeve apabiicaldondibens &k lomin UV (254 nm)

Col unm .t e rature: 25C Sanpl e concentration: racemc
Pl?pc?}%' %[eig)lwn%gldm of (chloroform nobile phase (3:1)

(VI D kiuice] 002etBadR 2007  Sanpl e pouring amount:
2 m~ Conditions of analytical HPLC Colum: SUM CHI RAL

QAMBSBpgsuCL a/a: 3 (A HX),2%7cm  Mbbi | e phase:

ek RIS R O

(3 H,esrf)%alzmea H2BE, Res.erti @B, bhHe suadRr(1HNenabeys.83 (1H, br),
anal ytical conditions: 9 '

.1 mn Property: %ellow solid
4.32a% 4% 6t H, BB 4430 213 (B, mbOHENG PG (%é%‘),gpéc?- a1kl G, 7.60
) ( +§-71~—~7 rym (CDCI 3, 8): 1.07
(“‘Zﬁefﬁf 551%%%5@@19 , & 1%%2%&3:33 ofz), 2 35 (3H,

s) IR2p&fruzn B4 M, cr'): 3437,13318, &78( 1H, br), 3.57-3.68
(IH, br), 3.68-3.83 (1H br), e s L
(8)-2-amino-1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-pyridinedicarboxylic acid 3-

(1-diphenylmethylazetidin-3-yl) ester 5-isopropyl ester (S form)
Retention time under the above analytical conditions: 10.8 min
Property: yellow solid

[ot]Pa0: +68.9° (¢=1.00, ethanol)

NMR spectrum (CDCl3, & ppm): 1.07 (3H, d, J=5.9Hz), 1.25 (3H, d, J=5.9Hz),
2.36 (3H, s), 2.63-2.77 (1H, br), 3.05-3.24 (1H, br), 3.52-3.64 (1H, br), 3.64-3.78 (1H,
br), 4.29-4.41 (1H, br), 4.88-5.09 (3H, m), 6.04-6.29 (3H, br), 7.11-7.49 (1 1H, m),
7.61 (1H, d, }=7.3Hz), 8.04 (1H, d, J=8.1Hz), 8.16 (1H, s).
IR spectrum (KBr, Klnaxcm'l): 3446, 3320, 1678.

{Test Example 1)
Receptor Binding Experiment Using Porcine Myocardial Microsomes

Porcine myocardial microsomes were used for the source of the L calcium




4.32-4.44 (1H, br), 4.86-5.12 (3H m, 6.08-6.36 (3H23 MAR 2007
br), 7.12-7.55 (11H, m, 7.60 (IH d, J=8.1Hz), 8.0

(1H, d, J=8.1Hz), 8.17 (1H, s). IR spectrum (KBr,

X,,,axcml): 3447, 3319, 1678.8
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- pyri di nedi car boxylic acid 3-
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3H-nitrendipine (0. 1 nM test drug (racemic form

ﬁqrm@kamsmg thg Ker(dipsamation apmSéamhofi rutrm%@me ag sapeigly determined
re for 30 mnutes in HEPES buffer (50 mM pH

forﬂ) %Cgfcﬁ%wsn&mby nmeasur enent of the 3H nitrendi pine

that bagnditg/(1£[neKacrosome fraction with a |i qui d

scintillation counter. The count in the presence
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(Tebrtli)onshi p between the concentration and inhibition
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Ahe i roral ue (inhibitionxgpnstant) for egch test drug
was then determned fromthe followng fornula using

thsKd (dissociation constant) of nitrengigy ne as
separately determned froma Scatchard plot:

S form 700 460

The L calcium channel inhibitory activity of the R form was found to be
roughly 500 times more potent than that of the S form, and more than twice as potent as

that of the racemic form.

{Test Example 2)
Blood Pressure Lowering Action in Hypertensive Rats

Cannulas for measuring blood pressure and administering drug were inserted
into the inguinal artery and inguinal vein, respectively, of male spontaneously
hypertensive rats age 25 to 29 weeks followed by intravenous administration of a

compound under anesthesia and measurement of blood pressure over time for the course



Ki = ICso/ (I +[L]/Kd) (wherein [L] is the concentra? '3°W\R 2007
of 3H-nitrendi pine). The obtained results (average~o

two experinents) are shown in Table 1. (Table 1)

Conmpound 1C50 (nM Ki (nM Ricenmic form3.1 2.1 R
form1.3 0.88 S form 700 460 The L cal ci um channel
inhibitory activity of the Rformwas found to be
S$oughy,R00 tines nore potent than that of the S form

and nore than twice as potent as that of the racemc

form (Thestsufixaffpbrep@ingBhe oxteietsmr(@0 Lgike) arugR,&mm ot pgrkg)
in Hypertensive Rats Cannul as for, neasuring

asp shasin @ %@&ée adthil S espigobrarepanieséhs hdert @dig/kw& ng/kg)
BT R0 BRSPS g b e s

weeks foll owed by intravenous adn1n|strat|on of a
ound under anesthesi a and nmeasurenment of bl ood
Ghb Jure over time for the course 2 3 MAR 2007 9 of

J.LU III nmutes: IIIE IEbUI ts UI L,Ullpdl | ny Ln(:‘ [dLE”I C | orm
Coopgkg) and R form (10 &eRypic fafe shown in TabBiferm,
Mbid e the results of conpar2hggtkge R form (3 g/II@gJ,g,/lag)
@Jd(g)"anza:at!;)the S form (1000 g(4g) in a different (5)

STITTTS UI CXPCT1 ments—are bIIUV\III L IdUI S 6 ( IdUI S )

Cowmgoimblordeesswcf orm R form Dose 20 g/ kg 10 g/ kg
(moHgbf animals) (4) (5) Change in blood pressure

6 mgs 0 mnutes 00 00 00 040
10 minutes -21£2 -17+4
30 minutes -35+4 2845
60 minutes 4246 4347
90 minutes 4546 4547
120 minutes 4847 4746

Mean + standard error
(Table 3)
Compound R form R form S form
Dose 3 ng/kg 10 pg/ke 1000 pg/kg
(No. of animals) (3) (3) (3)
Change in blood pressure
(mmHg)
0 minutes 0+0 020 00
10 minutes =343 -23%5 -5+1
30 minutes -1443 -36+6 -18%6
60 minutes ~28+3 -49%11 29410
90 minutes -3445 -54+8 =367
120 minutes -34+10 -6146 -35+4

Mean * standard error



10 minutes -212 -174 30 ninutes -354 -285 60 mi nud dsMAR 2007
-426 -437 90 minutes -456 -457 120 m nutes -487 -476

Mean standard error (Table 3) Compound R formR form

S form Dose 3 g/kg 10 pg/ kg12000 g/ kg (No. of

animals) (3) (3) (3) Change in blood pressure (mrHg)

O mnutes 00 00 OO0 10 mnutes -33 -235 -51 30

m nut e cod At t%ﬁtﬁe am res@(}-)cs rﬂl@ REBEm waS Sourfidd hemggg{pate blood

90 mnutes -345 -548 - m nutes -3410 -

fveanre lewam@wwaynmglm mlm mﬁ@fm as gt At e rr@nengc fcu 1 émei

|t h d d
raoOgRes st Pl L BAETT Y bughiy twi ce as

potent as that of the racem c formand roughly 300
times nore potent than that of the S form
(Prpepsipackanpleéxanpl e 1) Capsule Rform 50.0ng Lact ose

128.7 Corn starch 70.0 WMagnesium stearate 1.3
Capsule

R form 50.0 mg
Lactose 128.7
Corn starch 70.0
Magnesium stearate 1.3
250 mg

The powder of the above formulation was mixed and after the mixture passed
through a screen of 60 mesh, the powder was filled in a No.3 gelatin capsule of 250 mg

to make a capsule preparation.

(Preparation example 2}

Tablet
R form 50.0 mg
Lactose 124.0
Corn starch 25.0
Magnesium stearate 1.0

200 mg

The powder of the above formulation was mixed and tablet-making was
carried out using a tablet machine to make a tablet of 200 mg per one tablet. Sugar

coating can be applied, if necessary, to this tablet.

[Industrial applicability]

Since (R)-2-amino-|,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-
pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl} ester 5-isopropyl ester or a
pharmacologically acceptable salt of the present invention shows particularly superior

pharmacological activities such as a calcium antagonistic action, an antihypertensive




250 ng The powder of the above fornulation was m >2ega| MAR 2001
and after the m xture passed through a screen of 60

mesh, the powder was filled in a No.3 gelatin capsule

of 250 ng to nake a capsul e lpreparation. (Preparation
exanple 2) Tablet Rform50.0 ng Lactose 124.0 Corn
starch 25.0 Magnesium stearate 1.0 200 ng The powder

Lok NevRAME R ket Bk j{!Y@ﬁecm/é(&Qio%,n&h Labh®drodBhdebifdaction, a
was ~carried out using a tablet machine to nmake a
dimfstietctaf, 2808inry dpeergoinbibitaty astion Sndadipideraesidy fematipe
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. therep yid a QerfR (Rt BMhrl FthedmpBiifid QRAGTY dirchidory system diseases such
pyridi nedi carboxylic acid . . ,
@-hypertinsivany e peptaisent grtadasclargsiegreicubrydyppispyion).
ester or a pharnacol ogically acceptable salt of the
present invention shows particularly superior

phar macol ogi cal activities such as a cal ci um

antagoni stic action, an anti hypertensive 2 3 MAR 2001

11 action, a vasodilator action, a cardiac protective
action, an anti-arterosclerotic action, a diuretic
action, a kidney damage inhibitory action and a lipid
peroxide formation inhibitory action and it al so has

a low level of toxicity, it is useful as a preventive
agent or therapeutic agent (particularly therapeutic
agent) for circulatory system di seases such as
hypertensi on, angi na pectoris and arteriosclerosis
(particularly hypertension). 2 3 MAR 200! 12 C ai ns:

1.

(R) - 2- Ami no- 1, 4-di hydr o- 6- net hyl -4-(3-ni trophenyl)-3,5




pyri di nedi car boxylic acid y 7
3- (1-di phenyl net hyl azeti di n93-yl) ester 5-isopropy{3 MAR 2007
ester or a pharnacol ogically acceptable salt thereof.

2.

Cl4ilRy- 2- Am no- 1, 4- di hydr o- 6- et hyl - 4- (3-ni trophenyl )-3,5
- pyridinedi carboxylic acid
3- (1-di phenyl met hyl azeti di n-3-yl) ester 5-isopropyl
est t nt
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yridj nedi carboxylic_ acid 3-
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4. A preventive or therapeutic agent conprising as an
2. act (Rp2iAxgmedi,¢dihydhe 6 endthyl-4-(3-nitrophenyl)-3,5-

pyéi%%%é%?égﬁ@;ic?fgg—i(lr%&rhgéﬁéﬂ%g_y@/zlatxdm 3/151 estmoﬁp 1hs %p%/l es\ter
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t he manufacture of a nmedicanment for the prevention
aC@m&bkeaﬁﬁbﬁﬁO%f a di sease of the circulatory system
6. Use of

(R) - 2-am no-1, 4-di hydr o- 6- net hyl - 4- (3-ni trophenyl)-3,5
4.- PW pvaeticoatigxsutic agait domprising as an active ingredient thereof
3- (1-di phenyl net hyl azetidin-3-yl) ester 5-isoprop

(RiE2tagying A, 4-gihedieeriietod dr@- lbm%lwﬁﬁld13éawmm<fdé¢rw‘?w w acid 3-
f th
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claim6, wherein said di sease of the C|rculatory
systemis_selected fr the gro ons [
S hypéfse §3b%3”HW§ﬂﬁ#hgg%P6}F@ﬂﬁﬂg{géﬁﬁgi %ggﬁgr05|s
pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl) ester 5-isopropyl ester or

a pharmacologically acceptable salt thereof in the manufacture of a medicament for

the prevention or treatment of a disease of the circulatory system.

6. Use of (R)-2-amino-1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-
pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-yl) ester S-isopropyl ester in
the manufacture of a medicament for the prevention or treatment of a disease of the

circulatory system.

7. Use according to claim 5 or claim 6, wherein said disease of the circulatory
system is selected from the group consisting of hypertension, angina pectoris and

arteriosclerosis.




