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a b s t r a c t

Two series of N-(1-oxo-1,2,4,5-tetrahydro-[1,2,4]triazolo[4,3-a]quinolin-7-yl)acetamides bearing pipera-
zine and 1,4-diazepane moieties were synthesized and screened for their positive inotropic activity by
measuring left atrium stroke volume on isolated rabbit heart preparations. Most of the derivatives
exhibited better in vitro positive inotropic activity than the existing drug, milrinone, among which
2-(4-(4-chlorobenzyl)-1,4-diazepan-1-yl)-N-(1-oxo-1,2,4,5-tetrahydro-[1,2,4]triazolo[4,3-a]quinolin-
7-yl)acetamide 6c proved to be the most potent with 15.48 ± 0.27% increased stroke volume (milrinone:
2.46 ± 0.07%) at a concentration of 3 � 10�5 M. The chronotropic effects of the compounds that exhibited
inotropic effects were also evaluated.

� 2012 Elsevier Ltd. All rights reserved.
Therapeutic treatment of cardiac failure (CHF) includes, among positive inotropic activity,13 which it displays through phosphodi-
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other measures, the use of cardiac glycosides such as digoxin or
digitalis compounds.1–3 The narrow safety margin of digitalis com-
pounds has until now represented a serious problem due to the
high frequency and severity of digitalis intoxication.4,5 The discov-
ery of amrinone led to the synthesis of a number of promising non-
sympathomimetic and non-glycoside agents for the treatment of
CHF.6 The phosphodiesterase-inhibiting agent milrinone (Fig. 1),
which has both vasodilator and inotropic properties, was approved
for the treatment of CHF more than one decade ago. Nonetheless,
the significant ventricular arrhythmias and tachycardia associated
with the elevated cAMP level also limit its clinical use.7 Similar is-
sues have been recognized for the recently developed vesnari-
none8,9 and toborinone.10,11 Therefore, the identification of novel
positive inotropic agents, which not only improve the quality of life
but also reduce the mortality of CHF patients, is still an important
challenge for medicinal chemists.12

For several years, our laboratory has been pursuing intensive
work to identify more potential positive inotropic agents with
fewer side effects. A series of 3,4-dihydro-2(1H)-quinolinone deriva-
tives were synthesized and tested for their biological activity. Among
these, the compound 2-(4-(4-(benzyloxy)-3-methylbenzyl)pip-
erazin-1-yl)-N-(1-methyl-4,5-dihydro-[1,2,4]triazolo[4,3-a] quin-
olin-7-yl)acetamide PHR0007 (Fig. 1) showed the most potent
ll rights reserved.
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esterase III inhibition.14 In this study, to further optimize PHR0007,
we kept the [1,2,4]triazolo[4,3-a]quinoline moiety unchanged, re-
placed the methyl group at the 1-position of the triazole ring with a
carbonyl group, and changed the substituents on the piperazine
ring at the 4-position. Replacement of the piperazine ring with a
1,4-diazepan ring was also considered in order to investigate the
contribution of such a structural change on biological activity. All
newly synthesized compounds were characterized by IR, 1H
N
N

H3C

3

PHR0007

Figure 1. Cardiotonic agents used for the treatment of congestive heart failure
(CHF) and the previously reported compound PHR0007.
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Scheme 1. Synthetic scheme for the synthesis of compound 5a–p and 6a–e. Reagents and conditions: (a) P2S5, Et3N, CH3CN; (b) Ethyl carbazate, cyclohexanol, reflux, N2, 6 h;
(c) ClCH2COCl, CH2Cl2, rt; (d) monosubstituted piperazines or 1,4-diazepanes, K2CO3, acetone, reflux, 10 h.
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NMR, 13C NMR, MS and elemental analysis, and their positive ino-
tropic activities were evaluated by measuring their effects on left
atrium stroke volume in isolated rabbit heart preparations.

Compounds 5a–p, 6a–e were synthesized by the route outlined in
Scheme 1, and their structures and inotropic activities are displayed
in Table 1.15 Compound 1 was synthesized according to previously
described methods.16 Sulfurization of 6-amino-3,4-dihydroquino-
lin-2(1H)-one 1 with phosphorous pentasulfide in refluxing acetoni-
trile in the presence of triethylamine gave the corresponding thione
2. Cyclization of 2 with ethyl carbazate in refluxing cyclohexanol
under nitrogen atmosphere afforded the desired triazolone
compound 3 in moderate yield,17 followed by the acylation of the
Table 1
Positive inotropic activity of the test compounds
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Compound R

5a –CH2C6H4(o-F)
5b –CH2C6H4(m-F)
5c –CH2C6H4(p-F)
5d –CH2C6H4(o-Cl)
5e –CH2C6H4(m-Cl)
5f –CH2C6H4(p-Cl)
5g –CH2C6H4(o-Br)
5h –CH2C6H4(m-Br)
5i –CH2C6H4(p-Br)
5j –CH2C6H5

5k –CH2C6H3(2,6-Cl2)
5l –CH2C6H4(p-CH3)
5m –CH2C6H4(p-OCH3)
5n –CH2CH=CHC6H5

5o –CH2C6H3(4-C6H4(4-Cl)CH2–, 3
5p –CH2C6H3(4-C6H5CH2-, 3-OCH
6a –CH2C6H4(o-Cl)
6b –CH2C6H4(m-Cl)
6c –CH2C6H4(p-Cl)
6d –CH2C6H5

6e –CH2C6H4(p-CH3)
Milrinone

a The concentration for the test sample is 3 � 10�5 M.
b None or negative stroke volume increase.
amino group with 2-chloroacetyl chloride in dichloromethane at
room temperature to provide the corresponding amide 4. Nucleo-
philic-substitution of 4 with various monosubstituted piperazines
and 1, 4-diazepans in refluxing acetone in the presence of potassium
carbonate afforded compounds 5a–p and 6a–e in high yields.18

As shown in Table 1, most (15) of the 21 compounds tested dis-
played inotropic effects on isolated rabbit heart preparations, of
which 11 compounds exhibited more potent effects than milrinone
(2.46 ± 0.07%, 3 � 10�5 M). For 5a–m, chlorinated compounds 5d,
5e, and 5f showed good activity, but the dichloro-substituted
derivative 5k showed no potency. Among the bromo- and fluoro-
substituted compounds, only one compound (2-fluorinated 5a,
N
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6a-e

Increased stroke volumea (%)

1.82 ± 0.01
—b

—
4.01 ± 0.10
3.46 ± 0.03
3.09 ± 0.06
—
—
—
3.56 ± 0.05
—
5.48 ± 0.07
1.46 ± 0.04
9.40 ± 0.12

-OCH3) 2.22 ± 0.02
3) 2.26 ± 0.01

8.98 ± 0.07
6.41 ± 0.08
15.48 ± 0.27
9.07 ± 0.16
6.75 ± 0.07
2.46 ± 0.04
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Figure 2. Effects of milrinone and compounds 5d, 5e, 5f, 5j, 5l, 5n, 6a, 6b, 6c 6d and 6e on stroke volume in beating rabbit atria (1.5 Hz). Values are means ± SE. ⁄⁄⁄P <0.001
versus control.
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Figure 3. Concentration-response curves of compounds 5n, 6c and milrinone on
stroke volume in beating rabbit artia (1.5 Hz). Values are means ± SE. ⁄⁄⁄P <0.001
versus control.
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1.82 ± 0.01%) exhibited weak activity. Unsubstituted and para-
methyl substituted derivatives (5j, 3.56 ± 0.05%; 5l, 5.48 ± 0.07%)
exhibited more potent activity than milrinone, while para-meth-
oxy substituted derivative 5m exhibited slightly weaker activity
with 1.46 ± 0.04% increased stroke volume. The compounds 5o
and 5p bearing a 4-benzyloxy-3-methoxybenzyl group at the 4-po-
sition of the piperazine ring displayed moderate activity, with
2.22 ± 0.02% and 2.26 ± 0.01% increased stroke volume, respec-
tively. Furthermore, the cinnamyl substituted derivative 5n
(9.40 ± 0.12%) presented the most favorable activity in this series,
which might be attributed to hydrophobic interactions of cinnamyl
moiety with conjugate structure. The series of derivatives 6a–e,
bearing 4-substituted 1,4-diazepanes, displayed higher potency
than the piperazine series. In particular, the 4-chlorinated deriva-
tive 6c showed the most potent activity in this study by a
15.48 ± 0.27% increased stroke volume, which was 5-fold more po-
tent than 5f in the piperazine series. Similar results were obtained
for the inotropic activity of 6a, 6b, 6d and 6e, in which 2-chlori-
nated 6a (8.98 ± 0.07%) was 2.3-fold more potent, 3-chlorinated
6b (6.41 ± 0.08%) was 1.8-fold more potent, unsubstituted 6d
(9.07 ± 0.16%) was 2.6-fold more potent, and para-methyl 6e
(6.75 ± 0.07%) was 1.2-fold more potent than the corresponding
compounds in the piperazine series.

Based on these facts, some preliminary remarks on structure–
activity relationship can be drawn from the results of bioactivities.
For the series 5 and 6, the latter showed much more stronger activ-
ity, generally. The results obtained indicated that the 1,4-diazepan
ring was important for the activity of these compounds, for which
further investigation should be considered. For the series 5, it could
be found that different substituent groups on the phenyl ring of the
benzyl group at the 4-position of the piperazine have different effect
on activity. Herein some halogen substituted derivatives (5a–i and



Table 2
Changes of heart rate caused by compounds in isolated rabbit heart preparations

Compound Mean ± SEa Mean ± SEb

5n 99.97 ± 0.04 99.89 ± 0.05
6a 118.73 ± 0.07 118.36 ± 0.10
6b 109.86 ± 0.12 120.84 ± 0.08
6c 120.67 ± 0.12 121.68 ± 0.09
6d 99.52 ± 0.09 90.01 ± 0.16c

6e 111.36 ± 0.18 111.86 ± 0.16

a Control.
b Data after using the test samples.
c P <0.01 versus control.
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5k) were designed and synthesized, different halogen atoms con-
tributed to the activity in the order of Cl > F > Br, generally. Compar-
ing the derivatives with different Cl-substitution positions on the
benzyl ring, their activity order was o-Cl > m-Cl > p-Cl > 2, 6-2Cl.
The electron-donor derivatives were also designed and prepared,
containing CH3 and OCH3. Their activity order was p-CH3 > p-
OCH3. For the series 6, comparing the derivatives with different
substitutents on the benzyl ring, their activity order was p-
Cl > H > o-Cl > m-Cl > p-CH3. From these results, we can see that
the effects of the substituent’s position on the benzene ring to the
biological activity showed no clear regularity, for which more this
kind of compounds need to be designed and synthesized for further
investigation.

The dynamics of the test compounds were also investigated in
perfused beating rabbit atria. We found that compounds 5j and
5f (Fig. 2 A and C) did not show a desirable biological dynamic pro-
file, because they decreased the stroke volume with time. Nine
compounds possessing inotropic effects (5d, 5e, 5l, 5n, 6a, 6b, 6c,
6d, and 6e) showed desirable biological dynamic profiles com-
pared to milrinone (Fig. 2 A, B, C and D), of which compound 6c
displayed excellent inotropic effects with the highest increased
stroke volume (Fig. 2 A).

We next tested the dose–activity relationships of the most effec-
tive compounds, 5n and 6c, at concentrations of 1 � 10�5, 3 � 10�5

and 1 � 10�4 M. Both compounds showed maximal effects at
3 � 10�5 M, and less activity at the higher dose of 1 � 10�4 M, as
shown in Fig. 3 E and F. Compounds 5n, 6a, 6b, 6c, 6d, and 6e were
also investigated for their chronotropic effects in beating atria. As
shown in Table 2, no significantly increased heart rates (P >0.05)
were observed for 5n, 6a, 6b, 6c and 6e at the same concentration.
Unfortunately, however, heart rate was changed by compound 6d.

In summary, we report herein the design and synthesis of
novel N-(1-oxo-1,2,4,5-tetrahydro-[1,2,4]triazolo[4,3-a]quinolin-7
-yl)acetamides, and demonstrate their positive inotropic activities.
The compounds were based on the structure of compound
PHR0007, modified to bear 4-substituted piperazine and 1,4-dia-
zepane moieties. Among these compounds, 5n and 6c in particu-
lar exhibited promising cardiovascular properties and potent
activities compared with milrinone. The results suggested that
their favourable activity was due to the 1,4-diazepane ring in
the 4,5-dihydro-[1,2,4]triazolo[4,3-a]quinolin-1(2H)-one scaffold
rather than the piperazine ring, and further development of such
compounds may be of interest. Other biological tests, including
in vivo evaluation, coronary vasodilating tests and studies on
the possible mechanism of action, are currently ongoing in our
laboratory.
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