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Abstract: We report a structurally novel series of quinazolines with in vivo amiarrhythmic and/or in vitro iron- 
dependent lipid peroxidation inhibitory activity. Two analogues, 7 and 12, were evaluated in a canine model of 
regional myoca&ial &hernia and reperfusion. 

Through general screening we found that N-[2-~[2-(diethyiamino)-4qui~a~l~yl]amino]e~yl]~3,4,5- 

trimethoxybenzamide (compound 1) exhibited ant&rhythmic activity in mice subjected to either chloroform 

anesthesia or aconitiue infusion. Since this compound appears to be structurally novel and unrelated to known 

amiarrhythmic agents, we prepared a series of congeners (Table 1) and examined their el~~physiolo~~ effects 

on isolati canine Purkinje fibers. As summarized in Table 2, compound I(10 pM) reduced the action potential 

amplitude (APA), the maximum rate of rise (V -) and shortened the action potential duration (APD). These 

effects are consistent with potential class I antiarrhythmic activity (Vaughan Williams classification). Structurally 

related analogues 2 - 6 exhibited similar in vitro properties, although only compound 1 had a statistically 

significant effect on APDg5. 

Table 1: Compound Numbering and Physical Data 

NN-i 
R3 

0 f42 

l Hx 

IIO. R2 R3 Hx mp WI fixmula analYSiS 

1 H OMe OMe ml!? --- 163-164 C%H3tNS% W&N 
2 H H OMe H 185-186 C22H27N502%75 C2H204 C,H,N 
3 OMe H H w --_ 149-150 c22N27N502 C&N 
4 H H CF3 H 178-179 (dx) Q4WN505F3 C.H,N 
5 H H F H 209-210 (dec) C23WxP505F C&N 
6 H H H H oxalate m-204 (dec) C22H26N50~@5 Hz0 C&N 

7 H O&k OMe OMe MsOH 2c5-201 QPf35N507S C&N 
8 H OH OMe OMe MSOH 222-224 C24H33N507S C&N 
9 H OH OMe OH t&OH 224-230 C23H31Ngo7S C&N 
10 H OMe OH OMe MsOH 182-185 c24H33N5o?S C&N 
11 H OH OH OMe h%OH 198-2eQ Q3H31N507S C&N 
12 H OH OH OH h&OH 212-214 c22H29N507s V&N 
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In the Harris canine arrhythmia model,’ compound 1 (3 mgfkg, bolus i.v. injection) increased normal 

sinus rhythm from 17% to >!B%, an effect presumably due to a reduction in automatic~~ and not overdrive 

suppression since the ventrictdar vagal escape rate was decreased (Figure 1). 
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Figure 1. Effect of ~rn~~nd 1 ou canine abet 24 h 
after occlusion and qwfusiou of the left anterior dwending 
artery (Harris model). Each bar represents the mean f SE (n = 4). 

‘p c 0.05 
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Cfass I anti~hy~m~c agents can interact with p~ospholipid membranes2 and representatives from this 

class reportedly exhibit c~o~~t~tive effects in canine hearts folIowing coronary artery hgation.3 Certain class 

I and class III agents also inhibit nonenzymic lipid peroxidation in vitro.4 Lidocaine, a class Ib antiarrhythmic, 

decreased infarct size in a canine model of regional myocardial &hernia and reperfusion, a salutary effect that was 

associated with reduced coronary sinus levels of conjugated dienes (a potential marker of lipid peroxidation). 

Although controversial, toxic oxygen metabohtes and lipid peroxidation may play a role in the pathophysiology of 

postischemic myocardial tissue injury. 6 Propyl gallate (13), an antioxidant and weak lipoxygenase inhibitor,7 

blocked iron-dependent lipid peroxidation in vitru and reduced ischemic damage in cat hearts following coronary 

artery occlusiott as indexed by creatine tinase ~~umulation.8 

Table 2: Electrophysiological Effxts of Compounds 1 - 6,12 (10 PM) on Isolated Canine Purkinje Fibersa 

1 -14.4 rk 4t -46 i 4** 
2 -11+ 3t -35 + 9t 
3g -31 f 12t “24 + 1g* 
4 -23 4 7f -242 12 
5 -15 * 13* .48*7* 
6 -15 f 3* -34 * 11t 
12h Of2 -1 I2 
12h,i -9 Lk 4 -13 f 10 

-24 * 2** -441t 
-5+_ II -6*2t 
15 & 7 -15 + 12 
2k8 -7 & 4 
1 * 10 -3 f 2 

-2f 11 -3+ 2 
1+1 OrtO 
II+6 -4f2 

-4of9t 123 4 55t 
-30 + sl_ 17 +- 7 
-71 + 9t 71 rt 40* 
-62 f 14t 79 It 14t 
-54 k IOf 72 f 13t 
-43k9T 119*23t 
-2 ct 8 746 
-32+11 11 f8 

%aximum percent change from base-line valuts, mean + SE (n = 5). bActiou potential amplitude (mv). CAction potential duration 
at 50% of ~l~~d~ (msec). *e5ting pote&al (mV). eMaximtil rate of ~~1~~ (V/WC). f~~~~ time ftum 
stimu~~g to intraceUular mordkg electrode (msec). gn = 4. hu = 3. iTested at 100 trM. tp < 0.05; *p < 0.01; **p <: 0.001. 

Since compound X contains a substituted benzoyl moiety resembling that ofpropyl @ate, we targeted a 

series of ~tiox~~nt derivatives within this structural class as potential ~disch~micfanti~hytbmic agents. All 

possible combinations of hydroxyl and methoxyl groups at the C3 - C5 positions of the benzoyl ring were 
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synthesized to provide hybrid analogues 7 - 12, which were isolated and characterized as their mesylate salts 

(Table 1). 
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Oxidation potentials for compounds 7 I 12 were measured using cyclic voltammetry with a carbon paste 

disc electrcdeg against a Ag/AgCl reference electrode (pH 7.4 phosphate buffered saline, 37°C) as previously 

described (Table 3).10 The half-wave potential (defmed as the potential required for half-maximal oxidation under 

the experimental conditions) for these compounds are summarized in Table 3. Compound 7 did not oxidize 

below 600 mV relative to the AglAgCl reference electrode indicating that antioxidant activity for congeners 8 ” 12 

may be attributed to the phendic hydroxyl group(s) rather than the quinazoline hetemcycle. Within this subset of 

compounds, only 11 exhibited reversible electrochemical behavior under these conditions. Representative 

vol~mo~s appear in Figure 2. 
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Compound 11 Compound 7 Compound 12 
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Figure 2. Representative cyclic vokunmograms. Measurements were conducted using a carbon paste disc electrode agaiust a 
Ag/AgCl reference electrode in pH 7.4 phosphate buff&d salii at 37°C. 
mV/secoud in a positive dir&w. 

The initial potential was -0.1 volts with a scan rate of 10 
A new electrode surface was used for each corn@. 

IlO. cIogP 

Table 3: Activity of Quinazolines 7 - 12 

Cyclic voltammetryb Lipid Per0x.C Neutrophtid 
EIR (mv) MC0 EC50 0 

7 4.88 %oO >lOO Not activee 
8 4.15 440 >I00 -_f 
9 3.29 320 >I00 9.5 * 3.3 
10 3.87 340 >lOO 3.3 * 1.0 

:: 3.57 3.14 130 15 (reversible) 10 3 0.3 09 * f 0.2 0.02 

sCalculated for corresponding free-base. %&bon paste disc elecaode against a Ag/AgCl reference electrode. %&b&ion of iron- 
dependent peroxidation of rabbit brain vesicular membraue lipids. dInhibition of CSa-induced luminol dependent chemilumiwscence 
of humau neutrophils. ‘Wo effect at 10 w. fNot sufficiently soluble in saline for testing, 
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Inhibition of iron-dependent lipid peroxidation was determined using rabbit brain vesicular membrane 

lipids as described previously (Figure 3). I* Under these conditions, only compounds 11 and 12 were very 

effective with h&ICI2 v&es of 10 and 3 FM, respectively (Table 3). These two derivatives also exhibited the 

lowest oxidation potential of the series. Thus, for this series oxidation potential rather than ~~philici~ may 

represent the primary determinant of activity in this system since clogP1f and eflkacy are inversely related 

8 :s 60 

8 4c 

+ 12 Figure 3. Effect of quinazolines on iron-depen&nt 

-R- 11 peroxidaticn or &bit lxain vesicular memkane 
lipids in vitro. Fomution of lipid peroxide decom- 

* 10 position products ww measured by the TBAR method. 

-0-9 Each point rcpresenta the mean + SEM (II = 3). 

Concentration (p&I1 

Peroxyl radical scavenging activity in homogen~us aqueous solution was evaluated using an assay that 

measures 2,2’-azobis(2-amidinopmpane) dihydrochloride (AAPII) induced decay of R-phycoerythrin (RI%) 

fluorescence emission under conditions where pcmxyl radical formation is rate limiting.14 In contrast to the lipid 

peroxidation results, compounds 8 - 12 (1 JIM) were all active and approximately equipotent to one another 

(Figure 4). Compound 7, on the other hand, was ineffective and further underscores the importance of a free 

phendic hydroxyl group for ~tio~~t activity. 
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Figure 4. Effect of compounda 7 - 12 (1 @+I) 

fluorescence emission in phosphate buffw 
@H 7.0) at 37°C. ‘Ihe control line repents 
the fluorescence of R-PE in the absence of drug 
and AAPH. The AAPH line represents R-PE 
fluorescence in the presence of AAPH without 
drag. Each point represents the mean of 4 
&terminations. 

Since oxidants produced by activated neutrophils in response to complement activation may extend 

irreversible tissue injury in the postischemic rny~~di~, 15 the ability of these compounds to block luminol 

dependent chemiluminescence of human neutrophils induced by CSa was determined in vitro (Figure 5j.16 
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Consistent with an antioxidant mechanism of inhibition, compound 12 under these conditions exhibited the 

greatest efficacy (EC% = 0.3 p&A), whereas caned 7 was totahy ~u~~~ve (EC50 > 10 p.M). 
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Figure 5. Effect of quinazohues on hnni~~ol dependent 
chemtiuminescence of human neutrophii induced by C5a. 
Each pobu repraents ttK mean f SEM (II = 3 - 5). 

Thus, based upon a variety of in v&o measurements compound 12 was identified as the most potent 

~tioxid~s analogue within this series of quinazohnes. However, in contrast to its p~ge~mr, com~und 1, 

derivative 12 at concentrations as high as 100 @M did not significantly alter measured ele!ctrophysiological 

parameters using isolated canine Purkinje fibers (Table 2). Consequently, potential ant&rhythmic activity 

appears to be highly structure dependent for this series of quin~lines and may be related to molectdar 

lipophilicity. 
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Figure 6. Effect of compound 7 (3 mgA@ continuous 
i.v. infnsien) on ventricular pmmatute beats in anestbeW 
dogs subje&!d to 60 minutes occfusiou of tbe Ieft c~~~~ 
artery foIIowed by 5 hours of reperfusion. 

* p c 0.05 by analysis of varianca 

To esmb~sh if corncob 7 (~ti~y~~i~) and 12 (~dox~~t) might exhibit ~~op~dve effects, 

we evaluated both derivatives in a canine model of regional myocardial ischemia and reperfusion (60 minute 

occlusion of the left circumflex artery followed by 5 hours of reperfusion).t7 Compound 7, when administered 

according to a pm~e~t protocol at an infusion rate of 3 rn~~ for the ~don of the lotion experiment, 

reduced the number of ventricular premature beats (Figure 6). However, at this infusion rate there was also 

attendant hypotension during the latter period of reperfusion and a lack of containment of infarction. Compound 

12, when a~iniste~ by continuous infusion during the effusion period (3 rn~~), did not lower mean 

arterial pressure or influence the magnitude of myocardial ischemia as judged by electrogram deviation record& 
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from ischemic tissue (Figure 7).la At this dose it aJso did not alter the extent of myocardial infarction. Levels of 

parent compound in plasma samples taken from dogs treated with 12 wefe monitored by liquid chromatography 

and found to be in excess of that required for in vitro efficacy (see Figure 5) when measured 1 and 5 hours 

following initiation of reperfusion (240 f 190 ng/mL at 30 min, 1700 rt 680 ng/mL at 60 mitt and 1300 f 620 

ngfmL at 300 min, mean k SE, n = 7). Thus, although these structuralfy novel quin~olines exhibit in viva 

~ti~hy~i~ and/or in v&-o antioxidant activity, they do not appear to be effkacious as c~o~~t~tive agents 

in a canine model of regional myocardiai ischemia. 
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Figure 7. Electrogram deviation recorded from ischemic myocardium in anesthetized dogs subjected to 60 minutes occlusion of 
the left circumflex artery (left panel). Group mean infarct size after 5 hours of reperfusion (right panel). Compound 12 was 
administered by continuous i.v. infusion (3 mg/kg/h). 
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