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Abstract

The ability to generate singlet molecular oxygen(’@ ), and the scavenging activity of two well-known 1,4-dihydropyridines (1,4-DHPs)
such as nifedipine (1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-3,5-pyridine-dicarboxylic acid dimethyl ester) and nitrendipine (drd-dihy
2,6-dimethyl-4-(3-nitrophenyl)-3,5-pyridine-dicarboxylic acid ethyl methyl ester) is assessed.

Results show that nifedipine does not generaié &,) under our experimental conditions. In contrast, this 1,4-dihydropyridine behaves as
a good scavenger of excited oxygen, mainly via physical deactivation with values of the total rate constant ranging fxohd®2@.8' s~* in
dioxane to 93.0< 10° M~ s~ in propylencarbonate. The less favored reactive pathway generates a photooxidation product, which has been
isolated and identified by GC—MS as the nitropyridine derivative. Voltammetric experiments also confirm the generation of this oxidation
product.

Onthe other hand, nitrendipine yields@A ), butitis a less efficient scavenger of this species. Rate constants range fromllfgg — s—*
in ethyl acetate to 15.8 10° M~1stin N,N-dimethylacetamide, the reactive channel being the mair\g) deactivation pathway.

Dependence on solvent microscopic parameters of the total rate constant for the reaction between singlet oxygen and 1,4-DHPs permits us
to propose a mechanism involving a perepoxide-like encounter complex in the first step of the reaction path.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction which is a prerequisite for all aerobic cell metabolism. An-
other face of oxygen is the one with an unpaired electron, the

1,4-Dihydropyridines (1,4-DHPs), calcium channel an- free radical derivative with its highly unstable and reactive
tagonists, display a well-known cardiovascular activity due forms. These reactive forms have been involved in a wide
to the inhibition of L-type C# channels, which resultsina range of toxic mechanisms in biological organisms. When
reduced calcium influx with impaired electromechanical cou- the ground state of oxygen is excited to a higher energy
pling both in vascular smooth muscle cells and in the heart. state, singlet molecular oxygen,zéAg), is formed. This
Specifically, 1,4-DHPs are important drugs in the treatment form of oxygen is a harmful species in biological systems
of hypertension and coronary heart diseds2]. In addition [9]. Thus, singlet oxygen reacts with a great variety of bio-
to these therapeutic applications, other biological activities logical molecules such as DNA, proteins and ligitile—12]

such as modulation of endothelial functif®j, release of ni- Also, itis genotoxid13], mutagenic and causes single-strand
tric oxide [4] and scavenging of some oxygen-derived free breaksin DNA, reacting preferentially with the guanine moi-
radicals[5—-8] have been recognized. ety to yield 8-oxo-7,8-dihydroxy-deoxyguanosifi4,15]

Oxygen is an abundant element with multiple faces. Its Furthermore, singlet oxygen can inactivate viruses and may
most common and important one is the molecular forg)(O  be involved in the host defense against viruses and bacte-
ria. Another role of singlet oxygen, the activation of gene
* Corresponding author. Tel.: +56 2 6782865; fax: +56 2 6782868. expression, has also been observed even at concentrations
E-mail address: npizarro@ciq.uchile.cl (N.A. Pizarro-Uia). below those required for cytotoxicifit6—18]
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NO, cut-off filters. Circulating water maintained the cell temper-
ature at 22+ 0.5°C. Sensitizer irradiation (RB or TPP) was
NO, performed with a visible, 200 W, Par lamp. A gas chromato-
H,CO00C COOCH, H,CO0C COOCH,CH, graph equipped with a NPD detector and a Hewlett-Packard
| | Ultra-2 capillary column was used to monitor substrate con-
HC™ "N “CH, HC™ "N” “CH, sum_ption. DMA and D_PBF were used as actinometers. _
—— NITRENDIPINE Time-resolved luminescence measurements were carried

out in 1 cm pathlength fluorescence cells. TPP or RB was
Fig. 1. Chemical structures of nifedipine and nitrendipine. excited by the second harmonic (532 nm, nominal power ca.
9mJ per pulse) of a 6-ns light pulse of a Quantel Brilliant
Some previous reports suggest that nifedipine may be pho-Q-Switched Nd:YAG laser. A liquid-nitrogen cooled North
totoxic in human skif19,20], but in such studies no mecha- Coast germanium photodiode detector with a built-in pream-
nisms have been described for this possible toxic effect. Later, plifier was used to detect infrared radiation from the cell. The
Gibbs et al[21] demonstrated that nifedipine produces pho- detector was at a right-angle to the cell. An interference filter
totoxicity in vitro partially mediated by initial formation ofa (1270 nm, Spectrogon US, Inc.) and a cut-off filter (995 nm,
toxic photoproduct, but paradoxically, subsequent UVA irra- Andover Corp.) were the only elements between the cell face
diation reduces phototoxicity. On the other hand, nifedipine and the diode cover plate. Preamplifier output was fed into the
concentrations required to induce in vitro toxicity are much 1M input of adigitizing oscilloscope. Computerized exper-
greater than therapeutic plasma levels. To our knowledge,iment control, data acquisition and analysis were performed
in the case of nitrendipine no studies about its phototoxicity with LabView-based software developed at the Laboratory
have been yet reported. In view of the fact that singlet oxy- of Kinetics and Photochemistry of the University of Chile.
gen can be formed by energy transfer from an excited photo-  Laser flash photolysis was performed with a Q-switched
sensitizer and considering the above discussed toxic effectdNd:YAG laser (532 nm, ca. 9 mJ per pulse). A 150-W Xe lamp
of nifedipine, in this paper we explore both the feasibility mountedinalamp housing systemwas employed as the moni-
of formation of singlet oxygen and its reactivity with both toring light beam. The lamp beam was passed through a water
nifedipine and nitrendipineHig. 1). filter before impinging on the entrance of the cell holder. An
electronic shutter, controlled by a shutter driver/timer, was
placed between the water filter and the cell holder. The shut-

2. Experimental ter was triggered by the Q-switch from the laser. Two lenses
and slits were used to collimate and focus the monitoring light
2.1. Drugs and reagents to the cell holder and to the entrance slit of the monochro-

mator. A photomultiplier detector mounted in a homemade

Nifedipine (1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)- housing was fitted to the monochromator exit slit port. PMT
3,5-pyridine-dicarboxylic acid dimethyl ester) and ni- signals were monitored with a 500-MHz digital oscilloscope.
trendipine  (1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-3, An external PTI optical beam divider was employed to trig-
5-pyridine-dicarboxylic acid ethyl methyl ester) were gerthe oscilloscope. The signals can be stored and averaged
purchased from Sigma. in the same scope at the repetition rate of the laser pulse

5,10,15,20-Tetraphenyl-21H,23H-porphine (TPP), 9,10- (10 Hz) or can be fed to a personal computer equipped with
dimethylanthracene (DMA), phenalenone and 1,3-dipheny- home-designed software for data acquisition and treatment.
lisobenzofurane (DPBF) (Aldrich) were used without further Singlet oxygen quantum yields¢f) were mea-
purification. sured in time-resolved phosphorescence experiments using

Rose Bengal (RB) (Fluka) was recrystallized from ethanol phenalenone as the actinometen €0.98 in acetonitrile,
prior to use. All solvents (Merck) were of spectroscopic or ¢ =0.93inbenzene anfly, =0.97 in ethanol}22], by com-

HPLC grade. paring the response of the detector extrapolated at zero time
and zero laser power, the latter adjusted with a set of neutral
2.2. Apparatus and procedures density filters. Samples and actinometer were both excited

by the third harmonic (355 nm, ca. 28 mJ per pulse) of the

UV-vis absorption spectra and steady state competitive Nd:YAG laser.
kinetic experiments were performed in a Unicam UV-4 spec-  Equation coefficients and statistical parameters of LSER
trophotometer. A GC-MS system with a Hewlett-Packard correlations were obtained by multilinear correlation analysis
Ultra-2 capillary column (25 m) was used to obtain electron with STAT VIEW 5.0 (SAS Institute Inc.). Results agreed
impact mass spectra. with thez-statistic of descriptors.

Chemical reaction rate constants were determined in sev-  Cyclic Voltammetry (CV) and Differential Pulse Voltam-
eral selected solvents using a 10 mL double-wall cell, light- metry (DPV) experiments were performed in a Metréhm
protected by black paint. A centered window allowed irradi- 693 VA Processor equipped with a voltammetric stand 694
ation with light of a given wavelength by using appropriate VA. A Pentium Il Gateway microcomputer was used for
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data control, acquisition and treatment. The operating con-Table1 _ _ . o
ditions for DPV experiments were as follows: pulse ampli- Quantum yields of glAg) generation by nitrendipine photosensitization

tude, 40mV; potential scan, 4 mv¥ voltage range~50 Solvent Absorbance ba

to 1200mV and 0-1000 mV; current range, 5-25mA, tem- acetonitrile 0.625 0.025 0.002
perature, 25C. All the solutions were purged with pure ni- 0.638 0.02G£ 0.001
trogen for 10 min before the voltammetric runs. A Metrohm genzene 0.610 0.0460.003
hanging mercury electrode (HMDE) with a drop surface of 0.308 0.038:0.003
1.90 mnt for CV, and a glassy carbon electrode for DPV as Ethanol 0654 <16°

working electrode and a platinum wire as a counter electrode

were used. All potentials were measured against a saturated o ) )
calomel reference electrode (SCE). DHP derivatives can accumulate in membranes due to their

lipophilic nature[24], which leads to more efficient singlet
oxygen generation by nitrendipine in a biological system.
Although a triplet biradical involved in the photolysis
of nifedipine has been reportd@5], excited triplet states
of the 1,4-DHPs under study were not observed in the
employed experimental conditions. This species would be
generated from a photoinduced intramolecular electron

The ability of these two 1,4-DHPs to form singlet oxy- transfer followed by fast hydrogen abstraction by the excited

gen, Q(lAg), was assessed by using the phosphorescencenitrp group with concomitant consumptiqq of the 1,4—DHP
method[23]. Fig. 2shows the decay of the luminescence of derivativeq25]. Consequently, thertho position of the nitro

0,(*Ag) at 1270 nm, after the excitation of either nitrendipine MO€tY in the 4-aryl substituent is responsible for the fast
or nifedipine with pulses of third harmonic of the Nd-YAG p_hotodegradatmn of n|f_ed|p|ne, preventing the po_s_S|b|I|ty of
laser at 355 nm. As can be seen from this figure, @6%) smglgt oxygen _gen.erano_n.l Conversely, thea position of
emission was observed for nifedipine, thus this compound tN€ Nitro group in nitrendipine (far from abstractable hydro-
does not generate excited oxygen as nitrendipine does. Ingen) permlts the §X|stence of a longer lived tranS|ent.capabIe
Table 1 the quantum yieldsg(x) for Ox(*Ag) generation of producing excited oxygen. These results could indicate

by nitrendipine are displayed. The evaluated quantum yield that the photoallergic and phototoxic effects produced by
was dependent on laser power as showfim 3, indicat- these two drugs have different mechanisms, considering that

ing the existence of nonlinear phenomena. In addition, the nitrendipine generates singlet oxygen but nifedipine does not.

gquantum yields are concentration-independent; therefore, de-

activation of the excited states by molecules in the ground 3-2- Interaction of 1,4-DHP derivatives with singlet
state can be discarded. However, generation £(f &) is oxysen

solvent-dependent, being more efficient in an apolar solvent

such as benzene. This resultis important considering that 1,4- 1he total (physical and chemical) quenching rate con-
stantskt, for the reaction of @*Ag) with nifedipine and

nitrendipine in several solvents were determined using time-

3. Results and discussion

3.1. Generation of singlet oxygen by 1,4-DHP
derivatives
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Fig. 2. Luminescence decay ongAg) at 1270 nm, generated after the ex-
citation at 355 nm of (a) nitrendipine and (b) nifedipine with third harmonic  Fig. 3. Quantum yield of the photosensitized generation mlmg) by
pulses of Nd-YAG laser. nitrendipine in benzene, as a function of the power of the excitation source.
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resolved phosphorescence detection (TRPQI.lmg) life- 65 -
times were evaluated in the absencglo and in the pres-
ence ¢~1) of each 1,4-dihydropyridine, ankr was ob- 60 er
tained according to a Stern—Volmer treatmantl(= To 1y I 60
kt[1,4-DHP)). Linear plots ofc—! versus [1,4-DHP] were 551 N
obtained in all solvents employed and intercept of these . |
plots match closely with reported singlet oxygen lifetime m; 50 | aa—a M —A—4
[26]. = % 5 10 15 20
e 45 [Nitrendipine] / mM

Quenching of excited states of sensitizers by 1,4-DHPs
may be disregarded, since singlet or triplet deactivation was
not observed under our experimental conditions. To prevent 40
participation of nifedipine photoproductsin quenching exper-
iments, new solutions were prepared for each measurement, 35
avoiding unnecessary irradiation of the solutions. 0 PR s 4 5 6

Thekt values in different solvents are tabulatedable 2 [Nifedipine] / mM
and the errors are within 10% for all results. A clear diver-
gence of reactivities for both compounds can be observed.Fig. 4. Stern-Volmer plot for deactivation of singlet oxygen by nifedipine
Total quenching rate constants for nifedipine were one order (W) in benzene®) in propylencarbonate. Inset: Stern—Volmer plot for deac-
of magnitude higher than those for nitrendipine, increasing tivation (_)f singlet oxygen by nitrendipinaj in chloroform @) in dimethy-

. . lacetamide.
4.5-fold from dioxane to propylenecarbonate, while the con-
stant corresponding to nitrendipine increased 10-fold from
chloroform to dimethylacetamidé&ig. 4 shows the solvent Thekr/ky ratio values have been related with the balance
effect onky for both 1,4-DHPs. between the biological damage and the protector effect of sin-

The chemical quenching rate constaritg, for the 1, glet oxygen[28]. Comparison of thér/kT ratio in different
4-DHPs were determined in several selected solvents em-solvents Table 3, shows higher values for nitrendipine in all
ploying TPP as the sensitizer and the drug consumption wascases. Nifedipine hag/kt ratio values lower than 9%, mean-
monitored by gas chromatography. DMA and DPBF were ing that most of the singlet oxygen is scavenged by physical

used as actinometers to determine the steady-sté(ﬂex@ guenching. This behaviour is similar to the one reported for
concentration. Values dfgr were obtained from slopes of other biomolecules considered as effective antioxidants, i.e.
pseudo-first-order plots, which are summarizedable 2 they quench singlet oxygen mainly by physical deactivation

As can be seen from this tablez for both 1,4-DHPs are  [27]. However, nitrendipinér values are close tor values,
similar in the tested solvents, being higher for nitrendipine indicating that the main deactivation path of@\) is the

in acetonitrile, ethanol and propylenecarbonate. Also, the ki- channel leading to reaction products. Then, nifedipine pro-
netic rate constantg{ or kg) for both 1,4-DHPs show the tector effect in biological systems would be greater than that
same dependence on the solvent polarity. Thusalues in- of nitrendipine.

crease in solvents with ability to stabilize charges or dipoles,  The dye-sensitized photooxygenations of both 1,4-DHPs
suggesting that an intermediate or transition state with polarunder study yield the corresponding 4-nitroaryl pyridine

character is involved. derivative as the main product. These isolated products were
Table 2
Total quenchingit) and chemical quenchingg) rate constants for reactions of 1,4-DHP derivatives with singlet oxygen in different solvent
Solvent Nifedipine Nitrendipine

kr (x1PM~1s71) kr (x10°M~1s71) kr (x10°PM~1s71) kr (x10°M~1s71)
Ethyl acetate - - 88 -
Dioxane 20.8 - 26 -
Benzene 22.0 0.08 .ar 0.09
Chloroform 36.6 - 55 0.18
Methylene chloride 43.7 - .86 -
Acetonitrile 50.0 0.41 24 1.14
Methanol 82.5 - 54 -
Ethanol 68.9 0.38 20 0.97
Acetone 69.7 - 21 —
n-Propanol 74.3 - 86 -
N,N-Dimethylformamide 82.5 6.97 .85 6.20
N,N-Dimethylacetamide 60.7 - 1%

Propylencarbonate 93.0 3.98 61 5.66
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Table 3 ated for 53 h in the presence of TPP. The main peak in the
Ratio between chemical and total rate constant for reactions of nifedipine chromatogram has a retention time of 8.61 min, which cor-
and nitrendipine with singlet oxygen responds to the unreacted 1,4-DHRYy( 5a). InFig. 5b, the

Solvent Nifedipingtr/kr Nitrendipinekr/kr corresponding mass spectrum is shown. The peak with a re-
Benzene 0.004 0.03 tention time of 6.02 min belongs to the main product of photo-
Chioroform - 0.12 sensitized oxidation of nifedipine, i.e. the pyridine derivative,
éfhe ;?]E'I”"e %‘%%2 %‘i% whose mass spectrum is showrFiig. 5.
N,N-Dimethylformamide 0.084 0.76 Complementary electrochemical experiments were also
Propylencarbonate 0.043 0.49 performed in order to confirm the functionality present in

the structure of the reaction products resulting from 1,4-
DHPs and singlet oxygen. IRig. 6a, a typical differential
characterized and identified by GC-MS analysis, Differential pulse voltammogram of 1.45 mM nifedipine solution in aque-
Pulse Voltammetry and Cyclic Voltammetry. ous buffer solution at pH 7 is shown. The anodic peak at

Fig. 5shows a typical GC—MS chromatogram correspond- 793 mV versus SCE corresponds to the oxidation of the 1,4-
ing to a 1, 4 mM solution of nifedipine in acetonitrile irradi-  dihydropyridine ring to yield the pyridine derivativeig. 6o
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Fig. 5. (a) GC-MS chromatogram of 1.4 mM nifedipine in acetonitrile after 53 h of irradiation in the presence of TPP; (b) El + mass spectrum of;nifedipine
(c) El + mass spectrum of nitro-pyridine derivative.
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Fig. 6. Differential pulse voltammograms of: (a) 1.45 mM nifedipine solu-
tion, and (b) 1 mM solution of the isolated product from the reaction between
nifedipine and singlet oxygen. Working electrode: glassy carbon electrode.

shows a differential pulse voltammogram of a 1 mM solution
of the isolated product of the reaction between nifedipine
and singlet oxygen. This experiment indicated that the 1,4-
dihydropyridine moiety is not present in the reaction product
structure as shown by the absence of the original anodic sig-
nal at 793 mV versus SCE.

A typical cyclic voltammogram on Hg for 1.45mM
nifedipine solution is shown ifig. 7a. The reduction of the
nitro group produces a cathodic peak-a633 mV versus
SCE.Fig. 7b shows a cyclic voltammogram corresponding
to a 1 mM solution of the isolated product of the reaction be-
tween nifedipine and singlet oxygen. It is clear that this last
derivative maintains the nitro group in its structure, since the
original reduction signal at633 mV is present. The dissim-
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Fig. 7. Cyclic voltammograms of: (a) 1.45 mM nifedipine solution and (b)
1 mM solution of the isolated product from the reaction between nifedipine
and singlet oxygen. Working electrode: hanging mercury dropping electrode
(HMDE).
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ilar heights observed for both peaks are due to the different
initial concentration of the compounds.

Nifedipine is the more reactive compound toward singlet
oxygen. This drug exhibits a more positive oxidation peak
potential than nitrendipine, i.e. it is more difficult to be oxi-
dized. Therefore, an electron transfer reaction in the first step
of the reaction path could be discarded. Nevertheless, glassy
carbon electrode voltammetric experiments show a direct re-
lation between the potential peak values and the electronic
density on the dihydropyridine rin@9].

In order to obtain more information about the type of in-
teraction involved in the first step of the reaction between
1,4-DHPs and glAg), we analyzed the rate constant depen-
dence on the empiric microscopic parameters of the solvent
[30], by using the semi empirical solvatochromic equation
(LSER) of Kamlet et al[31,32]

Logk = log ko 4 aa + bB + sm* + d8 + hp? 1)

wherex is the hydrogen bond donation (HBD) ability of the
solvent,s is the hydrogen bond acceptance (HBA) or elec-
tron pair donation ability to form a coordinative bond, arid
is the polarity/polarizability parameter. The paramétera
correction term for polarizability, which takes values equal to
1.0 for aromatic solvents, 0.5 for polyhalogenated aliphatic
solvents, and 0O for all other aliphatic solvents. The Hilde-
brand’s solubility parametepy, corresponds to the square
root of the solvent cohesive density and is a measure of the
disruption of solvent—solvent interactions in creating a solute
cavity. The solvent-independent coefficieatsb, s, d and
h are characteristic of the process and indicative of the rate
constant sensitivity to each solvent property, accounting for
the established specific interactions at microscopic level be-
tween solute and solvent during the formation/stabilization
of the encounter complex (exciplex in some cases).

The coefficients of the LSER equation obtained by mul-
tilinear correlation analysis for the dependencéobn sol-

Table 4
LSER correlation equations for the reaction of singlet oxygen with nifedipine
and nitrendipine

logk = log ko + s7* + d§ + hp?,

log ko s d h
Nifedipine
Coefficient 6278 Q317 —-0.277 Q002
+ 0.208 Q213 Q113 Q001
t-stat 30224 1486 —2.446 2473
P (two-tail) <0.0001 Q1755 00402 Q0385
VIF 1.316 1316
N=12,R=0.901, S.D.=0.0977=11.523
Nitrendipine
Coefficient 4012 1917 — 0.002
+ 0.229 Q297 Q002
t-stat 17557 6463 2436
P (two-tail) <0.0001 <00001 00351
VIF 1.316 1316

N=13,R=0.916,S.D.=0.1427=26.134
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Fig. 8. Proposed encounter complex formed in the first step of the reaction of singlet oxygen with (a) nifedipine and (b) nitrendipine.

vent parameters are given able 4 These values result  plex due to the attack of singlet oxygen on the cartmarbon
from purely statistical criteria. The overall quality of equa- double bond. The participation of this kind of exciplex has
tion is indicated by sample siz¥, correlation coefficient, been widely supported by many previous experimental re-
standard deviation, S.D., and Fisher index of equation relia- sults[33,34]and also by theoretical calculatiof35]. For ni-
bility, F. The reliability of each term is indicated by a large trendipine, the perepoxide-like exciplex could be stabilized
t-statisticsy-stat, two-tail probabilityP(two-tail) < 0.05; and by an intramolecular interaction of allylic hydrogen (like the
the VIF statigraph (a measure of parameter orthogonally) is one in the 4-position of dihydropyridine ring) with the neg-
near to one. Good quality is indicated by largandF values, atively charged terminal oxygen. For nifedipine, this type of
small S.D. ana close to one. Results show that not all the de- stabilization would be hindered by the presenceraho-
scriptors are significant. Descriptor coefficients accepted in nitroaryl substituent, since it has been established that the
the correlation equation were those with a significance level ortho-nitro function is at reaction distance from the labile
>0.95. For this reasom,andpg parameters were notincluded hydrogen (H-C4) and the ester moief5]. This interaction
in the LSER correlation. According to the coefficients of the could be responsible for a higher charge density on the di-
equationsimable 4 thekt values for both 1,4-DHPsincrease hydropyridine ring with the concomitant greater nifedipine
in solvents with the largest capacities to stabilize charges andreactivity toward singlet oxygen. The lower effect of the sol-
dipoles, and increase in solvents with high cohesive energy. vent on the nifedipine rate constant could be attributed to
The rate constant dependence onsfiggarameter could  the interaction between the nitro group and the hydrogen in
account for the participation of an encounter complex with the 4-position, the perepoxide would be stabilized through
charge separation. The influence of Hildebrand’s solubil- the interaction of negatively charged oxygen with the carbon
ity parameter,oy, could indicate that liberation of solvent atom adjacent to the amino group, adopting a geometry de-
molecules occurs in the formation of this complex. This de- nominated perepoxide-like zwitterion. This kind of encounter
pendence (the same for both compounds) can be interpreteaomplex has been proposed for the reaction of singlet oxygen
interms of the formation of a perepoxide-like encounter com- with enol ethers and enamin@s]. Both proposed exciplexes

Fig. 9. Proposed mechanism for the reaction gﬁlﬂg) with nitrendipine and nifedipine.
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are shown irFig. 8 Although in both encounter complexes of Kinetics and Photochemistry of the Faculty of Chemistry

(nifedipine, nitrendipine) partial separation of charges is pro- and Pharmaceutical Science of University of Chile, for the

duced, in the case of the latter, this process is more relevantuse of the facilities. Also, the authors express their gratitude

considering that the coefficient associated tosth@arame-
ter is significantly higher than in the case of nifedipine. This

to Professor Fresiadpez for the English revision.

result can be explained by the preferential geometry adopted

due to the greater availability of the labile hydrogenr-34)
in the dihydropyridine ring, producing more formal charge
separation. The dependence on theparameter accounts
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