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A series of novel imidazoquinoxalinones and their aza analogues were prepared by the cyclization of o-mino(1H- 
imidazol-1-y1)aryls and heteroaryls with carbonyldiimidazole. The compounds were screened for inhibition of Type 
I and Type IV phosphodiesterases (PDE's) and evaluated for their vasorelaxant and positive inotropic activities 
in vitro. In general, compounds having potent PDE inhibitory activity also possessed good inotropic and vasodilator 
activity, although linear correlations between these activities could not be established. 

The use of nitrates during treatment of congestive heart 
failure (CHF) has become well estab1ished.'t2 This class 
of compounds, which includes nitroglycerin, sodium ni- 
troprusside, and ISDN, produces vascular relaxation after 
increasing intracellular cGMP levels through stimulation 
of guanylate ~yclase.~*~ The initial profile, obtained when 
high doses of the nitrates are employed, is that of balanced 
venous and arterial dilation, resulting in both decreased 
preload and afterload pressures on the heartas Unfortu- 
nately, the nitrates may not prove to be suitable for 
long-term therapy of CIW due mainly to the development 
of tolerance.78 Since the tachyphylaxis observed for these 
compounds is thought to involve diminished biochemical 
activation of the nitrates by sulfhydryl compoundssJO 
and/or other receptor-related events,11J2 we felt that a 

compound that could increase cGMP levels through in- 
hibition of cGMP (ljp 0 phosphodiesterase (PDE) might 
circumvent the problem of tolerance. Furthermore, when 
coupled with positive inotropic activity achieved through 
inhibition of cardiac cAMP (Type IV) PDE,13 such bal- 
anced inodilators might have added benefit for the chronic 
treatment of CHF.l4J6 

As an initial structural approach, we considered the 
xanthines as a reasonable starting point for the develop- 
ment of a new series of inodilators. One compound from 
this class, 3-isobutyl-1-methylxanthine (IBMX), is a 
moderately potent nonselective inhibitor of cAMP and 
cGMP PDE 'S ,~~~ '  with activity in both our in vitro positive 
inotropic and vascular relaxant screens (Table 11). Like 
many other xanthines, however, IBMX possesses CNS 
activity,lg2l which precludes its use as a cardiovascular 
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Table I. Substituted Imidazoquinoxnlinee and Aza Analogues 
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2. IQPd-C (92%) I 
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drug. Therefore, non-xanthine compounds, with similar 
structural and functional features, became the initial 
targets for our studies. The design of these targets in- 
volved "tieing back" the isobutyl group present in IBMX 
onto the pyrimidine ring to form a tricyclic ring system 
and changing the positions of certain of the ring nitrogens. 
Such changes should reduce the hydrophobic character 
compared to IBMX while perhaps retaining high affinity 
for the PDEs. This proposal led to a series of imidazo- 
[ 1,2-a]quinoxalinone, imidazo[ 1,5-u]quinoxalinones, and 
related compounds, whose preparation and biological ac- 
tivities are reported herein. 

Xanthine IBMX 

H 

six-membered ringsna led us to propose a new method 
for the convenient preparation of imidazo[l,2-a]- and 
- [ 1,5-a]quinoxalinones and related compounds. This 
process is illustrated in Scheme I. Treatment of 241H- 
imidazol-1-y1)benzenamine with 1.2 equiv of carbonyldi- 
imidazole in refluxing 1,2-dichlorobenzene for 1 h provided 
imidazo[l,2-a]quinoxalin-5(6H)-one (1) in 92% yield. In 
a similar fashion, cyclization of 2-(2-methyl-lH- 
imidazol-1-y1)benzenamine with 1.2 equiv of carbonyldi- 
imidazole afforded 1-methylimidazo[ 1,5-a]quinoxalii-5- 
(6H)-one (6) in 90% yield. 

For the preparation of 8-substituted imidazo- 
quinoxalinones, the procedure outlined in Scheme 11 was 
employed. In general, treatment of 2,4-difluoronitro- 
benzene with 1 equiv of an imidazole and excess potassium 
carbonate for 72-96 h at room temperature, resulta in 
-60% isolated yield (after column chromatography) of 
the ortho-displaced product, together with approximately 
equal amounts of the bis-substituted compound and un- 
reacted 2,4-difluoronitrobenzene. None of the mono 
para-displaced material was detected by 'H NMR. 
Treatment of the monosubstituted compounds with 2 
equiv of an imidazole or secondary amine in refluxing 
acetonitrile afforded the disubstituted nitrobenzenes, 
which were then reduced and cyclized to provide imida- 
zoquinoxalinones 14, 15, 16, and 18. The 2,4-disubsti- 
tuted(~-imidazol-l-yl)nitrobenzenes, obtained by reaction 
of 2,4-difluoronitrobenzene with 4-6 equiv of an imidazole 

1.24 l,S* 
Cbmirtry 

Our prior experience with condensation reactions of 
1-substituted and 1,2-disubstituted imidazoles to form 

(21) Ortmann, R.; Meisburger, J. G. Rolipram Forms a Potent 
Diacrimitive Stimulu in Drug Discrimination Experiments in 
Rats. Psychopharmacology (Berlin) 1986,89, 273. 

(22) Davey, D. D. Synthesis of Novel sArylimid~[l,2-a]pyridjna 
and &Arylimidazo[ 1,S-alpyridines. J.  Org. Chem. 1987,69, 

(23) 1863 D.; Erhardt, p. w.; Lu"a, w. c., Jr.; wiooinr, J.; 
Sullivan, M.; Pang, D.; Cantor, E. Cardiotonic Agents. 1. 
Novel EAryl-Substituted Imidazo[l,2-01- aad -[l,aSlpyridina 
and Imidazo[l,6a]pyridiones an Potential Poei t i~  Inotropic 
Agents. J.  Med. Chem. 1987, So, 1937. 



2674 Journal of Medicinal Chemistry, 1991, Vol. 34, No. 9 

Scheme 111 

Dauey et al. 

El' 

Table 11. In Vitro Biological Activity and Phosphodiesterase 
Inhibition 

FPMa wbE% PDE' ICw 

1 10 NR NR 49 44 
2 2.2 10 11 44 27 
3 11 0.4 5.1 42 36 
4 3.1 3.1 28 6 13 
I 0.5 9.3 14 5 39 
6 2.1 2.8 49 16 27 
7 0.2 0.8 1.7 2 0.4 
8 2.3 3.8 12 18 17 
9 NR 3.4 11 22 38 
10 0.1 0.5 0.3 1 7 
11 0.3 2.2 5.2 5 5 
12 1.2 1.1 5.6 6 24 
13 0.4 2.0 24 1 3 
14 2.0 2.8 30 8 19 
1s 1.2 0.3 6.3 2 3 
16 0.6 0.4 1.7 2 4 
17 1.0 0.1 0.5 0.4 0.3 
18 0.5 0.05 0.7 0.8 0.9 
19 NR 23 69 NR 14 
IBMX 1.6 1.0 5.6 20 28 
nitroglycerin NR 0.007 0.01 NR NR 
milrinone 0.6 0.7 1.6 6 NR 

compd CFCp MV CA CAMP cGMP 

O D r u g  concentration (pM) causing a 20% increaee in contractile 
force (CF) of ferret papillary muscle (FPM). Data represent the 
mean from at least two determinations where the rnnges for all 
data were within +lo%. For active compounds the inotropic ef- 
fect WM not altered by coadministration of 1 pM propranolol. NR 
indicah Cm was not reached at 100 pM. ODrug concentration 
(pM) cawing 60% vascular relaxation (VR) in canine mesenteric 
veins (MV) and coronary arteries (CA) precontracted with pheny- 
lephrine and prwtaglandin F2 u, respectively. Data represent the 
mean from at leaet three determinations where the rangea for all 
data were within +20%. NR indicatee an ECm was not reached at 
100 pM. 'Drug concentrations (pM) causing 60% inhibition of 
crude phosphodiesterases (PDE) obtained from canine cardiac 
(CAMP) and thoracic aorta (cGMP) homogenates. Data represent 
the mean from at leaat three determinations where the ranges for 
all data were within ilO%. NR indicaka an ICm waa not reached 
at 100 pM. 

in refluxing acetonitrile, were reduced and cyclized to give 
compounds 4,12, and 17. 

The am compounds (2,5,10,13, and 19) were similarly 
prepared in good yield from the corresponding chloro- and 
dichloronitropyridines and 4,6-dichloro-5-nitropyrimidine, 
with the exception of compound 11, which was synthesized 
from 3-flwro-4-nitropyridine N-oxide. For the preparation 
of compound 19 (Scheme 1111, both the nitro and amino 
intermediates were light- and/or air-sensitive, and were 
used without purification. Early attempts at hydrogena- 
tion of 4,~bis(2-ethyl-lH-imidazol-l-yl)-S-nitropyrimidine 
with a variety of catalysta resulted in the formation of 
complex reaction mixtures. Attempted reduction with 
SnC12 in ethanol gave 4-ethoxy-6-(2-ethyl-lH-imidazol-l- 
y1)pyrimidin-S-amine as the major isolated product. The 
amino compound was eventually prepared in -80% over- 
all yield by the reaction of 4,6-dichloro-5-nitropyrimidine 

( 19) 

with 5 equiv of 2-ethylimidazole in ethyl acetate at room 
temperature for 24 h, followed by the addition of 6 equiv 
of SnCb. Standard cyclization of the crude amine afforded 
19 in 72% yield. 

Compounds 8 and 9 were prepared from compound 7 
(Scheme IV). Treatment of the sodium salt of 7 with 
iodomethane in DMF at room temperature gave the N- 
methylated compound 8 in 81% yield. Chlorination of 7 
with phosphorus oxychloride NJV-diethylanie provided 
compound 20 in 81 % yield. Reaction of 20 with ammonia 
in isopropanol at 100 OC afforded 9 in 87% yield. 
Results and Discussion 

All of the compounds were tested in vitro in an inotropic 
screen and in a vascular relaxation screen. Potent and 
moderately active compounds were also tested for the 
ability to inhibit crude preparations of CAMP and cGMP 
PDEs. IBMX, nitroglycerin, and milrinone were included 
for comparison. The results are summarized in Table 11. 

For the 1,2-a series, addition of a methyl group at the 
R2 position (1 - 3) dramatically improved vasorelaxant 
activity without increasing PDE inhibitory potency. Im- 
proved CAMP PDE inhibitory potency could be achieved 
by placement of an imidazole substituent at the &poeition 
(1 - 4; 2 - 5). This effect was less pronounced in the 
1,5-a series (7 - 16; 17, 18). 

For the 1,5-a series, replacement of the R2 methyl sub- 
stituent by an ethyl group greatly enhanced activity in all 
screens (14 - 15). The addition of a methyl substituent 
at R3 moderately increased in vitro potency without 
changes in PDE inhibitory activity (15 - 16). Potency 
in all screens decreased with methylation of the amide 
nitrogen (7 - 8) and by replacement of the carbonyl ox- 
ygen with an amino group (7 - 9). The amino compound 
was also devoid of positive inotropic activity. 

In some instances minor variations within these series 
produced unexpected results. For example, when the 
phenyl ring in compound 4 was changed to a pyridine ring, 
the resulting compound 5 was 3 times less potent as a 
cGMP PDE inhibitor and mesenteric vein relaxant, but 
6 times more potent as a positive inotrope with no corra 
sponding increase in cAMP PDE inhibitory activity. A 
similar modification of compound 12 to give 13 resulted 
in increased positive inotropic and cAMP and cGMP in- 
hibitory potency but decreased vasorelaxant activity. 

Overall, the 1,5-a series of compounds possessed more 
potent cardiovascular and PDE inhibitory activities in 
comparison to the 1,2-a series. While this may likely be 
due to the positions of substituents on the imidazole ring 
of the tricyclic system, the limited availability of 4-sub- 
stituted imidazoles, together with the difficulty in pre- 
paring l-substituted imidazo[ 1,2-a]quinoxalinones by our 
method, caused us to focus our efforts on the 1,s-a series. 

Many of the compounds prepared were more potent 
than IBMX as CAMP and cGMP PDE inhibitors, and to 
a lesser extent, more potent vasorelaxants and positive 
inotropes in vitro. However, as shown in Table 11, PDE 
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inhibitory potency did not correlate with the in vitro va- 
sorelaxant and inotropic activities. Some possible expla- 
nations for this discrepancy may be differences in solubility 
and differences in intracellular and extracellular distri- 
bution. Another possibility is that these compounds 
possess additional undefined mechanisms. The latter 
possibility is currently under investigation. 
During the early course of this work, several compounds 

representing various structural types were administered 
iv to anesthetized dogs. These results are summarized in 
Table III. As previously indicated for the in vitro resulta, 
the observed hemodynamic effecta for the test compounds 
did not correlate well with PDE inhibitory activity. 
Compound 2, a weak PDE inhibitor, was equally active as 
a vasodilator and only moderately less potent as a positive 
inotrope in this model when compared to compound 7, 
which was a potent PDE inhibitor. Compound 10 was the 
most balanced inodilator (LV @/dt vs MAP) in this 
model, with approximately 3-fold greater vasodilating 
potency than nitroglycerin. IBMX was equiactive to 10 
as a positive inotrope, but was less active as a vasodilator 
and PDE inhibitor. 

In order to assess potential CNS activity, several of the 
compounds (including 2,7, and 10) were examined in a 
rodent neuropharmacologic profile model.u At  doses up 
to 30 mg ip and 300 mg po, none of the compounds tested 
produced any significant neuropharmacological effects, 
with the exception of compound 7, which produced mild 
CNS depression at doses of 3,10, and 30 mg/kg ip. Vas- 
odilation (characterized by reddening of the skin) was 
noted for several of the compounds. The series also ap- 
peared to be devoid of anticonvulsant and antipyretic or 
hypothermic activity. 

In conclusion, the novel imidazoquinoxalinones and 
related analogues presented herein represent a new class 
of inodilators that dieplay varying effects on the vascula- 
ture. In addition, a new and efficient route for the prep- 
aration of these types of compounds has been presented. 

(24) DeWm for the rodent neuropharmacological profile model c811 
be obtained by contacting Pharmakon Laboratories, Waverly, 
PA. 

Table 111. Biological Activity of Selected Compounds in 
Anesthetized Dogsa 

dose LV HR MAP 
compd (mg/kg) dP/dt(%A) (%A) (%A) 

2 0.3 NC NC NC 
2 1.0 42 NC NC 
2 3.0 81 24 -40 
7 0.3 39 22 NC 
7 1.0 86 42 NC 
7 3.0 136 66 -40 
10 0.1 31 NC -17 
10 0.3 40 30 -26 
10 1.0 76 60 -40 
IBMX 0.1 26 17 NC 
IBMX 0.3 41 32 NC 
IBMX 1.0 69 46 -18 
nitroglycerin 0.3 -9 NC -20 
nitroglycerin 1.0 -14 NC -30 
nitroglycerin 3.0 -17 NC -39 
milriione 0.03 31 12 NC 
milriione 0.1 68 20 -16 
milriione 0.3 82 34 -33 

a Percent change in force of contraction of the left ventricle (LV 
dP/dt), heart rate (HR) and mean arterial blood pressure (MAP) 
after intraveneoue administration of each drug at the indicated 
dose. Data represent the mean from at least four determinatiom 
where the ranges for data within each column were within the fol- 
lowing limits: LV dP/dt f 10%; HR f 6%; and MAP f 16%. 
NC indicates <lo% change from control. 

Although we were unable to establish linear correlations 
between the in vitro activities and inhibition of the PDE's 
for the compounds overall, compound 19 deserves addi- 
tional comment. While this compound was weakly active 
as a vasorelaxant and cGMP PDE inhibitor, it was com- 
pletely devoid of positive inotropic activity and was the 
only compound prepared which did not reach an IC#, for 
inhibition of CAMP PDE. We concluded that substitution 
at the 4position of the imidazopteridine ring system could 
be used to develop a series of selective inhibitors of cGMP 
PDE. The latter compounds would more closely match 
the profile of the nitrates and would not be complicated 
by positive inotropic activity while still potentially being 
devoid of tolerance. This proposal led to a series of novel 
imidazopteridinones, the resulta of which will be the aub- 
ject of a future publication. 
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Exper imen ta l  Section 
Chemistry. Melting pointa were taken on a Fisher-Johns 

melting point apparatus and are uncorrected. IR spectra were 
obtained on either a Sargent/Welch 3-300 spectrophotometer or 
a Beckman Aculab 2 spectrophotometer. 'H NMR spectra were 
recorded on a Varian XL-300 spectrometer. Elemental a n d m  
were perfomed by the Berlex Analytical Department or Galbraith 
Laboratories, Inc. Column chromatography was carried out on 
Merck silica gel 60, 230-400 mesh. 

General Procedure for the  Preparation of 241H- 
Imidazol-l-yl)-4-fluoronitro~n~nes. 2-Ethyl-l-(S-fluoro- 
2-nitrophenyl)-4-methyl-lH-~da~le. A mixture of 50 g (0.31 
mol) of 2,4-difluoronitrobenzene, 34 g (0.31 mol) of 2-ethyl-4- 
methylimidazole, and 100 g of KzCOs in 600 mL of CHzC12 was 
stirred a t  room temperature for 4 days. The reaction mixture 
was washed with 1 L of water, dried over MgSO,, and chroma- 
tographed on 700 g of silica gel with 10% EtOAc/CH2C1, as eluent. 
Concentration of the pure fractions, followed by crystallization 
from petroleum ether, gave 48.5 g (63%) of a yellow solid mp 
55-57 OC; NMR (CDCld 6 1.19 (t, 3), 2.22 (e, 3),2.41 (q,2), 6.60 
(e, l) ,  7.12 (d, l), 7.28 (m, l), 8.07 (m, 1). 

General Procedure for the  Preparation of Imidazo[ 12- 
a ]quinoxalin-4(5H)-ones and Imidazo[ 1,5-8 ]quinoxalin-4- 
(5R)-ones. l-Methyl-8-(2-methyl-lH-imidazol-l-yl)- 
imidazo[ 1P-a]quinoxalin-4(5H)-one (12). A mixture of 50 g 
(0.31 mol) of 2,4-difluoronitrobenzene, 60 g (0.73 mol) of 2- 
methylimidazole, and 100 g of K2COS in 500 mL of MeCN was 
heated at  reflux for 24 h. The solvent was removed under vacuum, 
and the residue was slurried in 1 L of CHzC12 and washed twice 
with 2 L of water. The CH2C12 portion was dried over MgSO, 
and charcoal treated, and the solvent was removed under vacuum. 
Crystallization of the residue with EtOAc afforded 70 g (80%) 
of l,l'-(l-nitrobenzene-2,4-diyl)bis(2-methyl-lfZ-imidazole) as a 
yellow solid: mp 153-4 OC; IR (CHZClz) 1620,1605,1540,1505, 
1415 cm-'; NMR (CDCls) 6 2.31 (s,3), 2.52 (8, 3), 6.98 (d, l), 7.12 
(m, 3), 7.45 (d, l), 7.66 (q, l) ,  8.26 (d, 1). 

The above compound (58 g, 0.20 mol) was dissolved in 1 L of 
ethanol with 5 g of 10% palladium on carbon and hydrogenated 
at 50 psi for 2 h. The catalyst was removed by filtration, and the 
reaidue concentrated under vacuum and crystaked from J3tOAc 
to provide 43 g (83%) of 2,4-bis(2-methyl-lH-imidazol-l-y1)- 
benzenamine as a white solid mp 203-5 O C ;  IR (Nujol) 3420,3330, 
1630, 1510 cm-'; NMR (DMSO) 6 2.15 (s,3), 2.25 (e, 3), 5.18 (8, 
2), 6.84 (d, l), 6.93 (m, 21, 7.11 (8, 2), 7.18 (m, 2). 

The above amino compound (10 g, 39.5 "01) and carbo- 
nyldiimidazole (7 g, 43.2 mmol) were dissolved in 300 mL of 
1,2di&lorobenzene and heated at reflux under Nz for 1.5 h. After 
cooling to room temperature, the solide were filtered and washed 
with acetone to give 9.8 g (89%) of 12 as an off-white solid IR 
(Nujol) 1675, 1510,1460 cm-'; NMR (DMSO) 6 2.35 (e, 3),2.95 
(e, 31, 6.94 (8,  11, 7.40 (m, 31, 7.77 (e, 11, 7.97 (8, 11, 11.5 (e, 1). 

The following compounds were prepared in an analagous 
manner. Iddam[ l,2-a]quinoxalin-4(6H)-one (1): IR (Nujol) 
1675,1630,1440, 1400 cm-'; NMR (DMSO) 6 7.2 (m, 31, 7.61 (8, 
11, 8.11 (d, l) ,  8.55 (8,  11, 11.85 (e, 1). 

Imidazo[ 12-43 ]pyrido[2,3-e]pyrazin-6( SH)-one (2) (pre- 
pared from 2-chloro-3-nitropyridineopyridine): IR (Nujol) 1725,1685,1590 
cm-'; NMR (CFsC02D) 6 7.87 (m, l), 8.23 (m, 2),8.78 (d, l), 8.91 

2-Methylimidazo[ 1,2-a ]qu inosa l in -~ (6~) -one  (3): IR 
(Nujol) 1680, 1620, 1515 cm-'; NMR (DMSO) 6 2.55 (8, 3),7.10 
(m, 3), 8.08 (d, l), 8.67 (e, l), 11.18 (e, 1). 

8-( lH-Imidazol-l-yl)imidazo[ 12-8 ]quh1oulin4(6H)-one 
(4): IR (Nujol) 1700,1540,1515 cm"; NMR (DMSO) 6 7.17 (8, 
l), 7.45 (d, 11, 7.65 (e, l) ,  7.71 (d, 11, 7.84 (e, 11, 8.35 (8, 11, 8.45 
(a, 1) 8.64 (8,  1). 

2 4  lH-Imidaml-l-yl)imidam[ lJ-a ]pyrido[2t-e]pyrazin- 
6( SH)-one (6) (prepared from 2,&dichloro-3-nitropyridme): IR 
(Nujol) 1700, 1600, 1495 cm-'; NMR (DzO/DCl) 6 7.80 (8,  11, 
8.21-8.45 (m, 41, 8.90 (8, 11, 9.80 (8, 1). 

l-Methylimidazo[ 1,s-a ]quinoxalin-4(SH)-one (6): IR 
(Nujol) 1680, 1610,1560,1490 cm-'; NMR (DMSO) 6 2.92 (a, 31, 
7.20 (m, 31, 7.73 (e, I), 8.06 (d, 11, 11.38 (e. 1). 

l-Ethyl-3-methyllmidam[ 1P-a]quinoxalin-4(SH)-one (7): 
IR (Nujol) 1680,1610,1580,1510 cm-'; NMR (DMSO) d 1.32 (t, 

(e, 1). 
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3), 2.54 (e, 3), (q, 2), 7.17 (m, 3), 7.92 (d, l) ,  11.11 (e, 1). 
+Ethyliddam[ 168 ]pyrido[ 2,3-e]pyraein-6(SH)one (10) 

(prepared from 2-chlom-3-nitropyridine): IR (Nujol) 1675,1600, 
1550 cm-': NMR (DMSO) 6 1.33 (t, 3), 3.42 (q, 2), 7.41 (m, l), 7.65 
(m, 2), 8.24 (d, 1). 

l-Ethylhidam[ l,b-a]pyrido[4&e]pyrazin-4(5H)-one (11) 
(prepared from 3-fluoro-4-nitropyridine N-oxide): IR (Nujol) 1670, 
1655,1605,1500 cm-'; NMR (DMSO) 6 1.39 (t, 3h3.28 (q,2), 7.26 
(d, l), 7.85 (e, l),  8.24 (d, 11, 9.16 (e, 1). 

9-Methyl-2- (2-methyl- 1H-imidazol- L-yl)imidazo[ 14-8 1- 
pyrido[2,3-e]pyrazin-6(5H)-one (13) (prepared from 2,6-di- 
chloro-3-nitropyridine): IR (Nujol) 1680, 1610, cm-'; NMR 
(DMSO) 6 2.51 (a, 3), 2.96 (8, 3), 6.96 (8, I), 7.56 (8,  l), 7.61 (d, 
11, 7.79 (e, l), 7.82 (d, 1). 

l-Methyld-( la-imidazol- l-yl)imidazo[ 1s-a ]quinoxab-  
4(6H)-one (14): IR (Nujoll675,1515,1400 cm"; NMR (DMSO) 
6 3.04 (8,3), 7.15 (s, 1),7.41 (m, 1),7.63 (d, 1),7.76 (m, 2),8.08 
(d, l), 8.30 (8, 1). 

l-Ethyld-( la-imidazol-l-yl)imidam[ 14-8 l q u i n o d n - 4 -  
(5H)-one (15): IR (Nujol) 1680,1520,1415 cm-'; NMR (DMSO) 
6 1.41 (t, 31, 3.41 (q, 2), 7.19 (8, l), 7.44 (m, l), 7.62 (d, l), 7.75 
(m, 2), 8.04 (d, l), 8.28 (8, 1). 

l-Et hyl-8-( la-imidazol- l-yl)-bmet hylimidazo[ 1,s-a 1- 
quinoxalim4(5H)-one (16): IR (Nujol) 1670,1520,1445 cm-'; 
NMR (CFG02D) 6 1.68 (t, 3),2.94 (8, 3),3.69 (q,2), 7.76 (m, 41, 
8.30 (8, 1),-9.19 (8, 1). 
l-Ethyl-8-(2-ethyl-4-methyl-lH-imidazol-l-yl)-3-methyl- 

imidazo[ 1,5-a]quinoxalin-4(5H)-one (17): IR (Nujol) 1670, 
1590, 1525 cm-l; NMR (DMSO) 6 1.12 (t, 3), 1.35 (t, 3), 2.15 (s, 
3), 2.51 (8, 3), 2.55 (q, 2), 3.20 (q, 2), 7.09 (8, l), 7.38 (8, 2), 7.83 
(8, 1). 
l-Ethyl-3-methyl-8-(morpholin-4-yl)imida~o[ 1,5-a 1- 

quinoxalin-4(5H)-one (18): IR (Nujol) 1670,1520,1445 cm-'; 
NMR (DMSO) 6 1.36 (t,3), 2.51 (8,3), 3.11 (m, 4),3.23 (q, 2),3.76 
(m, 4), 7.00 (d, l),  7.15 (d, l),  7.35 (8, 1). 
9-Ethyl-4-(2-ethyl-lH-imida~ol-l-yl)imidazo[5,l-h Ipter- 

idin-6(5H)-one (19). A mixture of 25 g (0.13 mol) for 4,6-di- 
chloro-bnitropyridimine and 75 g (0.78 mol) of 2-ethylimidamle 
in 600 mL of EtOAc was stirred at room temperature for 24 h. 
Tin(II) chloride dihydrate (176 g, 0.78 mol) was then added, and 
the mixture stirred rapidly at  room temperature for 2 h. The 
reaction mixture was made basic with aqueoua KoCOs, the M A C  
portion was dried over MgS04 and charcoal treated, and the 
solvent was removed under vacuum to afford 38 g of the pyri- 
midinamine as a brown oil. 

The above amine (5.6 g, 19.8 "01) and carbonyldiimidazole 
(4.8 g, 29.6 "01) were dissolved in 200 mL of 1 , 2 d i c h l o r o ~ e  
and heated at  reflux under N2 for 2 h. The product was isolated 
by chromatograph (500 g silica gel, 10% MeOH/CHoClo) and 
crystallized from EtOAc to give 4.5 g (72%) of a shite solid IR 
(Nujol) 1690,1585 cm-'; NMR (DMSO) 6 1.13 (t, 31, 1.36 (t, 31, 
2.58 (q,2), 3.44 (q,2), 7.01 (d, 1),7.31 (d, l), 7.87 (a, l), 8.84 (e, 
1). 

3,bDimethyl- l-et hylimidm[ 14-o ]quinoxalin-4( SH)-one 
(8). To a slurry of 5 g (22 "01) of 7 in 200 mL of DMF was 
added 1 g (25 "01) of NaH (60% in oil), and the mixture stirred 
for 2 h at room temperature under Np. Iodomethane (1.5 mL, 
24 "01) was added, and the mixture was stirred for an additional 
1 h. The resulting precipitate was fltared and waahed with 10% 
KOH, water, and then acetone to provide 4.3 g (81%) of a white 
solid: IR (Nujol) 1660,1580,1510 cm-'; NMR (DMSO) 6 1.36 
(t, 3), 2.55 (s,3), 3.22 (q,2), 3.50 (8,3), 7.44 (t, 1),7.47 (m, 2),8.00 
(d, 1). 

4-Chloro-l-ethyl-9-m~hylimidazo[ l be  lquinoxalinr (20). 
A mixture of 40 g (0.18 mol) of 7,45 mL of NJV-diethylaniline, 
and 600 mL of phosphorus oxychloride was heated at reflux under 
Nz for 5 h. The excess POCls was removed under vacuum, and 
the residue dissolved in 500 mL of CH&l2, washed with 1 L of 
water, dried over MgS04, and chromatographed on 500 g of silica 
gel using CHzClp Concentration of the pure fractions, followed 
by crystallization from petroleum ether, provided 35 g (81%) of 
a white solid IR (CHzClz) 1410,1245 cm-'; NMR (CDCb) 6 1.52 
(t, 3), 2.80 (e, 3), 3.32 (q, 21, 7.45 (m, 2), 7.81 (d, 11, 8.00 (d, 1). 

l-Ethyl-%methylimidazo[ 1,S-a ]quinoxalin-4-unine (9). A 
solution of 5.5 g (22.4 mmol) of 20 h 60 mL of 2-propanol eatu- 
rated with NHs was heated at  110 OC in a pressure tube for 48 
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h. The cooled reaction mixture was poured into 500 mL water, 
and the resulting solids were filtered, washed with water, and 
recrystallized from EtOH to afford 4.4 g (87%) of a white solid 
IR (CH&lJ 3520,3410,1625,1605,1590,1485 cm-l; NMR (CDCld 
b 1.36 (t, 3), 2.60 (s,3), 3.23 (q, 2), 6.54 (s,2), 7.17 (t, l), 7.27 (t, 
11, 7.41 (d, l), 7.96 (d, 1). 

Biology. Papillary Muscle Studies. The in vitro deter- 
mination of poeitive inotropic activity in ferret papillary muscle 
strips was conducted according to published procedures.% 

Vascular Relaxation Studies. Canine heart and mesenteric 
tissues were removed and placed in oxygenated (95% OD 5% Cod 
physiological salt solution (PSS) maintained at 37 “C. The cir- 
cumflex coronary artery and mesenteric vein was separated from 
the adventia, cut into approximately 2-mm lengths, and then 
placed onto standard holders for use in an aerated muscle bath 
maintained at 37 OC. Coronary arteries were stretched to a tension 
of 2 g and mesenteric veins were stretched to a tension of 1 g, 
following which both vessels were allowed to relax. Final tensions 
were then equilibrated at 2.5 and 1 g, respectively. To determine 
the optimum preload for each tissue, repetitive challenges with 
20 mM KC1 were followed by washing and adjustment of the 
tension for each tissue until there was no longer an improvement 
in response to KCl. Tissues were then relaxed for 30 min. 
Functional criteria were established by testing coronary arteries 
with KC1 and mesenteric veins with phenylephrine. When con- 
tractions reached a plateau, arteries were challenged with ace- 
tylcholine and veins with 20 p L  (100 units/mL) thrombin. Tissues 
that did not relax at least 65% were not used for the screen. The 
tissues were then washed and allowed to relax for another 30 min. 

One of each tissue was used for each teat compound. Arteries 
were precontracted with prostaglandin F2 a and veins with 
phenylephrine. When tissues we.re at a steady state of contraction, 
compounds were added to the bath cumulatively, beginning at 
0.01 pM and increasing to as high as 100 pM for weakly active 
compounds. After each drug challenge, relaxation was allowed 
to reach ita new plateau before adding the next drug concentration. 
After the last drug challenge, the tissues were rinsed with warm 
PSS and the process repeated every 10 min until the tissues were 
completely relaxed. Arteries were then again constricted with 
prostaglandin F2 a and veins with phenylephrine followed by 
challenges with acetylcholine and thrombin, respectively. Tissues 
that did not regpond similarly (within *IO% relaxations) to their 
predrug treatments were not used in the data analysis. 

Raw data was digitized and collected with both computer and 
strip chart recorder. Total force was calculated by computer for 
baaal, agonist standards and each dose of relaxant and teat com- 
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pound. Actual force (total force - b a d  force) waa ale0 calculated 
for all compounds. Delta force was calculated for each dose of 
test compound. A negative delta fom represents relaxation. Delta 
force as a percent of control was calculated by dividing delta force 
by the actual force of the agonist and multiplying by 100. Delta 
force as a percentage of maximum relaxation was calculated by 
dividing the delta force for each dose of test compound by the 
delta force for the dose of compound which produced the max- 
imum relaxation. ECw’s for delta force as a percent of control 
and delta force as a percent of maximum relaxation were calcu- 
lated by linear interpolation between points on the dose response 
curve which bracketed the point of 50% relaxation. 

Phosphodiesterase Studies. The biochemical determinations 
of inhibition of crude CAMP and crude cGMP phosphodiesterases 
obtained from canine cardiac and thoracic aorta tissues, re- 
spectively, were conducted according to published procedures.- 
Hemodynamic Studies. The in vivo measurements of heart 

rate and contractility (LV dP/dt) and of effects on mean arterial 
blood pressure were conducted according to published proce- 
dures.29 
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