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Nonsteroidal Cardiotonics. 3. New 
4,5-Dihydro-6-( lH-ind01-5-yl)pyridazin-3( 2H)-ones and Related Compounds with 
Positive Inotropic Activities' 
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A series of substituted indolyldihydropyridainones and related compounds 1-18 were synthesized and evaluated 
for positive inotropic activity. In rats, most of these indole derivatives produced a dose-related increase in myocardial 
contractility with little effect on heart rate and blood pressure. Compound 13, 4,5-dihydro-5-methyl-6-(2- 
pyridin-4-yl-lH-indol-5-yl)pyrazin-3(2H)-one (BM 50.0430), was further investigated in cats. The increase in 
contractility in this animal model was not mediated via stimulation of @-adrenergic receptors. After oral administration 
of 1 mg/kg to conscious dogs, compound 13 and pimobendan were still active after 6.5 h. However, the cardiotonic 
effect of 13 was at least 2-fold that of pimobendan after this period of time. The structural requirements necessary 
for optimal cardiotonic activity within this novel class of indole derivatives are a heterocyclic aromatic ring in position 
2, a hydrogen or a methyl group in position 3, and a dihydropyridazinone ring system in position 5 of the indole. 

Since the development of amrinone2 and sulmazole3 as 
nonsteroidal, noncatecholamine, cardiotonic drugs in 1978, 
enormous efforts have been made worldwide to find safer 
drugs for the treatment of congestive heart failure (CHF). 
Prototypical classes of nonsteroidal, noncatecholamine, 
cardiotonic drugs are 5-aryl-2(1H)-pyridones, such as am- 
rinone2 and milrinone: pyridoimidazoles, such as sulma- 
zole3 and isomazole,5 pyrrolobenzimidazolones1p6 and re- 
lated compounds, such as adibendan,l*' 4(5)-(het)aroyl- 
2,3-dihydro-2( 1H)-imidazolones, such as enoximone8 and 
piro~imone,~ and a still growing number of 64het)aryl- 
4,5-dihydro-3 (2H) -pyridazinones, including compounds 
such as imazodan,l0 CI-93O,l0 MCI-154,'l pimobendan,12 
indolidan,13 and bemoradan14 (Chart I). 

In addition to their positive inotropic properties, these 
novel compounds show vasodilatory effects on the pe- 
ripheral vasculature. The pharmacological mechanisms 
of the above mentioned drugs appear to be similar and are 
partly mediated via inhibition of cardiac phosphodi- 
esterase~.'~*'~ However, ~ulmazole,'~ isomazole,18 pimo- 
bendan,lg adibendan,20 and MCI-15421 may also produce 
an increase in myofibrillar Ca2+ sensitivity. In continuation 
of our efforts to find nonsteroidal, nonsympathomimetic 
drugs for the treatment of CHF, we synthesized several 
novel indolyldihydropyridainones and related compounds 
and studied their positive inotropic effects in rats, cats, 
and conscious dogs. The most promising compound was 
4,5-dihydro-5-methyl-6-( 2-pyridin-4-yl-lH-indol-5-yl)- 
pyridazin-3(2H)-one (Chart I, 13, BM 50.0430). 
Chemistry 

The preparation of the indolyldihydropyridainones and 
related compounds followed standard synthetic methods." 
Usually, a known, suitably substituted aniline derivative 
was subjected to diazotization and reduction to a phe- 
nylhydrazine derivative, which was then condensed with 
ketones to phenylhydrazones and subsequently cyclized 
to the indole ring system (Scheme I). 

We usually converted the aniline derivatives directly to 
the hydrazones in a one-pot synthesis without isolation of 
any intermediate. The hydrazones commonly precipitated 
from the reaction mixture and were used as crude products 
in the last step. However, in some cases it proved to be 
better to isolate the hydrazine derivatives prior to the 
condensation with the ketones. This was actually neces- 
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Chart I 

N e ; . )  K 

amrinone :Rl=H, R I = N H ~  
milrinone:R,=CH,.R,=CN 

0 -CH, 

CH, 

sulmanole: X=N, YsLH 
isomazole: X X H ,  Y=N 

K I  

imazudan : R,=I-imidazolyl. R,=H 
CI-930 : R,=l-imidazolyl, R,=CH, 

MCI-154 : RI=4-pyrid,lamino, R,=H 

enoximune : RI:4-melhuxyphcn.vl. 0 R2=('l l , 

piruximone: RI=4-pyrid>l, R 2 = C 2 I l q  

indolidan 

pimobendan : R=4melhoryphenyl, A=N 

sary, when the ketones were not miscible with the aqueous 
acidic solution resulting after the reduction of the di- 

(1) Nonsteroidal Cardiotonics 2: von der Saal, W.; Holck, J.-p.; 
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1989, 32, 1481. Part of this work was presented at the 11th 
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West Germany, Aug. 16, 1987. 
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Miiller-Beckmann, B. Eur. Pat. Appl. 214592, March 3,1987. 
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Table I. Structures and Properties of Indolyldihydropyridazinones and Related Compounds 
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no. R1 Het % yield" mp,* OC recrystn solvent formula 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1s 

16 

17 

18 

COOC2H5 

4-pyridyl 

3-pyridyl 

4-pyridazinyl 

4-thiazolyl 

phenyl 

4-methoxyphenyl 

4-(methy1thio)phenyl 

2-hydroxyphenyl 

4-pyridyl 

4-pyridyl 

4-pyridyl 

4-pyridyl 

4-pyridyl 

4-pyridyl 

4-pyridyl 

4-pyridyl 

4-pyridyl 

N-NH 

-4% N-NH 

- 0 0  N-NH 

-0 N-NH 

-4% N-NH 

-4-b N-NH 

- 0 0  N-NH 

-4% N-NH 

-0- N-NH 

0 0  N-NH 

-4% N-NH 

-#=o N-NH 

h0 N-NH 

&O N-NH 

420 
4% N-NH 

z o  N-NH 

FH) 
*NF 

N-NH 

25 

57 

50 

18 

41 

45 

45 

12 

13 

24 

65 

41 

68 

59 

30 

12 

16 

19 

235-7 

314-6 

298-301 

357-61 

307-9 

270-5 

262-4 

256-8 

238-40 

334-9 

318-21 

311-3 

301-3 

294-7 

> 300 

273-7 

> 300 

380-7 

C2H50C2H5 

CH,Cl,/CH,OH 

C2H5OH 

C 

CHSOH 

C 

C 

dioxane 

CzH50H/C2H50CzHS 

CH30H 

CH3OH 

CHBOH 

CH&lZ/CH3OH 

C C18H16N40 

'Yields are not optimized. *Melting points are uncorrected. e Purification by column chromatography (elution solvent, CH2C12/CHSOH 
lO:l, v/v). 

azonium salt. On the other hand, the ethyl indole-2- 4,5-dihydro-6-(4-hydrazinophenyl)pyridazin-3(2~)-one 
carboxylate derivative 1 was prepared via the reaction of with ethyl 2-methylacetoacetate and subsequent hydro- 

(10) (a) Bristol, J. A.; Sircar, I.; Moos, W. H.; Evans, D. B.; Weis- 
haar, R. E. J. Med. Chem. 1984,27, 1099. (b) Moos, W. H.; 
Humblet, C. C.; Sircar, I.; Rithner, C.; Weishaar, R. E.; Bristol, 
J. A. J .  Med. Chem. 1987,30, 1963. (c) Sircar, I.; Duell, B. L.; 
Bobowski, G.; Bristol, J. A.; Evans, D. B. J. Med. Chem. 1985, 
28, 1405. 

(11) Okushima, H.; Narimatsu, A.; Kobayashi, M.; Furuya, R.; 
Tsuda, K.; Kitada, Y. J. Med. Chem. 1987,30, 1157. 

(7) Mertens, A.; Muller-Beckmann, B.; Kampe, W.; Holck, J.-P.; 
von der Saal, W. J. Med. Chem. 1987,30, 1279. 

(8) Schnettler, R. A.; Dage, R. C.; Grisar, M. J. J. Med. Chem. 
1982,25, 1477. 

(9) (a) Kariya, T.; Wille, L. J.; Dage, R. C. J. Cardiovasc. Phar- 
macol. 1984,6,50. (b) Dage, R. C.; Roebel, L. E.; Hsieh, C. P.; 
Woodward, J. K. J. Cardiovasc. Pharmacol. 1984, 6 ,  35. 
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Scheme Io 

L UT d.c 1 

(a) NaNO2/HC1; (b) SnC12-2H20/concentrated HC1; (c) 
R1COCH2R2; (d) CH3COCHCH3COOC2H5; (e) KOH; (f) PPA/A. 

Table 11. Pharmacological Data of Compounds 1-18, Milrinone, 
and Pimobendan in Anesthetized Rats 

rat iv 
ED1,6,b max,E dose,d 

no. no mdkg m H d s  m g / k  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
milrinone 
pimobendan f 

2 1.50 
5 0.04 
2 2.50 
4 0.02 
4 0.26 
2 e 
2 e 
2 e 
4 1.04 
4 0.08 
2 1.10 
2 e 
8 0.02 
4 0.02 
4 0.15 
4 0.70 
4 0.25 
4 e 
6 0.15 
4 1.31 

2.30 
3.10 
2.00 
2.50 
2.50 
0.70 
1.30 
0.70 
2.20 
2.90 
1.90 
0.80 
2.30 
2.90 
3.40 
2.70 
2.20 
0.40 
3.40 
2.00 

3.0 
1.0 
3.0 
0.1 
1.0 
3.0 
3.0 
3.0 
3.0 
0.3 
3.0 
3.0 
0.2 
1.0 
3.0 
3.0 
1.0 
3.0 

10.0 
3.0 

ONumber of rats. *ED,,, is the effective dose (mg/kg) required 
to produce an increase in dP/dt by 1500 mmHg/s from that of the 
control. was calculated by log-linear regressions (dP/dt a t  a 
LVP of 50 mmHg) and is given as log means. eMax is the maxi- 
mum increase in dP/dt (mmHg/s) from that of the control. dP/dt 
was recorded in mmHg/s and converted to mHg/s in the table. 
dDose (mg/kg) a t  which the maximum increase in dP/dt was 
achieved. e Values not obtained. 'Due to the bad solubility of pi- 
mobendan, the values probably do not represent the real potency 
of pimobendan after iv administration. 

lyzation of the intermediate to the corresponding hydra- 
zone of ethyl pyruvate, which was finally cyclized to the 

(12) van Meel, J. C. A. Arzneim.-Forsch. 1985, 35, 284. 
(13) (a) Hayes, J. S.; Pollock, G.  D.; Wilson, H.; Bowling, N.; Rob- 

ertson, D. W. J. Cardiouasc. Pharmacol. 1987, 9, 425. (b) 
Robertson, D. W.; Krushinski, J. H.; Beedle, E. E.; Wyss, V.; 
Pollock. G .  D.: Wilson. H.: Kauffman. R. F.: Haves. J. S. J.  

I " I  

Med. Chem. 1986,29, i832. 
(14) (a) Falotico. R.: Haertlein. B.: Lakas-Weiss. C.: Giardino. E.: . . . .  

Combs, D. W.; Bell, S.; Tobia,'A. J. Am. Soc. E&. Biol. 1989; 
3, A1040. (b) Combs, D. W. Eur. Pat. Appl. 272914, June 29, 
1988. 

(15) Weishaar, R. E.; Michael, H. C.; Bristol, J. A. J .  Med. Chem. 
1985, 28, 537. 

(16) Heiss, A.; Schaefer-Korting, M.; Honerjager, P. Arch. Phar- 
macol. 1982,321 (Suppl.), R36. 

(17) Solaro, R. J.; Ruegg, J. C. Circ. Res. 1982, 51, 290. 
(18) Lues, I.; Siegel, R.; Harting, J. Eur. J. Pharmacol. 1988, 246, 

145. 
(19) Ruegg, J. C.; Pfitzer, G.; Eubler, D.; Zeugner, C. Arzneim.- 

Forsch. 1984, 34, 1736. 
(20) Freund, P.; Muller-Beckmann, B.; Strein, K.; Wing, L.; Ruegg, 

J. C. Eur. J. Pharmacol. 1987, 136, 243. 

Table 111. Pharmacological Data of Compounds 13, Milrinone, 
and Pimobendan in Anesthetized Cats Pretreated with 0.3 mg/kg 
Desacetylmetipranolol 

cat iv 
ED1.5,b max: dose: 

no. nn mg/kg mHg/s mg/kg 
13 6 0.007 2.20 0.1 
milrinone 4 0.04 3.40 0.1 
pimobendan' 4 0.6 2.90 10.0 

"Number of cats. bEDl,5 is the effective dose (mg/kg) required 
to produce an increase in dP/dt by 1500 mmHg/s from that of the 
control. ED1,5 was calculated by log-linear regressions (dP/dt a t  a 
LVP of 50 mmHg) and is given as log means. CMax is the maxi- 
mum increase in dP/dt (mmHg/s) from that of the control. dP/dt 
was recorded in mmHg/s and converted to mHg/s in the table. 
dDose (mg/kg) at which the maximum increase in dP/dt was 
achieved. eDue to the bad solubility of pimobendan, the values 
probably do not represent the real potency of pimobendan after iv 
administration. 

desired indole 1 (Scheme I). The final cyclization of all 
hydrazones to the indole ring system was always performed 
under acidic conditions. Among several acidic catalysts, 
best results were usually obtained in polyphosphoric acid. 
All physical data are summarized in Table I. 
Pharmacology 

Anesthetized rats and cats and conscious dogs were 
preparated for recording dP/dt, blood pressure (BP), and 
heart rate (HR). Dose-response curves were performed 
for all compounds 1-18 by iv injection of incremental 
doses. 

In rats, 0.01-3 mg/kg of tested compounds usually led 
to a dose-related increase in dP/dt with little effect on HR 
and BP. The effective dose required to produce an in- 
crease in dP/dt by 1500 mmHg/s (ED1.5) was taken for 
comparison from the dose-response curves (Table 11). 

In the 2-(4-pyridyl)indole series, compound 13 was the 
most potent derivative (ED1.5 = 0.02 mg/kg). Substitution 
of the methyl group by hydrogen in the pyridazinone ring 
resulted in a slightly less potent compound 2 (ED1.5 = 0.04 
mg/kg). This observation is a common fact in positive 
inotropic drugs derived from dihydropyridazinones and 
was already published in the case of CI-914lo and indol- 
idan13 and their methyl derivatives. Additional intro- 
duction of a methyl group in position 3 of the indole ring 
(10, ED,, = 0.08 mg/kg) did not effectively reduce the 
cardiotonic potency of the parent compound 13. However, 
more bulky alkyl groups such as ethyl and isopropyl in 
position 3 dramatically decreased the potency of these 
substances as seen in the series 2, 11, and 12. Whereas 
ethyl derivative 11 still showed an ED1.5 value of 1.1 mg/kg, 
isopropyl derivative 12 did not reach the ED1.5 up to the 
highest dose of 3 mg/kg. 

To further check the influence of the pyridazinone ring, 
we synthesized another four heterocyclic ring systems 
15-18 quite similar to the pyridazinones. Compounds 
15-17 produced a dose-related increase in @/at starting 
between 0.01 and 0.1 mg/kg. However, the ED,., values 
were almost 10-30 times higher than that for the most 
potent dihydropyridazinone 13. Surprisingly N-methyl- 
triazolone derivative 18 showed no cardiotonic effects at 
all. We finally substituted the pyridyl group in position 
2 of the indole ring by phenyl derivatives, different het- 

(21) Kitada, Y.; Narimatsu, A.; Matsumura, N.; Endo, M. Eur. J .  
Pharmacol. 1987, 134, 229. 

(22) Enders, E. In Methoden der Organischen Chemie; Houben, J.; 
Weyl, T.; Muller, E., Eds.; G .  Thieme: Stuttgart, 1967; Vol. 
X/2, p. 169. 
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erocycles and an ester group. Among the 2-phenylindoles 
6-9, only 4-methoxyphenyl and 2-hydroxyphenyl deriva- 
tives 7 and 9 showed weak positive inotropic effects of 

> 3.0 and 1.0 mg/kg, respectively. Especially the 
value of 7 is worth noting, since this compound is 

very similar to pimobendan, although the positive inotropic 
effects of the latter are very weak in our animal model. 

In contrast to the phenyl derivatives, the pyridazinyl- 
and thiazolylindoles 4 and 5 produced a strong increase 
in dP/dt a t  very low doses (ED,,, = 0.02 and 0.26 mg/kg). 
Compound 4 was even slightly more potent than the 
corresponding pyridyl compound 13. Encouraged by the 
positive inotropic effects of this novel heterocyclic ring 
system in our rat model after iv administration, we chose 
13 for further evaluation, since this compound showed the 
best relationship in regard to pharmacological data and 
costs of production. We next injected 13 in anesthetized, 
open-chest cats, pretreated with 0.3 mg/kg desacetyl- 
metipranolol (DAM). The inotropic effect of 13 was not 
blocked by a prior dose of DAM, which indicates that this 
compound is not acting via direct stimulation of @-adre- 
nergic receptors or indirectly by release of catecholamines. 
Intravenous doses of 0.001-0.1 mg/kg of 13 produced a 
dose-related increase in cardiac contractile force and a 
decrease in blood pressure as well as a slight decrease in 
heart rate. The effective dose that increased dP/dt by 
1500 mmHg/s (ED,,5) was 0.01 mg/kg (Table 111). 

Since oral activity is of paramount importance, we 
further investigated 13 after oral administration in con- 
scious dogs. Due to the close structural similarity of 13 
and pimobendan, we included this compound along with 
milrinone in our study. The dogs were given a single dose 
of 1 mg/kg PO of each compound suspended in methyl- 
cellulose. At  this dose, 13, pimobendan, and milrinone, 
when orally given, seem to be almost equiactive with the 
maximum increase in contractility being about 2000 
mmHg/s. The positive inotropic activity of 13 and pi- 
mobendan was still evident 6.5 h after administration, 13 
being considerably more active after this period of time. 
In contrast, the positive inotropic effect of milrinone 
disappeared within 4 h (Figure 1). 

Conclusions 
We have prepared several new indolyldihydro- 

pyridazinones and related compounds and demonstrated 
that some candidates within this series of compounds 
possess potent positive inotropic activity. In general, we 
found in our study that a 4-pyridyl ring in position 2, a 
hydrogen or a methyl group in position 3, and a dihydro- 
pyridazinone ring system in position 5 of the indole are 
structural requirements for potent inotropic activity. A 
methyl group in the dihydropyridazinone ring increases 
the cardiotonic effect. One of the most active compounds, 
13, was further investigated in anesthetized cats where 
contribution of @-receptors to the cardiotonic effect was 
ruled out by prior administration of desacetylmetipranolol. 
Compound 13 (1 mg/kg) produced a pronounced positive 
inotropic effect in conscious dogs after oral administration. 
Even after 6.5 h, this increase in myocardial contractility 
was more pronounced than with the structurally similar 
compound pimobendan. On the basis of these results, 
further pharmacological studies were carried out and these 
are reported e l ~ e w h e r e . ~ ~ . ~ ~  

(23) Kling, L.; Muller-Beckmann, B.; Mertens, A.; Brommert, B.; 
Freund, P. Naunyn-Schmiedeberg's Arch. Pharmacol. 1989, 
339 (Suppl.) ,  R54, 215. 

(24) Bohm, E.; Muller-Beckmann, B.; Voss, E.; Martin, U.; Strein, 
K. Znt. J .  Microcirc.: Clin. Erp .  1989, 8, 107. 
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Figure 1. Effect of 13 (0, n = 8), milrinone (A, n = 5), pimo- 
bendan (D, n = 5), and placebo (0, n = 5) on left ventricular dF'/dt, 
mean atrial pressure, and heart rate in conscious dogs. The dose 
was 1 mg/kg PO suspended in methylcellulose. dF'/dt was re- 
corded in mmHg/s and converted to mHg/s in the figure. 

Experimental Section 
Melting points were determined on a Buchi capillary melting 

point apparatus and are not corrected. The identity of all com- 
pounds was confirmed by 'H NMR (300 MHz, Varian XL-300, 
solvent MezSO-d6, TMS = 0 ppm), mass spectra (Finnigan MAT 
312, data system SS300), and combustion analysis, which were 
provided by the Analytical Department of the Boehringer 
Mannheim Research Laboratories. All reactions were followed 
by TLC carried out on Merck F 254 silica gel plates. All aniline 
derivatives used in the following preparation procedures were 
synthesized according to literature methods: 6-(4-amino- 
pheny1)-4,5-dihydropyrida~in-3(2H)-one:~ 6-(4-aminophenyl)- 
4,5-dihydr0-5-methylpyridazin-3(2H)-one,~~~~~ 5-(4-amino- 
phenyl)pyra~in-2(1H)-one,~' 2-(4-aminophenyl)-l,6-dihydro- 
1,3,4-0xadiazin-5(4H)-one,~~ 5-(4-aminophenyl)-4,4-dimethyl- 
pyraz01-3(4H)-one,~~ and 5-(4-aminophenyl)-4-methyl-1,2,4-tri- 
az01-3(4H)-one.~~ 

Preparation of 4,5-Dihydro-5-methyl-6-(2-pyridin-4-y1- 
lH-indo1-5-yl)pyridazin-3(2H)-one (13). Method A (a). A 
10.2 g (0.05 mol) sample of 6-(4-aminophenyl)-4,5-dihydro-5- 
methyl-3(2H)-pyrida~inone~~~~~ was mixed with 100 mL of 2 N 
hydrochloric acid and cooled to -2-0 "C and 3.5 g (0.051 mol) of 
sodium nitrite in 10 mL of water was added dropwise. After 30 

Thyes, M.; Lehmann, H. D.; Gries, J.; Koenig, H.; Kretz- 
schmar. R.; Kunze, J.: Lebkuecher. R.; Lenke. D. J.  Med. . .  . .  
Chem. 1983,26,800. 
Buroitt. B. E.: Crawford. L. P.: Davies. J. M.: Mitchell. M. B.: 
Pan'choli, K. D. J .  Heteiocycl.' Chem. '1988,25, 1689 and ref: 
erences therein. 
(a) Sheradsky, T.; Nov, E. J.  Chem. Soc., Perkin Tram. 1 1977, 
1296. (b) Emmett, J. C.; Slater, R. A. Eur. Pat. Appl. 146282, 
June 26, 1985. 
Mertens, A.; von der Saal, W.; Friebe, W.-G.; Muller-Beck- 
mann, B.; Sponer G. Eur. Pat. Appl. 223937, June 3, 1987. 
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min, 28 g (0.124 mol) of tin(I1) chloride dihydrate in 20.5 mL of 
concentrated hydrochloric acid was dropped into the solution at 
the same temperature. After 1 h, 6.05 g (0.05 mol) of 4-acetyl- 
pyridine was added and the mixture was stirred overnight at room 
temperature. The precipitate was isolated by suction, washed 
with water, again suspended in water, and adjusted to pH 8 to 
liberate the free base. The precipitate was isolated, dried, and 
extracted with three 75-mL portions of warm methanol/methylene 
chloride 1:1. The organic phases were combined and the solvent 
was evaporated to yield 10.4 g (65%) of 4-acetylpyridine [4- 
(2,3,4,5-tetrahydrrr5-methyl-3-oxo-6-pyridazinyl)phenyl J hydrazone 
as crude product. 

(b). A 6.0 g (18.7 mmol) sample of the above crude product 
and 100 g of polyphosphoric acid were heated under nitrogen at 
120 "C for 2 h. After being poured into ice/water, the precipitate 
was isolated by suction, again suspended in water, and adjusted 
to pH 8 to liberate the free base. The precipitate was isolated 
and recrystallized from methanol/methylene chloride to yield 3.8 
g (68%) of pure product: mp 301-3 "C; 'H NMR (MezSO-d,) 6 
1.13-1.15 td, 3 H, CH,), 2.23-2.29 (m, 1 H, CH), 2.66-2.74 (m, 
1 H, CH), 3.47-3.52 (m, 1 H, CHCH,), 7.24 (1 H, H-3 indole), 
7.46-7.49 (1 H, H-7 indole), 7.72-7.76 (1 H, H-6 indole), 7.82-7.84 
(2 H, pyridine), 7.99 (1 H, H-4 indole), 8.62-8.64 (2 H, pyridine), 
10.78 (1 H, NH), 11.89 (1 H, NH); MS m/e 304 (M'). 

According to the above mentioned method A, the following 
compounds were prepared. 

4,5-Dihydro-6-( 2-pyridin-4-yl- lH-indo1-5-yl)pyridazin-3- 
(2H)-one (2). Starting from 6-(4-aminophenyl)-4,5-dihydro- 
pyridazin-3(2H)-ones and 4-acetylpyridine yielded 57% of pure 

CH,), 2.99-3.05 (t, 2 H, CH,), 7.25 (1 H, H-3 indole), 7.45-7.48 
(1 H, H-7 indole), 7.70-7.73 (1 H, H-6 indole), 7.82-7.84 (2 H, 
pyridine), 7.95 (1 H, H-4 indole), 8.62-8.65 (2 H, pyridine), 10.82 
(1 H, NH), 11.95 (1 H, NH); MS m/e 290 (M'). 
4,5-Dihydro-6-(2-pyridin-3-yl- 1H-indol-5-yl)pyridazin-3- 

(2H)-one (3). Starting from 6-(4-aminophenyl)-4,5-dihydro- 
pyridazin-3(2H)-ones and %acetylpyridine yielded 50% of pure 
product: mp 298-301 "C; 'H NMR (MezSO-d6) 6 2.43-2.49 (t, 
2 H, CH,), 2.99-3.05 (t, 2 H, CH,), 7.08 (1 H, H-3 indole), 7.44-7.46 
(1 H, H-7 indole), 7.46-7.51 (1 H, pyridine), 7.65-7.69 (1 H, H-6 
indole), 7.93 (1 H, H-4 indole), 8.20-8.24 (1 H, pyridine), 8.51-8.53 
(1 H, pyridine), 9.11 (1 H, pyridine), 10.74 (1 H, NH), 11.52 (1 
H, NH); MS m/e 290 (M'). 
4,5-Dihydro-6-(2-pyridazin-4-y1- 1H-indol-5-y1)pyridazin- 

3(2H)-one (4). Starting from 6-(4-aminophenyl)-4,5-dihydro- 
pyridazin-3(2H)-oneZs and 4-acetylpyrida~ine~ yielded 18% of 
pure product: mp 357-61 "C; 'H NMR (Me2SO-do) 6 2.45-2.50 
(t, 2 H, CH2), 3.00-3.06 (t, 2 H, CHJ, 7.44 (1 H, H-3 indole), 
7.49-7.51 (1 H, H-7 indole), 7.74-7.77 (1 H, H-6 indole), 7.97 (1 
H, H-4 indole), 8.01-8.03 (1 H, H-5 pyridazine), 9.23-9.25 (1 H, 
H-3 pyridazine), 9.74 (1 H, H-6 pyridazine), 10.77 (1 H, NH), 11.62 
(1 H, NH); MS m / e  291 (M+). 
4,5-Dihydr0-6-(2-thiazol-4-y1- lH-indol-Q-yl)pyridazin-3- 

(2H)-one (6). Starting from 6-(4-amino henyl)-4,5-dihydro- 

product: mp 307-9 "C; 'H NMR (MezSO-do) 6 2.42-2.47 (t, 2 H, 
CH2), 2.98-3.04 (t, 2 H, CHz), 6.79 (1 H, H-3 indole), 7.41-7.44 
(1 H, H-7 indole), 7.61-7.65 ( I  H, H-6 indole), 7.92 (1 H, H-4 
indole), 8.05 (1 H, thiazole), 9.20 (1 H, thiazole), 10.69 (1 H, NH), 
11.68 (1 H, NH); MS m / e  296 (M'). 
4,5-Dihydro-6-(3-methyl-2-pyridin-4-yl-lH-indol-5-y1)- 

pyridazin-3(2H)-one (10). Starting from 6-(4-aminophenyl)- 
4,5-dihydropyridazin-3(2H)-onez5 and 4-propionylpyridine3' 
yielded 24% of pure product: mp 334-9 "C; 'H NMR (Me,SO-d,) 

CHz), 7.41-7.44 (1 H, H-7 indole), 7.67-7.72 (1 H, H-6 indole and 
2 H, pyridine), 7.95 (1 H, H-4 indole), 8.66-8.68 (2  H, pyridine), 
10.73 (1 H, NH), 11.51 (1 H, NH); MS m / e  304 (M+). 

4,5-Dihydro-6-(3-et hyl-2-pyridin-4-yl- la-indol-5-y1)- 
pyridazin-3(2H)-one (1 1). Starting from 6-(4-aminophenyl)- 

(29) Heinisch, G. Monatsh. Chem. 1973, 104, 953. 
(30) Erlenmeyer, H.; Ueberwasser, H. Helu. Chim. Acta 1940, 23, 

197. 
(31) Preparation analogous to Chu, C.-C.; Teague, P. C J .  Org. 

Chem. 1958, 23, 1578. 

product: mp 314-6 "C; 'H NMR (MepSO-d+j) 6 2.43-2.48 (t, 2 H, 

pyridazin-3(2Hl-ones and 4-acetylthiazole SB yielded 41 % of pure 

8 2.44-2.50 (t, 2 H, CHZ), 2.53 (s, 3 H, CH3), 3.03-3.09 (t, 2 H, 

Mertens et al. 

4,5-dihydropyridazin-3(2H)-ones and 4-butyrylpyridme3' yielded 
65% of pure product: mp 318-21 "C; 'H NMR (MezSO-do) 6 
1.27-1.32 (t, 3 H, CH,), 2.44-2.50 (t, 2 H, CH,), 2.95-3.08 (m, 2 
x 2 H, CHzCHz and CHzCH3), 7.40-7.43 (1 H, H-7 indole), 
7.61-7.64 (2 H, pyridine), 7.67-7.70 (1 H, H-6 indole), 7.97 (1 H, 
H-4 indole), 8.66-8.68 (2 H, pyridine), 10.72 (1 H, NH), 11.47 (1 
H, NH); MS m/e 318 (M'). 

4,5-Dihydro-6-( 3-isopropyl-2-pyridin-4-yl-lH-indol-5-yl)- 
pyridazin-3(2H)-one (12). Starting from 6-(4-aminophenyl)- 
4,5-dihydropyridazin-3(2H)-onez6 and 4-(3-methylbutyryl)- 
pyridine3' yielded 41% of pure product: mp 311-3 "C; 'H NMR 

3.01-3.09 (t, 2 H, CHJ, 3.35-3.48 (m, 1 H, CH), 7.40-7.43 (1 H, 
H-7 indole), 7.53-7.55 (2 H, pyridine), 7.61-7.65 (I H, H-6 indole), 
8.12 (1 H, H-4 indole), 8.68-8.70 (2 H, pyridine), 10.71 (1 H, NH), 
11.38 (1 H, NH); MS m/e 332 (M'). 
4,5-Dihydro-5-methyl-6-(3-met hyl-2-pyridin-4-yl- 1H-in- 

dol-5-yl)pyridazin-3(2H)-one (14). Starting from 6-(4- 
aminophenyl)-4,5-dihydro-5-methylpyridazin-3( 2H)-one=~~ and 
4-propionylpyridine3' yielded 53% of pure product: mp 294-7 

H, CH), 2.53 (s, 3 H, CH3), 2.65-2.75 (1 H, CH), 3.52-3.61 (m, 
1 H, CHCH3) 7.40-7.43 (1 H, H-7 indole), 7.66-7.68 (2 H, pyridine), 
7.70-7.73 (1 H, H-6 indole), 7.97 (1 H, H-4 indole), 8.65-8.67 (2 
H, pyridine), 10.75 (1 H, NH), 11.50 (1 H, NH); MS m/e 318 (M+). 
5-(2-Pyridin-4-yl-lH-indo1-5-yl)pyrazin-2( 1H)-one (15). 

Starting from 5-(4-aminophenyl)pyrazin-2(lH)-onez7 and 4- 
acetylpyridine yielded 30% of pure product: mp >300 OC; 'H 
NMR (Me2SO-d6) 6 7.20 (1 H, H-3 indole), 7.47-7.50 (1 H, H-7 
indole), 7.70-7.73 (1 H, H-6 indole), 7.82-7.84 (2 H, pyridine), 
8.03 (1 H, pyrazine), 8.13 (1 H, pyrazine), 8.13-8.14 (1 H, H-4 
indole), 8.62-8.63 (2 H, pyridine), 11.79 (1 H, NH), 12.16-12.20 
(1 H, NH); MS m/e 288 (M'). 

1,6-Dihydro-2-(2-pyridin-4-yl- lH-indol-5-yl)-1,3,4-oxa- 
diazin-5(4H)-one (16). Starting from 2-(4-aminophenyl)-l,6- 
dihydro-1,3,4-oxadiazin-5(4-one" and 4-acetylpyridine yielded 
12% of pure product: mp 273-7 "c; 'H NMR (MezSO-d6) 6 4.76 
(s, 2 H, CHz), 7.27 (1 H, H-3 indole), 7.47-7.50 (1 H, H-7 indole), 
7.64-7.65 (1 H, H-6 indole), 7.81-7.83 (2 H, pyridine), 8.03-8.04 
(1 H, H-4 indole), 8.62-8.64 (2 H, pyridine), 10.88 (1 H, NH), 11.98 
(1 H, NH); MS m/e 292 (M9.  

4,4-Dimet hyl-5-(2-pyridin-4-y1- lH-indol-5-yl)pyraz01-3- 
(4H)-one (17). Starting from 5-(4-aminophenyl)-4,4-dimethyl- 
pyrazol-3(4H)-onem and 4-acetylpyridine yielded 16% of pure 
product mp > 300 "C; 'H NMR (M@O-d,J 6 1.45 (8,6 H, 2 CHd, 
7.25 (1 H, H-3 indole), 7.42-7.88 (1 H, H-7 indole, l'H, H-6 indole 
and 2 H, pyridine), 8.02 (1 H, H-4 indole), 8.62-8.63 (2 H, pyr- 
idine), 11.37 (1 H, NH), 11.83 (1 H, NH); MS m / e  304 (M+). 

4-Methyl-5-(2-pyridin-4-yl-lH-indol-5-yl)-l,2,4-t~azol-3- 
(4H)-one (18). Starting from 5-(4-aminophenyl)-4-methyl- 
1,2,4-triaz01-3(4H)-one~ and &acetylpyridine yielded 19% of pure 
product: mp 380-7 OC; 'H NMR (MezSO-ds) 6 3.28 (s,3 H, CHJ, 
7.29 (1 H, H-3 indole), 7.45-7.49 (1 H, H-6 indole) 7.57-7.59 (1 
H, H-7 indole) 7.85-7.87 (2 H, pyridine), 7.92 (1 H, H-4 indole), 
8.64-8.67 (2 H, pyridine), 11.70 (1 H, NH), 12.03 (1 H, NH); MS 
m/e 291 (M'). 

Preparation of 4,5-Dihydro-6-(2-phenyl-lH-indol-5-y1)- 
pyridazin-3(2H)-one (6). Method B (a). A 9.45 g (0.05 mol) 
sample of 6-(4-aminopheny1)-4,5-dihydropyridazin.3-onez6 
was mixed with 100 mL of 2 N hydrochloric acid and cooled to 
-2-4 "C and 3.5 g (0.051 mol) of sodium nitrite in 10 mL of water 
was added dropwise. After 30 min 28 g (0.124 mol) of tin(I1) 
chloride dihydrate in 20.5 mL of concentrated hydrochloric acid 
was dropped into the solution at  the same temperature. After 
1 h, the precipitate was isolated by suction at  0 "C and carefully 
washed with 2 N hydrochloric acid and water to yield 8.7 g (72.2%) 
of 4,5-dihydro-6-(4-hydrazinophenyl)pyridazin-3(2H)-one: mp 
243 "C dec (HCl salt); 'H NMR (MezSO-do) 6 2.39-2.43 (t, 2 H, 
CH2), 2.87-2.92 (t, 2 H, CH2), 7.02-7.05 (2 H, phenyl), 7.64-7.67 
(2 H, phenyl), 8.53 (br s,  NH), 10.42 (br s, 3 H, NH,'), 10.73 (1 
H, NH); MS m / e  204 (M+). 

(b). A 4.0 g (16.6 mmol) sample of the above product, 2.2 g 
(18.3 mmol) of acetophenone, 50 mL of ethanol, and 50 mL of 
water were stirred for 3 h at  room temperature. The precipitate 
was isolated by suction, washed with water, again suspended in 
water, and adjusted to pH 8. The crystals were isolated and 

(MezSO-ds) 6 1.45-1.48 (d, 6 H, 2 CH3), 2.44-2.50 (t, 2 H, CHZ), 

"C; 'H NMR (MezSO-d6) 6 1.12-1.15 (d, 3 H, CH,), 2.23-2.29 (1 
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recrystallized from ethanol to yield 3.9 g (76.8%) of acetophenone 
[4-(2,3,4,5-tetrahydro-3-0~0-6-pyridazinyl)phenyl]hydrazone: mp 
200-5 "C; 'H NMR (MezSO-d6) 6 2.28 (s, 3 H, CH,), 2.39-2.43 
(t, 2 H, CHJ, 2.87-2.92 (t, 2 H, CHJ, 7.25-7.41 (5 H, phenyl), 
7.63-7.66 (2 H, phenyl), 7.78-7.81 (2 H, phenyl), 9.44 (1 H, NH), 
10.64 (1 H, NH); MS m/e 306 (M'). 

(c). According to method A (b) 3.0 g (10.0 mmol) of the above 
product was cyclized in polyphosphoric acid to yield 1.3 g (45%) 
of pure product: mp 270-5 "C; 'H NMR (MezSO-d6) 6 2.45-2.48 
(t, 2 H, CHz), 2.98-3.05 (t, 2 H, CHz), 6.93 (1 H, H-3 indole), 
7.29-7.64 (5 H, phenyl and 1 H, H-7 indole), 7.84-7.87 (1 H, H-6 
indole), 7.90 (1 H, H-4 indole), 10.70 (1 H, NH), 11.60 (1 H, NH); 
MS m/e 289 (M+). 

The following compounds were prepared according to method 
B (b and c). 

4-Methoxyacetophenone [4-(2,3,4,5-tetrahydro-3-oxo-6- 
pyridaziny1)phenyllhydrazone: yield 74%; mp 183-6 "C; 'H 
NMR (MezSO-d6) 6 2.24 (9, 3 H, CH,), 2.39-2.43 (t, 2 H, CHz), 
2.87-2.92 (t, 2 H, CHz), 3.78 (s, 3 H, OCH,), 6.93-6.96 (2 H, 
phenyl), 7.12-7.24 (2 H, phenyl), 7.61-7.64 (2 H, phenyl), 7.72-7.75 
(2 H, phenyl), 9.42 (1 H, NH), 10.62 (1 H, NH); MS m/e 336 (M'). 

4,5-Dihydro-6-[2-( 4-methoxyphenyl)-1H-indol-5-yl]- 
pyridazin-3(2H)-one (7): yield 45%; mp 262-4 "C; 'H NMR 

(s ,3  H, CH3), 6.79 (1 H, H-3 indole), 7.01-7.04 (1 H, H-7 indole), 
7.38-7.40 (2 H, phenyl), 7.58-7.60 (2 H, phenyl), 7.77-7.80 (1 H, 
H-6 indole), 7.86 (1 H, H-4 indole), 10.69 (1 H, NH), 11.55 (1 H, 
NH); MS m/e 319 (M+). 
4-(Methy1thio)acetophenone [4-(2,3,4,5-tetrahydr0-3-0~0- 

6-pyridazinyl)phenyl]hydrazone: yield 63%; mp 219-22 OC; 
'H NMR (Me#O-d6) 6 2.25 (s, 3 H, CH,), 2.37-2.43 (t, 2 H, CHz), 
2.49 (s,3 H, SCHJ, 2.85-2.93 (t, 2 H, CHa, 7.23-7.25 (2 H, phenyl), 
7.26-7.28 (2 H, phenyl), 7.62-7.65 (2 H, phenyl), 7.72-7.75 (2 H, 
phenyl), 9.44 (1 H, NH), 10.65 (1 H, NH); MS m/e 352 (M'). 
4,5-Dihydro-6-[2-[4-(methylthio)phenyl]-lH-indol-5-y1]- 

pyridazin-3(2H)-one (8): yield 12%; mp 256-8 "C; 'H NMR 
(Me#O-d6) 6 2.40-2.47 (t, 2 H, CH2), 2.52 (8, 3 H, CHd, 2.98-3.05 
(t, 2 H, CHz), 6.90 (1 H, H-3 indole), 7.33-7.36 (2 H, phenyl), 
7.38-7.41 (1 H, H-7 indole), 7.58-7.62 (1 H, H-6 indole), 7.78-7.81 
(2 H, phenyl), 7.88 (1 H, H-4 indole), 10.70 (1 H, NH), 11.58 (1 
H, NH); MS m/e 335 (M'). 

2-Hydroxyacetophenone [4-(2,3,4,5-tetrahydro-3-oxo-6- 
pyridazinyl)phenyl]hydrazone: yield 51%; mp 232-4 "C; 'H 
NMR (MezSO-d6) 6 2.40 (s, 3 H, CHJ, 2.39-2.43 (t, 2 H, CHz), 
2.87-2.92 (t, 2 H, CHz), 6.85-6.92 (2 H, phenyl), 7.07-7.10 (2 H, 
phenyl), 7.19-7.35 (1 H, phenyl), 7.55-7.85 (1 H, phenyl), 7.68-7.71 
(2 H, phenyl), 9.68 (1 H, NH), 10.68 (1 H, NH), 12.55 (1 H, OH); 
MS m/e 322 (M'). 
4,5-Dihydro-6-[2-(2-hydroxyphenyl)-lH-indol-5-y1]- 

pyridazin-3(2H)-one (9): yield 13%; mp 238-40 "C; 'H NMR 
(MezSO-d6) 6 2.42-2.48 (t, 2 H, CHz), 2.98-3.04 (t, 2 H, CHJ, 
6.88-6.93 (1 H, phenyl) 7.01-7.04 (1 H, H-3 indole and 1 H, 
phenyl), 7.12-7.18 (1 H, phenyl), 7.46-7.49 (1 H, H-7 indole), 
7.57-7.61 (1 H, H-6 indole), 7.73-7.76 (1 H, phenyl), 7.89 (1 H, 
H-4 indole), 10.20 (1 H, NH), 10.69 (1 H, NH), 11.23 (1 H, OH); 
MS m/e 305 (M'). 

Preparation of 4,5-Dihydro-6-[2-(ethoxycarbonyl)-lH-in- 
dol-5yl]pyridazin-3(2H)-one (1). (a). A 4.0 g (0.05 mol) sample 
of 6-(4-aminophenyl)-4,5-dihydropyridazin-3(2H)-oneE was mixed 
with 5.1 mL of concentrated hydrochloric acid and 25 g of ice, 
cooled to -2-0 "C and 1.6 g (23.3 mmol) of sodium nitrite in 5 
mL of water was added dropwise. After 30 min the mixture was 
filtered and the filtrate, simultaneously with a solution of 5.1 g 
of potassium hydroxide in 13 mL of water, was dropped into a 
mixture of 3.0 g (21 mmol) of ethyl 2-methylacetoacetate and 25 
g of ice. After 30 min at  0 "C another 20 g of ice and 3.9 mL of 
concentrated hydrochloric acid was added, the mixture was fil- 
tered, the remaining gum was dissolved in methylene chloride 
and a little methanol and dried, and the solvent was evaporated. 

(MeaO-dp) 6 2.40-2.47 (t, 2 H, CHZ), 2.95-3.09 (t, 2 H, CHZ), 3.81 
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The residue was treated with diethyl ether to yield 4.7 g (74%) 
of ethyl pyruvate [4-(2,3,4,5-tetrahydr0-3-0~0-6-pyridazinyl)- 
phenyllhydrazone: mp 227-9 "C; 'H NMR ( M g O - 4  6 1.25-1.30 

(t, 2 H, CHz), 4.17-4.25 (q, 2 H, OCH2), 7.25-7.30 (2 H, phenyl), 
7.67-7.72 (2 H, phenyl), 10.03 (1 H, NH), 10.82 (1 H, NH); MS 
m/e 302 (M'). 

(b). According to method A (b) 3.02 g (10 mmol) of the above 
product was cyclized in polyphosphoric acid to yield 0.71 g (25%) 
of pure product: mp 235-7 "C (diethyl ether); 'H NMR 
(MezSO-d6) 6 1.33-1.38 (t, 3 H, CH,), 2.42-2.45 (t, 2 H, CHz), 

indole), 7.45-7.48 (1 H, H-7 indole), 7.77-7.80 (1 H, H-6 indole), 
8.00 (1 H, H-4 indole), 10.75 (1 H, NH), 11.47 (1 H, NH); MS m/e 
285 (M'). 

Pharmacological Methods. 1. Anesthetized Rat Model. 
Male SPF Sprague-Dawley rats (350-450 g, Charles River WIGA, 
8741 Sulzfeld, FRG) were anesthetized with thiabutabarbital 
sodium (80-100 mg/kg ip). After tracheotomy and insertion of 
a cannula to maintain airway potency, a Millar Microtip ma- 
nometer PR-249 was introduced into the left ventricle via the right 
carotid artery for recording left ventricular pressure (LVP). 
Arterial blood pressure (BP) was registered via a polypropylene 
catheter (PP 50) which had been inserted into the femoral artery 
and connected to a Statham Transducer P 23 Db. Change in left 
ventricular pressure was determined by electronic differentiation 
of pressure signal with a physiodifferentiator. This was regarded 
as an index of inotropic statez To avoid the influence of changes 
in afterload on the rate of change of pressure over time (dP/dt), 
we used dP/dt, (dP/dt a t  a LVP of 50 mmHg) instead of 
dP/dt,, which is commonly used. Heart rate (HR) was deduced 
from the LVP signal by a pulse counter. All parameters were 
continuously recorded by a universal amplifier 47/Varioscript V 
8008. All test doses of compounds 1-18 were injected in a volume 
of 0.5 mL/kg into the jugular vein as single bolus injection in 
increasing doses a t  an interval of 10 min. The hemodynamic 
parameters were always determined 10 min after application and 
represent "steady-state effects" and not the maximum change in 
hemodynamics which occurred about 1-3 min after the bolus 
injections. 

2. Anesthetized Cat Model. Cats of both sexes were an- 
esthetized with pentobarbitone sodium (45 mg/kg ip) and after 
tracheotomy respirated by a Starling pump with open air (10 
mL/kg and 30 strokes/min). Anesthesia was continued by a 
maintenance infusion of pentobarbitone sodium at  a dose of 0.1 
mg/kg min. After thoracotomy, LVP and HR were recorded by 
means of a Millar Tip manometer (PC-350), which had been 
introduced into the left ventricle via the auricle. BP and dP/dt 
were recorded as described in rats. The animals received dextran 
(MW 75000) at  a dose of 10 mL/kg via a jugular vein by an 
injection of desacetylmetipranolol(O.3 mg/ kg iv) to induce car- 
diovascular failure by p-blockade. The test compounds were 
intravenously injected at an interval of 10 min in increasing doses. 
Again the hemodynamic parameters obtained 10 min after the 
bolus injection were taken as results. 
3. Oral Administration to  Conscious Dogs. The dogs were 

instrumented as described before and a Konigsberg manometer 
was guided into the left ventricle. Each animal received 1 mg/kg 
13, milrinone, or pimobendan by gavage in a suspension of 1% 
of methylcellulose or an equivalent volume of methylcellulose as 
placebo for control experiments. LV dP/dtm, heart rate, and blood 
pressure were recorded for 6.5 h after drug administration. LV 
dP/dt, was obtained a t  a LVP of 60 mmHg. During the ex- 
periments, the dogs were kept in small cages, permitting only 
limited movement. In addition, the dogs were largely shielded 
from environmental effects (noise, moving people, etc.). 

(t, 3 H, CHJ, 2.09 (s, 3 H, CH,), 2.39-2.44 (t, 2 H, CHa, 2.87-2.93 

2.97-3.03 (t, 2 H, CHZ), 4.32-4.39 (4, 2 H, OCHZ), 7.20 (1 H, H-3 

(32) Mason, D. T. Am. J .  Cardiol. 1969, 23, 516. 


