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6-Hydroxy-5,7,8-trimethyl-benzopyran derivatives and 5,7,8-trimethyl-1,4-benzoxazine analogues substituted
by the lidocaine pharmacophore aminoamide functionality at C4 or N4, respectively, were synthesized and
evaluated against arrhythmias associated with ischemia—reperfusion injury. The antiarrhythmic effect of
substitutents at positions C2 and C6 was examined. Six out of the 11 new derivatives, exhibited arrhythmia
scores 1.0—1.3 versus the control (4.5 + 1.2), which was also reflected to the % premature beats (0.5—3.9),
control (13.7 & 3.6). Selected compounds were further studied by a conventional microelectrode method.
2-Diethylamino-1-(5,7,8-trimethyl-2-phenyl-2,3-dihydro-benzo[1,4]oxazin-4-yl)-ethanone (50) and the trolox-
inspired 4-(2-diethylamino-acetyl)-2,5,7,8-tetramethyl-3,4-dihydro-2H-benzo[1,4]oxazine-2-carboxylic acid
ethyl ester (62) suppress reperfusion arrhythmias and reduce malondialdehyde (MDA) content, leading to
a fast recovery of the heart after ischemia—reperfusion. They exhibit combined class IB and class Il
antiarrhythmic properties, which constitutes them as promising compounds for further studies because, due

to their multichannel “amiodarone like” effect, less proarrhythmic complications can be expected.

Introduction

Acute myocardial ischemia causes highly arrhythmogenic
changes in cardiac electrical properties’ that strongly promote
ventricular tachycardias and ventricular fibrillation and lead to
a high incidence of sudden death in minutes to hours.?
Reperfusion through thrombolysis or percutaneous angioplasty
(primary PTCA) is standard treatment in impending acute
myocardial infarction.® While early reperfusion of the heart is
essential in preventing further tissue damage due to ischemia,
reintroduction of blood flow can expedite the death of vulner-
able, but still viable, myocardial tissue, by initiating a series of
events involving both intracellular and extracellular mechanisms.*®
The first few minutes of reperfusion constitute a critical phase,
as lethal tissue injury in addition to that already developed during
ischemia may be initiated. The manifestations of reperfusion
injury include arrhythmia, reversible contractile dysfunction-
myocardial stunning, endothelial dysfunction, and cell death.
Reperfusion injury of the myocardium is a complex phenomenon
consisting of several independent etiologies.® The mechanisms
proposed to contribute include oxygen free radical formation,
calcium overload, neutrophil-mediated myocardial and endot-
helial injury, progressive decline in microvascular flow to the
reperfused myocardium, and depletion of high energy phosphate
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stores.” Electrophysiological balance requires precise control of
sarcolemmal ion channels and exchangers, many of which are
regulated by phosphatidylinositol(4,5)bisphosphate, which is the
immediate precursor of inositol(1,4,5)trisphosphate (IP;), a
regulator of intracellular Ca®>" signaling and, therefore, a
potential contributor to arrhythmogenesis by altering Ca?"
homeostasis.”® Recent studies have shown that both oy-adre-
noceptor subtypes (a;a-AR and a;g-AR) can provide protection
from IP; generation and arrhythmogenesis in early postischemic
reperfusion through different mechanisms.”®¢

A variety of compounds have been investigated in different
experimental models of myocardial ischemia—reperfusion.®
These include oxygen free radical scavengers, antioxidants,
calcium-channel blockers, inhibitors of neutrophils, nitric oxide,
adenosine-related agents, inhibitors of the renin—angiotensin
system, endothelin receptor antagonists, Na*/H* exchange
agents, mitochondrial Katp channel openers, and antiapoptotic
agents. All of these categories of biologically active agents have
been demonstrated to protect from reperfusion injury determined
as limitation of infarct size, improved myocardial and endothelial
function, and reduced incidence of arrhythmias.

It is now well recognized that arrhythmia is the main
manifestation of ischemia and reperfusion myocardial dysfunc-
tion.® In particular, reperfusion following a certain period of
ischemia induces ventricular arrhythmias, such as ventricular
tachycardia and ventricular fibrillation,®® which are different
from coronary-evoked arrhythmias.** Lidocaine, a Na* channel
blocker, is often used as an antiarrhythmic drug in ischemia—
reperfusion situations.*® Besides having antiarrhythmic effects,
lidocaine may protect myocardium not only against ischemic
but also against reperfusion injury by affecting intracellular
concentrations of sodium**** and calcium*>*® during ischemia
and reperfusion, by protecting cellular membranes against long-
chain acylcarnitines'” and reactive oxygen species,*® and perhaps
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Figure 1. Design of new 5,7,8-trimethylbenzopyran- and 5,7,8-trimethyl-1,4-benzoxazine aminoamide derivatives.

by blocking calcium channels.**?° Lidocaine reduces myocardial
ischemia—reperfusion injury in isolated rat heart®>?? and in
Viv0.23727

In our previous studies involving antiarrhythmic antioxi-
dants,?® the 6-hydroxy benzopyran ring of vitamin E and the
pharmacophore diethylamino amide moiety of class | antiar-
rhythmics, procainamide and lidocaine, were combined in a
single molecular entity. Among the new analogues, the lidocaine
derivatives (1) were the most potent in suppressing reperfusion
arrhythmias. As a continuation of our efforts in the field of novel
cardioprotective agents against arrhythmias associated with
ischemia—reperfusion injury,? we focused our studies on two
classes of analogues. The first comprises 6-hydroxy-5,7,8-
trimethyl-benzopyran derivatives substituted by the lidocaine
aminoamide functionality at C-4 (I1), while the second encom-
passes 5,7,8-trimethyl-1,4-benzoxazine analogues in which the
lidocaine aminoamide functionality constitutes part of the
heterocyclic system (I11). In addition, we studied the antiar-
rhythmic effect of alkyl or aryl substitutents at position C2 as
well as of substituents at position C6. (Figure 1). Selected
compounds were further studied by a conventional microelec-
trode method in order to get insight into their cellular mode of
action.

Chemistry

The synthesis of compounds 13—15, 46—52, 62, and 63 is
depicted in Schemes 1—5. More specifically, condensation of
3,6-dihydroxy-2,4,5-trimethyl acetophenone with acetone or
2-octanone in the presence of pyrrolidine and molecular sieves
in ethanol gave chromanones 1 and 2, respectively, while
condensation of 3,6-dihydroxy-2,4,5-trimethyl acetophenone
with benzaldehyde in the presence of piperidine, boric acid, and
silica gel in DMF*° afforded 3. Compounds 1—3 upon treatment
with hydroxylamine in pyridine were converted to oximes 4—6,
which were in turn reduced to the corresponding amines 7—9
using TiCl/NaBH, in DME.®* Analogues 7—9 were acylated
using bromoacetyl chloride in the presence of NaHCOj3 in THF/
H,0 to afford bromoamides 10—12, which reacted with diethy-
lamine in toluene®? to produce the desired 4-aminobenzopyran
derivatives 13—15. The preparation of 1,4-benzoxazinone
derivatives 20—23, 25, 26, and 31 is depicted in Schemes 2
and 3. Thus, treatment of 2,3,5-trimethylphenol (16) with NaNOs
in the presence of HCI and a catalytic amount of La(NQOg); in
a biphasic system (water—ether)® gave 2,3,5-trimethyl-6-nitro-
phenol (17), which was alkylated with the appropriate a-bro-
moester in the presense of Cs,CO; and a catalytic amount of
TBAI to give ethers 18, 19, and 24. Hydrogenation of 18 and

19 gave the corresponding anilines, which spontaneously
cyclized to benzoxazinones 20 and 21, respectively. Reduction
of the nitro group in compound 24 was effected using CuCl/
NaBH, in ethanol®* to give benzoxazinone 25 after spontaneous
cyclization. Treatment of 20, 21, and 25 with a mixture of acetic
acid/hydrogen peroxide/hydrogen chloride in petroleum ether
afforded the 6-chloro-benzoxazinones 22, 23, and 26. The
synthesis of 2,3,5-trimethyl-6-nitro hydroquinone (27) was
effected by hydroxylation of 2,3,5-trimethyl-6-nitro-phenol (17)
using K,S,0g in 10% aqueous NaOH. Nitration of 2,3,5-
trimethylhydroquinone afforded the corresponding quinone
derivative instead of the 2,3,5-trimethyl-6-nitro hydroquinone.
Efforts to nitrate 1,4-dimethoxy-2,3,5-trimethyl phenol resulted
in deprotection and oxidation to the quinone, as previously
observed.® Protection of the hydroxyl groups of 27 using
dimethylsulfate in the presence of K,COjs in acetone afforded
the dimethoxy derivative 28, which upon selective deprotection
using BF3+S(CH3),*® complex in CH,CI, yielded 4-methoxy-
2,3,5-trimethyl-6-nitro-phenol (29). Alkylation with 2-bromo-
2-phenyl methyl acetate, as above for compound 24, afforded
analogue 30, which upon reduction using CuCl/NaBH, in
ethanol®** and spontaneous cyclization gave benzoxazinone 31.
The final aminoamide derivatives 46—52 were obtained as
described in Scheme 4. Thus, reduction of benzoxazinones
20—23, 25, 26, and 31 with BF5;+Et,O and NaBH, in THF, at
0-5 °C, to the corresponding benzoxazines 32—38, followed
by acylation by bromoacetylbromide in the presense of triethy-
lamine in CH,Cl, to give bromoamides 39—45 and subsequent
treatment with diethylamine in toluene produced the final
aminoamides 46—52, respectively. The synthesis of compounds
62 and 63, which can be envisaged as derivatives of trolox, the
water soluble derivative of Vitamin E, was accomplished as
depicted in Scheme 5. Alkylation of 17 using 2-bromo-2-methyl-
malonic acid diethyl ester to afford 53 was followed by catalytic
hydrogenation to the corresponding aniline, which spontaneously
cyclized to benzoxazinone 54. Treatment of 54 with a mixture
of acetic acid/hydrogen peroxide/hydrogen chloride in petroleum
ether afforded the 6-chloro-benzoxazinone 55. The desired
benzoxazine derivatives 58 and 59 could not be obtained by
treatment with BF;-Et,0 and NaBH, or BH3* THF due to the
concomitant reduction of the ester functionality at C2. We were
able to circumvent this problem through formation of the
corresponding thioamides 56 and 57 by treatment of 54 and
55, respectively, with Lawesson reagent®” followed by desul-
phurization using Ra/Ni to afford benzoxazines 58 and 59,
respectively. Acylation by bromoacetylbromide in the presence
of triethylamine in CH,Cl, gave bromoamides 60 and 61, and
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subsequent treatment with diethylamine in toluene produced the
final aminoamides 62 and 63, respectively.

The enantioselective synthesis of (R)-(—)-1-(6-chloro-5,7,8-
trimethyl-2-phenyl-2,3-dihydro-benzo[1,4]oxazin-4-yl)-2-diethy-
lamino-ethanone (51b) is described in Scheme 6. Chlorination
of 2,3,5-trimethyl-6-nitrophenol (17) afforded 4-chloro-2,3,5-
trimethyl-6-nitrophenol (64), which upon Mitsunobu reaction
using (9-(+)-a-hydroxy phenyl methyl acetate in the presence
of triphenylphosphine and DEAD either at room temperature
or at 40 °C afforded the desired R-enantiomer 65 but in low
yield (~18%). The yield was dramatically increased when the
reaction was performed in an ultrasonic bath (~75%).%® The
next step was the reduction of the nitro group in 65 followed
by spontaneous cylization to afford (R)-(—)-6-chloro-5,7,8-
trimethyl-2-phenyl-2H-benzoxazine-3(4H)-one (26b). To this
end, initially we employed CuCl in the presence of NaBHy,
which afforded benzoxazinone 26b but unfortunately as a

racemic mixture, or Ra—Ni, which afforded the desired enan-
tiomer of 26b but in low yield (~40%). We were pleased to
find that reduction of 65 using Fe in the presence of NH,CI®*®
followed by spontaneous cyclization afforded benzoxazinone
26b, in 70% vyield, which upon reduction with BHs-SMe;
yielded benzoxazine 37b. The desired amino amide 51b was
obtained after acylation by bromoacetylbromide in the presence
of triethylamine in CH,CI, and subsequent treatment with
diethylamine in toluene.

Results and Discussion

The ability of the new analogues 13—15, 46—52, and 62 to
suppress reperfusion arrhythmias and to inhibit lipid peroxida-
tion was evaluated using the Krebs perfused Langendorff
model*® on isolated rat heart preparations (Tables 1 and 2). The
results were obtained from 3—5 independent experiments. The
compounds were present at the last 5 min of ischemia and during
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Table 1. Antiarrhythmic and Antioxidant Activity of the New Analogues®

compd MDA (ng/g wet tissue) arrhythmia score premature ventricular beats PVB (%) ventricular tachycardia (VT) ventricular fibrillation (VF)
13 NEP 9 + 3 (30 uM) 8 & 5 (100 uM)
14 NE 10 + 3.5 (30 M) 9 =+ 4 (100 uM)
15 128.6 +42.0 3.6 +0.86 4.3 £+ 2.58° (1 uM) 1.56 4 0.24
46 152.0 + 29.0 1.3 +0.08° 3.4 £ 2.25%1 uM)
47 160.0 4+ 1.0° 51+1.3 1.6 £ 0.64%(1 uM) 0.84 +0.16 1.04+0.13
48 163.0 + 16.0 1.0 £+ 0.09¢ 3.9 + 0.28%(1 uM)
49 143.0 + 52 5.7 +£1.00 2.1 £+ 2.59(1 uM) 3.68 +0.21
50 120.0 & 20.0° 1.0 +£0.01° 0.5 £ 0.07%(1 uM)
51 118.3 + 2.0° 1.0 4+ 0.05¢ 1.0 + 0.05° (1 uM)
52 136.0 & 32.0 1.0 £0.03® 2.8 +0.84¢ (1 uM)
62 88.6 + 4.0° 1.0 £ 0.02° 3.0 +0.359 (1 uM)
control 230.0 + 32.0 45+ 124 13.0 + 3.6 (1 uM)
lidocaine 160.0 & 40.0 1.0+ 0.04 3.1+£1.01uM)

an = 3-5. P NE = not examined. ©*p < 0.05, versus control. 9 **p < 0.01, versus control. ©***p < 0.001, versus control.

reperfusion. Arrhythmia scores were calculated for the first 10
min of reperfusion and were quantified according to the Lambeth
Convention guidelines** by the following scoring system: hearts
with premature ventricular beats (PVB?®) less than 5% were
given a score of 1, with PVB more than 5% or bigeminy/salvos
a score of 2, ventricular tachycardia (VT) a score of 3, transient
ventricular fibrillation (VF) a score of 4, and sustained VF a
score of 5. Ventricular fibrillations lasting more than 1 min were
considered as sustained. The arrhythmia score in the absence
of compound was 4.5 & 1.24 and was mainly due to premature

@ Abbreviations: APA, action potential amplitude, APDs, action potential
duration measured at 50% repolarization; APDg, action potential duration
measured at 90% repolarization; MDA, malondialdehyde; PVB, premature
ventricular beats; RMP, resting membrane potential, V., maximal rate of
depolarization; VF, ventricular fibrillation, VT, ventricular tachycardia.

beats (13.0 & 3.6). Lidocaine had an arrhythmia score of 1.0 +
0.04 and was also due to premature beats (3.1 & 1.0).

Peroxidation of membrane phospholipid polyunsaturated fatty
acids is considered a major mechanism of the damage occurring
on reperfusion of the myocardium after a prolonged period of
ischemia. Lipid peroxides are unstable and decompose to form
a series of compounds including reactive carbonyl compounds.
Malondialdehyde (MDA) is the final product of lipid peroxi-
dation, and it has been found in the blood of patients after
reperfusion of the myocardium.*? Thus, malondialdehyde quan-
titation by the thiobarbituric acid test (TBA test) has been used
as indicator of lipid peroxidation.*® Malondialdehyde (MDA)
levels were measured at the end of reperfusion (ng/g wet tissue)
(Tables 1,2), and the reduction of MDA levels was an indication
of the antioxidant activity of the compounds under study.
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Table 2. Antiarrhythmic and Antioxidant Activity of the Racemic Mixture of Compound 51 and Its Enantiomers, 51a and 51b, Tested at 1 uM
Concentration®

compd MDA (ng/g wet tissue) arrhythmia score premature ventricular beats PVB (%) ventricular tachycardia (VT) ventricular fibrillation (VF)

51 118.3 +2.0° 1.0 +£0.05° 1.0 +£0.05°

5la 106.0 + 6.0° 43+134 15+1.32° 2.64 £+ 0.32 0.34+0.08
51b 153.0 £ 34.0 1.0 £0.14° 0.80 + 0.07°

control 230.0 £32.0 45+ 1.24 13.0 £ 3.6

lidocaine 160.0 + 40.0 1.0+ 0.04 31+10

an = 3-5, P***p < 0.001, versus control. ¢ **p< 0.01, versus control.

O
Y\N/\ Cl

(v} NA“
cl Ne j/\ \

0
N
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Figure 2. Chiral HPLC separation of racemic 51.

The activity of compounds 13—15, 46—52, and 62 against
reperfusion arrhythmias and lipid peroxidation is presented in
Table 1. Six out of the 11 new compounds induced only
premature beats and therefore were given the arrhythmia score
1. When compared to the control value (13.0 + 3.6), these
compounds reduced significantly the occurrence of PVBs,
although to a different extent.

In more detail, within the first group, the 6-hydroxy-5,7,8-
trimethyl-benzopyran-4-aminoamide compounds 13 and 14 were
evaluated at 30 and 100 «M and were found to possess low
activity slightly suppressing premature beats. The levels of MDA
were not measured because the compounds were not very potent.
Conversely, introduction of a phenyl group at C2 resulted in
increased activity and compound 15 at concentration of 2 uM
was found to reduce premature beats to 4.3 £ 2.6 with respect
to the control (13.0 &+ 3.6) and MDA levels by 45%. However,
tachycardia was observed as a side effect. (Table 1). On the
contrary, the 5,7,8-trimethyl-1,4-benzoxazine derivatives 46—52,
tested at 2 uM (Table 1), were found to possess significant
antioxidant and antiarrhythmic activity. The C2 and C6 unsub-
stituted derivative 46 reduced premature beats to 3.4 + 2.25
with an arrhythmia score of 1.3 & 0.1 versus the control (4.5
+ 1.24) and MDA levels by 34%. Introduction of chlorine at
C6, compound 48, reduced MDA levels by 29% and premature
beats to 3.9 + 0.28 with an arrhythmia score of 1.0 + 0.09.

The 2,2-dimethyl derivative 47 significantly suppressed
premature beats (1.6 + 0.64) but caused tachycardia and
ventricular fibrillation, resulting in an arrhythmia score of 5.1
=+ 1.3. The presence of a chlorine atom at C6 in 47 (compound
49) caused also reduction of PVBs (2.1 4 2.59) and suppressed
tachycardia but increased fibrillation (arrhythmia score 5.7 +
1.00). The antioxidant capacity of 47 and 49 was similar.

The 2-phenyl substituted analogues 50—52 exhibited the
highest antioxidant and antiarrhythmic activity of all the
compounds of the present study. Thus, derivative 50 decreased
MDA levels by approximately 48% and PVBs to 0.5 + 0.07
(control PVB (%) = 13 + 3.6 and lidocaine PVB (%) = 3.1 +
1.0).

The C6 chloro-substituted analogue of 50 (compound 51)
reduced PVBs to a lesser extent than 50 (PVB = 1.0 + 0.05)
but possessed slightly higher antioxidant activity (118.3 4= 2.0
ng/g wet tissue). In addition, both compounds resulted in very
good recovery of the heart. Analogue 52 is substituted by a
methoxy group at C6 and caused a substantial decrease of PVBs
and MDA in comparison to both the control and lidocaine (PVB
= 2.8 + 0.84 and MDA = 136 + 32.0 ng/g wet tissue).
However, when compared to 50 and 51, the presence of the
methoxy group was less advantageous than chlorine or hydrogen.

Because compound 51 was not only very potent in suppress-
ing reperfusion arrhythmias but also was the most potent
antioxidant (MDA 118.3 £+ 2.0 ng/g wet tissue), it was of
interest to investigate whether the two enantiomers of 51
possessed different activity than the racemate. Thus we em-
ployed chiral HPLC (DAICEL-CHIRACEL OD, mobile phase
hexane/2-propanol 90/10, flow rate 2.4 mL/min) for the separa-
tion of the racemic mixture (Figure 2). The first eluting
enantiomer (t; = 18.8 min) 51a ([a]3’= +41.3°) reduced the
MDA levels more than 50% (106.0 + 6.0) and the PVBs to 1.5
=+ 1.32 but it caused tachycardia and fibrillation (Table 2). The
second eluting enantiomer (t, = 22.2 min) 51b ([a]®= — 42.8°)
almost totally suppressed reperfusion arrhythmias PVB (%) =
0.80 + 0.07, reduced MDA (153.0 £ 34.0), not as efficiently
as 5la, and resulted in very good recovery of the heart. To
determine the absolute stereochemistry of the active enantiomer
51b, we performed chiral synthesis, as depicted in Scheme 6,
and it was found that compound 51b was the R-enantiomer. It
must be noted that even though the two enantiomers differed
in activity, the racemic mixture was equally active as 51b. This
has been previously reported for the racemate of the -adrenergic
blocker and class Il antiarrhythmic, sotalol and its dextroro-
tatory isomer (p-sotalol), which were both equally effective in
increasing cardiac action potential durations.**

The antiarrhythmic and the antioxidant capacity of the trolox
resembling derivative 62 were also measured using the same
conditions (Table 1). This compound was found to possess the
highest antioxidant capacity as reduced the level of MDA to
approximately 40% of the control (p < 0.001), while its
antiarrhythmic activity was similar to that of compounds 50—52.

To get an insight on the mechanism of action of the potent
5,7,8-trimethyl-1,4-benzoxazine derivatives, we employed the
conventional microelectrode technique to study their effects on
the action potential parameters. More specifically, we selected
the nonsubstituted at C2 and C6 compounds 46 and 47, which
bear two methyl groups at C2, 49, which is the 6-chloro
derivative of 47, 50, which has a phenyl substituent at C2, and
the two trolox-resembling derivatives 62 and 63.

The cellular electrophysiological effects of analogues 46, 47,
49, 50, 62, and 63 were investigated using rabbit right ventricular
papillary muscle at 5 «M. As control, we employed the class
I/B drug mexiletine, which is an orally active lidocaine analogue,
and the class Il antiarrhythmic sotalol, at 20 «M concentration
(Figure 3). The relation of the in vitro cellular action potential
and in vivo ECG measurements is illustrated in Figure 4. The



Benzopyrans and Benzoxazine Aminoamide Derivatives

Scheme 62

cl NO, Ci NO, Cl
a COOCH; b
_— ) .
OH 4'/
o lm
64 65

26b 37

Journal of Medicinal Chemistry, 2009, Vol. 52, No. 8 2333

0. N
. ; Y\-\I
N._O a N a N
JCENS QTR GG
o VPh 0" en et
b

51b

@ Reagents and conditions: (a) (§)-(+)-o-Hydroxy-phenyl-acetic acid methyl ester, PhsP, DEAD, THF, ultrasound; (b) Fe, NH,Cl, EtOH/H,0, 85 °C; (c)

BHs-SMe;,, THF; (d) BrCH,COBY, Et;N, CH,Cly; (€) Et;NH, toluene, 40 °C.

CF3
O
H
NH
(;\ro/\( 2 N
H
N
Mexiletine o_ O Flecainide
CFs
|
OH
H O\/\N,Csz
Y | “CoHs
CH5SO,HN 0 CH,

Sotalol Amiodarone

Figure 3. Structures of known antiarrhythmic drugs.

cellular electrophysiological results are illustrated and sum-
marized in Table 3 and Figures 5 and 6. The compounds can
be divided in three groups according to their effects. Thus,
compounds 47 and 63 did not or only slightly changed the
repolarization measured as APDs, or APDg, but exerted marked
and use-dependent depression of the maximal rate of depolar-
ization (Vimax) and increase of impulse conduction time (CT),
particularly at fast stimulation frequencies. In this respect, it
has to be noted that 47 decreased Vimax Only at stimulation cycle
lengths shorter than 1500—2000 ms, while, 63 decreased Viax
at all stimulation cycle lengths studied. These effects resemble
those of mexiletine (Figure 6)*® and flecainide,*® are consistent
with class I/B and class 1/C properties*” and strongly suggest
considerable fast sodium channel inhibition. Compounds 46 and
49 induced a marked reverse rate dependent prolongation of
repolarization measured as APDg, without or only slightly
changing Vmax or CT. This effect by 46 is similar to the class
111 reference compound sotalol (Figure 6) and is consistent with
class 111 antiarrhythmic properties,*® suggesting inhibition of
one of the repolarizing cardiac potassium channels most likely
the rapid delayed rectifier outward potassium current (ly,)
flowing through the HERG channels. Compounds 50 and 62
showed considerable effect both on repolarization (APDgg) and
depolarization/impulse conduction in a frequency dependent
manner. Both analogues decreased Vs and increased CT more
at fast stimulation frequencies corresponding to cycle lengths
of less than 2000 ms than at normal or slow ones, but they
delayed repolarization reflected as increase of APDg, somewhat
more at slow than at fast stimulation frequencies. This combina-
tion of class 1B and class Il antiarrhythmic properties resembles
to that of amiodarone*® and suggests combined or multichannel
drug action.

The 2,2-dialkyl-substituted-4-aminobenzopyrane derivatives
13 and 14 possessed similar antiarrhythmic activity as their
5-aminobenzopyrane congeners, previously reported by our
group.?® This suggests that the position of the aminoamide
functionality in the 2,2-dialkyl-chroman derivatives is not very
critical for activity against reperfusion arrhythmias. The presence
of alkyl substituents at C2 resulted either in moderately active
compounds, in the case of the 4-amino-benzopyran derivatives

13 and 14, or in analogues that caused ventricular tachycardia
and/or ventricular fibrillation, 47 and 49, respectively. Con-
versely, the presence of a phenyl group at C2 resulted in potent
compounds in both the 5,7,8-trimethyl-1,4-benzoxazine and the
5,7,8-trimethyl-benzopyran series. This effect was more pro-
nounced within the 1,4-benzoxazine analogues because all
2-phenyl substituted derivatives 50—53 resulted in very good
recovery of the heart after ischemia—reperfusion. The trolox-
inspired-1,4-benzoxazinic derivative 62, reduced reperfusion
arrhythmias, and resulted in an extremely low MDA level, even
lower than the nonperfused heart. We cannot give a reasonable
explanation for this result based on the biological experiments
performed so far.

The presence of a C6-chloro-substituent in 5,7,8-trimethyl-
1,4-benzoxazines did not affect the antioxidant capacity and the
arrhythmia score with respect to the nonchlorinated congeners,
but it resulted in differences on the action potential parameters.
A possible explanation could be differences in membrane
binding and permeation due to halogenation, as previously
reported.>®

As a general observation, the 5,7,8-trimethyl-1,4-benzox-
azine scaffold resulted in more potent antiarrhythmic com-
pounds when compared to the 5,7,8-trimethyl-benzopyran-
substituted derivatives. This is not unexpected because the
2H-1,4-benzoxazine-3-(4H)-one and 3,4-dihydro-2H-1,4-ben-
zoxazine systems have been studied extensively for building
natural and designed biologically active compounds, which
span from herbicides, fungicides, cardiovascular agents, Katp
channel openers, compounds against diabetes, neuropro-
tectants, and agents against anxiety and depression.> %3
Thus, the above-mentioned heterocycles can be considered
as privileged scaffolds for the development of potential new
drugs. To the best of our knowledge, the 5,7,8-trimethyl-
1,4-benzoxazine moiety has not been utilized yet as a
template for the design of new antiarrhythmics. The presence
of the three methyl substituents renders the system so electron
rich that the corresponding 6-hydroxy-2-alkyl- or 6-hydroxy-
2-aryl-5,7,8-trimethyl-1,4-benzoxazines were not stable>* in
contrast to the 6-methoxy-derivative 52.

Concerning the effect of the new analogues on action
potential parameters, we cannot draw specific structure—activity
relationships, however it is evident that the compounds that
suppressed reperfusion arrhythmias and did not induce
ventricular tachycardia and/or ventricular fibrillation possess
a multichannel profile. In addition, we cannot deduce any
clear trend between MDA reduction and suppression of
reperfusion arrhythmias for the compounds tested. It is
possible that our compounds affect pathways of ischemia—
reperfusion injury, which are not reflected on the MDA
produced. However, the analogues that effectively suppressed
reperfusion arrhythmias reduced MDA levels with respect
to the control.

In conclusion, we have synthesized 5,7,8-trimethylbenzopyran
and 5,7,8-trimethyl-1,4-benzoxazine derivatives encompassing
the pharmacophore aminoamide functionality of lidocaine. On
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Figure4. (A) Arrangement of the intracellular action potential measurement. A fine glass sharp tip microelectrode was inserted into the intracellular
space and the other (reference) electrode was placed at the extracellular environment. The potential difference between the two electrodes was
measured through an amplifier and represents the electrical activity of the ventricular papillary muscle cells. (B) Body surface electrocardiogram
(ECG), which represents the electrical activity of the whole heart and commonly used in the clinical practice. (C) Illustration of the relation between
the intracellular action potential and the ECG recordings. The ECG signal represents the average of the large number of action potentials produced
by the individual myocardial cells measured at the body surface. The P wave corresponds to the activity of the atrial cells, the QRS and T waves
the depolarization and the repolarization of the ventricular myocytes, respectively. Therefore, as the figure shows changes of the maximal rate of
depolarization (Vmax) Would result changes in the QRS waves and changes in the ventricular action potential duration would result changes in the

QT interval.

Table 3. Effect of Compounds 46, 47, 49, 50, 62, and 63 and Reference Drugs Sotalol and Mexiletine on the Action Potential Parameters in Rabbit

Right Ventricular Papillary Muscle at 1 Hz Stimulation Frequency

compd? RMP,® mV APA,"mv APDso,? ms APDg,? ms Vinaa" VIS
46° —85.8 +0.3 111.9 4+ 1.9 1923+75 236.8 + 6.5 200.2 4+ 18.2
control® —86.5+0.9 111.6 + 1.7 160.7 & 10.7 20534 9.1 220.2 +15.2
47 —85.9+ 1.0 108.4 + 2.8 147.1 4+ 11.7 179.5 4 10.1 175.4 4+ 25.8
control —87.4+0.4 111.340.9 1451 +9.7 178.6 +9.3 275.4 4+ 20.8
49 —85.3+2.0 116.2 + 1.7 171.6 + 3.5 214.4 +£35 188.4 + 14.5
control —84.0+25 1154 + 2.1 155.8 + 7.7 195.4 + 7.6 197.0 + 9.3
50 —82.7+34 1151+ 3.1 175.6 +£12.9 210.9 + 12.4 1745 +£15.4
control —844+23 1144 +26 1498+ 7.0 1859+ 5.2 203.3 + 15.2
62 —86.6 + 0.7 1109 +3.1 161.7 + 19.6 201.2 + 185 171.9 4+ 15.8
control —85.2 4+ 1.0 109.5 £ 2.0 144.6 4+ 119 182.5 4+ 10.6 1935+ 8.7
63 —81.5+ 3.4 105.1 + 4.2 107.7 + 11.8 159.5 + 5.0 184.7 + 8.7
control —83.7+ 2.1 109.8 + 0.9 110.0 + 11.7 161.7+5.3 251.7 + 25.9
sotalol® —85.9+ 1.8 1095+ 2.1 219.9 +23.3 275.0 + 24.8 202.4 + 18.6
control —87.9+ 1.7 109.8 + 1.7 153.8 4+ 11.1 198.6 4 10.7 220.2 +21.9
mexiletined —85.7 + 2.0 105.9 4+ 2.9 141.0 & 10.6 180.9 + 10.6 190.3 4 19.7
control —83.6 +0.9 106.2 + 1.3 139.7+ 85 179.6 + 8.7 200.7 + 9.5

an=3.Pn=4.°n=7 (reference compound). ¢ n = 10 (reference compound). ® RMP = resting membrane potential. " APA = action potential amplitude.
9 APDs;, APDg, = action potential duration measured at 50% and 90% repolarization, respectively. " Vi = maximal rate of depolarization.

the basis of the evaluation of the antiarrhythmic and antioxidant
properties as well as the cellular cardiac electrophysiological
properties of the studied analogues 50 and 62 are promising
compounds for further studies because of their multichannel
“amiodarone like” effect, less proarrhythmic complications can
be expected than with 47, 63, 46, and 49, which seem to have
either class I or class Il actions, which were responsible to the
increased mortality in the CAST? and SWORD®® multicenter
clinical trials. However, it has to be emphasized that further
studies are needed to establish the exact mode of action of the
studied compounds because several possible potential antiar-
rhythmic mechanisms like calcium, ATP, acetylcholine ultra

rapid delayed rectifier (I, kV 1.5) channel, or 5 receptor block
can not be ruled out.

Experimental Section

NMR spectra were recorded on a Bruker AC 300 spectrometer
operating at 300 MHz for *H and 75.43 MHz for 3C. 'H NMR
spectra are reported in units of o relative to the internal standard
of signals of the remaining protons of deuterated chloroform, at
7.24 ppm. BC NMR shifts are expressed in units of o relative to
CDCl; at 77.0 ppm. 3C NMR spectra were proton noise decoupled.
All NMR spectra were recorded in CDCl;. Silica gel plates
Macherey-Nagel Sil G-25 UVys, were used for thin layer chroma-
tography. Chromatographic purification was performed with silica
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Figure 5. Frequency dependent effect of compounds 49, 50, and 62
on the conduction time (CT), maximal rate of depolarization (Vimax),
and action potential duration (APD90) on rabbit ventricular papillary
muscles.

gel (200—400 mesh). Elemental analyses were carried out on a
Perkin-Elmer series 11 CHNS/O 2400 analyzer. Mass spectra were
recorded on a Varian Saturn 2000 GC-MS instrument in the EI
mode.

2,3-Dihydro-2-phenyl-6-hydroxy-2,5,7,8-tetramethyl-4H-1-
benzopyran-4-one (3). 2,4,5-Trimethyl-3,6-dihydroxyacetophenone
(2.94 g, 10 mmol) and benzaldehyde (1.04 mL, 10 mmol) were
added to a mixture of HsBO3 (0.927 g, 15 mmol), piperidine (0.25
mL, 2.5 mmol), and SiO, (2.5 g) in DMF (20 mL). The mixture
was stirred at 120 °C overnight, and then it was cooled to room
temperature and was diluted with acetone and filtered. The filtrate
was evaporated in vacuo to afford benzopyranone 3 as viscous oil
(0.9 g, 34%), which was used without further purification in the
next step. *H NMR (0) 7.5—7.34 (m, 5H), 5.41 (d, J = 12.8 Hz,
1H), 3.05—2.84 (m, 2H), 2.47 (s, 3H), 2.21 (s, 3H), 2.13 (s, 3H).
13C NMR (8) 193.5, 158.3, 142.5, 139.3, 137.2, 129.7, 128.7, 128.4,
125.8, 124.4, 117.6, 78.5, 20.4, 14.1, 14.0, 12.2.

2,3-Dihydr o-2-phenyl-6-hydr oxy-5,7,8-trimethyl-4H-1-ben-
zopyr an-4-one-oxime (6). Oxime 6 was prepared according to the
procedure described for oxime 4 using benzopyranone 3, dry
pyridine (5 mL), and hydroxylamine hydrochloride (0.963 g, 13.9
mmol) 0.21 g, 92% yield. *H NMR () 7.52—7.32 (m, 5H), 4.95
(dd, J=12.8 Hz, J= 3.7 Hz, 1H), 3.50 (dd, J = 17.7 Hz, J = 3.7
Hz, 1H), 2.90 (dd, J = 17.7 Hz, J = 12.2 Hz, 1H), 2.50 (s, 3H),
2.22 (s, 3H), 2.19 (s, 3H). *C NMR (0) 153.6, 150.2, 146.8, 140.6,
128.5, 127.9, 125.9, 125.8, 123.7, 118.5, 115.9, 77.2, 32.9, 14.7,
12.7, 12.1.

4-Amino-3,4-dihydr o-2-phenyl-5,7,8-trimethyl-2H-1-benzopy-
ran-6-ol (9). To a solution of TiCl, (0.17 mL, 1.53 mmol) in
dimethoxyethane (2 mL) at 0 °C was added NaBH, (116 mg, 3.06
mmol). The mixture was stirred at 0 °C for 10 min, and
subsequently a solution of oxime 6 (0.15 g, 0.51 mmol) in 2 mL
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Figure 6. Frequency dependent effect of compounds 46, 47, and 63
and reference drugs sotalol and mexiletine on the conduction time (CT),
maximal rate of depolarization (Vna), and action potential duration
(APD90) on rabbit ventricular papillary muscles.

dimethoxyethane was added dropwise. The mixture was stirred at
room temperature overnight. The reaction mixture was cooled to 0
°C and water was added. The mixture was made basic with the
addition of 28% aqueous ammonia and was extracted with
dichloromethane. The organic layer was extracted with brine, was
dried (Na;SQ,), and the solvent was evaporated in vacuo to afford
9, which was used without further purification. Viscous oil, 0.121
g, yield: 84%. 'H NMR (0) 7.46—7.29 (m, 5H), 5.26—4.95 (m,
1H), 4.07—4.16 (m, 1H), 2.24—2.12 (m, 11H).
N-(3,4-Dihydro-2-phenyl-6-hydroxy-5,7,8-trimethyl-2H-1-
benzopyran-4-yl)-bromoacetamide (12). To a solution of 4-amino-
3,4-dihydro-2-phenyl-5,7,8-trimethyl-2H-1-benzopyran-6-ol (9) (85
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mg, 0.30 mmol) in a mixture of THF/H,O 3/2 at 0 °C was added
NaHCO; followed by the dropwise addition of bromoacetylchloride
(0.60—1.2 mmol) until completion of the reaction by TLC. The
reaction mixture was diluted with dichloromethane, and the organic
layer was washed with saturated aqueous NaHCO3, brine, and was
dried over Na,SO,. The solvent was evaporated in vacuo to afford
the desired bromoacetamide 12, which was used without further
purification. Viscous oil, 0.295 g, 73% vyield. *H NMR (0)
7.54—7.30 (m, 5H), 5.23—4.91 (m, 1H), 4.11-4.32 (m, 1H),
3.92—3.49 (m, 2H), 2.25—1.99 (m, 11H).
N-(3,4-Dihydro-2-phenyl-6-hydroxy-5,7,8-trimethyl-2H-1-
benzopyran-4-yl)-(diethylamino)acetamide (15). To a solution of
N-(3,4-dihydro-2-phenyl-6-hydroxy-5,7,8-trimethyl-2H-1-benzopy-
ran-4-yl)-bromoacetamide (12) (113 mg, 0.28 mmol) in 7 mL
toluene at 0 °C was added diethylamine (0.07 mL, 0.70 mmol).
After stirring for 2 days at room temperature, the mixture was
extracted with 2 N HCI. The aqueous layer was made basic with 2
N NaOH and extracted with CH,Cl,. The organic layer was dried
(Na,S0O,4) and the solvent was evaporated in vacuo. Purification of
the residue by flash column chromatography using dichloromethane/
methanol 98:2 as elution solvent, compound 15 was obtained as a
gummy solid (0.086 g, 78%). *H NMR (8) 7.41—7.29 (m, 5H),
5.40—4.89 (m, 1H), 4.32—4.11 (m, 1H), 3.64—1.98 (m, 17H),
1.04—0.85 (m, 6H). *C NMR (8) 173.8, 150.1, 146.5, 140.8, 128.3,
127.6, 125.2, 125.1, 123.9, 118.7, 115.6, 77.1, 59.9, 48.5, 41.1,
39.8, 14,5, 12.5, 12.2, 11.8. Anal. (C24H32N203) C, H, N.
2-Nitro-3,5,6-trimethylphenal (17). A solution containing 2,3,5-
trimethylphenol (16) (6.0 g, 44 mmol) in diethyl ether (100 mL)
was added dropwise to a solution of sodium nitrate (3.71 g, 44
mmol) and La(NO);-6H,0 (0.191 g, 0.44 mmol) in 6 N HCI (72
mL) at 0 °C. The reaction mixture was stirred at room temperature
for 1 h and was then extracted with ethyl acetate. The organic layer
was washed with brine, dried (Na,SO,), and the solvent was
evaporated in vacuo. The residue was purified by flash column
chromatography (petroleum ether 40—60 °C/acetone 95:5) to afford
2-nitro-3,5,6-trimethylphenol as yellow solid (5.19 g, 65% yield):
mp 74—77 °C. 'H NMR (6) 11.02 (s, 1H), 6.62 (s, 1H), 2.55 (s,
3H), 2.27 (s, 3H), 2,18 (s, 3H). *C NMR (6) 153.8, 145.4, 133.2,
132.9,125.1, 124.4, 124.2, 22.5, 20.5, 11.6. MS (EI), m/z 181 (100,
M™). Anal. (CgH1;NO3) C, H, N.
2-Methyl-2-(2,3,5-trimethyl-6-nitr ophenoxy)pr opanoic Acid
Ethyl Ester (19). To a solution of 2-nitro-3,5,6-trimethylphenol
(17) (0.4 g, 2.21 mmol) in dry DMF (7.35 mL) was added cesium
carbonate (2.16 g, 6.62 mmol), TBAI (catalytic amount), and
2-bromo-2-methyl-propionic acid ethyl ester (0.97 mL, 6.62 mmol)
and the mixture was heated at 60 °C for three days. Subsequently,
the reaction the mixture was diluted with water and extracted with
ethyl acetate. The organic layer was washed with brine and dried
(Na;SOy). The solvent was evaporated in vacuo, and the crude
product was purified by flash column chromatography (petroleum
ether 40—60 °C/acetone (95:5)) to afford compound 19 as a viscous
oil, 0.487 g, 83% yield. *H NMR () 6.78 (s, 1H), 419 (g, J=7.1
Hz, 2H), 2.18 (s, 3H), 2.13 (s, 3H), 2.05 (s, 3H), 1.40 (s, 6H), 1.28
(t, J= 7.3 Hz, 3H). *C NMR (0) 173.3, 144.8, 139.7, 131.0, 127.8,
127.7, 126.8, 83.2, 61.6, 24.7, 20.3, 16.6, 13.9, 13.6. Anal.
(C15H21N05) C, H, N.
2,2,5,7,8-Pentamethyl-2H-1,4-benzoxazin-3(4H)-one (21). To
a solution of 2-methyl-2-(2,3,5-trimethyl-6-nitrophenoxy)propanoic
acid ethyl ester (19) (0.45 g, 1.52 mmol) in dry ethanol (18.7
mL) was added 10% palladium on carbon (0.112 mg). The
suspension was stirred under 1 atm of hydrogen gas at 70 °C
for 24 h. The reaction mixture was filtered through celite, the
filtrate was concentrated in vacuo, and the crude product was
purified by flash column chromatography (petroleum ether
40—60 °C/acetone (9:1)) to afford compound 21 as a white solid,
0.283 g, 85% yield: mp 166—170 °C. *H NMR (8) 9.00 (s, 1H),
6.60 (s, 1H), 2.22 (s, 3H), 2.18 (s, 3H), 2.11 (s, 3H), 1.51 (s,
6H). *C NMR (0) 170.1, 140.4, 132.0, 124.5, 123.2, 122.8,
119.5, 77. 3, 23.5, 19.4, 15.9, 11.3. MS, m/z. 219 (100, M™).
Anal. (C13H17N02) C, H, N.
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6-Chloro-2,2,5,7,8-pentamethyl-2H-1,4-benzoxazin-3(4H)-
one(23). To aslurry of 2,2,5,7,8-pentamethyl-2H-1,4-benzoxazin-
3(4H)-one (21) (0.13 g, 0.59 mmol) in petroleum ether (10.5 mL)
was added a mixture of AcOH/H,0, (30%)/HCI (37%) (0.22 mL,
3.85 mmol/ 0.43 mL, 3.85 mmol/0.15 mL, 1.48 mmol) and the
resulting mixture was refluxed for 48 h. The reaction was diluted
with ethyl acetate and the organic layer was extracted with water,
saturated aqueous NaHCOj;, brine, and was dried (Na,SO,4). The
solvent was evaporated in vacuo and the residue was purified by
flash column chromatrography (petroleum ether 40—60 °Clethyl
acetate (9:1), to afford compound 23 as a white solid, 0.147 g,
98% vyield; mp 234—237 °C. 'H NMR (6) 8.33 (s, 1H), 2.29 (s,
6H), 2.17 (s, 3H), 1.49 (s, 6H). 1*C NMR (8): 170.4, 138.9, 130.1,
127.9, 1245, 123.7, 118.4, 77.19, 23.3, 17.0, 13.9, 12.4. MS, m/z
253 (100, M*), 255 (36). Anal. (C13H3CINO,) C, H, N.

2-(2,3,5-Trimethyl-6-nitr ophenoxy)-2-phenylacetic Acid Meth-
yl Ester (24). Following the procedure for 19, using 2-nitro-3,5,6-
trimethylphenol (17) (0.4 g, 2.21 mmol), cesium carbonate (1.08
g, 3.31 mmol), bromophenylacetic acid methyl ester (0.758 g, 3.31
mmol), and stirring at room temperature for 5 min, compound 24
was obtained after purification by flash column chromatography
(petroleum ether 40—60 °Cl/ethyl acetate (95:5)). Gummy solid,
0.88 g, 97% vyield. 'H NMR (8) 7.45—7.33 (m, 5H), 6.85 (s, 1H),
5.29 (s, 1H), 3.69 (s, 3H), 2.18 (s, 3H), 2.17 (s, 3H), 1.93 (s, 3H).
13C NMR (8) 169.7, 147.5, 144.3, 140.9, 135.2, 129.3, 128.7, 127.9,
127.8, 127.5, 84.6, 52.5, 20.2, 17.0, 13.2. Anal. (C1gH:9sNOs) C,
H, N.

2-Phenyl-5,7,8-trimethyl-2H-1,4-benzoxazin-3(4H)-one (25).
To a solution of 2-(2,3,5-trimethyl-6-nitrophenoxy)-2-phenylacetic
acid methyl ester (24) (0.800 g, 2.43 mmol) in absolute ethanol
(12.1 mL) at 0 °C was added CuCl (1.202 g, 12.15 mmol) followed
by NaBH, (0.918 g, 24.3 mmol) over 5 min. The resulting mixture
was refluxed for 15 min, and the reaction was cooled to room
temperature. Water was added and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine, dried over
Na,SO,, and the solvent was evaporated in vacuo. The crude product
was purified by flash column chromatography (petroleum ether
40—60 °C/acetone (9:1)) to afford compound 25 as white crystals,
0.5 g, 77% yield; mp 171—173 °C. *H NMR (8) 9.23 (s, 1H),
7.33—7.48 (m, 5H), 6.61 (s, 1H), 5.72 (s, 1H), 2.21 (s, 9H). °C
NMR (0) 166.3, 140.9, 135.5, 132.3, 128.5, 126.6, 125.1, 122.6,
122.2, 120.9, 78.0, 19.4, 16.2, 11.6; MS, m/z: 267 (10, M%), 207
(200).

2-Phenyl-5,7,8-trimethyl-3,4-dihydr 0-2H-1,4-benzoxazine (36).
To a solution of 2-phenyl-5,7,8-trimethyl-2H-1,4-benzoxazin-3(4H)-
one (25) (0.2 g, 0.75 mmol) in THF (35 mL) was added dropwise
at 0 °C a solution of boron trifluoride etherate (2.24 mmol, 0.28
mL). The reaction mixture was stirred at 0 °C for 20 min, and
subsequently NaBH, (85 mg, 2.24 mmol) was added over 10 min.
The resulting mixture was stirred at room temperature overnight
and was diluted with ethyl acetate. The organic layer was extracted
with saturated aqueous NaHCO3 and brine and was dried (Na,SOy).
The solvent was evaporated in vacuo, and the residue was purified
by flash column chromatrography (petroleum ether 40—60 °Clethyl
acetate (9:1)), to afford benzoxazine 36 as white crystals, 0.186 g,
98% yield; mp 80—82 °C. *H NMR () 7.50—7.34 (m, 5H), 6.59
(s, 1H), 5.10 (dd, J = 8.5 Hz, 2.4 Hz, 1H,), 3.61 (d, J = 11.6 Hz,
1H), 3.36—3.29 (m, 1H), 2.23 (s, 3H), 2.19 (s, 3H), 2.15 (s, 3H).
13C NMR (8) 142.5, 139.7, 128.5, 128.4, 128.0, 126.8, 129.1, 123.3,
122.4,120.4, 75.5, 48.2,19.2, 16.6, 11.5. MS, m/z: 253 (100, M™).
Anal. (C17H19NO) C, H, N.

2-Bromo-1-(5,7,8-trimethyl-2-phenyl-2,3-dihydr 0-1,4-benzox-
azin-4-yl)-ethanone (43). To a solution of 2-phenyl-5,7,8-trimethyl-
3,4-dihydro-2H-1,4-benzoxazine (36) (150 mg, 0.59 mmol) in dry
dichloromethane (12 mL) was added dropwise at 0 °C triethylamine
(0.17 mL, 1.18 mmol) and bromoacetylbromide (0.08 mL, 0.89
mmol). The resulting mixture was stirred at room temperature for
30 min and then diluted with saturated aqueous NaHCO; and
extracted with ethyl acetate. The organic phase was washed with
saturated aqueous NaCl and was dried (Na,SO,). The solvent was
evaporated in vacuo, and the crude residue was purified by flash
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column chromatography (petroleum ether 40—60 °C/ethyl acetate
(9:1)) to afford compound 43 as a yellowish solid, 0.174 g, 79%
yield; mp 109—111 °C. Two rotamers of compound 43 were
detected in the NMR spectra, and the corresponding peaks are
defined by an asterisk. *H NMR (8) 7.47—7.00 (m, 5H), 6.69 (bs,
1H), 5.73—4.88 (m, 2H), 4.64—2.78 (m, 3H), 2.28—2.10 (m, 9H).
13C NMR (8) 167.9, 147.3, 138.1, 136.6, 135.9%, 128.8, 128.7,
128.6, 128.5%, 125.9, 125.6*, 125.5*, 123.9, 123.8*, 122.8, 78.1,
51.6*, 48.6, 27.1, 26.3*, 19.9, 19.8*, 17.2, 11.7.
Diethylamino-1-(5,7,8-trimethyl-2,3-dihydr o-1,4-benzoxazin-
4-yl)-ethanone (46). Following the procedure for compound 15
using 2-bromo-1-(5,7,8-trimethyl-2,3-dihydro-1,4-benzoxazin-4-yl)-
ethanone (39) (83 mg, 0.28 mmol), compound 46 was obtained
after purification of the crude residue by flash column chromatog-
raphy (dichloromethane/methanol (95:5)). Viscous oil, 77 mg, 95%
yield. Two rotamers of compound 46 were detected in the NMR
spectra and the corresponding peaks are defined by an asterisk. *H
NMR (0) 6.59* and 6.58 (1H), 4.90* (ddd, J = 13.4 Hz, 4.3 Hz,
1.2 Hz, 0.6H) and 4.65 (d, J = 14.7 Hz, 0.4H), 4.49—4.19 (m,
2H), 3.49—3.09 (m, 2H and 0.4H), 2.80* (ddd, J = 13.4 Hz, 4.3
Hz, 4.3 Hz, 0.6H), 2.65—2.48 (m, 4H), 2.20—2.04 (m, 9H), 1.05
(t, J = 7.0 Hz, 2.4H), 0.89* (t, J = 7.0 Hz, 3.6H). 1*C NMR (6)
171.9, 168.9*, 146.9, 146.2*, 135.8, 135.1*, 131.3*, 129.3, 124.8,
123.5%,123.3, 122.9*, 122.3, 121.5*, 67.5*, 67.2, 57.8, 53.0*, 47.6,
47.2*,44.0%, 41.7, 19.8, 19.7*, 18.8*, 17.3, 12.1*, 11.5. MS (ESI)
m/z291.3 ([M + 1]+, 100). HRMS (FAB+) caled for C;7H2;0,N,
[M + 1]* 291.2073, found 291.2087. Anal. (C17H5N,0,) C, H,
N.
2-Diethylamino-1-(2,2,5,7,8-pentamethyl-2,3-dihydr o-1,4-ben-
zoxazin-4-yl)-ethanone (47). Following the procedure for com-
pound 15 using 2-bromo-1-(2,2,5,7,8-pentamethyl-2,3-dihydro-1,4-
benzoxazin-4-yl)-ethanone (40) (90 mg, 0.28 mmol), compound
47 was obtained after purification of the crude residue by flash
column chromatography (dichloromethane/methanol (96:4)). Vis-
cous oil, 85 mg, 95% yield. Two rotamers of compound 47 were
detected in the NMR spectra and the corresponding peaks are
defined by an asterisk. *H NMR (8) 6.62* (s, 0.5H), 6.58 (s, 0.5H),
4.88* (d, J = 12.8 Hz, 0.5 H), 4.45 (d, J = 14.0 Hz, 0.5H),
3.73—3.15 (m, 2H and 0.5H), 2.83—2.65 (m, 4H), 2.59* (d, J =
12.8 Hz, 0.5 H), 2.21—-2.04 (m, 9H), 1.40—1.24 (m, 6H), 1.11 (t,
J = 7.0 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H). C NMR (8) 169.8,
168.9*, 148.3, 146.2*, 136.0, 134.9*, 130.5, 128.5*, 125.2, 123.8,
123.3*%,123.1*, 121.8, 121.6*, 80.1, 76.2*, 52.9, 52.1*, 47.7, 47.5%,
275, 27.1*%, 26.6, 25.0*, 19.7, 19.6, 19.3, 17.4, 11.7, 11.4. MS (ESI)
mvz 319.4 ([M + 1], 100). HRMS (FAB™) calcd for CygH3;0,N,
[M + 11" 319.2386, found 319.2380. Anal. (CygH3N,0,) C, H,
N.
1-(6-Chlor0-5,7,8-trimethyl-2,3-dihydr o-1,4-benzoxazin-4-yl)-
2-diethylamino-ethanone (48). Following the procedure for com-
pound 15 using 2-bromo-1-(6-chloro-5,7,8-trimethyl-2,3-dihydro-
1,4-benzoxazin-4-yl)-ethanone (41) (93 mg, 0.28 mmol), compound
48 was obtained after purification of the crude residue by flash
column chromatography (dichloromethane/methanol (98:2)). Vis-
cous oil, 90 mg, quantitative yield). Two rotamers of compound
48 were detected in the NMR spectra and the corresponding peaks
are defined by an asterisk. *H NMR (6) 4.90* (dd, J = 13.4 Hz,
4.3 Hz, 0.6 H), 4.64 (dd, J = 13.7 Hz, 2.7 Hz, 0.4H), 4.56—4.17
(m, 2H), 3.44—3.08 (m, 2H, and 0.4H), 2.78* (ddd, J = 12.2 Hz,
4.3 Hz, 4.3 Hz, 0.6H), 2.65—2.43 (m, 4H), 2.30 (s, 1.8H), 2.27 (s,
1.2H), 2.23 (s, 1.8H), 2.14 (s, 1.8H), 2.10 (s, 1.2H), 2.09 (s, 1.2H),
1.04 (t, J= 7.0 Hz, 2.4H), 0.87* (t, J = 7.0 Hz, 3.6H). *C NMR
(0) 172.2, 169.2*, 145.4, 144.8*, 133.9, 133.3*, 129.8, 128.2, 126.7,
126.4*,125.5, 123.7, 123.5*, 122.9, 67.5, 67.1*, 57.6*, 53.5, 47.6,
47.2*,43.9,41.6,17.3,17.1,16.7,12.5,12.2, 12.1, 11.4. MS (ESI)
m/z 325.3 ([M + 1], 100), 327.3 ([M + 3]*, 39). HRMS (FAB™)
calcd for Cy7H20,N,Cl [M + 1]7 325.1683, found 325.1686. Anal.
(C17H25CIN,0,) C, H, N.
1-(6-Chloro-2,2,5,7,8-pentamethyl-2,3-dihydr 0-1,4-benzoxazin-
4-yl)-2-diethylamino-ethanone (49). Following the procedure for
compound 15 using 2-bromo-1-(6-chloro-2,2,5,7,8-pentamethyl-2,3-
dihydro-benzo[1,4]oxazin-4-yl)-ethanone (42) (103 mg, 0.28 mmol),
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compound 49 was obtained after purification of the crude residue
by flash column chromatography (dichloromethane/methanol (96:
4)). Viscous oil, 92 mg, 93% yield. Two rotamers of compound
49 were detected in the NMR spectra, and the corresponding peaks
are defined by an asterisk. *H NMR (6) 4.91* (d, J= 12.8 Hz, 0.6
H), 4.55 (d, J = 14.0 Hz, 0.4H), 3.63 (d, J = 14.6 Hz, 0.4H),
3.37—3.10 (m, 2H), 2.83—2.54 (m, 4H and 0.6H), 2.32—2.10 (m,
9H), 1.40—1.24 (m, 6H), 1.08 (t, J = 7.3 Hz, 2.4H), 0.92* (t, J =
7.0 Hz, 3.6H). **C NMR (8) 171.1, 170.0*, 146.8, 144.9%, 133.8,
133.0%,129.1, 127.6*, 126.9, 126.2*, 126.1, 124.5*, 123.1, 122.5%,
80.4, 76.5*, 57.3, 53.5*, 52.9, 51.8*, 47.4, 27.3, 27.0, 26.5, 25.1,
17.7,17.1,16.9, 12,5, 12.3,12.2, 11.8. MS (ESI) m/z353.3 ([M +
1]*, 100), 355.3 ([M + 3], 37). HRMS (FAB™) calcd for
C19H3002N2C| [M + 1]+ 353.1996, found 353.2001. Anal.
(C19H2CIN,O,) C, H, N.

2-Diethylamino-1-(5,7,8-trimethyl-2-phenyl-2,3-dihydr o-1,4-
benzoxazin-4-yl)-ethanone (50). Following the procedure for
compound 15 using 2-bromo-1-(5,7,8-trimethyl-2-phenyl-2,3-di-
hydro-1,4-benzoxazin-4-yl)-ethanone (43) (104 mg, 0.28 mmol),
compound 50 was obtained after purification of the crude residue
by flash column chromatography (dichloromethane/methanol (98:
2)). Viscous oil, 98 mg, 95% vyield. Two rotamers of compound
50 were detected in the NMR spectra and the corresponding peaks
are defined by an asterisk. *H NMR (0) 7.43—7.23 (m, 5H), 6.67
(bs, 1H), 5.67—4.78 (m, 2H), 3.72—2.43 (m, 7H), 2.27—2.08 (m.,
9H), 1.11-0.83 (m, 6H). *C NMR (0) 172.3, 168.5*, 147.2, 146.6*,
140.8*, 138.7, 136.0, 135.3*, 131.3, 129.3*, 128.7, 128.6, 128.3,
125.8, 125.7, 124.7, 123.6, 123.5%, 122.5, 122.4*, 121.7, 79.2%,
79.0, 58.2, 53.2, 50.6, 48.4, 47.7, 47.5, 47.3*, 19.8, 19.7*, 18.9,
17.4, 12.2, 11.9%, 11.7, 11.4*. MS (ESI) m/z 367.4 ([M + 1],
100); HRMS (FAB™) calcd for Cy3H30,N, [M + 1] 367.2386,
found 367.2370. Anal. (C23H30N202) C, H, N.

1-(6-Chlor0-5,7,8-trimethyl-2-phenyl-2,3-dihydr o-1,4-benzox-
azin-4-yl)-2-diethylamino-ethanone (51). Following the procedure
for compound 15 using 2-bromo-1-(6-chloro-5,7,8-trimethyl-2-
phenyl-2,3-dihydro-1,4-benzoxazin-4-yl)-ethanone (44) (114 mg,
0.28 mmol), compound 51 was obtained after purification of the
crude residue by flash column chromatography (dichloromethane/
methanol (98:2)). Viscous oil, 109 mg, 97% yield. Two rotamers
of compound 51 were detected in the NMR spectra and the
corresponding peaks are defined by an asterisk. 'H NMR (8)
7.41-7.21 (m, 5H), 5.67—4.80 (m, 2H), 3.71-2.03 (m, 16H),
1.13—0.82 (m, 6H). **C NMR (6) 172.4, 170.3, 168.7, 145.8, 145.5,
145.3, 140.6, 138.4, 134.1, 133.5, 133.3, 129.9, 129.7, 128.7, 128.6,
128.4,127.0, 126.7, 125.8, 125.7, 125.4, 124.2, 123.8, 123.2, 123.0,
122.8, 79.3, 79.0*, 58.0, 56.5, 53.6, 50.5, 48.9, 48.3*, 47.6, 47.5,
47.3,17.5,17.2,16.9, 12.7, 12.3, 11.9, 11.3. MS (ESI) m/z 401.3
([M + 1]%, 100), 403.4 ([M + 3]*, 37). HRMS (FAB™) calcd for
CasH300:N,Cl [M + 117 401.1996, found 401.1968. Anal.
(C23H29C|N202) C, H, N.

1-(6-M ethoxy-5,7,8-trimethyl-2-phenyl-2,3-dihydr o-1,4-ben-
zoxazin-4-yl)-2-diethylamino-ethanone (52). Following the pro-
cedure for compound 15 using 2-bromo-1-(6-methoxy-5,7,8-
trimethyl-2-phenyl-2,3-dihydro-1,4-benzoxazin-4-yl)-ethanone (45)
(220 mg, 0.28 mmol), compound 52 was obtained after purification
of the crude residue by flash column chromatography (dichlo-
romethane/methanol (98:2)). Viscous oil, 0.105 g, 95% yield); Two
rotamers of compound 52 were detected in the NMR spectra, and
the corresponding peaks are defined by an asterisk. *H NMR (8)
7.43—7.21 (m, 5H), 5.65—4.75 (m, 2H), 3.69 (s, 3H), 3.68—2.38
(m, 7H), 2.28—2.04 (m, 9H), 1.12—0.82 (m, 6H). *C NMR (5)
172.3*, 168.4, 150.5*%, 150.0, 143.8*, 143.1, 138.7, 129.1, 128.7,
128.5,128.2, 125.8, 125.7, 124.8, 124.6, 123.3, 122.9, 122.8, 122.5,
122.1, 79.0, 78.9*, 77.8*, 60.2, 58.1, 56.6, 53.3, 50.7, 49.1, 48.4,
475, 474,472,127, 12.5,12.3, 12.1, 12.0, 11.3. MS (ESI) m/z
397.4 (M + 1], 100). HRMS (FAB™) calcd for Cy4H3303N; [M
+ 177 397.2491, found 397.2512. Anal. (C»H3,N,03) C, H, N.

2-(2,3,5-Trimethyl-6-nitr ophenoxy)-2-methylmalonic Acid Di-
ethyl Ester (53). Following the procedure for compound 19 using
2-nitro-3,5,6-trimethylphenol (17) (0.4 g, 2.21 mmol) in dry DMF
(7.35 mL), cesium carbonate (1.44 g, 4.42 mmol), TBAI (catalytic
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amount), and 2-bromo-2-methyl-malonic acid diethyl ester (0.84
mL, 4.42 mmol) after purification by flash column chromatography
(petroleum ether 40—60 °C/diethyl ether (9:1)), we obtained
compound 53 as a viscous oil 0.748 g, 96% yield. 'H NMR (8)
6.71 (s, 1H), 4.09 (g, J = 7.1 Hz, 4H), 2.05 (s, 3H), 1.97 (s, 3H),
1.93 (s, 3H), 1.32 (s, 3H), 1.12 (t, J = 7.3 Hz, 6H). 3C NMR (0):
167.9, 145.8, 143.1, 139.9, 131.1, 128.2, 126.5, 84.4, 61.9, 19.6,
17.7,17.6, 15.9, 13.4, 12.7. MS, m/z 353 (8, M*), 205 (100). Anal.
(Ci7H23NO4) C, H, N.

2,5,7,8-Tetramethyl-3-oxo-3,4-dihydr o-2H-1,4-benzoxazine-
2-carboxylic Acid Ethyl Ester (54). Following the procedure for
compound 21 using 2-(2,3,5-trimethyl-6-nitrophenoxy)-2-methyI-
malonic acid diethyl ester (53) (0.7 g, 1.98 mmol) and Pd/C (0.175
g) after purification by flash column chromatography (petroleum
ether 40—60 °C/ethyl acetate (85:15)), we obtained compound 54
as white crystals, 0.444 g, 81% yield; mp 124—126 °C. 'H NMR
(0) 8.15 (s, 1H), 6.62 (s, 1H), 4.20—4.03 (m, 2H), 2.19 (s, 3H),
2.18 (s, 3H), 2.17 (s, 3H), 1.85 (s, 3H), 1.13 (t, J = 7.3 Hz, 3H).
13C NMR (6) 168.9, 164.7, 141.2, 132.3, 125.5, 123.3, 122.3, 120.3,
80.5, 62.0, 20.5, 19.3, 15.9, 13.8, 11.4. MS, Wz 277 (61, M™),
204 (100). Anal. (C1sH19NOy4) C, H, N.

2,5,7,8-Tetramethyl-3-thioxo-3,4-dihydr 0-2H-1,4-benzoxazine-
2-carboxylic Acid Ethyl Ester (56). A mixture of 2,5,7,8-
tetramethyl-3-oxo-3,4-dihydro-2H-1,4-benzoxazine-2-carboxylic acid
ethyl ester (54) (0.2 g, 0.72 mmol), Lawesson’s reagent (0.32 g,
0.79 mmol), and toluene (0.81 mL) was refluxed under inert
atmosphere for 2 h. The resulting mixture was mixed with silica
gel and the toluene was evaporated in vacuo. The silica gel cake
was then added to a column of silica gel, and the column was eluted
with petroleum ether 40—60 °C/ethyl acetate (85:15) to afford
compound 56 as a green—yellow solid (0.205 g, yield: 97%); mp
114—116 °C. 'H NMR (8) 9.45 (s, 1H), 6.59 (s, 1H,), 4.21—4.05
(m, 2H), 2.22 (s, 3H), 2.17 (s, 3H), 2.15 (s, 3H), 1.95 (s, 3H), 1.13
(t, J=7.0 Hz, 3H). °C NMR (8) 191.5, 168.6, 142.5, 134.4, 125.2,
123.4, 122.2, 119.5, 83.9, 62.2, 23.8, 19.6, 15.9, 13.8, 11.2. MS,
m/z: 293 (10, M *), 220 (100). Anal. (Cy5H19NO3S) C, H, N.

2,5,7,8-Tetramethyl-3,4-dihydr o-2H-1,4-benzoxazine-2-car -
boxylic Acid Ethyl Ester (58). To a solution of 2,5,7,8-tetramethy|-
3-thioxo-3,4-dihydro-2H-1,4-benzoxazine-2-carboxylic acid ethyl
ester (56) (0.2 g, 0.68 mmol) in tetrahydrofuran (1 mL) and ethanol
(1 mL) was added Raney nickel and water (0.5 mL). After stirring
for 5 min, an additional amount of catalyst was added and water
(0.5 mL) and the reaction was stirred at room temperature for
additional 15 min. The reaction mixture was diluted with ethyl
acetate, it was filtered through celite, and the solvent was evaporated
in vacuo. The residue was purified by flash column chromatography
petroleum ether 40—60 °C/ethyl acetate (90:10) to afford compound
58 as white crystals (0.146 g, 82%); mp 84—87 °C. 'H NMR (6)
6.49 (s, 1H), 4.13 (g, J = 7.1 Hz, 2H), 3.75 (d, J = 11.6 Hz, 1H),
3.14 (d, 3 = 11.6 Hz, 1H), 2.16 (s, 3H), 2.15 (s, 3H), 2.05 (s, 3H),
1.56 (s, 3H), 1.17 (t, J = 7.0 Hz, 3H). 3C NMR () 172.5, 141.0,
127.7,126.7,123.4, 122.1, 120.2, 76.4, 61.2, 48.2, 22.6, 19.3, 16.4,
14.0, 11.4. MS, m/z 263 (100, M™); Anal. (C;sH»NO3) C, H, N.

4-(2-Bromo-acetyl)-2,5,7,8-tetramethyl-3,4-dihydr o-2H-1,4-
benzoxazine-2-carboxylic Acid Ethyl Ester (60). Following the
procedure for compound 43 using 2,5,7,8-tetramethyl-3,4-dihydro-
2H-1,4-benzoxazine-2-carboxylic acid ethyl ester (58) (156 mg, 0.59
mmol), compound 60 was obtained after purification of the crude
residue by flash column chromatography (petroleum ether 40—60
°Cl/dichloromethane/ethyl acetate (80:15/5)). Yellowish solid, 0.201
g, 89% yield; mp 112—114 °C. The NMR spectra contain multiple
signals due to the presence of rotamers. *H NMR (0) 6.69—6.63
(m, 1H), 5.22—4.48 (m, 1H), 4.19—3.75 (m, 4H), 2.22—2.13 (m,
9H), 1.71—1.60 (m, 3H), 1.32—1.14 (m, 3H). 3C NMR (0) 172.8,
171.6, 167.5, 167.2, 165.5, 148.5, 146.4, 145.1, 136.9, 136.3, 135.2,
130.8, 128.7, 128.0, 126.2, 124.9, 124.2, 124.0, 122.8, 122.7, 121.6,
120.5,82.1, 79.5, 78.9, 62.4, 62.2, 61.6, 50.9, 49.5, 49.1, 27.9, 27.0,
26.4,24.3,22.8,22.3,19.8,19.6, 18.2, 17.3, 16.9, 14.0, 11.5, 11.4.
Anal. (C17szBrNO4) C, H, N.
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4-(2-Diethylamino-acetyl)-2,5,7,8-tetr amethyl-3,4-dihydr o-2H-
1,4-benzoxazine-2-carboxylic Acid Ethyl Ester (62). Following
the procedure for compound 15 using 4-(2-bromo-acetyl)-2,5,7,8-
tetramethyl-3,4-dihydro-2H-1,4-benzoxazine-2-carboxylic acid ethyl
ester (60) (109 mg, 0.28 mmol), compound 62 was obtained after
purification of the crude residue by flash column chromatography
(dichloromethane/ethyl acetate (6:4)). Viscous oil, 85 mg, 81%
yield. The NMR spectra contain multiple signals due to the presence
of rotamers. *H NMR () 6.68—6.61 (m, 1H), 5.32—5.06 (m, 1H),
4.21-4.02 (m, 2H), 3.74—2.41 (m, 7H), 2.22—2.03 (m, 9H),
1.69—1.55 (m, 3H) 1.33—0.89 (m, 9H). 3C NMR (6): 173.0, 172.2,
172.0,171.9, 171.6, 169.9, 148.7, 146.6, 145.3, 136.3, 135.8, 134.6,
130.5, 128.9, 128.7, 127.3, 124.9, 124.0, 123.9, 122.6, 121.7, 121.5,
82.4,80.1,79.2,62.1,61.7, 61.5, 57.7, 57.5, 53.6, 53.1, 50.3, 50.0,
49.4,49.3,47.6,47.4,24.7, 23.0, 22.9, 19.8, 19.6, 19.4, 17.5, 17.1,
14.0,13.9,12.3,12.2,11.8, 11.6, 11.5. MS (ESI) m/z377.4 ([M +
1]%, 100). HRMS (FAB™) calcd for CyHz30,N, [M + 1]+ 377.2440,
found 377.2441. Anal. (C21H32N204) C, H, N.

Animals and Heart Preparations. Male Wistar rats weighing
about 300—350 g were housed under controlled light (12 L/12D)
and temperature with free access to food and water in compliance
with the prescriptions for the care and use of laboratory animals.
Rats were anesthetized with pentobarbital (30—40 mg per animal).
After intravenous administration of heparin, the chests were opened
and the hearts were rapidly excised and mounted on a nonrecir-
culating Langendorff perfusion apparatus. Retrogade perfusion was
established at a pressure of 90 cm H,O with an oxygenated
normothermic Krebs—Hensleit bicarbonate (KHB) buffer (25 mmol
17! NaHCO3, 118 mmol 17! NaCl, 2.5 mmol I=* CaCl,, 4.7 mmol
I71 KCI, 1.4 mmol 17t MgS0Qy, 1.2 mmol I7* KH,PO,, pH 7.2 at
25 °C) supplemented with 11 mmol It glucose and equilibrated
with 95% O,/5% CO,. The temperature of the hearts and perfusates
was maintained at 37 °C by the use of a water-jacketed apparatus.
All hearts were equilibrated for 20 min under these conditions. At
the end of the equilibration period, hearts were made ischemic for
15 min by perfusing them with the ischemic KHB (KHB with Tris-
HCI 10 mM instead of glucose and equilibrated with N, before
use) followed by 60 min of reperfusion. The compounds were
present during the last 5 min of ischemia and during reperfusion at
a final concentration of 2 uM.

Evaluation of Antiarrhythmic Activity. Electrocardiograms
were recorded during equilibration, ischemia, and reperfusion.
Arrhythmia scores (AS) were calculated for the first 10 min of
reperfusion according to the Lambeth Convention Guidelines.**

Evaluation of Antioxidant Activity. At the end of the perfu-
sions, hearts were “freeze-clamped” between aluminum tongs,
cooled in liquid N,, and after the removal of the atria, the ventricles
were pulverized under liquid N, and powders were stored at —80
°C. A portion of the tissue powder was analyzed for malondial-
dehyde (MDA) content by using the thiobarbituric acid assay.*®
To prevent auto-oxidation of the samples, homogenization was
carried out at 4 °C in nitrogen equilibrated solution in the
presence of 0.04% butylated hydroxytoluene, 1.6% ethanol. The
values were expressed as nanomoles of TBA reactive substances
(MDA equivalent) per gram of tissue. 1,1,3,3-Tetraethoxypro-
pane(0,0.5,1.0,2.0,4.0,8.0 and 16.0 nmol) served as external
standard. Results are expressed as mean + SEM. Differences
between groups were assessed by Student’s unpaired and
ANOVA t tests and considered significant when p < 0,05.

Conventional Microelectrode Technique. New Zealand rabbits
weighing 1.5—2.0 kg of either sex were used. Each animal was
sacrificed by cervical dislocation after an intravenous injection of
400 U kg/L heparin. The chest was opened, the heart quickly
removed, and immediately rinsed in oxygenated modified Locke’s
solution containing (in mM): NaCl, 120; KClI, 4; CaCl,, 1.0; MgCl,,
1; NaHCOg;, 22 and glucose, 11. The pH of this solution was 7.35
to 7.40 when saturated with 95% O, and 5% CO, at 37 °C. Tips of
papillary muscles obtained from the right ventricle were individually
mounted in a tissue chamber (volume ~ 50 mL). Each ventricular
preparation was initially stimulated at a basic cycle length of 1000
ms (frequency = 1 Hz), using rectangular constant current pulses
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1 ms in duration. These stimuli were isolated from ground and
delivered through a bipolar platinum electrode in contact with the
preparation. Temperature of the superfusate was kept constant at
37 °C. Transmembrane potentials were recorded using conventional
microelectrode techniques. Microelectrodes filled with 3 M KCI
and having tip resistances of 5—20 MQ were connected to the input
of a high impedance electrometer (Experimetria). The voltage output
of the amplifier was displayed on a memory oscilloscope (Tektronix
2230 100 MHz digital storage oscilloscope, Beaverton, OR) and
fed into a computer (PC, Windows XP) at a sampling rate of 10
kHz. The stimulation triggering and data acquisition were governed
by homemade (APES)/software. The resting membrane potential
(RP), conduction time (CT), action potential amplitude (APA),
maximal rate of depolarization (Vma), and action potential duration
at 50 and 90% of (APD50/90) were automatically measured using
the software and analyzed both online and off-line. In each
experiment, baseline action potential characteristics were first
determined during continuous pacing at 1 Hz, and then pacing cycle
length was sequentially varied between 300 and 5000 ms. The 25th
action potential was measured at each cycle length, and the cycle
length was then changed so that “quasi” steady-state frequency
response relations could be generated rapidly. At least 1 h was
allowed for each preparation to equilibrate after mounting before
experimental measurements were initiated.
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