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Summary 

A group of racemic alkyl I Adihydro-2.6-dimethyl-4-(3- or J- 
pyridiny1)-5-1 ?-(4.S-dihydro-4.4-dimethyloxa7.olin-2-yl]]-3-pyr- 
idinccarboxylates 11- were prepared hy using the Hantnch 
reaction involving condensation of  the Knoevenagel adducts 9a-e 
with 1 -[ 1-(4 ,S-dihyd~~-4 , .1-dimethylox~~l in-2-y l )~-  1 -propen-?- 
amine (10). In confrast. the 4-(2-pyridinyl) analogue l l f  was 
prepared by thionyl chloride mediated cyclization ofthe 5 -  I N-( I ,  I - 
dimethyl-2-hydr(~xyethyl)aminocarbonyl) moiety of 16 to the S- 
I 1-(4.S-dihydn~4.4-dimethyloxazolin-7,-yl)~ ring system (1 10. In  
virm calcium channel antagonist activity wit\ determined by using 
the guinea pig ileum longitudinal \mcw)th muscle (GPIISM) assay. 
Compared to the reference drug nifedipine tlCso = I .43 x MI. 
the t i t lecomyunds 11 exhibited weak calcium channel antagonist 
activity ( 10 . to 10" M range). A comparison o f  compounds 11 
having a C-4 3- ridinyl substituent \bowed that with respect to 
the alkyl ester R -suhsituent. the relative potency order was i-Bu 
( 1  lc) 2 i-R ( 1  le) > Me ( l la ) .  The point of attachment of the C-4 
pyridinyl suhsutuent in the isopropyl ester isomeric series of 
compounds was a determinant otwtivity where the potency profile 
wa\4-py(lld)>3-py(lle)>2-py(110. Althouehlessef f~ t ive .  
the 4.5-dihydro-4,4-dimethyloxazolin-2-yl moiety acts ils a h i e  
iwstere of the alkyl ester substituent present in classical 1.4-dihy- 
dropyridine calcium channel antagonists. The 4.5-dihydro- 
4.4-dime1hyl-oxaxoIin-2-yl ring system is not an effective bioiso- 
stere of the 3-nitm group present in I ..l-dihydmpyridine calcium 
channel agonists since isopropyl I .4-dihydro-2.6-dimcthyl-4-(2- 
pyridinyl)-5-( 2-(4,5-dihydro-4.4-dimethyloxazolin-2-y1)]-3-pyr- 
idinecahxylate ( 1 I f )  pmduced a modest 10% increase i n  thc irr 
b-irro contractile force of guinea pip left atrium at a concentration 
of I . (Ax lo'' M, relative to the reference 3-nitro maloguc 1 (ECso 
= 0.6 x 10 M). 

Y 

Introduction 

A novel group of (+)-isopropyl I ,4-dihydro-2,6-dimethyl- 
3-nitro-4-(pyridinyl)-5-pyridinecarboxylate isomers (1-3) 
have been described recently. The rac-2-pyridinyl isomer 1 
showed dual cardioselective calcium channel agonist/ 
smooth muscle selective culcium channel antagonist eflhcts. 
In contrast, rac-3-pyridinyl 2 and rac-4-pyridinyl 3 isomers 
exhibited agonist activity on both heart and smooth muscle. 
The (-)-2-pyridinyl enantiomer (-)-1 was shown to exhibit in 
virro cardiac agonist and smooth muscle antagonist activi- 
ties'']. It has also been observed that the (+)- and (-)-enan- 
tiomers of 3-isopropyl 5-(4-methylphenethyl)-1,4-dihydro- 
2,6-dimethyl-4-(2-pyridinyl)-3,5-pyridinedicarboxy1ate 4 
both exhibit a dual cardioselective partial calcium channel 

agonist / smooth muscle selective calcium channel antagonist 
effect. The relative in vitro smooth muscle calcium channel 
antagonist activities of (-)-4:(+)-4 was 26: 1. Hereby (+)-4 
was a more active in vitropositive inotrnpe on heart whereas, 
(-)-4 increased contractile force by a maximum of 14%[21. 
1,4-Dihydropyridine compound 5, containing a 4,5-dihydro- 
4,4-dimethyloxazolin-2-y1 moiety designed to act as a latent 
carboxylate appendage or carboxylate i s~s t e re~ ' ,~ ] ,  was pre- 
pared, but no pharmacological data were reported[5,61. A dual 
cardioselective agonist/smooth muscle selective antagonist 
third generation modulator such as (-)-2-pyridinyl 1, or 
(+)-2-pyridinyl4, would have an ideal therapeutic profile for 
treating congestive heart failure (CHF) patients. Therefore it 
was of interest to extend these important structure-activity 
correlations by replacing the nitro group of the pyridinyl 
isomers 1-3 and the para-tolylphenethyl ester group of 4 by 
a 4,5-dihydro-4.4-dimethyloxazolin-2-yl moiety. This latter 
modification would be expected to alter the nature of the 
drug-receptor interaction and possibly tissue selectivity. We 
now report the synthesis and in vitro calcium channel 
modulating effects of the alkyl 1,4-dihydro-2,6-dimethyl-4- 
(pyridinyl)-5-[2-(4,5-dihydro-4,4-dimethyloxazo~in-2-y1)~- 
3-pyridinecarboxylate class of compounds (11). 

1, R = 2-pyridinyl 
2, R = 3-pyridinyl 
3, R = 4-pyridinyl 

4, R = 2-pyridinyl 

il 
5, R = 3-nitrophenyl 

Figure 1. Structures of nitro (1-3), ester (4). and oxazolin-2-yl (5) com- 
pounds. 

Chemistry 

Alkyl 1,4-dihydro-2,6-dimethyl-4-(pyridinyl)-5-[2-(4,5- 
di hydro-4,4-dimethyloxazolin-2-yl)]-3 -pyridinecarbox- 
ylates (l la-e) were prepared by a modified Hantzsch reac- 
tion (see Scheme 1). Thus, condensation of the respective 
aldehydes (6a-c) with n-butylamine led to the imines (7a-c), 
which on reaction with an alkyl acetoacetate (8a-c) resulted 
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0 
II (a) R1-C-H + n-BuNH2 ---+ 

6a, R1 = 2-py 
6b, R1 = 3-py 
6c, R1 = 4-py 

H 
7a, R1 = 2-py 
7b, R I  = 3-py 
7c, R I  = 4-py 

8a, R2 = Me 
8b, R2 = i-Pr 
8c, R1 = i-Bu 

1 0- 

N 
I 

Hz N/ "Me Me A0 
9a, R1 = 3-py, R2 = Me 
9b, R1 = 4-py, R2 = Me 
9c, R1 = 3-py, R2 = i-Bu 
9d, R1 = 4-py, R2 = i-Pr 
9e, R1 = 3-py, R2 = i-Pr 
9f, R1 = 2-py, R2 = i-Pr 

H 10 
l l a ,  Rf = 3-py, R2 = Me 
11 b, R1 = 4-py, R2 = Me 
I l c ,  R1 = 3-py, R2 = i-Bu 
I l d ,  R1 = 4-py, R2 = i-Pr 
I l e ,  R1 = 3-py, R2 = i-Pr 

Scheme 1. Reagents and conditions: (a) benzene, reflux, 3-5 h; (b) acetic anhydride, 25 "C, 18-24 h; (c) EtOH, reflux, 1 8 4 8  h. 

12 13 
14 15 

Me 
I 
I 

i-Pr02C C-NH-C-CHzOH R2-0-C 
Me Me Me 

I 
H I 

H 
16, R1 = 2-py I l f ,  R1 = 2-py, R2 = i-Pr 

Scheme 2. Reagents and conditions: (a) 4-dimethylaminopyridine (DMAP), THF, 25 "C, 2 h; (b) NH3, MeOH, 25 "C; (c) isopropyl acetoacetate, 
2-pyridinecarboxaldehyde, EtOH, reflux, 48 h (d) SOC12, pyridine, dichloromethane, -5 to -10 "C, 1.5 h. 

in the target Knoevenagel adducts (9a-e) as a mixture of (Q- 
and (a-isomers which were not separated. Condensation 
of the 2-alkoxycarbonyl- 1 -(3- or 4-pyridinyl)-but- 1 -en-3- 
ones (9a-e) with 1-[2-(4,5-dihydro-4,4-dimethyloxazolin-2- 
yl)]- 1 -propen-2-amine (10) afforded the respective title 
compounds (lla-e). 

An attempt to prepare 2-isopropoxycarbonyl-1-(2-pyri- 
diny1)-but-1 -en-3-one (90 by reaction of C-(2-pyridinyl)-N- 
(n-buty1)imine (7a) with isopropyl acetoacetate (8b) in the 
presence of acetic anhydride produced a complex mixture of 
products from which 9f could not be isolated. The target 
4-(2-pyridinyl) isomer l l f  was therefore prepared by using 
an alternate procedure (see Scheme 2). Thus, reaction of 
diketene (12) with 2-amino-2-methyl-1-propanol (13) yield- 
ed N-( l,l-dimethyl-2-hydroxyethyl)acetoacetamide (14) 

which was converted to the 3-aminocrotonamide derivative 
15. The Hantzsch condensation of 15 with 2-pyridinecarbox- 
aldehyde and isopropyl acetoacetate yielded isopropyl5-{ N- 
[ 1 -( 1,l -dimethyl-2-hydroxyethyl)aminocarbonyl} 1,4-di- 
hydro-2,6-dimethyl-3-pyridinecarboxylate 16. The thionyl 
chloride mediated cyclization of the C-5 substituent present 
in 16 to an oxazolinyl ring produced the target 4-(2-pyridinyl) 
isomer l l f .  

Results and Discussion 

The design of calcium channel agents suitable for the treat- 
ment of CHF depends on the separation and/or removal of 
their vasoconstrictor effect from their positive inotropic 
cardiostimulant Apparent differences in the mo- 
lecular electrostatic potentials between agonist and antago- 
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nist 1,4-dihydropyridine (DHP) structures, with respect to the 
C-3 and C-5 DHP regions, may be a mechanism allowing the 
receptor to distinguish between activator and antagonist li- 
gands. For example, calcium channel antagonists display a 
positive potential in this region when a C-3 ester substituent 
is present, whereas agonists show a strong negative potential 
in the region adjacent to their C-3 nitro substituend8'. The 
point of attachment of a C-4 pyridinyl substituent for com- 
pounds 1-3 is a major determinant of calcium channel modu- 
lating activity and tissue specificity"]. These observations 
prompted us to investigate analogs of the C-4 pyridinyl 
compounds 1-3 where the nitro group is replaced by a 2-(4,5- 
dihydro-4,4-dimethyloxazolin-2-yl) moiety. Due to their po- 
tential to act as additional electron donors for hydrogen 
bonding to the calcium channel receptor, they may provide a 
method to alter calcium channel receptor binding and/or 
tissue specificity. 

The in vitro calcium channel antagonist activities of com- 
pounds lla-f were determined by using the guinea pig ileum 
longitudinal smooth muscle (GPILSM). The calcium channel 
antagonist activities for lla-f, determined as the concentra- 
tion re uired to produce 50% inhibition of GPILSM contrac- 
tility,[j are presented in Table 1. Compounds lla-f showed 
weak calcium channel antagonist activity to M 
range) relative to the reference drug nifedipine (IC50 = 1.43 
x lo-' M). Since the differences in antagonist activity were 
about one log unit the correlations described represent profile 
differences in potency generally having a low level of signifi- 
cance. A comparison of compounds 11 having a R' = 3- 
pyridyl substituent showed that the relative potency order was 
i-Bu ( l l c )  2 i-Pr ( l l e )  > Me (l la) .  The point of attachment 
of a C-4 3-pyridyl or 4- yridyl substituent was not a determi- 
nant of activity when R' = Me ( l l a  K l l b )  or R2 = i-Pr ( l l d  
z l le) .  However, the C-4 2-pyridyl isomer (llf) was about 
10 times less active than the corresponding 3-pyridyl (l le) 
and 4-pyridyl ( l l d )  isomers when R2 = i-Pr. This latter 
observation was unexpected since previous structure-activity 
correlations for dialkyl 1,4-dihydro-2,6-dimethyl-4-(pyrid- 

inyl)-3,5-pyridinedicarboxylates showed the relative potency 
order for pyridyl analogs was 2-pyridyl > 3-pyridyl > 4- 
pyridyl["l. Replacement of the 4,5-dihydro-4,4-dimethylox- 
azolin-2-yl ring system present in l l d  (IC50 = 2.59 x 1 0-6 M), 
l l e  (IC50 = 3.27 x M) 
by a -COZPr-i substituent (17a, IC50 = 2.31 x M; 17b, 
IC50 = 2.57 x lop7 M; 17c, IC50 = 1.25 x M)['O1 reduced 
calcium channel activity by 11, 13, and 173 times, respec- 
tively. The observation that the relative potency order for the 
isomeric pyridyl analogs lld-f was 4-pyridyl ( l l d )  2 3- 
pyridyl ( l l e )  > 2-pyridyl(llf) suggests that in the design of 
1,4-DHP calcium channel antagonists possessing larger C-3 
isopropyl ester and C-5 cyclic ring substituents such as the 
2-(4,5-dihydro-4,4-dimethyloxazolin-2-yl) ring system, a C- 
4 3-pyridyl or rnetu-substituted-phenyl substituent should be 
consideredr"]. The results of this study indicate that the 
4,5-dihydro-4,4-dimethyloxazolin-2-yl moiety, although less 
effective, acts as a bioisostere of the alkyl ester substituent 
present in classical 1,4-DHP calcium channel antagonists. 

M) and l l f  (IC50 = 2.17 x 

COzPr-i 17a, R = 4-pyridinyl 
17b, R = 3-pyridinyl 5.. 17c, R = 2-pyridinyl 

i-PrOzC 

Me 
I 
H 

In an earlier study it was observed that (2)-isopropyl 1,4-di- 
hydro-2,6-dimethyl-3-nitro-4-(2-pyridiny1)-5-carboxylate 
(1) produced an in vitro calcium channel agonist effect (posi- 
tive inotrope) on guinea pig left atria (GPLA) (EC5o = 9.6 x 
1 OP6 M, the molar concentration eliciting 50% of the maxi- 
mum contractile response produced by 1 on GPLA as deter- 
mined graphically from the dose-response curve)[']. A 
similar study with l l f ,  where the 3-nitro substituent of 1 was 
replaced by a 4,5-dihydro-4,4-dimethyloxazolin-2-yl ring 
system, resulted in a modest 10% increase in the contractile 
response of GPLA at a concentration of 1.64 x lop7 M. This 
observation indicates that the 4,5-dihydro-4,4-dimethyloxa- 

Table 1. Physical and calcium channel antagonist activities of alkyl 1,4-dihydro-2,6-dimethyl-4-(pyridinyl)-S-[2-(4,5-dihy~o-4.4-dimethyl- 
oxazolin-2-yl)-3-pyridinecarboxylates ( l la -0 .  

_-_ 
Compd R '  R' mP Yield Formula Anal.'"' Calcium channel 

antagonist act:ICjo [M]Ib' "C % 

l l a  3-py Me 140-142 30 CIRH23N303 C,H,N 1.60 F 0.06 X 

l l b  4-py Me 193-1 95 57 C19H23N103 C,H.N 2.78 f 0.04 X lo-' 
l l c  3-py i-Bu 181-183 49 C22H29N303 C,H,N 2.22 f 0.03 X lo-' 
l l d  4-py i-Pr 207-208 45 C21H27N303 C,H,N 2.59 * 0.06 X lo-' 
I l e  3-py i-Pr 200-202 51 C21H27N303 C,H,N 3.27 k 0.09 X lo-' 
l l f  2-py i-Pr 187-189 54 C21H?7N303 C , H , N I ~ '  2 . 1 7 i o . o ~ ~  
Nifedipine 1.4320.19x lo-* 

Microanalytical analyses were within 20.4% of theoretical values. unless otherwise stated. 
The molar concentration of antagonist test compound causing a 50% decrease in the slow component or tonic contractile response 
(ICso k SEM) in guinea pig ileal longitudinal smooth muscle by the muscarinic agonist carbachol (1.6 x 
graphically from the dose-response curves (n = 3). 
Exact mass calcd: 369.2052. Found (HRMS): 369.2046. 

M) was determined 
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zolin-2-yl ring system is not an effective bioisostere of a nitro 
substituent with respect to calcium channel agonist activity. 
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Experimental 

Melting points were determined using a Thomas-Hoover capillary appa- 
ratus and are uncorrected. 'H NMR spectra were recorded on a Bruker 
AM-300 spectrometer. The assignment of exchangeable protons (NH) was 
confirmed by the addition of [Dz]H20. NMR spectra were obtained by 
using the J modulated spin echo technique where methyl and methine carbon 
resonances appear as positive peaks and methylene and methine carbon 
resonances appear as negative peaks. Infrared spectra were acquired using a 
Nicolet SDX-FT spectrometer. Silica gel column chromatography was car- 
ried out using Merck 7734 (60-200 mesh) silica gel. Microanalyses were 
within k 0.4% of theoretical values for all elements listed, unless otherwise 
stated. Methyl (Sa) and isobutyl acetoacetate (812) were purchased from the 
Aldrich Chemical Co., and isopropyl acetoacetate (8b) was purchased from 
the Lancaster Chemical Co. 1 -[2-(4,5-Dihydro-4,4-dimethyloxazolin-2-yl ] 
I-propen-2-amine (10) was prepared according to the reported procedure &I- . 

General Method for the Preparation of C-(Pyridinyli-N-(n-butyljimines 
7a-c 

A mixture of the respective pyndinecarboxaldehyde 6a, 6b or 6c (10.7 g, 

2-Methoxycarbonyl-I-(3-pyridinyl)-but-I -en-3-one 9a 

'H NMR (CHC13-di): 6 8.68 and 8.69 (two s, 1H total, pyridyl H-2), 
8.61-8.65 (m, lH, pyridyl H-6), 7.747.80 (m, IH, pyridyl H-4), 7.63 and 
7.67 (two s, 1H total, CH=C-COzMe), 7.34-7.41 (m, IH, pyridyl H-S), 3.80 
and 3.86 (two s, 3H total, COzMe), 2.40 and 2.46 (two s, 3H total, COMe). 
The ratio of the ( E ) : ( z )  isomers calculated from the integrals for COMe 
protons at 6 2.40 and 2.46 was 2:3, respectively. 

2-lsopropoxycarbonyl-I -(4-pyridinyl)-but-I-ene-3-one Yd 

'H NMR (CHC13-di): 6 8.48 and 8.50 (two d, 52.3 = J5,6 = 5.0 Hz, 2H total, 
pyridyl H-2 and H-6), 7.34 and 7.38 (twos, 1H total, CH=C-COz), 7.09 and 
7.21 (two d, J2 ,3  = J5,6 = 5.0 Hz, 2H total, pyridyl H-3 and H-5), 5.03 (septet, 
J = 6.2 Hz, lH, CHMez), 2.20 and 2.27 (two s, 3H total, COMe), 1.08 and 
1.16 (two d, J = 6.2 Hz, 3H each, CHMe2). The ratio of the (@:(a isomers 
calculated from the integrals for COMe protons at 6 2.20 and 2.27 was 1:1, 
respectively. 

General Method for the Preparation of AlkylI,4-Dihydr0-2,6-dimethyl- 
4-(pyridinyl)-5-[2 -(4,5-dihydro-4,4-dimethyloxazolin-2-yl)]-3-pyridine- 
carboxylates l la-e 

A solution of 1-[2-(4,5-dihydro-4,4-dimethyloxazolin-2-yl)]- l-propen-2- 
amine (10,0.46 g, 2 mmol) and the Knoevenagel adduct (9a-e, 2 mmol) in 
ethanol (30 ml) was refluxed for 1 8 4 8  h to complete the reaction. Removal 
of the solvent in vucuo resulted in the respective products lla-e that were 
purified by silica gel column chromatography using EtOAc-hexane as eluent 
(3:1, v/v for lla-c; 4:1, v/v for lld-e) prior to recrystallization from 
EtOAc-hexane (2:l, v/vfor lla-c, l le;  3:1, v/vfor l ld).  The mp and % yield 
of products l la-e are summarized in Table 1 .  

Methyl 1,4-Dihydr~)-2,6-dimethyl-4-(3-pyridinyl)-5-[2-(4,5-dihydro- 
4,4-dimethyloxazolin-2-yl)]-3-pyridinecarboxylate 1 la 

IR (KBr): v = 3197 cm-' (NH), 1679 (C02).- 'H NMR (CHCI3-di): 6 8.55 
(s, IH, pyridyl H-2), 8.36 (d, J5,6 = 5.0 Hz, lH, pyridyl H-6), 7.63 (d, J4,5 = 
7.9 Hz, lH, pyridyl H-4), 7.12-7.16 (m, lH, pyridyl H-S), 5.93 (s, lH, NH), 
5.05 (s, IH, dihydropyridyl H-4), 3.83 (q, J =8.0 Hz, 2H, oxazolinyl H-S), 

C-6 Me's), 1.17 and 1.22 (two s, 3H each, oxazolinyl C-4 Me's). 

0.1 mol) and n-butylamine (7.3 g, 0.1 mol) in benzene (100 ml) was refluxed 
for 3-5 h using a Dean-Stark trap to remove water formed in the reaction. 
Removal of the benzene in vucuo and distillation of the product produced the 
respective imine product which was used immediately in the subsequent 

87% yield; 7c, hp 75-80 W0.4  mm Hg, 90% yield. The 'H NMR spectral 
data for 7a, representative for 7a-c except for differences in pyridinyl proton 

reaction; 7a, bp 65 mm Hg, "% yield; 7b3 bp 79-81 llVn Hg, 3.60 (s, 3H, CONe),  2.22 and 2.35 (two s, 3H each, dihydropyridyl C-2 and 

chemical shifts, are provided below. 

C-(2-Pyridinyl)-N-(n-hutyl)imine 7a 

H NMR (CHC13-dl): 6 8.64 (d, J5.6 = 5.0 Hz, lH, pyridyl H-6), 8.38 (s, 1 

lH, CH=N), 7.98 (d, J3.4 = 8.0 Hz, lH, pyridyl H-3), 7.72 (ddd, J3,4 = J4.5 = 
8.0, J4.6 = 1.40 Hz, IH, pyridyl H-4), 7.23 (d, J4.5 = 8.0, J5,6 = 5.0, J3.s = 
1.6 Hz, lH, pyridyl H-S), 3.68 (t, J = 7.1 Hz, 2H, =NCH2CHzCH2Me), 1.72 
(quintet, J = 7.1 Hz, 2H, C H ~ C H ~ C H Z M ~ ) ,  1.40 (sextet, J = 7.1 Hz, 2H, 
C H ~ C H ~ C H Z M ~ ) ,  0.95 (t, J =  7.1 Hz, 3H, -CHzMe). 

General Method for the Preparation of 2-Alkoxycarbonyl-I -(pyridinyl)- 
but-I-en-3-ones 9a-e 

Acetic anhydride (2 ml) was added to a mixture of the respective C-(pyrid- 
iny1)-A-(n-butyl)imine 7b or 7c (100 mmol), and alkyl acetoacetate Sa, 8b 
or 8c (100 mmol). The reaction was allowed to proceed at 25 "C with stimng 
for 18-24 h, at which time the reaction was completed. Addition of water 
(20 ml), extraction with EtOAc (3 x 50 ml), washing the combined EtOAc 
extracts with brine solution (30 ml), drying the EtOAc fraction (MgS04), and 
removal of the solvent in vacuo produced the respective products 9a-e as an 
oil purified either by silica gel column chromatography using EtOAc-hexane 
(l:3, v/v) as eluent (Ya-b) or by distillation (Yc, hp 80 W 0 . 5  mm Hg; Yd, hp 
85-87 YX.5  mm Hg; 9e, hp 80-82 W 0 . 7  mm Hg). Products Ya-e, obtained 
in 6545% isolated yield after purification as described above, existed as a 
mixture of (E) -  and (3-isomers (E:Z ratio = 1: I to 2:3 as determined from 
the 'H NMR MeCO resonances integrals for the two isomers) were used 
immediately in the subsequent syntheses of lla-e. The 'H NMR spectral 
data for Ya-e were qualitatively similar except for differences in R' pyridinyl 
and R2 alkyl resonances. Representative 'H NMR spectral data for Ya and 
9d are listed below. 

Methyl I,4-Dihydro-2,6-dimethyl-4-(4-pyridinyl)-5-[2-(4.5-dihydro- 
4,4-dimethyloxazolin-2-yl)]-3-pyridinecarbo~late 1 lb 

IR (KBr): v = 3201 cm-' (NH), 1683 (COz).- 'HNMR (CHCkdl): 6 8.42 
(d,J2,3=Js,6=5.0Hz,2H,pyridylH-2andH-6),7.23(d,J2,3=J5,6=5.0Hz, 
2H, pyridyl H-3 and H-5), 5.84 (s, IH, NH), 5.07 (s, lH, dihydropyridyl H-4), 
3.85(q,J=8.0Hz,2H,oxazolinylH-5),3.61 (~,3H,COzMe),2.23and2.37 
(two s, 3H each, dihydropyridyl C-2 and C-6 Me's),  1.20 and 1.23 (two s, 3H 
each, oxazolinyl C-4 Me's). 

I.soburyll,4-Dihydr~)-2,6-dimethyl-4-(3-pyridinyl)-5-[2-(4,5-dihydro- 
4,4-dimethyloxazolin-2-yl)]-3-pyridinecarboxylate l l c  

IR (KBr): v = 3219 cm-' (NH), 1702 (C02).- 'HNMR (CHC13-di): 6 8.56 
(d, J2.4 = 2.0 Hz, IH, pyridyl H-2), 8.35 (dd, J5,6 = 5.0, J4.6 = 1.5 Hz, IH, 
pyridyl H-6), 7.63 (ddd, J4,5 = 8.0, J2,4 = 2.0, J4.6 = 1.5 Hz, lH, pyridyl H-4), 
7.13 (dd, J4,5 = 8.0, J5.6 = 5.0 Hz, IH, pyridyl H-S), 5.56 (s, IH, NH), 5.05 
(s, IH, dihydropyridyl H-4), 3.83 (d, J = 6.1 Hz, 2H, Me2CHCH202C), 3.73 
(q, J = 8.0 Hz, 2H, oxazolinyl H-5), 2.22 and 2.37 (two s, 3H each, C-2 and 
C-6 Me's),  1.85 (m, lH, CHzCHMez), 1.19 and 1.21 (two s, 3H each, 
oxazolinyl C-4 Me's), 0.78 and 0.82 (two d, J = 6.2 Hz, 3H each, 
CH2CHMez). 

lsopropyll,4-Dihydro-2,6-dimethyl-4-(4-pyridinyl)-5-[2-(4,5-dihydro- 
4,4-dimethyloxazolin-2-yl)]-3-pyridinecarboxylate l l d  

IR (KBr): v = 3197 cm-' (NH), 1708 (C02).- 'HNMR (CHC13-dl): 6 8.40 
(d,J2,3=Js,6=5.0Hz,2H,pyridylH-2andH-6),7.24(d,J2,3=J5,6=5.0Hz, 
2H, pyridyl H-3 and H-5), 6.30 (s, 1 H, NH), 5.01 (s, lH, dihydropyridyl H-4), 
4.91 (septet, J = 6.2 Hz, lH, CHMez), 3.81 (9. J = 8.0 Hz, 2H, oxazolinyl 
H-5), 2.19 and 2.33 (two s, 3H each, dihydropyridyl C-2 and C-6 Me 's), 1.02 
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and I 22(twod, J=6.2H~,3Heach,CHMe2), 1.17and 1.20(twos,3Heach, 
oxarolinyl C-4 Me's). 

Isopropyl I,4-Dihydro-2,6-dimethyl-4-(3-p~ridinvl/-5-[2-(4,5-dihydru 
4,4-dimetliyloxuzulin-2-y(/]-3-pyrid~n~~carb~~x~~lute 1 l e  

IR (KRr): v = 3206 cm-l (NH), 1685 (COz).- 'H NMR (CHCI3-di): 6 8.53 
(s, 1H. pyridyl H-2), 8.33 (d, J5.6 = 5.0 Ha, IH, pyridyl H-6), 7.62-7.68 (m, 
1H, pyridyl H-4), 7.13 (dd, J5.6 = 5.0, J4.5 = 7.5 Hz, IH, pyridyl H-5), 6.17 
(s, IH, NH), 4.99 (s, IH, dihydropyridyl H-4), 4.90 (septet, J = 6.2 Ha, IH, 
CHMez), 3.79 (q, J = 8.0 Hz, 2H, oxazolinyl H-5), 2.19 and 2.32 (two s, 3H 
each, dihydropyridyl C-2 and C-6 Me's), 1.10 and 1.21 (two d, J = 6.2 HL, 
3H each. CHMe2).).- I3C NMR (CHC13-di): 6 166.89 (COz), 162.13 (oxaz- 
olinyl C-2), 149.66 and 146.91 (pyridyl C-2 and C-6), 145.65 and 143.20 
(dihydropyridyl C-2 and C-6), 138.01 (pyridyl C-3), 135.85 (pyridyl C-4), 
122.95 (pyridyl C-5), 101.53 and 101.23 (oxazolinyl OCH2 and C-4), 66.84 
(dihydropyridyl C-4), 66.70 (dihydropyridyl C-3 and C-S), 39.05 (CHMe2), 
28.32 and 28.21 (dihydropyridyl C-2 and C-6 Me's), 22.09 and 22.71 
(oxazolinyl C-4 Me's), 19.54 and 18.41 (CHMe2). 

N-(I ,  l - D i n z ~ t h ~ l - 2 - h ~ d r ~ ~ ~ ~ t h l . l ) c l c . r t o u c e  14 

Diketene (8.40 g, 100 mmol) was added dropwise to a solution of 2-amino- 
2-methyl-1-propanol (8.90 g, 100 mmol) in THF (30 ml) containing 4-di- 
methylaminopyridine (100 mg) and the mixtnre was stirred for 2 h at 25 "C. 
Removal of the solvent in varuo and purification of the product by silica gel 
column chromatography using EtOAc-hexane ( 1:3, V / V )  as eluent yielded 14 
as a pale yellow viscous oil (90% yield) used immediately in the subsequent 
reaction. 

N-( I ,  1 - I~imeth~l-2-h~dro~~ethyl~-3-an~ino~rotot iumide 15 

Ammonia gas was passed through a stirred solution of 14 (7.9 g, 50 mmol) 
in methanol (50 ml) at 25 "C until 1 L C  indicated that the reaction had gone 
to completion. Removal o f  the solvent in vucuo led to 15 as a white solid 
used immediately in the wbsequent reaction without further purification.- 
mp99-IOI "C,95%yield.-'HNMR(CHC11-dl): 66.0-6.4(brs, 3H,CONH 
and =C-NH2), 5.02 (s, IH, OH), 4.31 (s, IH, =CH). 3.56 (s, 2H. CH20H), 
I .84 (s, 3H, Me-C=CH), 1.28 (s, 6H, NHCMe2). 

Isopropyl5-(N-( [ - ( I ,  I-Dirnet/1yl-2-hydroxyeth~l)un1inocurbo~1~1]) 
1,4-Dih~dro-2.6-diniethyl-3-pyridinecurboxylute 16 

A mixture of 15 (0.18 g, 1.1 mmol), isopropyl acetoacetate (0.15 g, 
1.1 mmol) and 2-pyridinecarboxaldehyde (0.1 12 g, I. I mmol) in ethanol (50 
ml) was refluxed for 48 h. Removal of the solvent in vucuo and purification 
of the residue obtained by silica gel column chromatography using EtOAc- 
hexane (3:l. d v )  as eluent yielded 16 (0.12 g, 30%) as a white solid.- mp 
170-172 T- IR (KBr): v = 316&3311 cm-l (NH, OH), 1671 (CONH), 
1592 (NH).- 'H NMR (CHCII-di): 6 9.36 (s, 1H, CONH), 8.43 (d, Js.6 =5.0 
Hz, IH, pyridyl H-6), 7.65 (dd, J3,4 = J4.5 = 7.5 Hz, IH, pyridyl H-4). 
7.07-7.13 (m, 2H, pyridyl H-3 and H-5), 6.32 (t. JCH,OH = 4.2 Hz, IH, 
CHzOH), 6.13 (s, IH, dihydropyridyl NH), 4.85-5.0 (m, 2H, dihydropyridyl 
H-4andCHMe2),3.60(d,.I~~,0~=4.2Hz,2H,CH20H),2.14and2.43 (two 
s, 3H each, dihydropyridyl C-2 and C-6Me Is), I .35 and 1.43 (two s, 3H each, 
CONHCMe2), 1.01 and 1.20 (two d, JCH,M~ = 6.1 Ha, 3H each, CHMe2). 
Anal. Calcd. for C ~ I H ~ ~ N ~ O ~ . I / ~ H ~ O :  C 63.62, H 7.62, N 10.60. Found: C 
63.66, H 7.60, N 10.27. 

Isopropyl 1.4-Dihydro-2,6-dimethyl-4-(2-pyridinq.1)-5-(2-(4,5-diliydm-4,4- 
dimeth~loxazolin-2-).[)]-3-pyridinecarboxyfu~e l l f  

Thionyl chloride (0.18 g. 1 mmol) was added dropwise to a solution of 16 
(0.388 g, 1 mmol) in dichloromethane (25 ml) and pyridine (10 ml) while 
maintaining the reaction temperature in the -5 to -I 0 "C range. The reaction 
was allowed to proceed at this temperature for I .5 h prior to warming to 0 "C 
and removal of the solvent in vacuo. Purification of the product by silica gel 
column chromatography using EtOAc-hexane (2: I ,  V/V)  as eluent and recrys- 
tallization from EtOAc-hexane (1: I ,  v/v) yielded l l f  as a white solid (54%).- 
TR (KBr): v = 3206 cm-' (NH), 1682 (C02).- 'H NMR (CHC13-di): 6 8.46 
(d, Js,6 = 5.0 Hz, IH, pyridyl H-6), 8.09 ( s ,  IH, NH), 7.46 (dd, J3.4 = J4.5 

=7.5 Hz, IH, pyridyl H-4), 7.25 (d, J3.j = 7.5 Hz, IH, pyridyl H-3), 7.05 (dd, 
J4.5 = 7.5, J.5.6 = 5.0 Hz, IH, pyridyl H-S), 5.06 (s, IH, dihydropyridyl H-4), 
4.83 (septet, J = 6.1 Hz, lH, CHMez), 3.73 (9. J = 8.0 Hz, 2H, oxazolinyl 
H-S), 2.06 and 2.22 (two s, 3H each, dihydropyridyl C-2 and C-6 Me's), 1.06 
and 1 .I8 (two s, 3H each, oxazolinyl C-4 Me's), 0.93 and 1.14 (two d, J = 
6.1 Hz, 3H each, CHMez).- I3C NMR (CHC1.3-di): 6 167.40 (COz), 165.50 
(oxazolinyl C-2), 162.73 (pyridyl C-2), 148.21 (pyridyl C-6), 147.04 and 
138.97 (dihydropyridyl C-2 and C-6), 135.08 (pyridyl C-4). 124.41 and 
121.25 (pyridyl C-3 and C-5), 100.45 and 99.83 (OCH2 and oxazolinyl C-4), 
66.43 (dihydropyridyl C-3 and C-5), 66.27 (dihydropyridyl C-4), 44.29 
(CHMe2), 28.25 (dihydropyridyl C-2 and C-6 CH?'s), 22.13 and 21.70 
(oxazolinyl C-4 C H 3 ' s ) ,  19.16 and 17.90 (CHMe2). 

In  vitro Calcium Channel Antagonist Asmy 

The calcium channel antagonist activities of compounds lla-f were 
determined as the molar concentration of the test compound required to 
produce 50% inhibition of the muscarinic receptor-mediated (carbachol, 1.6 
x 1 0-7 M) Ca2+ dependent contraction (tonic response) of guinea pig ileum 
longitudinal smooth muscle (GPILSM) using the procedure described 
above"'. The ICyj value (+ SEM) was determined graphically from the 
dose-response curve. 
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