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for cﬁseasés orﬁﬁ’e circulatory system, the inventors of the present invention conducted
extensive research over many years on the pharmacological activity of various
dihydropyridine-based calcium antagonists. Asa result, it was found that (R)-2-
amino-1| ,4-dihydre-6-methyl-4-_(3-njtrophenyl)-3,S-pyridinedicarboxylic acid 3-(1-
dip'henylmcthylazetidin-B-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-




particul arly superior pharmacol ogi cal activities such
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therapeutic agent for diseases of the circulatory system such as hypertension and angina

pectoris of the present invention is (R)-2-amino-1,4-dihydro-6- methyl-4-(3-

c

nitrophenyl)-3,5- pyridmedlcarboxylic acid 3-(1- dlphenylmethylazeudm 3-yl) ester 5-
1sopropyl ester.

The (R)-2-amino-1 ;4-dihydro-6-methyl-4-(3 -nitrophenyl)-3,5-
pyridinedicarboxylic acid 3—(1~diphenylmethylazetidin—B—yl) ester S-isopropy! 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 (1) 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

trifluoromethanesul fonates, ethanesulfonates, benzenesulfonates or p-toluenesulfonates

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




the sol vent under reduced pressure. Exanples of such
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In the case whére (R)-2-amino-1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3,5-
pyridinedicarboxylic acid 3-(1-diphenylmethylazetidin-3-y1) ester 5-isopropyl ester or a
pharmacologically acceptable salt of the present invention is used as a preventive agent -
- or therapeutic agent for the above discases, 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, disintegrating agents, emulsifiers, stabilizers, corrigents

and diluents or parenterally by an injection or a suppository.
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The employable "emulsifier" can include colloidal clays such as bentonite or
bee gum; metal hydroxides such as magnesium hydroxide or aluminum hydroxide;
anlonic 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 faity acid ester.

The employable "stabilizer" can include parahydroxybenzoates such as
methyl paraben or propyl paraben; alcohols such as chlorobutanol, benzyl alcohol ar
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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adults in response to the synptons, In the case of
parenteral administration, 0.01 ng (preferably 0.05
rug) as a lower limt and 100 ng (preferably 50 ng) as
an upper limt can be adm M stered once to six tines
per day for adults depending on the synptons. In the
follow ng, the present invention is further described-
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form). Regarding the resp:ective separated optical isomers, optical purity was
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Conditions of preparative HPLC

Column: SUMICHIRAL OA-2000 (15 pm), 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




3.50, 3.62 (4H, 4xt, J=8Hz), 4.26 (114, s), 4.9-5.0
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(14H, m. (b) Preparation of

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

3-(1-di phenyl net hyl azetidin-3-yl) ester 5-isopropyl

est er SaRpld uﬁhg amount: 2 ml _
(f)-2 Amno 4- di hydr o- 6- et hyl - 4- (3-ni trophenyl )-3,5
Cany ﬂgﬂnﬁafﬁwﬁ@alHBk ic acid

oot o CORMERSHCHOCE D L2000t b, B i X 288 B2t e
to hi Mobjbrp‘lﬂsdmmdll TiticHlorsdtli MR BRDYI OQHRN@W/V)

under _the fol I owi.ng conditions to separate
(R) - 24 F?ée| le miin

di hydipads ni trophenyl) -3, 5- pyri di nedi car bo
' xyI ic actl'Q 3-(1F dlngﬁenyl nmet hyl azeti di n-3-yl) ester

5 |sop}ahpyhteaqiem”tm(eh95°e] nafter abbreviated as R form

Re(t@tm? tigpg wslen the. 2PV enabrtsaheandifiona: - Bmnt r opheny! )-3,5
Pro g ﬂﬁ,\gbg@{aﬁ doii§ acid

nylnet ylazetldln 3-yl) ester 5-isopropyl
estMelu(lg]pomt ndRtse€C abbreviated as S form. Regarding
the respective separated optical isoners, optical

pur[PLﬂ ypoifd4° (10 etarmltier the fol | owing anal yti cal
{ It t HPLC Col
SOt sBRir R o (1 R T Y6 o X 56 cm obile
h )/ | 8{ 39
é’ 290R J@@% ((ris}gt%é Bﬁh.(ﬁf 7 GE, Ea%g{ %%{)ai‘%éﬁ ng-é @%z) 2.35
€ Tt2%dthba, 8: 13%17 s&hﬂnlr)esdap&é&(mtbrpe GSFEEE (1, br),

R P S RS B P P b P23 S B, 760

d, T8 dHk} aret (@f1, anpd [ um: SUM CHI RAL
OA- 200)0 (5 (% Sym@a* lﬁﬂ-ﬁ; g:(r)n Mobi | e phase:

hexX&rspedran GKBhM&Emet hané#ﬂa’f hiéﬂ]@,l 14780/ 10/ 1) (VIVIV)
(S)-Z-ammo-l,4-d1hydro-6—methyl-4-(3~mtrophenyl)-3,5-pyridinedicarboxylic acid 3-
(1-diphenylmethylazetidin-3-y1) ester S-isépropyl ester (S form)

Retention time under the above analytical conditions: 10.8 min
Property: yellow crystalliﬁe solid

Melting point: 118.9°C

[l P20 +68. 9° (c=1.00, ethanol) _

NMR spectrum (CDCl;, 8 ppm) 1.07 (3H, d, J=5. 9HZ) 1.25 (3H, d, J=5. 9Hz)
2.36 (3H, 5), 2.63-2.77 (1H, br), 3.05-3.24 (1H, br), 3.52-3.64 (1H, br), 3.64-3. 78 (1H,
br), 429-4.41 (1H, br), 4.88-5.09 (3H, m), 6.04-6.29 (3H, 1or) 7.11-7.49 (11H, m), 7.61
(IH, d, J=7.3Hz), 8.04 (1H, d, J=8.1Hz), 8.16 (1H, s).

~ . IR spectrum (KBr, Amaxcm™): 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



Flowrate: 1.0 m/mn Detector: W (254 nm Col um
‘tenperature: 25C Retention tine under the above

anal ytical conditions: 9.1 min Property: yellow
crystalline solid Melting pdint: 118.5C [a] D20: -68. 4
(c=1.00, ethanol) Mass spectrum (Cl, mz) : 583 (M
+1), 167. NWR spectrum (CDC13, S): 1.07 (3H, d,

chahmbl, Yzly *Hii2éndigine wils u§e‘d5f09ﬂ’lé)h aBd 35the([.3(9erl@ium$:hannel The
2.67-2.84 (IH, br), 3,13.3.27 (11-1, br), 3.57-3.68

migrospmes(P.2 mg @Bﬂteméml)( H#ntl@nehpme@ M) angd melrug;(r;tcemlc form,

. Rf%rﬁ%;% é‘é&lz)(l\g%_}e g%w3§ é&ﬁﬁ%a%ﬁ%&%%#ﬁmgfog%@@%s( hHEPES

buﬁeﬂ(’BO (xﬂM pH)7 4)IfBllowetby mienfudbicnt O€ the) Phuic@ndipine tBA4b6und to
the(%bcrffoa]ﬁ] Ehistiqn »ih i sgmiiatiop cownters. nhhercoppiciyhg prgsesice of
10 Z.IM g?;g %ﬁ%}dqng{%ﬁ% ﬁngﬂ.?gg spec fic bu%dm%) was thelil subtracted

to determring thefanrawunt Eédpemlﬁlcdﬂndmgm Dredrelraubmmabm?xll the
anal ytical,.condi tions: ] Property; . yel | ow
CO%WQ%W 4‘1&"@1‘@3}@& tRhg Of .Sﬂﬁlg%gfﬁgmgﬂaé agpraxiiaated jop tpgistic

curve %elge(a(:ﬁ Tkt @&g t&§ H@@Hﬁﬂn}: IB%ES ?%QH&BHSP}‘ 9@%&&& g??gmﬁc
S bn(dmg) sYhe Ki saue (mhb(xti_dn cdmsi}mt) 3010@:& teatdriag Iyastshen, detzn:'Lmned
ﬁoﬁ% f%lllsmng %tg‘:il'lga géh% the I%d( soc %lt;c%ls%)t)(%féjt%%ﬂd;fpme as
'seﬁa;altélyhefb‘amiribaﬁom ScdtcRard p(dtH d, J=7.3Hz), 8.04 (1H
1H, s). IR spectrum (KBr, (err)maxcm

1) 354618%@0[11]116 B. (Test Exanple 1) Receptor

sl B S s S R St
- twokxpdrendntg)akeshomndin Table 1. :

(Table 1)

Compound ICs0 (nM) Ki (nM)
Racemic form 3.1 2.1
R form 1.3 0.88

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



channel , while 3H nitrendi pine was used for the |igand
of the L cal ciumchannel. The mcrosones (0.2 ng
protein/m), 3Hnitrendipine (0.1 nM and test drug
(racemic form Rformor S%orn) were allowed to
react at roomtenperature for 30 m nutes in HEPES
buffer (50 MM pH 7.4) followed by neasurenent of the

of 326 midtendi pi ne that bound to the m crosonme fraction
with a liquid scinti]lation counter. The count in the
pr esedberespits ofcampanivg-thatsetnais fnime (2hgg/birendRufimrong! Ogfe/kg)
non-speci fj ¢ bi,ndi s then subtracted to determne

e RS 0AbleGy UBEPS feB: HaP Rt e o i G 10 HEhD)

- an@ @Rl (1600 GORGER J Aol Bls b BLALIAR LE8UE in Table 3.
specific bindihg was approximated to a Togistic curve
for each test drug to determne 1C50 (50% i nhibitory

ncentration of specific binding). The Ki val ue

(T%ﬁﬁafbrtion constant) for each test drug was then

(kpeﬂgrg1ned_ fromthe Tol%gmnn? fornmula using the Kd

Y ciation constant) BFSSHE UMY pine as seldp@tel y
Bterm ned froma Scatchard mesg: Ki = 1 C50/ (19[ugleKd)

(NevesnalsY L] is the concentr@ion of 3H nitrendi(§i ne).

wIhe ohtalned results (average of TWO exXpertments) are
Craflee in HRod e (Table 1) Conpound 1C50 (nM Ki (nM

(mgH&yic form3.1 2.1 Rform1.3 0.88 S form 700 460
cal cium channel inhibitary activity of th
0%%§%$mas found to be roughﬁ?BSOO times nore po§%§;
10tmhiantes hat of the S form angi;ppre than twice as TJ_,_q,ft ent
as. that of the racemc formE?Test Exanpl e 2) lB‘ood
30mpisgtesr e Loweri ng Action i n3kipertensive Rats Cagwul as
60for %pasuring bl ood pressure and adm nistering drug

W8 nserted into the ingd2h@l artery and i ngddial
o0MBintliesr €specti vel y, of mal e spontaneously

hypertensive rats age 25 to*% weeks fol | owed b§5+7
12Dminateenous administration gk, a 4756

Mean + standard error

(Table 3)

Conipound R form R form S form
Dose _ 3 ng'kg 10 pg/kg 1000 pg/ke
(No. of animals) 3 3) 3y
Change in blood pressure

(mmHg)

0 minutes 010 010 00
10 minutes -343 -2345 -5+1
30 minutes -1443 ‘ -36+6 -18+6
60 minutes -2843 -49+11 -29+10
90 minutes ~3445 -54+8 ~36%7
120 minutes -34+10 -01+6 -3544

Mean + standard error




compound under anesthesia and measurenent of bl ood

pressure over tine for the course 9 of 120 m nutes.

The results of conparing the racemc form (20 g/kg)

and R form (10 g/kg) are shdwn in Table 2, while the.

results of conparing the R form (3 g/kg, 10 g/kg) and

the S form (1000 g/kg) in a different series of

exper Anedttimgas ehesdbown rdsalts{aly R form whd &ling t@ Jerfronget Blood

Racem c formR form Dose 20 g/ kg 10 g/kg (No. of
PressHrrAvering actiyisy roughly fiace 45 nofeabas hrkakibe eace m apd

] ; out.es « 4 30 mnutes -354
ol RBRRAR Ao plodp i G STIES T 20 b0 - a57 390

m nutes -487 47+6 Mean standard error (Table 3)

Co und R fo RformS form Dose 3 g/kg 10 g/ kg
(PRSI REERRY of ani mal ) (3) (3) (3) Change i n
CaB% od pressure (nmmHg) O minutes 00 00 00 10 minutes

= ‘g -235 -51 30 minutes -143 -366 -186

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 cépsule 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-1,4-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




60 m nutes -283 -4911 -2910 90 m nutes -345 -548 -367

120 m nutes -3410 -616 -354 Mean standard error 10

According to the above results, the R formwas found

to denonstrate bl ood pressutk |owering activity

roughly twi ce as potent as that of the racemc form

and roughly 300 tinmes nore potent than that of the S
phirBiaBdlofich Rk Afek @chesandal@urh antaGamstid £tfonf A MAtBQpSrtdEive

Lactose 128.7 _Corn starch 70.0 Magnesi um steafate
actionga ya@digtor Adiqrp igendiastpretaetivelastien, fapramtitaater esalenetis action, a

a5 B o TAAES TR, o BRI RO

inttbipsy betioaf and50aley had Dlomeléeeladf RO, & iPLFar Ala fBventive agent
Preparation exanple 2) Tablet R form50.0 qg .
or Pherapgutc agsat Hlydherapentismgent) fargireulatory sysiem dissases such

o R oA PR e bR R R L T by Bl o).
tabl et machine to make a tablet of 200 ng per one

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




[I'ndustrial applicability] Since
(R) - 2-am no-1, 4-di hydr o- 6- met hyl - 4- (3-ni trophenyl)-3,5
- pyridinedi carboxylic acid
3-(1-diphenylnethylazetidinl%-yl) ester 5-isopropyl
ester or a pharnmacol ogically acceptable salt of the
present invention shows particularly superior 11
Claimar macol ogi cal activities suech as a cal ci um
ant agoni stic action, an anti hypertensive action, a
vasodi | ator action, a cardiac protective action, an
1. a[’f?-z@&ﬁi%Q%Hﬁl&ﬂfd-s-lﬁe@ﬁﬁmp-ﬁmﬂh t-:?ﬁg@gﬁin‘éﬂi'caﬁ xylic
ki dney danmge inhibitory action and“d I pi perOX|8e
acifl @r(Fediplomylmethylpratishin 34d} ¢star Sainopropylaisto ohaphaniaomogically
am!eésk of oxi§ity, it is useful as a preventive agent
P ey apeltie agent (particularly therapeutic agent)
for circulatory system di seases such as hypertension,

angi na pectoris and arteriosclerosis (farticularly
2. h{ipk?-Ansiner lgtrilihydpo-6-gpeihylsd-(Grnitrophenyl)-3,5-pyridinedicarboxylic
- 23:Am na- Ly droxb- methyl - 4- (.3-nitrophenyl)-3,5
ac1g‘1§g-/§1i %ﬁfrf]ger@ﬂnl C%tpg[oa%/ : Cgoyggle%ﬁ Shﬁé£prép§'l St .
3- (1-di phenyl net hyl azeti din-3-yl) ester 5-isopropyl
ester or a pharmacol ogically acceptable salt thereof.
2. : ,
(R) - 2- Am no-1, 4-di hydr o- 6- net hyl - 4- (3-ni trophenyl)-3,5
- pyri di nedi carboxylic acid
3- (1-di phenyl net hyl azetidin-3-yl) ester 5-isopropyl
ester. ' .




