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Abstract: A series of 2-aryl imidazo[1,2-ajpyrazines has been prepared and evaluated for inotropic activity. Sulphoxide
12, BW315C, dispiayed potent inotropic effects having comparable in vitro and vivo inotropic potencies to those of
isomazole. Structure-activity relationships are discussed.

The inotropic agent digoxin and the vasodilator enalapni are important drugs! for the treatment of congestive heart
failure(CHF). Although enalapril or digoxin may prolong the life of patients with heart failure, the use of digoxin is limited
by its toxicity!. Attempts to enhance the impaired cardiac contractility of the hearts of such patients has led to clinical
studies with new inotropic agents 2 such as milrinone 1, vesnarinone (OPC-8212) 2, sulmazole 3, and isomazole 4.
However, when patients with severe chronic heart failure were treated with oral milrinone for long periods, an increase in
mortality was observed 13. Similar results 3 have been obtained with other inotropic phosphodiesterase (PDE) III
inhibitors and consequently it has been postulated 3 that inotropic agents which elevate cAMP levels will accelerate the
progression of hean disease by inducing severe ventricular arrhythmias. Sulmazole 4 and isomazole 57, also display
undesirable toxicological effects, but some of these actions appear unrelated to PDE III inhibition. Furthermore,
vesnarinone 8, a potassium channel blocker ® and PDE III inhibitor 8, has been reported 10.11 to reduce the mortality of
patients with moderate to severe heart failure. Thus there is much current interest in testing the above inotropic
hypothesis and also investigating whether new inotropic agents having other biochemical 39.12-14 modes of action are
more efficacious and less toxic especially in moderate CHF.

We hoped therefore that a non-toxic inotrope would emerge from our studies on the structure-activity relationships
(SAR's) of isomazole analogues. Our previous investigations have shown that heterocycles 3-8 are potent inotropic
agents 15 in vitro, and that the 4'-S(O)Me groups of isomazole 15 and 8 16 can be replaced by achiral 4-substitutents,
(such as C(O)NH», OSO2Me) without loss of inotropic activity. In addition the 7H-imidazo[4,5-c]pyridines 4 and 7 were
found 17 to elicit similar in vivo inotropic effects and be more potent and longer-acting in this respect than heterocycles 3
or 8 16. These SAR's led us to speculate that the imidazo[1,2-a]pyrazines 9-14 might display potent inotropic effects both
in vitro and in vivo. imidazo{1,2-alpyrazine is not ionised 18 at physiological pH and, according to CNDO/2 calculations,
possesses an electron-rich imidazo nitrogen atom. Both these molecular properties have been found 19 to be commonly
associated with potent inotropism for a series of heterocyclic sulmazole analogues.

The imidazo[1,2-ajpyrazine analogues 9-14 were prepared wia condensation of the requisite 2-bromoacetophenone
derivative15 16,16 16 or 17 16 with either 2-aminopyrazine (18) or 2-amino-3-chloropyrazine (22) 20 Heterocycles 19-21
and 23-25 (Schemes 1 and 2) were obtained in low yields (6-30%). Substantial amounts of uncharacterized polar by-
products and/or intractable polymeric materials were also produced.

*+ Present address: The James Black Foundation, King's College School of Medicine and Dentistry, 68 Half Moon Lane,
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The formation of these undesired products is believed to arise via alkylation of 18 or 22 at N-4 2!+ Analogues 9-14 22
were obtained from 19-21 and 23-25 by modifying the 8-chloro and 4'-substituents of these precursors. The
interconversions all utilize standard reactions.
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SCHEME1  (i)75°C,N2 Solvent EtOH [19], DMF[20] or Me2CHOH[21]
(i)MCPBA, CHCl3 [For 199, 80%] (iii) conc. H2SO4 [for 20->10, 70%]
(iv)CF3CO2H, PhSMe; MeSO2CI, CsHsN, [For 2111, 30%]
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SCHEME 2 (i) 80C,°Ng, DMF (ii) NaOMe, MeOH, reflux

(ii)MCPBA, CHCI3 [26—12, 67%)](iv)Conc. H2S04 {27513, 75%]
(v)1 atmos. Ha, 5% Pd-C, NEts, DMF; MeSO2Cl, CsHsN[28—14, 58%)]

Table 1. Inotropic Activities, phosphodiesterase inhibitory properties, and charge densities of
sulmazole analogues.
In vitro In vivo piCso Charge
Compound pAsg? EDsgib PDINe CNDOy/2d
Sulmazole 4.700.10 0.80 4.3 -0.266
Isomazole 4.6410.15 0 06 4.5 -0.256
5 4.43+0.08 0.01
6 <5e 0.002
7 3.91+0.12 0.13 -0.279
8 4.63+0.09 24 -0.309
9 5.39+0.13 0.75 5.0 -0.296
10 4.68+0.23 0.02 -0 295
11 inactivel
12 4 82+0.44e 0.09 4.4 -0.282
13 insol.9 0.06 -0.231
14 insol.g 007 -0.240

(a) Inotropic potency in vitro, pAso = -logc where ¢ = drug concentration required to give a 50% increase in basal

contractile force of paced guinea pig papillary muscle preparations (n=3); inactive; 50% increase not achieved.

(b

Inotropic potency in vivo. EDsol is the dose (mgkg-tiv) of drug required to produce a maximum increase of 50% in dPidt
where P =left ventricular pressure.(c) Potency for phosphodiesterase III inhibition. PICS50 PDIII = -logc where ¢ =
concentration of drug required for 50% inhibition of type III cAMP phosphodiesterase from dog ventricle s.e.m ist
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25%(n=3). Milrinone has pICs, of 6.2. The four heterocycles investigated were weaker inhibitors of the type I enzyme
(pICs's 3.0-3.6) (d) Charge of imidazo nitrogen calculated by CNDO/2 (e). Biphasic dose-response curve observed;
approximate value given. (f).Tested at concentrations up to 0.1mM; v. weak positive inotropic effects observed. (g.)The
poor aqueous solubility of the compound precluded a quantitative pharmacologscal evaluation.

Table 2: In vivo Cardiovascular Effectss of Sulmazole Analogues.
Compound | EDsgl ED3pV ED+1oC l/ve I-DURc V-DURd
Sulmazole 0.80 125 0.50 0.64 30 30
Isomazole 006 0.19 0.06 0.32 20-30 15-30
9 0.75 003 0.28 25 5 >80
10 0.02 005 0.02 0.4 >30 <5
12(BW315C) | 009 1.17 0.11 0.08 60 2
13 0 06 0.15 0.06 04 30-45 30-45
14 007 0 06 0.05 1.2 45-60 2-15
Milrinone 002 006 002 03 45-60 10-30

(a)The effective dose (mg kg-1iv) of these compounds to produce a maximum increase of 50% in dP/dt (EDsol), 30%
decrease in diastolic blood pressure (EDaxgV, V= vasodilation), and 10% increase in heart rate (ED1oC, C
chronotropism), as compared to those of sulmazole and isomazole n anaesthetized, open-chest dogs (b) IV =
EDsol/ED3V (c) 1-DUR = Duration (min) of inotropic response to EDgp [ dose (d) V-DUR = Duration (min) of
vasodilator response at EDspl dose The ED's were derived from the mean values for n33 experiments; s.e.m is £ 40%
e.g. sulmazole EDg,l 0.80£0.34(n=4), somazoie EDspl 0 06+0.01(n=9), BW315C EDg,1 0.09 + 0.03 (n=3)

#

The inotropic activities of the isomazole analogues were determined in vitro and vivo by previously described
methods'5.23 The ability of some of these heterocycles to inhibit the phosphodiesterase III isoenzyme was also
evaluated 2425  Electronic properties of compounds 3-14 were calculated by CNDO/2 2627 methods. The resuits are
collected together in Table 1

Of the six imidazo[1,2-alpyrazines investigated, analogues 10 and 12 were found to be approximately equipotent with
sulmazole as inotropic agents in vitro. Mesylate 11 proved to be inactive and heterocycles 13 and 14 could not be
evaluated satisfactorily jn vitro because of their low aqueous solubilities28  Sulphoxide 9 was found to be a more potent
inotrope in vitro than any of the other imidazo[1,2-alpyrazines, sulmazole, or other suimazole analogues possessing a 4'-
S(O)Me group. Interestingly, compound 9 is also a more potent inhibitor of cardiac phosphodiesterase 111 iscenzyme
than isomazole.

A comparison of the in vitro inotropic activities of 7H-imidazo[4,5-cjpyridines 4-7 and imidazo[1,2-a]pyrazines 9-12
indicates that the effects of the 4'-substitutuents on activity are different for the two series. 'A’ ring methoxy substitution
appears to induce simitar changes i vitro in both series aithough a comparison can only be made (4 and 7 vs. 9 and 12)
in one case. The different effects of 'C' ring substituents on motropic properties may reflect changes in water solubility,
electronic properties and biochemical mechanisms  Most of the imidazo[1,2-a]pyrazine analogues were found to be far
less water soluble than their 1H-imidazo[4,5-clpyndine isomers despie having similar log P values 29 No correlation was
observed between the 1 vitro inotropic potencies of the imidazopyrazines and their imidazo nitrogen charge densities.
This finding contrasts with the correlation observed between these parameters for a subset of the more water-soluble
imidazopyridines 17.19  Nevertheless the three potent inotropic imidazopyrazines 9, 10 and 12 did have higher charge
densities at the imidazo nitrogen atom than sulmazole. Sulphoxide 9, which has a higher water solubility than10 or 12, 1s
the most potent of the three compounds

Changes in biochemical mechanisms may also contribute to the different SAR's for the two series. The mechanisms
responsible for eliciting the inotropic effects of analogues 3 - 14 are at present poorly understood. Nonetheless P D E.1II
inhibition 24. and possibly calcum sensitization 30 of cardiac myofibrils and adenosine antagonism 31 are believed to



Synthesis of BW315C 513

account for a substantial part of the inotropism of 3 and 4 19. Analogue 12, unlike the other sulmazole analogues,
displays a biphasic dose-response curve in vitro and may have a different mode of action.

Heterocycles 10 and 12-14 were found to be potent inotropes in vivo 32 having potencies comparable to those of
isomazole (table 1). Sulphoxide 9 proved to be a much less potent inotrope in vivo than isomazole although sulphoxides
7 and 12 have comparable in vivo potencies. The above results show that the imidazo[1,2-a]pyrazine ring is often a good
bio-isostere for the 7H-imidazo[4,5-c]pyridine moiety of isomazole analogues. A second important conclusion is that ‘A’
and 'C' ring substituent effects on the inotropic activities of the imidazo pyrazines are sometimes different from those in
the imidazopyridine senes. This latter finding contrasts with the results of Spitzer et af 33 who observed similar SAR's
between four compounds of each series. The divergence in the results is probably due to the different sets of
compounds studied.

The cardiovascular effects of the imidazopyrazines were studied in vivo in more detail and are given in table 2. Besides
their inotropic actions the major effects of the compounds are a dose-related lowering of blood pressure and an increase
in heart rate. The most potent vasodilator is sulphoxide 9 its blood pressure lowering effects being evident at lower
doses than its inotropic actions. BW315C (12) is perhaps the most interesting inotrope since it shows the greatest
separation between its inotropic and vasodilatory effects (in favour of notropism) in terms of potency and duration of
action.

Further evaluation of heterocycles 9,12, 13 and their metabolites should reveal whether they are suitable probes for
testing hypotheses associated with the use of inotropic agents. Such investigations may provide information about the
relative merits 34 of a ‘pure’ inotrope vs inotrope-vasodilator in heart failure and may also indicate the extent to which
efficacyftoxicity is related to PDE III inhibition, adenosine antagonism 31. calcium sensitization of myofilaments 12, sodium
channel activation 13 or neurohormonal stimulation 14

References and Notes

Yeo, WW,, Jackson, P.R.; Ramsay, L.E., The Pharmaceutical J., 1991, 247, 407.and references therein.
Erhardt, P.W., J. Med. Chem. 1987, 30, 231.

Dorigo, P., Pharmacol. Res., 1992, 26,103 and references therein.

El Allaf, D.; D'Orio, V.; Carlier J. Arch. Int. Physiol. Biochim. 1984, 92,S69.

Moller, J.H.; Hertrampf,R.; Regitz, V.; Berthold, M., Krulls-Munch, J.; Strasser, R.; Rosenthal, W.; Fleck,E.; Eur.
Heart J., 1991, 12(suppl1), Abs.384.

6. Sandusky Jr, G.E.,. Vodicnik, M.J.; Tamura, R.N., Fundam. Appl Toxicol. 1991, 16,198.

7. Means, J. R.; Franklin, R.B.; Sandusky, G.E., Fundam. Appl. Toxicol. 1989, 13, 418.

8. Mannhold, R., Drugs Future, 1985, 10, 28, and references therein.

9. Grupp, L.L.; Grupp, G.; Gueron, M.; Schwartz, A., Faseb J. 1988, 2(4) Abst. 408.

10. SCRIP, 1990, No 1549, p22.

11. Drugs Future, 1991, 16, 94

12. Wetzel, B.; Hauel, N., Trends Pharm. Sci., 1988, 9, 166.

13. Berthold, H.; Scholtysik, G.; Schaad, A, J. Pharmacol. Methods, 1990, 24, 121.

14. SCRIP, 1991, No 1600, p25..

15 Barraclough, P.; Black, J.W.; Cambridge, D.; Demaine, D.A.; Gerskowitch, V.P.; Giles, H.; Hill, A.P.; Hull,
R.A.D.; lyer, R.; King, W.R.; Livingstone, D.J.; Nobbs, M.S.; Randall, P. Shah, G.P.; Whiting, M.V., Arch.
Pharm.. (Weinheim.Ger.), 1990, 323, 507.

g g



514

16.

17.

19.

20.

21.

22.

23.

24

25.
26.

27.

28

30

31.

32

33.
34.

P. BARRACLOUGH ¢t al.

Barraclough, P.; Black, J.W.; Cambridge, D.; Capon, E.; Cox, M.R.; Firmin, D.; Gerskowitch, V.P.; Giles H.;
Glen, R.C., Hill, A.P., Hull, R.A.D.; lyer, R.; Kettle, D.; King, W.R.; Nobbs, M.S.; Randall, P ; Skone,P.; Smith, S.;
Vine, S.J.; Wharton, C.J.; Whiting, M.V., Eur.J. Med. Chem. 1992, 27, 207.

Barraclough, P., Black, J.W ; Cambridge, D.; Collard, D., Firmin, D,; Gerskowitch, V.P.; Glen, R.C.; Giles, H.;
Hill, A.P.; Hull, R.A.D.; lyer, R.; King W. R., Kneen, C.0O., Lindon, J.C.; Nobbs, M.S.; Randali, P.; Shah, G.P.;
Smith, S.; Vine, S.J.; Whiting, M.V.; Wilhams, J.M., J. Med. Chemn., 1990, 33,. 2231.

Barraclough, P.; Firmin, D : Lindon, J.C : Nobbs, M.S.; Sanderson P N.; Smith, S.; Gillam, J.M., Magn. Reson.
Chem. 1991 29, 468..

Barraclough, P.; Beams, R M_; Black, J W.; Cambridge, D.; Collard, D.; Demaine, D.A.; Firmin, D.; Gerskowitch,
V.P.; Glen, R.C.; Giles, H.; Hill, A.P, Hull, R.A.D.; lyer, R.; King, W.R.; Livingstone, D.J.; Nobbs, M.S.; Randall,
P.; Shah, G.; Vine, S.J.; Whiting, M V , Eur. J. Med. Chemn. 1990, 25, 467.

Komin, A.P., Carmack, M., J. Heterocycl. Chem., 1976, 13,13

Reaction of 18 with Mel, for example, gives a 3:1 mixture of the N-4:N-1 methyl quaternary saits. See Deady,
L.W.,, Zoltewicz, J.A., J. Am. Chem. Soc. 1971, 93, 5475.

Physical properties of selected compounds® 9, m p. 195-198°C. Anal.(C14H1aN302S) C,H.N;. 10. HCI, m.p. 262-
264°C. 1H-NMR (200MHz, Me2S0-dg) 54.03(3H,5,0Me), 4.70(2H br.s,exchang.,NH2), 7.56-7.68(2H,m,H3',H5"),
8.02(1H,brd, J=4Hz,H6), 8.27 (1H.d, J=8Hz H6E') 8.75 (1H,d,J=4Hz H5), 8.86 (1H,s,H3)9.30 (1H, brs,H8) Anal.
(C14H12N402.HC1.0.25H20) C, H, CIN. 12, mp. 184-185°C. H-NMR (200 MHz, CDCl3) 52.78 (3H, s, SMe),
4.10(3H, s, OMe), 4 20 (3H, s, OMe) 7.18(1H,dd, J=8.3, 1.2 Hz,H5"), 7.38 (1H,d, J=4.6 Hz, H6) 7.46(1H, d, J=1.2
Hz, H3%, 7.73 (1H,d,J=4.6 Hz H5), 8 26(1H s,H3), 8.54(1H,d,J=8.3 Hz,H6") Anal. (C1sHisN3O3S) C,H,N.; 13 HCI,
m.p. 195-197°C. Anal. {C1sH1aN4O3 HCL.1.75H20, C.H,CIN,. 14, m.p.220-222°C.1H-NMR(200 MHz, MezSO-
dg)83.46(3H,s,SMe), 4.02(3H,s,0Me), 4.07(3H,s,0Me), 7.05-7 15(2H,m,H3"H5"), 7.42 (1H,d,J=4.6 Hz, H6),8.21
- 8.39 (2H,m,H5, H6"), 8.50 (1H,s,H3). m/z 349 (M+). Anal. (CisH1sN30sS), C,HN; 20, m.p. 199-201°C.
Anal,.(C14H10N4O)C,H,N..23, m.p. 182-183°C. Anal (C14H12CIN3OS) C,H,N,CI; 24, m.p. 272-275°C. 1H-NMR
(200 MHz, Me2SO-dg 3-4.08 (3H, s, OMe), 7.57 (1H,dd, J=1,8 Hz, H5"), 7.69 (1H, d, J=1Hz, H3'), 7.76 (1H,
dJ=4 Hz, H6), 847 (1Hd, J=8 HzHE), 866 (1Hd, J=4Hz, H5), 8.81(1H, sH3).
Anal.(C14HgCIN40:0.25H20)C.H.CI,N, 25 m.p. 192-194°C, Anal. (C20H1sCIN3O2) C,H,CLN; 26, m.p. 144-146°C.
Anal. (CisH1sN302S) C,H,N;.27, mp. 237-240°C (Anal CisH12N4O2) C.H,N. 28, mp. 187-183°C. Anal.
(Ca1H1gNa03) C,H,N.

Barraclough, P.; Black, J.W.; Cambridge, D., Gerskowitch, V.P., Hull, R.A.D.; lyer, R.; King, W. R.; Kneen, C.O;
Nobbs, M.S., Shah, G.P, Smith, S., Vine, S.J., Whiting. M V., Arch. Pharm., 1990, 323, 501.

Allan, G., Cambridge, D.; Follenfant, M.J., Stone, D., Whiting,M.V.; Br. J. Pharmacol , 1988, 93, 387.

Boudreau, R. J.; Drummond, G.i., Anal. Biochemn, 1975, 63, 388.

CNDO/2 1966 CICPE91, Quantum Chemical Program Exchange, Dept. of Chemistry, University of Indiana,
Bloomington, IN, USA.

Pople, J.A.; Segal, G.A., J. Chem. Phys., 1966, 44, 3289.

The deposition of compound in the organ bath preparation precluded quantification of inotropic effects observed.
Log P values: isomazole, 1.23; 7,1.47,9, 1.11; 12, 1.49. measured at pH 7 4, octanol-aqueous phosphate
butfer, 25°C shake flask method. Errors+0 03.

Van Meel, J.C A ; Zimmermann, R ; Diederen, W., Erdman, E.; Mrwa, U. Biochem Pharmacol., 1988, 37, 213.
Parsons, W. J.; Ramkumar, V , Stiles, G.L., Molecular Pharmacol , 1988, 33, 441

The aqueous solubility requirements for evaluation of compounds mn vivo is less stringent than for i vitro assays
since co-solvents such as DMA (1-15%) may be employed in the former case without deleterious effects

Spitzer, W.A.; Victor, F.; Pollock, G D. Hayes, J S J. Med. Chem. 1988, 31, 1590.

SCRIP, 1990, No 1561, p24



