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The antioxidant properties of  calcium antagonists may 
afl"ect their therapeutic action in the course of treatment of  
some cardiovascular disorders [1]. Among the 1,4-dihydro- 
pyridine (1,4-DHP) derivatives, antioxidant activity was ini- 
tially tbund in some 4-unsubstituted compounds [2, 3] and 
then was also revealed in a group of4-aryl-l,4-DHP deriva- 
tives including niti~dipine, nisoldipine, felodipine, nicardipi- 
ne, and lacidipine [4 - 6], but not in foridon (I) [3]. 

The purpose of this work was to study how various 
2,6-substituents introduced into foridon analogs affect the 
antiradical (ARA) and antioxidant (AOA) activity of  the ini- 
tial compound. 

Some of  the foridon analogs studied in this work were 
synthesized as described previously [7]. Below we describe 
the synthesis of  tbur new representatives (IV, V, VIII, IX) of 
this group. All the studied compounds (111 - X I I I )  were ob- 
tained using a common pathway of synthesis via a 
dibromoderivative (11) of  foridon. The nucleophilic displace- 
ment of bromine takes place within several hours under mild 
conditions (room temperature). The reaction products are 
stable crystalline substances (Table I). The proposed struc- 
tures of these compounds were confirmed by spectroscopic 
data (Table 2). 
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(NBS = N-bromosuccinimide; Nu = nucleophile; tbr R 
see Table 3). 

The electronic spectra of  the synthesized substances re- 
tain a longwave absorption band in the region of 
3 6 6 -  371 nm characteristic of  3,5-dicarbonyl-l,4-DHP. The 
IR spectra exhibit an absorption band at 3 2 4 0 -  3300 cm i 

corresponding to stretching vibrations Vhl t in the heterocyc- 
le. Compounds IV and V exhibit additional absorption peaks 
in the 3300-3400  cm i range related to vibrations of the 

N-H bonds in substituents R. The absorption bands of v c o 

in the ester groups are shifted to 1690- 1702 cm I due to 

conjugation with the DHP cycle. The VcH stretching vibra- 
tions in the N-methyl groups of  compound VII1 are mani- 
tested by a well distinguished band at 2788 cm i. In addi- 
tion, the IR spectra of  all foridon derivatives (Ill - XIII) con- 
tain two absorption bands (in the vicinity of  1645 and 

1585 cm i) attributed to v c c '  Vc(arom)- c(arom)' and ~3nw 
In the IH NMR spectra, the protons of  methylene groups 

in positions 2 and 6 give signals tbrming a singlet (com- 
pounds IV and IX) or an AB-quartet with the geminal 
spin-spin coupling constant J = i 7 Hz (compound VIII). The 
signals due to protons of  the substituents R and other moi- 
eties correspond to the proposed structures and agree with 
the tH NMR spectrum of  foridon [8]. 

An analysis of  the results of  our experiments (Table 3) 
showed that foridon possesses neither ARA nor AOA. At the 
same time, all the 2,6-disubstituted foridon analogs (except 
compound XIII) exhibit more or less pronounced AOA, the 
maximum antioxidant effect being observed fbr compounds 

TABLE !. Yields and Physicochemical Characteristics of Newly 
Synthesized Compounds 

Compound Empirical tbnnula Yicld, % M.p., ~ Rt- 

IV C26H37F2N~O 5 31 122 124 0.17 
V C37H37F2N305 23 139-- 141 0.57 
VIII C22H29F2N305 62 124 125 0.40 
IX C30H45FzN305 5 46 48 0.28 
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Ill ,  IV, V, and VI (containing a secondary amino group in po- 
sitions 2 and 6) and for compound VIII. 

As is known, the secondary amines generally belong to 
antioxidants [9]. For this reason, we have compared the 
AOA of  compotmd VI to the properties of  cyclohexyl-N-me- 
thylamine. It was found that the latter substance possesses a 

lower AOA (I.48_+0.03) compared to that o f  VI 

(2.91 + 0.05). This fact indicates that the DHP system is a fac- 
tor significantly contributing to the AOA of  compound VI. 

The most pronounced ARA in the series of  substances 
studied was observed for compound XII, which can be re- 
lated to the presence o f  another radical-trapping center in this 
molecule (probably, with the ilide formation), differing from 
that found in compounds I I I - V 1 .  It should be noted that 
compound XIII, which also exhibits a comparatively high 
ARA, is not only free o f  antioxidant properties but rather 
produces a prooxidant effect. This fact confirms that AOA is 
not always determined entirely by the ability of  compounds 
to react with free radicals. A compound cannot be classified 
as antioxidant based only on the data on its antiradical activ- 
ity. It is well known that some compounds, capable o f  trap- 
ping radicals and inhibiting transoxidation, may form rather 
active secondary radicals (the so-called inhibitor radicals) 
and initiate new transoxidation chains [10]. 

An important role for the optimum manifestation o f  
some kinds of  physiological activity of  a given compound, 
including the antioxidant effect, belongs to localization o f  
this compound in the lipid layer [11]. The presence of  cal- 
c ium antagonist in the lipid bilayer is now also recognized as 
an additional condition positively affecting the AOA. There 
are data [12] that the coefficients o f  distribution o f  the 
lipophilic 1,4-DHP derivatives between cell membranes and 
the ambient hydrophilic medium may fall within 
5 , 0 0 0 -  150,000 to favor reaching local concentrations o f  
these compounds on a mill imolar level. We judged the affin- 
ity of  a 1,4-DHP derivative to liposomal membranes by the 
degree of  quenching o f  the fluorescence from anthracene 
probes interacting with the membranes at the boundary be- 
tween the hydrophobic and polar phospholipid fragments. 

According to the published data [12], the 1,4-DHP deriva- 
tives are localized within the same region. Our  experimental 
data on the affinity o f  foridon analogs to the model lipid 
membranes are presented in Table 3. As seen, compounds 
possessing more pronounced AOA are usually also capable 
(except for compound VIII) o f  tightly binding to the model 
lipid bilayer. 

EXPERIMENTAL CHEMICAL PART 

The course o f  reactions was monitored and the purity of  
the reaction products was checked by TLC on Silutbl 
UV-254 plates (Kavalier) eluted in an a c e t o n e - m e t h a -  
nol - water (8 : 2 : 1) system. The spots were visualized un- 
der UV illumination (254 or 366 nm). The melt ing tempera- 
tures were determined on a Boetius heating table (VEB 
Analytik Dresden, Germany).  The I H N MR spectra were ob- 
tained with a Bruker WH-90/DS spectrometer operating at a 
working frequency o f  90 MHz. The samples were dissolved 
in CDCI~ and the chemical shifts were referenced to those of  
a TMS internal standard. The UV spectra were recorded on a 

Hitachi 557 UV-VIS spectrophotometer using 5 • 10 5M 
ethanol solutions. The IR spectra were measured on a 
Perkin-Elmer 580B spectrophotometer using samples pre- 
pared as nujol mulls. The data of  elemental analyses agree 
with the results o f  analytical calculations according to the 
empirical formulas. 

2,6-Bis(tert-butylaminomethyl)-4-(2-difluoromethoxy 
phenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dime- 
thyl ether (IV). To a solution of  13.13 g (0.025 mole) of  
compound II [8] in 150 ml of  chloroform were added 10.6 ml 
(0.1 mole) of  tert-butylamine and the mixture was stirred for 
1.5 h at room temperature and allowed to stand overnight at 
-10~  Then the mixture was triply washed with water 

(3 x 150 ml), dried over  K2CO 3, and evaporated in vacuum. 
The residue was treated with diethyl ether and recrystallized 
from a mixture o f  diethyl and petroleum ethers to obtain 
3.89 g o f  compound IV in the form o f  colorless crystals. 

TABLE 2. Spectroscopic Characteristics of Newly Synthesized Compounds 

Uv spectrum: IR spectrum: v ...... cm ~ ~H NMR spectrum:/5, ppm Compound k ...... nm (log ~) 

IV 238 (4.36); 3347 (NH); 3242 (NH 
371 (3.89) ring); 1690 (C=O): 1674; 

V 

VIII 

IX 

240 (4.29); 
369 (3.83) 

240 (4.34); 
367 (3.92) 

238 (4.29); 
366 (3.82) 

1632, 1575 (C=C) 
3370, 3330 (NH); 3242 
(NH ring); 1696 (C=O); 
1640, 1580 (C=C) 
3298 (NH ring); 2788 
(NCH3); 1693 (C=O); 
1648, 1598 (C=C) 
3268 (NH ring); 1702 
(C=O); 1688 sh; 1650, 
1585 (C=C) 

10.23 (bs, I H, NH), 6.80 7.35 (m, 41-t, C~,H4), 6.45 (t, IH, -'JNF 75 Hz, OCIIF2), 
5.30 (s, I H, 4-H), 3.93 (s, 41"I, 2,6-CH2N), 3.54 (s, 611, OClt3), 1.10 (s, 2H, 
NHC(CtI3)3) 
9.73 (bs, I H, NH), 6.8 - 7.6 (m, 14tt, CrH~ + 2C~,!t5), 6.42 (t. I H, 2JHF 74.5 Hz, 
OCHF2), 5.25 (s, IH, 4-H), 3.55 4.35 (m, 6H, CH2, CIt), 3.5 (s, 6H, OCIt3), 1.63 
(bs, 2H, NH) 
9.40 (bs, IH, NH), 6.80 - 7 (m, 4H, C6H4), 6.47 (t, 1H, 2JttF- 75 Hz, OCHF2), 5.35 (s, 
IH, 4-H), 3.56, 3.70 (AB-q, 4H, 2JHH 17 Hz, 2CH2N), 3.56 (s, 6H, OCH3), 2.31 (s, 
12H, N(CH3)2) 
9.52 (bs, 1H, NH), 6.80 - 7 (m, 4H, C6H4), 6.44 (t, 1H, 2JHF 75 Hz, OCHF3), 5.28 (s, 
1H, 4-H), 3 (s, 4H, 2,6-CH2N), 3.52 (s, 6H, OCH3), 2.41 (t, 8H, 3j 7.5 Hz, 
NCH2CH2), 1.10 - 1.73 (m, 8H, CH2CH~CH3), 0.85 (t, 12H, 3j 7 Hz, CH2CH~) 
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TABLE 3. Ant• (AOA) and Ant• (ARA) Activity. of Compounds I and II1 XIII and Their Affinity to Model Phospholipid 
Membranes 

Compound R AOA: z/z,, ARA: k+ litcr/(molc - sec) Affinity: In Fo/F 

1 H 1.00 • 0.01 < 0.1 0.33 _+ 0.02 

111 NII(CIt ,hCH3 2.51 -+0.05 I.II _+0.19 0.26 • 0.02 

IV NItC(CH3)3 1.59 • 0.03 0.12 • 0.04 0.17 + 0.01 

V NHCII(C+JtJCIt3 1.76 +_ 0.04 0.21 +__ 0.04 0.41 • 0.02 

Vl ~ 2.91 • 0.05 0.48 • 0.01 0.31 • 0.02 
NH 

VII ~ 1.36 • 0.03 < 0.1 0.31 _+ 0.02 

CH~ 

VIII N(CIh)2 1.94 • 0.04 0.17 • 0.02 0.08 • 0.01 

IX N(C3117)2 1.32 • 0.03 0.08 _+ 0.01 0.41 • 0.03 

X / / ~  1.23 • 0.04 < 0.1 0.39 • 0.02 

XI ~ 1.26 +_ 0.02 < 0. I 0.27 • 0.02 
- - N  O 

XII B r -  1.13 •  33.71 _+2.84 0.11 !0 .01  

XIII 
__S__C//NH2 _ 

Br \ 

Nil 2 

0.47 __+ 0.01 2.62 • 0.27 0.24 __+ 0.01 

2,6-Bisl(!-phenylethylamino)methyl l-4-(2-dif luorome 
thoxyphenyl)- 1,4-dihydropyridine-3,5-dicarboxylic acid 
dimethyl ether (V). Compound V was obtained by a proce- 
dure similar to that described above fbr the synthesis o f  com- 
pound IV, using a reaction of  dibromoderivative lI with 

racemic c~-phenylethylamine. The final product was recrysal- 
lized from an acetone - hexane mixture (Tables 1 and 2). 

2,6-Bis(dimethylaminomethyl)-4-(2-difluoromethoxy 
phenyl)-l,4-dihydropyridine-3,5-dicarboxylic acid dime- 
thyl ether (Viii) .  To a solution o f  2.63 g (0.005 mole) of  
compound lI in 60 ml o f  methanol was added with stirring 
9.0 ml (-0.07 mole) o f  a 40% aqueous dimethylamine solu- 
tion, The mixture was stirred for 2 h at room temperature and 
allowed to stand overnight. Then the mixture was poured 
into water. The precipitated yellow substance was filtered 
and crystallized from aqueous methanol to obtain 1.40 g of  
compound VIII. 

2,6-Bis(dipropylaminomethyl)-4-(2-difluoromethoxy 
phenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dime- 
thyl ether (IX). Compound IX was obtained by a procedure 
similar to that described above for the synthesis o f  com- 
pound VIII, using a reaction o f  compound II with 3.28 ml 
(0.024 mole) o f  dipropylamine. The reaction mixture poured 
into water forms a dark oil that was triply extracted with 
chloroform. The extracts were combined and dried over 
CaC12. Finally, the solvent was distilled off" in vacuum and 

the residue was cbromatographed on a column filled with 
aluminum oxide (neutral Brockman 11 from Reanal, Buda- 
pest). The column was eluted with a hexane - acetone (9 : 1) 
mixture. Compound IX was obtained in the tbrm o f  a 
dark-yellow oil, which crystallized upon treatment with a 
small amount of  absolute ethanol followed by prolonged (1 
month) storage at - 10 ~ Yield o f  compound IX, 1.11 g; 
solvent for crystallization, aqueous isopropyl alcohol. 

E X P E R I M E N T A L  B I O L O G I C A L  PART 

Ant• activity, characterization. ARA of the syn- 
thesized compounds was evaluated by their ability to react with 
a stable radical of l, I-diphenyl-2-picrylhydrazide (DPPH) [ 13]. 
A mixture o f  2.5 ml of  a 10 4 M DPPH solution in ethanol 

with 50 I-tl o f  a 5 • 10 3 M 1,4-DHP solution in ethanol 
(with a final 1,4-DHP concentration of  10 4 M) was incu- 
bated at 30 ~ The rate o f  DPPH reduction was estimated by 
measuring the decrease in the optical absorption at 517 nm 
(Hitachi 557 UV-V1S spectrophotometer). The ARA was 
characterized by a reaction rate constant determined by the 
formula 

k = A[DPPH]/([DPPH] o �9 [DPPH] t �9 t) 

and expressed in liter/(mole �9 sec). 
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Antioxidant activity characterization. AOA of  the 
synthesized compounds was evaluated as described in [14]. 

A mixture o f  1 ml o f  a 13-carotene solution in chlorofonn 

(prepared by dissolving 2 mg of  13-carotene in 10 ml o f  chlo- 
roform), 0.02 ml o f  linolic acid methyl ether, and 0.1 g of  
Tween-40 in a round-bottom flask was thoroughly stirred and 
the chlorofbrm was distilled off  on a rotor evaporator at 
40~ To the residue was added by portions with vigorous 
shaking 50 ml o f  a 0. ! M phosphate buffer (pH 7.4) freshly 
saturated with oxygen immediately prior to reaction. The re- 

sulting aqueous emulsion of  13-carotene and methyl linoleate 
was rapidly distributed by 5-ml portions into Bausch & 

Lomb cells containing 0.02 ml aliquots o f  5 x 10 -4 M etha- 
nol solutions o f  the 1,4-DHP derivatives studied. The same 
volume (0.02 ml) o f  pure ethanol was added to the control 
cells. The cells were closed and incubated at 37~ with peri- 
odic measurements o f  the optical absorption at 460 nm 
(Spectronic 70 spectrophotometer). The AOA was character- 

ized by the ratio r/z o, where "c and ~0 are the induction peri- 

ods (i.e., the times during which the 13-carotene concentration 
decreases by one-third) with and without the compound stud- 
ied in the test solution, respectively. 

Characterization of  the affinity of  1,4-DHP to model 
phospholipid membranes.  The model phospholipid mem- 
branes were prepared by rapidly injecting an ethanol solution 
o f  egg phosphatidylcholine into a 13-fold excess o f  a 0.01 M 
Tris-HCl buffer (pH 7.4) intensively stirred with a magnetic 
stirrer. The final lipid concentration in liposolnes was 
0.5 mg/ml. To 1 ml o f  this liposome suspension were se- 

quentially added 5 gl o f  a l mM ethanol solution of  an 

anthracene fluorescent probe and 5 pl o f  a I mM ethanol so- 

lution o f  the 1,4-DHP derivative tested (5 lal o f  pure ethanol 
were added to the control samples). The fluorescence inten- 
sity was measured on a Hitachi 850 spectrophotometer. A 
l-cm-thick flat optical cell was oriented at 45" to the incident 
beam. The fluorescence signal was excited at a wavelength 
o f  340 nm and measured at 380 nm. The intensity o f  fluores- 

cence from anthracene probes in the liposome suspension 
was measured before and after adding 1,4-DHP to obtain the 
F ,  and F values, respectively. The liposome affinity o f  the 
derivative studied was judged by the degree o f  quenching of  
the fluorescence from anthracene molecules bound to the 
membranes and evaluated as l n (Fo /F) .  Data presented in 
Table 3 were obtained by averaging over the results o f  5 - 6 
independent measurements. 
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