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Summary - The synthesis and cardiovascular evaluation of a series of 4-nitroisoquinolin-3-01 derivatives are reported. These 
compounds are potent, short-acting cardiovascular agents with both positive inotropic and peripheral vasodilating effects when admi- 
nistered intravenously. Compounds with this profile could be of particular therapeutic benefit in cardiac emergencies such as severe 
late stage heart failure and myocardial infarction. Of particular interest is 7-ethoxy-6-methoxy-l-methyl-4-nitroisoquinolin-3-ol (6) 
which has potent, non P-adrenergic parenteral inotropic properties similar to those of dopamine, and also has peripheral vasodilator 
activity, up to lo-fold greater than amrinone. 

R&urn6 - D&iv& de I’isoquinolinol: agents d’activith forte et breve, ?I la fois inotrope et vasodilatatrice intkressants pour les 
urgences cardiaques. La synthdse et l’e’valuation cardiovasculaire dune se’rie de derive’s du 4-nitroisoquinolin-3-01 est rapporte’e. 
Administre’s par injection intraveineuse, ces composes ont une action e’nergique et breve, ayant des effets a la fois inotrope positif et 
vasodilatateur pe’riphe’rique. Ces composes pourraient avoir un inter& the’rapeutique dans les cas d’urgence cardiaque comme les 
se’veres arr&s du cozur en derniere instance et les infarctus du myocarde. D’inte’rt?t particulier est le 7-e’thoxy-6-me’thoxy-I-methyl-4- 
nitroisoquinolin-3-01 (6) qui a de puissantes activite’s inotropes parent&ales non beta-adre’nergique, similaires a celles de la dopa- 
mine. I1 a aussi une activite’ vasodilatatrice peripherique dix fois plus e’nergique que I’amrinone. 

cardiotonic / vasodilation / renal vasodilation / isoquinolinol / amrinone / dopamine 

Introduction 

Intravenous cardiac stimulants are used in the hospital 
setting for cardiovascular emergencies characterized 
by acute reductions in myocardial contractile force. 
Life-threatening reductions in contractility can occur 
during myocardial infarction, cardiogenic shock, or 
end-stage congestive heart failure. Intravenous cardiac 
stimulants currently approved for use in the United 
States include dopamine [ 11 (a P-adrenoreceptor 
stimulant and dopaminergic renal vasodilator), dobut- 
amine [2] ( an a- and P-adrenoreceptor stimulant), 
amrinone [3] and milrinone [4] (selective phospho- 
diesterase inhibitors and peripheral vasodilators). 
Inotropic vasodilators such as amrinone and milrinone 
assist the failing heart by both improving contractility 
and decreasing cardiac afterload via reduction in 
peripheral vascular resistance [5]. 

We have recently reported that 4-substituted isoqui- 
nolin-3-01 derivatives represent a new class of cardio- 
vascular agents whose overall cardiovascular profile 

*Correspondence and reprints 

is strongly influenced by the nature of the 4-substitu- 
ent [6, 71. For example, our studies have shown that 
the 4-ethyl compound 1 is a potent cardiotonic agent 
with modest general peripheral vasodilating proper- 
ties[6], the 4-ureido compound 2 is a potent and 
selective renal vasodilator [7], and the 4-acylamino 
compound 3 has a mixed inotropic/renal vasodilating 
profile of moderate potency [7]. Additional work 
reported herein has provided further evidence of the 
significance of the 4-substituent. We now describe a 
series of alkoxy substituted 4-nitroisoquinolin-3-01 
derivatives (cf 4) with an intravenous cardiovascular 
profile encompassing both positive inotropic and 
systemic peripheral vasodilating activity. 

A rjO* 
1 R = CHICHP 4. n=1-3 
2 R = NHCONHCH,CH=CH2 
3 R = NHCOCH3 
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Chemistry and pharmacology 

The alkoxy substituted 4-nitro compounds 5-15 
(table I) were prepared by nitration of the correspond- 
ing 4-unsubstituted isoquinolin-3-01s using methods 
we have previously described [7]. Cardiotonic and 
renal vasodilatory activities are summarized in table I 
and compared to the standards amrinone and dop- 
amine. Compounds were administered by intravenous 
infusion in anesthetized instrumented dogs and 
contractile force (CF), left ventricular dP/dt, renal 
blood flow (RBF), mean arterial blood pressure 
(MAP) and heart rate (HR) were measured directly, 
while renal vascular resistance (RVR) was calculated 
as the ratio of mean arterial blood pressure to renal 
blood flow. These measurements were compared to 
pretreatment control values and are reported as 
percent changes for the specified parameter. Prior to 
drug administration, an intravenous dose of dopamine 
was administered to each animal to assess myocardial 
inotropic and renal vasodilator responsiveness. 

The lead for this report was discovered upon testing 
5 (with the 6,7-dimethoxy substitution pattern prefer- 
red in our previous 6-alkyl (cardiotonic [6]) and 4- 
ureido (renal vasodilating [7]) series) which was 
found to have interesting cardiotonic and renal vaso- 
dilating properties. We examined the effect of 
changes in the alkoxy substitution pattern, particularly 
in the 6- and 7-positions. In terms of cardiotonic ac- 
tivity, increasing the 7-substituent size to ethoxy (6) 
significantly enhanced potency. Further increase of 
substituent size to 7-butoxy (7) returned potency to 
that of the lead 5. The activity of 6,7-methylenedioxy 
analogue 8 was also similar to 5. The increased 
potency caused by 7-ethoxy substitution was not 
general in scope since 6-ethoxy congener 9 had ac- 
tivity similar to 5. 6,7-Diethoxy 10 or 7-methoxy 11 
compounds were highly potent cardiotonic agents. 
The fact that the 6,7,8-trimethoxy substituted 
compound 12 had good cardiotonic activity suggests 
that the g-position has little bearing on this effect. 
Cardiotonic activity is diminished only when the 6- 
methoxy substituent is absent while maintaining 8- 
methoxy substitution (13) or when the l-methyl group 
is absent (14) or replaced by a more sterically de- 
manding group such as phenyl(15). 

Compared to the above structure activity analysis 
wherein almost all the compounds in the series are 
potent positive inotropes, good renal vasodilator ac- 
tivity is much less common and very sensitive to sub- 
stituent alteration. Thus, while 6,7-dimethoxy (5), 6- 
methoxy-7-butoxy (7), 6,7-diethoxy (10) and 6,7,8- 
trimethoxy (12) compounds all had moderate potency, 
only 6-methoxy-7-ethoxy derivative 6 had noteworthy 
renal vasodilatory potency similar to the best deriva- 
tives from our previous report [7]. Derivatives with 
other alkoxy substitution (8, 9, 11, 13) or l-substitu- 

tion (14, 15) patterns were not of interest. Of this 
group of compounds, 6 stands alone as worthy of 
further study as a renal vasodilator. 

Examination of the RBF, MAP and CF data in 
table I suggests that, within this series of 4-nitro 
analogues, the ability to increase contractility gene- 
rally parallels their vasodilator potency and a mod- 
erate chronotropic effect is also apparent for the better 
inotropic vasodilators (cf5, 6) in the series. The data 
also show that the 4-nitro compounds most effective 
at elevating renal blood flow (5-7, 10, 12) also reduce 
MAP and RVR concomitantly, suggesting that these 
compounds are general peripheral vasodilators and 
that the renal bed acts as one of the regional circula- 
tions contributing to the overall vasodilator activity of 
the compounds. Several of the less active compounds 
(cf 9, 14) display a trend toward more renal vaso- 
dilator activity, but are significantly less potent and 
less selective than the most interesting analogues in 
our earlier 4-ureido series. 

Based on these observations, the 7-ethoxy-6- 
methoxy analogue 6 was selected for further study. As 
shown in figure 1, the hemodynamic activity of 6 was 
unaltered by combined treatment with propranolol and 
atropine, indicating that the inotropic and vasodilator 
activities of 6 were direct hemodynamic effects and 
not secondary j3-adrenergic or muscarinic cholinergic 
reflex responses. A quantitative comparison of cardio- 
vascular activities of 6 with those of dopamine and 
amrinone is shown in table II. The inotropic poten- 
cies, expressed as the iv dose that increases CF by 
35% (ED&, clearly show that isoquinoline 6 is a more 
potent cardiotonic agent than either dopamine or amri- 
none, while dopamine is the superior renal vasodilator 
as indicated by its potency for increasing RBF by 10% 
(ED,,). Amrinone is the least potent of the 3 
compounds for either parameter. The CF/RBF select- 
ivity ratio, the ratio of the ED,, values for increasing 
CF to the ED,, values for increasing RBF, is an index 
of the overall inotropic or renal vasodilator selectivity 
of a compound in this model. This ratio is lowest for 
6, the most potent inotrope, and loo-fold higher for 
dopamine, the most potent renal dilator. On this scale, 
the ratio for amrinone falls between the ratios for 6 
and dopamine and lies closest to that of 6. Compound 
6 is also a potent inhibitor of isolated phosphodieste- 
rase (PDE) fraction III isoenzyme, which may account 
for its cardiotonic activity. Isoquinolinol 6 is = 3-fold 
more potent than amrinone as a PDE fraction III in- 
hibitor, somewhat inconsistent with the relative in 
viva cardiotonic potencies observed for these 2 
compounds. Since 6 is more than = 30-fold more 
potent in viva than amrinone, it is likely that additio- 
nal mechanisms producing positive inotropic activity 
are at work. While 6 is very potent when administered 
intravenously, oral administration to conscious instru- 
mented dogs (n = 4) of a dose of 10 mg/kg resulted in 
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a peak increase in contractility (dP/dt) of only 47% 
within 30 min which declined rapidly to control. 

The duration of inotropic action of 6 was de- 
termined after a single sustained infusion (1.25 pg/kg 
per min for 60 min) in the open chest canine model. In 
this manner, a selective increase in contractility 
(> 40% increase in CF at 60 min) was achieved with 
minimal vasodilation or chronotropic effects (HR and 
MAP within f 10% of control at 60 min). Upon 
termination of infusion, the increased contractility 
dropped to less than half of its peak effect within 
15 min, indicating a very short duration of action. 
Similarly, in anesthetized closed chest dogs, infusion 
of 6 at a higher dose (0.14 mg/kg; table I) provided 
increased renal blood flow (60%) and concommitant 
reductions in renal vascular resistance and mean arte- 
rial pressure. Within 15 min of cessation of infusion 
of 6, renal blood flow responses and mean arterial 
pressure returned to within 10% of control values. 

Conclusion 

We have found that, when administered intravenous- 
ly, a series of 4-nitroisoquinolin-3-01 derivatives 
produce very short-acting cardiotonic and vasodilating 
cardiovascular effects. In particular, the 1 -methyl-7- 
ethoxy-6-methoxy-4-nitroisoquinolin-3-01 (6) is no- 
table for its potent intravenous positive inotropic and 

#” 
z 60 q coNmOL(Ilz3) 

4 50 
0 TREATED (n=3) 

MAP HR dP/dt CF 

Fig 1. Hemodynamic response to compound 6 in dogs 
before and after treatment with autonomic antagonists. 
MAP: mean arterial pressure. HR: heart rate. dP/dt: rate of 
pressure development in the left ventricle. CF: myocardial 
contractile force. Compound 6 was administered by iv in- 
fusion (10 pg/kg, total dose) to open-chest instrumented 
dogs (n = 3) before and after treatment with propranolol 
(0.5 mg/kg) and atropine (1.0 mg/kg) to block P-adrenergic 
and muscarinic cholinergic receptors. Hemodynamic 
indices are reported as % change from baseline. None of the 
values were statistically different after autonomic blockade. 

Table II. Cardiotonic, renal vasodilatory and phosphodies- 
terase inhibitory potencies of 6, dopamine and amrinone. 

CH,CH,O 

CH,O OH 

NOz 

Compound CFa RBFh CFIRBF ratio’ PDE FrIIId 
EDa ED,0 ED3dED,o 

(Mkl: iv) LWkg iv) 

6 13.0 141.4 0.09 22 f 14 
Dopamine 34.2 3.8 9 - 

Amrinone 48 1.7 1232 0.39 60 f 16 

aDose of compound @g/kg, iv) calculated to increase 
myocardial contractile force by 35%, as measured with the 
Walton Brodie strain gauge and obtained by linear re- 
gression analysis. bDose of compound @g/kg, iv) calculated 
to increase renal blood flow by 10% in open chest dogs, 
obtained by linear regression analysis. cAn index of the 
relative inotropic or renal vasodilator selectivity of a given 
agent. dPotency to inhibit canine cardiac, cyclic AMP- 
specific, phosphodiesterase isozyme fraction III in vitro. 

vasodilatory properties. These actions are distinguish- 
able from those of amrinone and dopamine and are 
not mediated via P-adrenergic receptors. Compounds 
with this profile may have a therapeutic benefit in 
cardiac emergency situations such as severe late-stage 
heart failure and myocardial infarction. Furthermore, 
the short duration of action of 6 enhances its potential 
for intravenous use in cardiac emergencies. 

Experimental protocols 

Melting point determinations were carried out on either a Mel- 
Temperature or Thomas-Hoover capillary melting point appar- 
atus and are uncorrected. All compounds had spectra (IR, UV, 
iH NMR and MS) consistent with their assigned structures and 
were found to be homogeneous by thin-layer chromatography 
(TLC). Combustion analyses for C, H and N were within 
? 0.4% of theory unless noted otherwise. Compounds in table I 
were prepared according to the general procedures given 
below. Physical properties of the compounds are summarized 
in table I. 

7-Etho,~y-3-hydroxy-6-metho,~y-l-methylisoquinoline~0.25 
hydrate 

To an ice-cooled, mechanically stirred solution of 4-ethoxy-3- 
methoxybenzylcyanide (25 g, 0.13 mol) in acetic anhydride 
(74 ml, 0.785 mol) 70% perchloric acid (15.5 ml, 0.182 mol) 
was added over a period of 15 min and the mixture stirred at rt 
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for 42 h. Ether (200 ml) was added and the solid perchlorate 
salt was collected by filtration and dried in vacua (47.3 g, 
lOO%), mp = 188-190°C. A sample of this solid (36.37 g, 
0.1 mol) was slurried in ice-cold water (400 ml) with mech- 
anical stirring and concentrated ammonium hydroxide (80 ml) 
was added over a period of 10 min. After an additional 30 min 
stirring, the solid was collected by filtration and then sus- 
pended in chloroform/methanol (2 l/O.7 1). The mixture was 
heated to reflux, a small amount of undissolved material was 
removed by filtration and the filtrate was concentrated to ca 
200 ml, The analytical product was collected by filtration and 
dried in vacua, 18.7 g (81.3%), mp = 235240°C (d). ‘H NMR 
(trifluoroacetic acid) 8 7.43. 7.30. 7.23 (3 s. 3H. aromatic M. 
4.42 (q, 2H, OCH,):4.20 (s,‘3H, 6CH,),‘3.lb (s,‘3H, CH,) and 
1.62 (t, 3H, CH,); MS m/z 233 (M+). Anal C,3H,SN0,.0.25H20 
CC, H, NJ. 

7-Ethoxy-3-hydroxy-6-methoxy-1 -methyl-4ktroisoquinoline 6 

7-Ethoxy-3-hydroxy-6-methoxy-l-methylisoquinoline.O.25 
hydrate (4.67 g, 0.02 mol) was partially dissolved in acetic acid 
(150 ml) with warming. This mixture was cooled to ca 15°C 
with an ice-water bath under mechanical stirring and 90% 
nitric acid (4 ml, 0.08 mol) was added over 3 min. After stir- 
ring for an additional 20 min, the brick red-orange mixture was 
poured onto 600 ml ice to give an orange flocculent solid. The 
product was collected by filtration, washed with water (2 x 
200 ml) and dried to give a red-orange solid, 3.37 g (60%) 
mp = 195-230°C. The product was dissolved in boiling chloro- 
form (1 1) and methanol (0.5 1), filtered and the filtrate evap- 
orated. The residue was triturated in chloroform 
(100 ml)-methanol (50 ml) and the solid collected by filtration 
to give the analytical material, 1.38 g (24%), mp = 257-260°C 
(d). tH NMR (trifluoroacetic acid) 8 8.65, 7.65 (2 s, 2H, 
aromatic H), 4.43 (q, 2H, OCH*), 4.33 (s, 3H, OCH,), 3.22 (s, 
3H, CHI) and 1.63 (t, 3H, CHCH,); MS m/z 278 (M+). Anal 
G,H,,Ws CC K W 

Cardiotonic and renal vasodilator activity in anesthetized dogs 

Cardiotonic activity was determined using essentially the 
method of Alousi [3] as follows: mongrel dogs were anesthe- 
tized with sodium pentobarbital (45 mg/kg, ip) and artificially 
respired. When administered in this manner, the effect of the 
pentobarbital is prolonged relative to intravenous administra- 
tion and is comparable to giving a continuous iv infusion after 
an initial intravenous loading dose. Resting values for hemo- 
dynamic parameters are presented in table III. 

Table III. Control values for hemodynamic parameters in 
anesthetized dogs (n = 3 1). 

Parameter Absolute value 

Mean arterial pressure 

Heart rate 

dPldt,,, 

Contractile force 

102 + 3 mmHg 

140 + 4 beats/min 

2636 f 121 mmHg/s 

96.0 f 2.4 g 

Catheters were placed in a femoral artery and vein for the 
recording of mean arterial blood pressure (MAP) and adminis- 
tration of drugs, respectively. A Millar catheter-tip pressure 
transducer (PC-370) was inserted into the left ventricle and 
Wdtm,, was derived as an index of myocardial contractility. 
Heart rate (HR) was determined with a cardiotachometer. A 
right thoracotomy was performed at the 4th intercostal space 
and a Walton Brodie strain gauge was sutured to the right 
ventricular free wall to measure changes in myocardial contrac- 
tile force (CF). After stabilization from surgery, an infusion of 
dopamine (lo-15 pg/kg per min) was administered to assess 
responsiveness to inotropic stimulation. Compounds were 
administered as 5 min iv infusions in stepwise increasing 
doses. 

For the study employing autonomic blockade, atropine 
sulfate (1 mg/kg) and propranolol (0.5 mg/kg) were adminis- 
tered intravenously (n = 3) before the test compound to block 
muscarinic and P-adrenergic receptor-mediated responses. This 
dose of atropine completely abolished the effects of right vagal 
stimulation, while the dose of propranolol reduced the agonist 
effects of isoproterenol (0.1 l.tg/kg, iv) on contractile force 
from 153 * 37% to 15 + 3.0% and on heart rate from 27 + 6% 
to 4 * 1% (both P < 0.05). 

Renal vasodilatory activity was determined essentially using 
the method of Goldberg [8] as follows: animals were anestheti- 
zed and respired as above. A renal artery was approached by 
retroperitoneal flank incision and renal blood flow (RBF) was 
measured using an electromagnetic probe on the renal artery 
and a Carolina Medical Electronics flowmeter. Mean arterial 
blood pressure (MAP) was recorded from a cannulated femoral 
artery. Renal vascular resistance (RVR) was calculated as the 
ratio of MAP/RBF. 

Cardiotonic activity in conscious, instrumented canines 

Mongrel dogs (n = 4) were anesthetized through a cephalic 
vein with 5% Surital and under sterile surgical technique, hepa- 
rin-filed Tygon catheters were inserted into a femoral or caro- 
tid artery and femoral or jugular vein to record arterial blood 
pressure and deliver drugs, respectively. Catheters were exteri- 
orized at the nape of the neck. A left thoracotomy was per- 
formed and a Konigsberg pressure transducer was inserted into 
the left ventricle (to record left ventricular pressure and derive 
dP/dt,,,) through a stab wound in the apex of the heart and 
secured with a purse string suture. This transducer was cali- 
brated in vitro against a mercury manometer before implan- 
tation. The chest was closed and negative pressure re- 
established. Animals were allowed at least 1 week to recover. 
Dogs were trained to lie quietly in an isolation cage while 
mean arterial pressure, heart rate, and dP/dt,, were continu- 
ously monitored. Drugs were administered ora n y VLU a gastric 
tube in 10 ml of 0.25% Methocel vehicle. 

Phosphodiesterase (PDE) inhibition 

Canine heart tissge was homogenized for 90 s in 10 ml of 
distilled water (4 C). After sonication for 5 min at 4OC, the 
crude material was centrifuged at 40 000 g for 20 min. The 
supematant was filtered through nylon mesh and applied to a 
DEAE cellulose column (2.5 x 25 cm) equilibrated with 
70 mM sodium acetate buffer (pH 6.5) containing 5 mM 
mercaptoethanol and 30% ethylene glycol. After applying the 
clear supematant, 2 bed volumes of equilibration buffer were 
used to wash the column. Fractions I, II, and III were eluted 
with 200, 350 and 800 mM sod&m acetate respectiyely. 
Fraction III was pooled, dialyzed at 4 C and stored at - 20 C. 
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The cyclic AMP PDE assay of Thompson and Appleman 
was employed [9]. Enzyme buffer (0.05 M Tris-HCl, pH 7.4 
containing 5 mM MgCl*) and compound were placed in plastic 
tubes (0.4 ml final vol). Substrate (0.050.25 pM) with 2 x 
10s cpm of tracer 3H-CAMP was added and the reaction al- 
lowed to proceed for 20 min at rt. After terminating the reac- 
tion in boiling water, snake venom was added for 25 min to 
convert 5’-AMP to adenosine. Ion exchange resin was then 
added to remove any remaining CAMP and an aliquot of the 
supematant was placed in a scintillation vial with 5 ml of cock- 
tail to count radioactivity. 

Acknowledgment 

We thank ML Cotter and staff for microanalytical data and 
suectral data. We also wish to acknowledee E Giardino. 
d Lakas and B Haertlein for the biological &aluations per: 
formed. 

References 

Goldberg LI (1974) N Engl .I Med 29 1,707 
Tuttle RR, Mills J (1975) Circ Res 36, 185 
Alousi AA, Farah AI, Lesher GY, Opalka CJ (1979) Circ 

Res 45,666 
Alousi AA, Canter JM, Montenaro MJ, Fort DJ, Ferrari RA 
(1983) J Cardiovasc Pharmacol5.792 
Le Jemtel TH, Katz SD, Sonnenblick EH (1987) J Appl 
Cardio12, 36 1 
Kanojia RM, Press JB, Lever OW Jr, Williams L, 
McNallv JJ. Tobia AJ. Falotico R. Moore JB Jr (1988) J 
h4ed Chun 31.1363 

\ I 

Kanojia RM, Lever OW Jr, Press JB, Williams L, 
Werblood HM, Giardino EC, Falotico R, Tobia AJ (1989) 
J Med Chem 32,990 
Goldberg LI, Sonneville PF, McNay JL (1968) 

J Pharmacol Exp Ther 163,188 
Thompson WJ, Terasaki WL, Epstein PM, Strada SJ (1979) 

Adv Cyclic Nucleotide Res lo,69 


