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Summary — Nine new 1,4-dihydropyridines (DHPs) were synthesized and evaluated for their relaxant ability (rat aorta) and their
antihypertensive activity in spontaneously hypertensive rats; their microsomal oxidation rate (MOR) was determined. In terms of
relaxant activity, the 4-(3,5-difluoropheny!) analogues were more potent than those with 4-(4-fluorophenyl) but weaker than those with
4-(3-nitrophenyl) substituents, while in terms of antihypertensive activity the 4-(3,5-difluorophenyl) derivatives were more potent than
their 4-(3-nitrophenyl) analogues. Their MOR could be explained on the basis of the electron-withdrawing effect of the substituents,
and in some cases they permitted a rationalization of discrepancies noted between DHP antihypertensive and relaxant activities. A
parabolic relationship was found between the size of the carboxylic ester substituents and their contributions calculated from a

Free~Wilson/Fujita—Ban analysis of relaxant activity data.

1,4-dihydropyridine / aorta relaxant activity / antihypertensive activity / microsomal oxidation rate / structure—activity relation-

ship

Introduction

1,4-Dihydropyridines (DHPs) are modulators of the
transmembrane influx of extracellular calcium [1].
The nifedipine prototype and other DHPs have been
approved for clinical use in the treatment of some
cardiovascular diseases [2—4].

Numerous qualitative and quantitative structure—
activity relationship studies (SAR and QSAR, respect-
ively) have shown the importance of aryl ring substi-
tution on pharmacological activity [5—-8]. Substituents
in the ortho and meta positions usually maintain or
increase the activity, whereas para substitution dras-
tically reduces it. In a study [S] involving pharmaco-
logical and binding data for a large series of mono-
and polysubstituted DHPs, Coburn ef al showed that

*Taken from the PhD thesis in Pharmacology of ZHG, CIEA-
IPN, 1994.

**Correspondence and reprints.

Abbreviations: A;: normalized surface area; DHP: dihydro-
pyridine; DMSO: dimethyl sulfoxide; FW/FB: Free-Wilson
analysis modified by Fujita and Ban; NIT: nitrendipine; NIC:
nicardipine; MOR: microsomal oxidation rate; SHR: spon-
taneously hypertensive rat.

electron-withdrawing substituents enhance activity,
but that an increase of substituent size is unfavorable
for it, especially for the para and meta’ positions.

The purpose of this research was to examine the
relaxant effect of DHPs with novel substituents (3-
bromo-4-fluoro and 3,5-difluoro) on the 4-phenyl ring
(3'-Br,4'-F and 3',5'-F,, respectively), which have
appropriate inductive effects and are small enough for
the critical (para and meta’) positions, and a new ester
function (CF;CH,00C-) in various combinations (fig 1).
These were compared with DHPs with established
substituents (4'-F, 3'-NO,) and ester functionalities.
Some known DHPs (1-3, nitrendipine and nicardi-
pine) were used as reference compounds.

The therapeutic efficacy of DHPs is, however, lim-
ited by a rapid first-pass hepatic inactivation which
leads to brief activity [9], necessitating frequent
dosing. Studies on their pharmacokinetics and bio-
transformation [10-13] have shown that the first and
preponderant step in their metabolism is their oxi-
dation to pyridines. A mechanism proposed by
Guengerich and Bocker [14, 15] includes the transfer
of an electron to generate a cationic radical as a first
step (scheme 1), followed by deprotonation to a
neutral radical, which then loses a hydrogen atom, or
an electron and a proton, to give the final pyridine.
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Fig 1. General structure of the studied DHPs. The asterisk
identifies the chiral center when R = R'.
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Scheme 1.

SAR studies of the microsomal oxidation rate (MOR)
[16, 17] showed that it is more influenced by the type
and location of the aryl substituent than by the ester
moicties. We have examined these new DHPs,
together with the related reference compounds for
their in vivo antihypertensive activity in spontaneously
hypertensive rats (SHR), and their susceptibility to
metabolic inactivation, quantified by their MOR. In
particular we sought to relate the two parameters by
deriving SARs useful in designing further DHPs with
a longer duration of action.

Chemistry

The symmetric DHPs (R = R'; table I) were syn-
thesized by the classic Hantzsch method according to
recent procedures [18-20] (scheme 2). The asym-
metric DHPs (R = R'; table I) were obtained as race-
mates as shown in scheme 3.

Results and discussion

Smooth muscle relaxing activity

The calcium-channel-blocking activity was evaluated
by the relaxation of rat aorta rings precontracted with

80 mM K*. All tested compounds dose-dependently
inhibited the K*-induced contractions. The obtained

Table 1. Structure and physical data of the DHPs.

H
DHP X R R Mp(°C)  Formula® Cryst sovent® Yiek! (%)
0 H C,Hg C,H, 154-1568° C,gH,,0, A 31
1 3-NO, CH, CH, 208-208° C,H,N,0, A 44
2 3-NO, CH CH, 185-186° C,HL,N,0q A 56
3 4F CH, CH, 170-1717 CH, NOF A a5
4 &F CHy C,H, 148-149  C,H,NOF A 84
5 35F, CH, CH, 185-187 CoH NOFF A 55
6 35F, CH, CH, 151-153  C,H,NOF, B 35
7 35, CH, CHCF, 162-164 C, HNOFS, A 46
8  35F, CH, CHCHOCH, 130141 C,HNOF, A 29
9 3IS5F, CH, EtNMe)Bz’ 0284 C,H,NOF, C 7
10 35F, CHy CH 181-183 C,H,NOF, A 51
11 3-Br4-F CH, CH, 185-167 C,H,NOFBr A 55
12 3-Br4-F CH, CH,CF, 146-149 C,HNOFBF A 42
NIT¥ 3“NO,  CH, C;H, 158-158'  C,(H,N,Of D -
NIC™ 3-NO,  CH, EIN(M@)Bz' 107-108° C,oH;N,0, E -

"The analyses of DHPs 4-12 for C, H, N and halogens were
within +0.4% of the theoretical values, except as noted;
A = methanol, B = ethanol/hexane, C = isopropyl ether, D =
ethanol, E = isopropyl ether/hexane; °lit mp 156-157°C
[34]; 4lit mp 207°C [20}; °lit mp 168°C [20]; flit mp 171°C
[35]; EF: calc 11.27, found 10.80; 'F: caled 23.44, found
22.67; 'N-benzyl-N-methyl-2-aminoethyl; iF: caled, 16.30,
found 15.41; *nitrendipine; 'see reference [20]; ™nicardi-
pine; "see reference [41].
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pICs, values are shown in table II. Except for 3, all
the tested DHPs were more potent than verapamil
(pICs, = 6.78 (6.65-6.90)).

The novel substitution 3',5'-F, results in highly
potent DHPs, only slightly less active than the 3'-NO,
derivatives, but more active than the 4'-F analogues.
The relatively low potency of the 4'-F DHPs is clearly
evidence for the strict steric requirements of the recep-
tor in the para position. This is confirmed by the weak
activity obtained for DHP 11 (3'-Br,4'-F-substituted)
in comparison to the excellent activity reported by
Coburn et al for its 3'-Br analogue [5].

As regards the ester moieties, where direct com-
parisons were possible (1 vs 2, 3 vs 4, 5 vs 10), the
diethyl esters were more potent than the dimethyl
compounds. Mixed esters (R = Me, R' = Et) were
intermediate, while the trifluoroethyl substituent
conferred no remarkable enhancement. Although it
has been claimed that asymmetric DHPs are in gen-
eral more potent {19, 21, 22|, our results contradict
this, since within the 3'-NO,, 4'-F and 3',5'-F, series,
the diethyl ester analogues (2, 4, and 10) were the
most potent.
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Antihypertensive activity

The effects of the DHPs on the systolic blood pressure
and cardiac frequency of SHRs are listed in table III
and shown in figures 2 and 3. All the DHPs displayed
significant antihypertensive activity. For most, the
maximum drop was seen 1 h after administration.
Except for NIC, the 3',5'-F, DHPs were more potent
than their 3'-NO, analogues, while the 4'-F analogues
were less potent and had a shorter time of action.
Most of the new DHPs showed relatively good anti-
hypertensive activity, considering their intermediate
potency relative to the reference compounds (NIT and
NIC). DHPs 6 and 7 were still active after 4 h,
whereas 5 showed a significant reduction over 8 h.

It was of interest to compare the rank order of
potencies obtained in this bioassay with that found by
us for the in vitro aorta relaxant bioassay. The DHPs
with dimethyl esters were more potent in vivo than
those with diethyl esters for both 3'-NO, and 3'.5'-F,
series, whereas this order was reversed in vitro. The
3',5'-F, DHPs were more potent in vivo than their 3'-
NO, analogues (except for NIC), while they were less
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Table II. Relaxant activity and physicochemical parameters
of DHPs.

Table III. Antihypertensive activity and microsomal oxida-
tion rates of the DHPs.

DHP pIC,(95%C) R, Log P

LH? calkd®  calcd®
1 8.22(8.06-8.38) -0.588 0.48 0.85 0.50
2 9.22(9.12-9.34) -0.431 1.54 1.66 1.60
3 6.67 (6.80-6.74) -0.591 0.86 082 0.98
4 7.22 (7.03-7.40) -0.447 1.94 1.58 1.66
5 7.25(7.10-7.40) -0.528 1.00 1.15 1.28
8 777(768-7.88) 0491 154 136 1.46
7 7.73(7.67-7.80) -0.251 237 2.60 2.58
8 7.78(7.70-7.87) -0.145 2.91 315 308
9 7.34(724-745) -0.152 3.37 312 3.05
10 803(7.84-8.22) -0.348 2.08 2.09 2.13
11 7.18(7.07-7.30) -0.486 1.72 1.37 1.48
12 7.24(714-733) -0.124 3.09 3.26 3.18
NIT? 8.30(8.23-8.38) -0.528 1.00 1.15 0.91
NIC® 8.26(8.19-8.34) -0.258 2.83 2.56 2.82

3Calculated by the Leo-Hansch fragmental system; Pcalcu-
lated by eq 1; “calculated by eqs 2 or 3; “nitrendipine;
*nicardipine.

potent in vitro. This indicates that even if the anti-
hypertensive activity results from the relaxing effect,
the latter does not completely account for the former.

Cardiac frequency

Of all the compounds tested only three had a signifi-
cant effect on cardiac frequency (see figure 3); NIC
showed a peak increase between 0 and 2 h, while 1
and 3 diminished it significantly after 2 h. For NIC,
the increase in cardiac frequency could be explained
as a compensatory response to the drop in arterial
pressure. However, for DHPs 1 and 3, we assume that
the effect on cardiac frequency is due to their direct
effect on cardiac muscle.

Microsomal oxidation rate

The MOR results are shown in table III. Our proposal
that introduction of two small electron-attracting
substituents, ie 3',5'-F,, would retard oxidation, was
confirmed, since their MOR was consistently smaller
than those of the corresponding 3'-NO, analogues.

AHA® &b MOR(£SD)*
DHP Emac (mmHg) T(h) mM'cm' nmolimg prot-min
0 4.55 1.37 (£0.26)
1 -20 6 4.78 0.66 (£0.11)
2 -13 4 4.16 0.76 (+0.04)
3 -10 2 4.83 0.90 (+0.15)
4 -15 2 4.78 0.98 (+0.14)
5 -32 8 4.55 0.57 (1£0.05)
6 -30 6 4.80 0.58 (+0.03)
7 -22 6 --- ---
8 -21 2 .- ---
9 -23 6 462 0.54 (+0.04)
10 -18 2 .- ---
11 -14 2 4,52 0.59 (+0.08)
12 -25 6 --- .-
NIT? -15 4 4.36 0.71 (£0.11)
NIC ¢ -48 6 --- ---

2Antihypertensive activity (n = 6), where E_,, and T are
the maximum effect and the time during which the re-
duction was significantly different from #, and the control
(p < 0.05-0.01); bmolar extinction ¢oefficient of DHP
at 360 nm; “microsomal oxidation rate (n = 5-7); Ynitren-
dipine; °nicardipine.

The singly substituted 4'-F derivatives (3 and 4) were
the most susceptible to oxidation (except for 0), while
the MOR for the only 3'-Br,4'-F was intermediate
to that of the 3',5'-F, and 3'-NQ, analogues. This
MOR order is consistent with their inductive effect.
According to published values [23], the inductive
components of o (o) for 3',5'-F,, 3'-Br,4'-F, 3'-NO,,
4'-F and H are 1.04, 0.96, 0.60, 0.52 and zero, respec-
tively (although the o, values for 4'-F and 3'-Br,4'-F
might be smaller than those indicated, this would not
change their relative order due to the variation in the
location of the F). These results' indicate that the
presence of electron-attracting substituents or atoms
on the phenyl ring protects the DHP from oxidation.
This would support the DHP oxidation mechanism
proposed by Guengerich and Bocker [14, 15], since an
electron-attracting substituent would destabilize the
formation of a cationic radical [24], reducing the
MOR.



Studies on the effect of substitution on the rates of
ferricyanide-mediated chemical oxidation of model 3-
substituted 1,4-dihydropyridines [25] showed that
electron-withdrawing 3-substituents made them less
susceptible to oxidation. In this work, the methyl de-
rivative was less oxidizable than that with ethyl, in
accord with our results.

Examination of the MOR results also shows that
they could resolve to a large extent the discrepancies
between the in vitro and in vivo effects. For example,
the diethyl DHPs had a greater relaxant effect than the
corresponding dimethyl analogues, but also had a
greater MOR, implying faster metabolic deactivation,
and thus, less in vivo activity. Similarly, the 3',5'-F,
DHPs, which had a good relaxant effect, show a
reduced MOR and therefore a stronger and longer in
vivo activity. These considerations also apply to the
4'-F derivatives.

Determination of molecular descriptors

In table II have been gathered some molecular
descriptors for use in QSAR. We chose to calculate
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or to estimate their hydrophobicity from their thin-
layer chromatographic index (Ry) [27].

The Leo-Hansch fragmental method was applied as
described in the Experimental protocols. It might be
noted that the log P calculated for 1 of 0.46 is close to
the reported [28] value for nifedipine of 0.42.

In general the order of the hydrophobic substituent
contribution derived from the Ry values for the aryl
(3'-Br,4'-F > 3',5'-F, > 3'-NO, =z 4'-F) and ester sub-
stituents (2-phenoxyethyl > N-benzyl, N-methyl-2-
aminoethyl > 2,2,2-trifluoroethyl > ethyl > methyl) is
in agreement with the various fragmental-derived
values [26, 29]. Only the 3'-NO, analogues show
discrepancies. It has frequently been noted that the Ry,
values of chemically different families are affected not
only by their hydrophobicity but also by electronic
factors [30].

We compared the Ry and log P values (fig 4) and
obtained the following correlations. When all points
are included in a single regression, line A is obtained:

log P=522Ry+391 (1]

their log P by the Leo-Hansch fragmental system [26] n=14,r?=0.93, s =0.26, p < 0.0001
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Fig 2. Effects of the DHPs on the systolic blood pressure in spontaneously hypertensive rats. Each point represents the mean

for six rats.
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Fig 3. Effect of the DHPs on the cardiac frequency in spontancously hypertensive rats. Each point represents the mean for six
rats. * Difference statistically significant (p < 0.05) in comparison with £, (Dunnett’s test) and the control (¢-test: grouped data).

When they are split into logical subgroups, the non-3'-
NO, series (line B) gives:

log P=4.68 R + 3.76 [2]
n=10,r2=0.94,s = 0.23, p < 0.0001

while the 3'-NO, derivatives (line C) clearly lie on a
different line:

log P =7.08 Ry + 4.65 [3]
n=4,r2~1.0,s=0.08, p<0.005

The slopes of lines B and C differed significantly
(p < 0.05). This shows that the DHPs with 3'-NO, and
those with halogens (4'-F, 3'-Br,4'-F or 3',5'-F,) inter-
act differently with the chromatographic system used.

The size of the various ester substituents was esti-
mated by their surface area (calculated with the PC-
Model program). The normalized surface areas, rela-
tive to methyl = 1, are shown in table IV.

Structure—activity relationships

A Free—Wilson/Fujita—~Ban (FW/FB) QSAR was made
of the relaxant activity data. Since we have some
chiral DHPs, whose ester positions were not fixed, we

combined them into a fictitious substituent R(3,5)
[31]. The substituent contributions obtained from this
analysis are given in table V (we chose DHP 1 as the
reference compound). We made an initial FW/FB
analysis, leaving out DHP 8 (single-point determination
for 2-phenoxyethyl in C(3,5)) [32]. The results of this
analysis (coefficient contributions and statistical par-
ameters not shown) are the same or similar to those
obtained in the FW/FB analysis with all DHPs.

The FW/FB analysis explains more than 95% of the
biological variance. It show that the variations in the
aryl ring led to a 100-fold potency difference, whereas
for changes in the ester groups it was only 10-fold.
Moreover, the contribution order obtained from this
analysis, for aromatic substituents, is the same as that
found by Coburn et al [5].

A parabolic dependence was found between the
(normalized) ester moiety surface area, A, and the
respective FW/FB contribution (fig 5):

FW/FB contr = 0.769 (+0.063) A, — 0.137 (+0.011) A;2 -
0.650 (z0.071) [4]
n=5,r2=0.99,5s=0.03, F=78.4,p <0.05
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Fig 4. Plots of Ry vs calculated log P . The regression
lines drawn are: A) all 14 DHPs; B) DHPs with non-3'-NO,;
and C) 3'-NO, DHPs (for numbers see table I).

The dependence is clear and shows an optimum value
of 2.81 (corresponding to 110 A?). The optimal surface
area suggests that substituents such as iso-pentyl, iso-
propoxyethyl or others of similar size might give
potent DHPs. It is interesting to note that in a report
by Dubur et al [33], the most potent DHPs in smooth
muscle relaxation were some with 2-ethoxyethyl and

Table IV. Surface area of the ester substituents.

Substituent Surface area® (A2) Ap
CH, 39 1.00
C,H; 60 1.54
CH,CF, 68 1.74
CH,CH,0C¢H;, 135 3.46
EtN(Me)Bz¢ 180 4.62

aCalculated with the PC-Model program; bnormalized values
of the surface area, CH; = 1; N-benzyl-N-methyl-2-amino-
ethyl.
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Table V. FW/FB analysis of relaxant activity.

Fragment N* Contribution (+SD)
u - 8.27 (+0.14)
R(C4)“
3-NO,CH, 4 0.00°
4-FCeH, 2 -1.70 (£0.18)*
3-Br-4-FC4H, 2 -1.18 (£0.20)*
3,5-F,CqH, 5  -0.88(:0.13)*
R(C3,C5)"
CH,, CH, 4 0.00¢
CH,, C,H, 2 0.21 (£0.18)
CH,, CH,CF, 2 0.25 (10.18)
CH,, CH,CH,OCH, 1 0.39 (10.23)
CHj, CHCHNN(CH,)CH,CiHs 2 -0.03 (0.18)
C,Hs, CoHg 3 0.75 (10.15)"

*Frequency of occurrence of the substituents in DHP set;
brelaxant activity calculated for DHP 1 (reference compound);
‘substituent on C4; dby definition; “ester substituents at C3
and C5. *Value significantly different (p < 0.05) from zero
(coefficient’s significance in FW/FB does not have the same
meaning as in the Hansch model, but depends on the choice
of the reference substituents [32]). n = 14, 2 = 0.97; s =
0.19; F = 18, p < 0.005.

2-n-propoxyethyl substituents. In the above equation
we used only the ester combinations with methyl
groups.

We did not find any correlation (linear or parabolic)
between relaxant activity and hydrophobic parameters
(log P or Ry) for the entire DHP set. It was only
possible for the 3',5'-F, DHP subset, where a parabolic
relationship (r2 = 0.88) was found with log P, but we
believe that this is due to the high correlation (r2 =
0.87) between log P and A,

In conclusion, the 3',5'-F, substitution is a good
option for this class of compounds in order to obtain
long-acting DHPs. The relative MOR of DHPs clari-
fies some discrepancies between their in vitro (aortic
ring) potency and in vivo (antihypertensive potency in
the intact SHR) effects.

Experimental protocols

Chemistry

All reagents and solvents were analytical or HPLC grade ob-
tained from Aldrich (Milwaukee, WI, USA) or Baker
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Fig 5. Parabolic dependence between the relative ester
moiety surface area (A,) and its FW/FB contribution.

(Xalostoc, Edo de Mexico, Mexico). Nitrendipine and nicardi-
pine used as standards were obtained from Bayer (Wuppertal,
FRG) and Sigma (Saint Louis, MO, USA). The purity of the
DHPs was established by thin-layer chromatography with
various eluents. Melting points were determined on a Kofler
hot stage and are uncorrected. NMR spectra were obtained on
Varian EM-390 or EM-360 instruments in deuterated chloro-
form or acetone. Elemental analyses were performed by
Galbraith Laboratories (Knoxville, TN, USA). The quantitative
elemental analyses for all new compounds (4-12) were within
%0.4% of the theoretical values except where noted.

The required acetoacetates (2,2,2-trifluoroethyl, 2-phenoxy-
ethyl and N-benzyl-N-methyl-2-aminoethyl) were obtained by
reacting the appropriate alcoho! with diketene in tetrahydrofu-
ran with heating for various times and partially purifying the
product by passage through silica gel. The 3-nitrobenzylidine
and 3,5-difluorobenzylidine ethyl acetoacetates were obtained
by reacting the appropriate aldehyde and ethyl acetoacetate in
toluene with gaseous HCI; recrystallization from isopropanol
or hexane gave materials melting at 108-109 and 58-60°C,
respectively. DHPs 0, 1, 2 and 3 were obtained according to
synthetic procedures described in the literature [20, 34, 35].

2,6-Dimethyl-3,5-diethoxycarbonyl-4-(4-fluorophenyl)-1,4-di-
hydropyridine 4

A solution of 4-fluorobenzaldehyde (1.1 g, 9 mmol), ethyl aceto-
acetate (2.3 g, 18 mmol) and ammonium hydroxide (0.7 ml
40% aq, equivalent to 0.15 g, 9 mmol NH;) in ethanol (2.5 ml)
was heated under reflux with stirring during 10 h. Upon pouring
over cold water a precipitate formed, which was filtered off,
washed with water and recrystallized from methanol to yield
ca 2 g (64%) of 4, mp 148-149°C. Anal C, H, N, F. 'H-NMR
(acetone-d,, 90 MHz): § 1.2 (t,J = 7 Hz, 6H), 2.4 (s, 6H), 4.1
(g,J = 7 Hz, 4H), 5.1 (s, 1H), 6.8-7.5 (n, 4H), 8.1 (s, 1H).

2,6-Dimethyl-3,5-dimethoxycarbonyi-4-(3,5-diflucrophenyl)-1,4-
dihydropyridine 5

A solution of 3,5-difluorobenzaldehyde (0.9 g, 6.5 mmol),
methyl acetoacetate (1.5 g, 13 mmol) and ammonium hydrox-
ide (6.5 mmol NH,) in methanol (2 ml) was-heated under reflux
24 h with stirring and then refrigerated for 5 h. The product
formed was filtered off, washed with cold methanol and recrys-
tallized from methanol giving 1.2 g (55%) of 5, mp 185-
187°C. Anal C, H, N; F, found 10.80, calc 11.27. 'H-NMR
(CDCl,, 90 MHz): & 2.4 (s, 6H), 3.7 (s, 6H), 5.1 (s, 1H), 6.1 (s,
1H), 6.5-7.0 (m, 3H).

D,L-2,6-Dimethyl-3-ethoxycarbonyl-4-(3,5-difluorophenyl)-5-
methoxycarbonyl-1,4-dihydropyridine 6

A solution of methyl 3-aminocrotonate (0.46 g, 4 mmol) and
2-ethyl-2-(3,5-difluorobenzylidene)acetoacetate (1 g, 4 mmol)
in ethanol (5 ml) was heated under reflux with stirring for 15 h.
The solvent was removed under reduced pressure and the resi-
due was recrystallized from ethanol/hexane to furnish 0.5 g
(35%) of 6, mp 151-153°C. Anal C, H, N, F. 1H-NMR (CDCl,,
90 MHz): 6 1.2 (t,J = 7 Hz, 3H), 2.4 (s, 6H), 3.7 (s, 3H), 4.1
(q,J = 7 Hz, 2H), 5.1 (s, 1H), 6.0 (s, 1H), 6.5~7.0 (m, 3H).

D,1-2,6-Dimethyl-3-(2,2,2-trifluoroethoxycarbonyl)-4-(3,5-di-
fluorophenyl)-5-methoxycarbonyl-1,4-dihydropyridine 7

A solution of 3,5-difluorobenzaldehyde (0.72 g, 5 mmol),
methyl 3-aminocrotonate (0.58 g, 5 mmol) and 2,2,2-triftuoro-
methyl acetoacetate (0.92 g, 5 mmol) in isopropanol (2 ml) was
heated under reflux with stirring for 20 h. The solid obtained
was filtered off and recrystallized from methanol to furnish
0.8 g (46%) of 7, mp 162-164°C. Anal C, H, N; F, found
22.67, calc 23.44. 'H-NMR (acetone-ds, 90 MHz): & 2.4 (s,
6H), 3.7 (s, 3H), 4.3—+4.8 (m, 2H), 5.1 (s, 1H), 6.6-7.0 (m, 3H),
8.3 (s, 1H).

D,L-2,6-Dimethyl-3-(2-phenoxyethoxycarbonyl)-4-(3,5-difluoro-
phenyl)-5-methoxycarbonyl-1,4-dihydropyridine 8

A solution of 3,5-difluorobenzaldehyde (1 g, 8 mmol),
2-phenoxyethyl acetoacetate (1.8 g, 8 mmol) and piperidine
(0.5 ml) in benzene (50 ml) was placed in a Dean—Stark appar-
atus and heated under reflux for 5 h. The solvent was removed
under reduced pressure and the product passed through a 5 cm
silica-gel column using ethyl acetate/hexane (1:1) as the eluent.
After partitioning between H,O/CH,Cl,, the organic phase was
dried over MgSO, and evaporated to dryness. This product and
methyl 3-aminocrotonate (0.6 g, 5 mmol) in isopropanol (10 ml)
were heated under reflux with stirring for 24 h. The product
was recrystallized from methanol yielding ca 1 g (29%) of 8,
mp 139-141°C. Anal C, H, N, F. 'H-NMR (acetone-d,, 90 MHz):
82.4(s,6H),3.7(s,3H),4.2 (t,J = 5Hz, 2 H), 4.5 (t,J = 5 Hz,
2H), 5.2 (s, 1H), 6.6~7.6 (m, 2H), 8.2 (s, 1H).

D,L-2,6-Dimethyl-3-(N-benzyl-N-methyl-2-aminoethoxycar-
bonyl)-4-(3,5-difluorophenyl)-5-methoxycarbonyl-1,4-dihydro-
pyridine 9

A solution of 3,5-difluorobenzaldehyde (1 g, 7 mmol), 2-(N-
benzyl-N-methylamino)ethyl acetoacetate (2 ml) and piperidine
(0.5 ml) in benzene (40 ml) were placed in a Dean—Stark appar-
atus and heated under reflux for 3 h. The solvent was removed
and the product passed through a silica-gel column, eluting
with ethyl acetate/hexane (1:1). A solution of the above product
and methyl 3-aminocrotonate (0.7 g, 6 mmol) in isopropanol
(10 ml) was heated under reflux with stirring for ca 17 h. The
solvent was removed and the product was passed through a
silica-gel column eluting with ethyl acetate/hexane (1:1). The
product was crystallized in isopropyl ether to yield 1.2 g (37%)



of 9, mp 92-94°C. Anal C, H, N, F. 'H-NMR (CDCl,,
60 MHz): 8 2.2 (s, 3H), 2.4 (s, 6H), 2.7 (1, J = 6 Hz, 2H), 3.55
(s, 2H), 3.7 (s, 3H), 4.3 (1, J = 6 Hz, 2H), 5.1 (s, 1H), 6.0 (s,
1H), 6.5-7.1 (m, 3H), 7.4 (s, SH).

2,6-Dimethyl-3,5-diethoxycarbonyl-4-(3,5-difluorophenyl)-1,4-
dihydropyridine 10

A solution of 3,5-difluorobenzaldehyde (1 g, 7 mmol), ethyl
acetoacetate (1.8 g, 14 mmol) and ammonium hydroxide
(7 mmol NHj;) in ethanol (3 ml) was heated under reflux with
stirring for 10 h. The solid product was filtered off and recrys-
tallized from methanol giving 1.3 g (51%) of 10, mp
181-183°C. Anal C, H, N, F. IH-NMR (acetone-d;, 90 MHz): 8
1.2 (t,J = 7 Hz, 6H), 2.4 (s, 6H), 4.1 (q,J = 7 Hz, 4 H), 5.1 (s,
1H), 6.6-7.1 (m, 3H), 8.1 (s, 1H).

2,6-Dimethyl-3,5-dimethoxycarbonyl-4-(3-bromo-4-fluoro-
phenyl)-1,4-dihydropyridine 11

A solution of 3-bromo-4-fluorobenzaldehyde (1 g, 5 mmol),
methyl acetoacetate (1.2 g, 10 mmol) and ammonium hydrox-
ide (5 mmol NH;) in methanol (2 ml) was heated under reflux
with stirring for 9 h. After partitioning in H,O/CH,Cl,, the
organic phase was dried over MgSO, and the solvent removed.
The residue was recrystallized from methanol yielding ca 1.1 g
(55%) of 11, mp 165-167°C. Anal C, H, N, F, Br. IH-NMR
(CDCl,, 90 MHz): 6 2.4 (s, 6H), 3.7 (s, 6H), 5.0 (s, 1H), 5.9 (s,
1H), 7.0-7.5 (m, 3H).

D,L-2,6-Dimethyl-3-(2,2,2-trifluoroethoxy)carbonyl-4-(3-bromo-
4-fluorophenyl)-5-methoxycarbonyl-1,4-dihydropyridine 12

A solution of 3-bromo-4-fluorobenzaldehyde (1 g, 5 mmol),
methyl 3-aminocrotonate (0.6 g, 5 mmol) and 2,2,2-trifluoro-
ethyl acetoacetate (0.9 g, S mmol) in isopropanol (2 ml) was
heated under reflux with stirring for 15 h. After partitioning in
H,0/CH,Cl,, the organic phase was dried over MgSQO, and the
solvent removed. The product was recrystallized from meth-
anol, yielding 1.0 g (42%) of 12, mp 146-149°C. Anal C, H, N,
Br; F, found 15.41, calc 16.30. TH-NMR (CDCl;, 90 MHz): &
2.3 (s, 6H), 3.6 (s, 3H), 4.2-4.7 (m, 2H), 5.0 (s, 1H), 5.9 (s,
1H), 6.9-7.5 (m, 3H).

Pharmacology

Rat aorta relaxation bioassay

Male Wistar rats (ca 300 g) were decapitated after ether anes-
thesia and the thoracic artery was extirpated and cleaned. Then
5-mm-wide rings were obtained and suspended by Nichrom
hooks in 10 ml organ baths containing standard Krebs solution
(pH 7.4, 37°C) with the following (mM) composition: NaCl
118, NaHCO, 25, glucose 11.6, KCI 4.7, MgSO, 1.17, KH,PO,
1.17, EDTA 0.026, CaCl, 2.5, and bubbled continuously with
0,/CO, (95:5). One of the hooks was affixed to the bottom of
the bath and the other to a tension transducer (Grass FT03C)
connected to a polygraph recorder (Grass 7D). The rings were
stabilized for 30 min with an initial tension of 5 g, after which
their integrity was tested by their contractile responses to nor-
adrenaline (10-7 M final concentration) every 30 min, with
intermediate washing, until maximum sensitivity was develo-
ped. After developing tension they were washed with a Krebs
solution high in potassium (NaCl 42.7 mM, KCl 80 mM) but
free of calcium. After a further 30 min, the rings were again
washed. Immediately afterwards aqueous CaCl, was added to a
final concentration of 2.5 mM, and after the rings had develo-
ped maximum tension, the DHP (dissolved in aqueous DMSO)
was added in cumulative fashion. The plCy, was determined
from the corresponding dose—-response curve [36].
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Antihypertensive activity

Spontaneously hypertensive rats (24-32 weeks old, 250-300 g)
were tested and only those which at ¢ = 0 had an arterial blood
pressure of 160-200 mm Hg were used. The DHPs, suspended
in aqueous 5% methylcellulose, were administered orally to
groups of 6 rats at a single dose of 10 mg/kg, and the systolic
arterial blood pressure was measured at =0, 1, 2,4, 6 and 8 h.
A control group (n = 6) received vehicle only. The pressure was
determined indirectly by registering the caudal artery with a
sensor (IITC) and a sphygmomanometer (Narco Biosystems,
INC), both connected to a polygraph. The measurements were
made in a room with a controlled temperature of 28°C, while
the rats were warmed with an IR bulb. The antihypertensive
effect was quantified by the maximum observed reduction
compared to base levels (Dunnett’s test) and the time during
which the reduction was significantly different from the control
(t-test: grouped data). Cardiac frequency was registered simul-
taneously.

Microsomal oxidation rate

Hepatic microsomes from Wistar rats (220-270 g), obtained by
the method of Kamath et al [37], were placed in tubes contain-
ing phosphate buffer (0.1 M, pH 7.85) together with an
NADPH-generating system (NADP* 0.25 mM, glucose-6-
phosphate 0.5 mM, glucose-6-phosphate dehydrogenase 0.17
1U/ml, final concentrations). The tubes were equilibrated 3 min
at 37°C and the reaction was initiated by adding the DHP (final
concentration 20 uM from the addition of a 4 mM ethanol sol-
ution). Controls were included without the NADPH-generating
reagents. Upon addition of the DHP, the contents were mixed
and two aliquots (500 ul) were added to vials containing 250 ul
of 10% aqueous trichloroacetic acid. Further aliquots
were taken at ¢+ = 10 min. Both aliquots were centrifuged at
15000 rpm, and the supernatant placed in a spectrophotometer
(Beckman 26) for determination of the non-reacted DHP at
360 nm. The MOR was calculated from the difference in absor-
bance between ¢ = 0 and ¢ = 10 min samples, using the molar
extinction coefficient (g, table III), and adjusted for protein
concentration, determined by the method of Lowry et al [38].
The MOR (table III) is expressed as nanomoles DHP con-
sumed per minute and per milligram of protein.

Measurement of the chromatographic index, Ry,

Silica-gel plates (Sigma T-7270 with a 254 nm fluorescence
indicator, 20 X 5 cm) were placed in developing chambers
maintained at 37 £ 1°C. The DHPs (1 ul of a 3 mg/ml meth-
anol solution) were applied 1.5 cm from the bottom, and made
to migrate with a mobile phase consisting of phosphate buffer
(pH 7.4, 0.07 M) and acetone (3:2). When the solvent front had
reached some 17 cm, the plates were removed, dried and
examined under UV light at 254 nm. The chromatographic
index was calculated from Ry = log [(1/Rp) — 1].

Calculation of log P values

The octanol/water partition coefficients were calculated by the
fragmental method of Leo-Hansch {26], in which log P = Za, f
+ 2b; F;, where g, and f; are the number and fragment values
and l? and F; the number and value of the correction factors.
The pamcular procedure, for each DHP, was as follows: DHP
1: log Pyr — feu, + fu — Fo = 1.00 — 0.89 + 023 — (-012) =
0.46; DHP 2: log Pyr — fyu + fou, + F, = 1.00 — 0.23 + 0.89 +
(-0.12) = 1.54; DHP 3: log Ppyp — ﬁ»:om) + fe@y = 0.46 —
(- 0.03) + 0.37 = 0.86; DHP 4: log Ppyp, — ,(ar)+fa,)—154—
(~0.03) + 0.37 = 1.94; DHP 5: log Py, — fiog ~ fo + 2fva =
0.46 — (- 0.03) - 0.23 + 2(0.37) = 1 00; DHP 6: log PNrr —fNO(ar)
= fu + 2fen = 1.00 - (- 0.03) - 0.23 + 2(0.37) = 1 54; DHP 7:
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108 Pogps — 3 + iy + 3Fmnos* Fuspsr = 154 - 3(0.23) +
3(- 0.38) + 3(0.53) + 1.07 = 2.37; DHP 8: log Ppups — fu + for
+ feus, + Fogcovoy + 2Fy = 1.54 — 023 + (-0.61) + 1.90 +
[-0:26(— 1.49 = 0.61)] 4 2 (- 0.12) = 2.91; DHP 9: log Prc —
Frogan — fu + 2o = 2.83 - (=0.03) - 0.23 + 2(0.37) = 3.37;
Dgﬁ) 10: log PDHP2 - wa") _fH + 2fF(ar) =1.54- (— 003) -0.23 +
2 (0.37) = 2.08: DHP 11: log Ppyps — fu + faran = 0.86 —0.23 +
1.09 = 1.72; DHP 12: log Ppupr — fea + foran = 2.37 — 037 +
1.09 = 3.09; NIT: log P = 1 (value taken from Pang and
Sperelakis [28]); NIC: log Py — fu + fwn + fom + fom + fom +
4F, + Fp,, =1.00-0.23 + (- 1.76) + 0.89 + 0.66 + 1.90 +
4(-0.12) + [~ 0.26(~ 1.49 - 1.76)] = 2.83.

Substituent steric descriptors

These were obtained with the PC-Model program (Serena
Software) which furnishes information on the steric charac-
teristics of a molecule such as the van-der-Waals volume and
surface area, as well as its conformational energy, dipole
moment, solvation energy and other parameters.

Free—Wilson/Fujita—Ban analysis

For the QSAR analysis we used the method of Free and Wilson
[39] as modified by Fujita and Ban [40]. The FW/FB procedure
is based on the equation:

log (1/C), = + = k):’b,.,k %
j=1 k=1

where log (1/C); is the biological activity of the ith compound
and p is that calculated by regression for the reference
compound, r is the number of substitution sites, m; is the
number of variable fragments or substituents at site j, z; is the
contribution of fragment jk (substituent k at position j), and by,
is an indicator variable which takes the value of 1 in the
presence and 0 in the absence of substituent jk in compound .
The computer program has been used previously [31] in this
kind of analysis.
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