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Cardiotonic Agents. 2. Synthesis and Structure-Activity Relationships in a New
Class of 6-, 7-, and 8-Pyridyl-2(1 H)-quinolone Derivatives
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A series of 6-, 7-, and 8-pyridyl-2(1H)-quinolone derivatives with various quinolone substitutents (CH;, Cl, OH, OCHj)
was prepared by arylation of pyridine with quinolone via a diazotized aminoquinolone for positive inotropic activity.
Several derivatives, especially those with a pyridyl ring in the 6-position, were from 28 to 50 times more potent on
left guinea pig atria than ARL-115 and milrinone used as references. Intrinsic activities of the derivatives were
almost equivalent to that of ARL-115. These results indicate that pyridyl-2(1H)-quinolone derivatives are a potent

new class of positive inotropic agents.

In a previous paper,' we reported the synthesis and the
cardiotonic activities of a new series of 3-, 4-, and 5-
pyridyl-2(1H)-quinolone derivatives. In those compounds
we combined the important structural features of the
quinolone nucleus with the pyridyl ring encountered in a
variety of cardiotonic agents such as amrinone,? milrinone,?
and piroximone.*

We have now extended our work to the synthesis of
quinolone derivatives of general structure A (Chart I)
substituted with a pyridyl ring in the 6-, 7-, and 8-positions,
and we discuss some structure—activity relationships.

Chemistry

Our approach toward the preparation of compound A
(R = Cl) involved, as a key step, the arylation of pyridine
with quinolone via a diazotized aminoquinolone as shown
in Scheme 1.

8-Chloro-2-quinolone (3) was prepared from cinnam-
anilide (2) by a known method.® Nitration of 3 in AcOH
gave only the 6-nitro isomer 4 as could be expected from
the para-orienting effect of the quinolone lactam group.
The nitro group of 4 was then reduced with SnCl, to give
5, which was finally diazotized and added to pyridine'® to
give a mixture of «, 8, and v isomers 7a—c respectively,
purified by column chromatography.

The structure of each position isomer was identified
unambiguously from the H, pyridyl signals in the NMR
of 7a (6 8.8 (m, 1 H)) and 7b (6 8.5 (m, 2 H)) whereas, in
7¢, pyridyl hydrogens appear as two doublets (6 7.3 (d, 2
H,J = 6 Hz), 8.7 (d, 2 H, J = 6 Hz)).

Compounds 11a—c with a 4-methyl and an OCH; group
in the 8-position of the 2-quinolone nucleus were prepared
following Scheme II. Nitration of 4-methyl-8-methoxy-
2-quinolone (8) gave a mixture of nitro isomers' 9 and 10
(ca. 80%) in which the 6-nitro isomer predominated (ca.
60%). Reduction of 9 with SnCl, gave the 6-amino de-
rivative, which was subjected to diazotization, and the
diazonium intermediate was added to pyridine to give
11a-¢. We have already noted! that 3,4-dihydropyridyl-
quinolones could not be obtained from the corresponding
aromatic analogue because the pyridyl ring suffered hy-
drogenation before the 3,4 double bond of the quinolone
nucleus. The desired 3,4-dihydroquinolones 16a—c and
17a—c (Scheme III) were therefore obtained from the 6-
nitro precursor 14, the only isomer formed in the nitration
of 13 providing evidence for the strong para-orienting effect
of the lactam group and the poor directing effect of the
8-OCHj; group. A mixture of isomers 16a—¢ was obtained
in the last step. The Clauss and Jensen method,’ involving
demethylation with 48% HBr, mesylation, and catalytic
hydrogenation, was used to prepare 8-unsubstituted com-
pounds 17a-c.
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®Key: py = pyridine; a = CgH;CH=CHCOCI]; b = AlCly/
CeH;Cl; ¢ = HNO3/AcOH; d = SnCly/HCl; e = NaNO,/HC; f =
pyridine.
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*Key: py = pyridine; a = HNO;3/Ac,0/AcOH; b = SnCl,/HCI; ¢
= NaNO,y/HCI; d = pyridine.

The strategy adopted for the preparation of unsubsti-
tuted 6-, 7-, and 8-pyridylquinolones 22a-c, 23a,b, and 24b

(1) Leclerc, G.; Marciniak, G.; Decker, N.; Schwartz, J., preceding
paper in this issue.

(2) Alousi, A. A.; Farah, A. E.; Lesher, G. Y.; Opalka, C. J. Circ.
Res. 1972, 45, 666.

(3) Alousi, A. A.; Staukus, G. P.; Stuart, J. C.; Walton, L. H. J.
Cardiovasc. Pharmacol. 1988, 5, 804.
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Chart 1
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*Key: py = pyridine or 2,4,6-trimethylpyridine; a = SnCl,, HCI;
b = EtOCH = CHCOCI; ¢ = H,80,.

is depicted in Scheme IV. The pyridyl moiety was in-
troduced at an early stage. (Nitrophenyl) pyridyl isomers®
were purified and used as building blocks for the elabo-
ration of the quinolone nucleus following the sequence
SnCl, reduction, anilide formation, and H,SO, cyclization.
As expected, m-nitroaniline gave rise to a mixture of 5-
pyridyl-2-quinolone (12%) and 7-pyridyl-2-quinolone
(64%) as evidenced by the NMR of the latter that showed
a deshielded signal (1 H) at é 8.6 (J = 2 Hz) for the 8-H.
This assignment was confirmed by the fact that the 5-
pyridyl analogue had previously been prepared! from 5-
pyridyl-8-methoxy-2-quinolone. The (2,4,6-trimethyl-
pyridyl)quinolone (25) was prepared in the same manner
as described in Scheme IV.

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

(5) Manimaran, T.; Thiruvengadam, T. K.; Ramakrishnan, V. T.
Synthesis 1975, 739.

(6) Haworth, J. W.; Heilbron, I. M.; Hey, D. H. J. Chem. Soc.
1940, 439.

(7) Clauss, K.; Jensen, H. Angew. Chem. 1973, 85, 981.
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°Key: py = pyridine; a = HNO;/Ac,;0/AcOH; b = HCl; ¢ =
NaNO,/HCI; d = pyridine; e = SnCl,/HCL; f = EtOCH=CHCOCI;
g= HQSO4.

Finally, compounds 33a-c and 34a,b were prepared as
depicted in Scheme V. Nitration of acetyl-m-anisidine
in AcOH has been reported?® to give a mixture of isomers
from which 29 was isolated in 12% yield. In our hands,
this reaction failed to give the desired product.” However,
compound 29 was obtained by nitration of 26 in excess
AcyO/AcOH with 1 equiv of nitric acid. By the same
sequence as in Scheme I, pyridyl quinolones 33a—c were
obtained.

The 8-methoxy group was removed from 33a,b as before
to give 34a,b. Alkylation of 22b (NaH, DMF, 2-
morpholinoethyl chloride) led to an ~3:1 mixture of N-
and O-alkylated products 35 and 36 identified by NMR
and IR. Similarly, the N-methyl analogue 37 was prepared.

Biological Results and Discussion

Compounds of type A were evaluated on isolated left
quinea pig atria for positive inotropic activity, as described
in the Experimental Section. The dose of each compound

(8) Reverdin, F.; Widmer, K. Ber. 1913, 4066.

(9) More drastic conditions (>65 °C) led to 2,4-dinitro-5-meth-
oxyphenol (ca. 20%). The structure was elucidated from the
NMR that revealed two aromatic signals (1 H) at § 6.68 and
8.82 in addition to a methoxy group at § 4.02 and a deshielded
and exchangeable signal at § 11.1 for the OH group. Mass
spectra confirmed the structure (m/e 214) as did microanaly-
sis. The mechanism for the formation of this phenol might
involve “nitrosation” of the anilide 26 or of a nitro analogue
(via the decomposition of nitric acid into N,O,, with the sub-
sequent formation of HNO, with H,0) followed by rearrange-
ment into a phenolacetate and hydrolysis. The different
course followed by the reaction in the presence of Ac,0 might
thus be explained by the trapping of water required for the
dismutation of N,O, into HNO; and HNO..
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required to produce 50% of the maximum effect is shown
in Table I

Among the compounds in Table I, 6-pyridylquinolone
derivatives were consistently more potent inotropic agents
than the 7- and 8-pyridyl analogues 23b and 24b. The
EDy, for 6-pyridylquinolone derivatives varied from 2.8 X
10"7 to 1.9 X 1075 M, with intrinsic activities between 0.45
and 0.88.

We then explored the effects of substituents on the
aromatic ring of 22a—c in an attempt to optimize inotropic
activity. 8-Chloro compounds 7a, 7b, and 7c were more
potent positive inotropic agents than their unsubstituted
analogues 22a, 22b, and 22¢. 8-OH-substituted quinolones
34a and 34b were nearly equipotent to the parent ana-
logues 22a and 22b. In contrast, introducing a 8-OCHj;
substituent (33b, 33c) led to a reduction in potency. We
also noted the highly detrimental influence of the 4-Me
substituent in the 8-pyridyl series. The EDj; of 11b was
32 times lower than that of the unsubstituted compound
22b and 2.5 times lower than that of the 8-OCHj analogue
33b. The noteworthy potency and intrinsic activities of
the 2,4,6-trimethyl analogue 25 were half those of 22b. We
also studied the influence of hydrogenation of the 3,4
double bond upon the inotropic activity. In the unsub-
stituted series, this effect was weak, and the activities of
17b and 17¢ were comparable with those of 22b and 22¢.
However, in the 8-OCHj series, this hydrogenation dras-
tically decreased the affinity of the g-pyridyl compound
16b, respectively, by 68 and 5 times compared with 22b
and 33b.

To examine whether the presence of a secondary lac-
tam!® was a major factor in determining inotropic potency,
we prepared N- and O-substituted analogues. The N-
methyl compound 37 had weak inotropic activity; indeed,
its affinity and intrinsic activity were 220 and 2 times less
than those of 22b. Similarly, the affinity of the N-
morpholinoethyl analogue 35 was reduced by a factor of
44, although its intrinsic activity was almost equal to that
of 22b. The O-morpholinoethyl analogue 36 was even less
active. Finally, the 6-amino derivative 5 was barely active.

Table I also shows, for the sake of comparison, the in-
otropic responses of ARL-115!! and of milrinone.? De-
rivatives 7a, 7b, 22b, and 34b were from 28 to 50 times
more potent than ARL-115 and milrinone. The affinities
of most other molecules were still higher or at least equal
to those of the references. More often, the intrinsic ac-
tivities of the quinolone derivatives were almost equivalent
to that of ARL-115.

In summary, these results, and those presented in the
preceding paper,! confirm that the pyridyl nucleus in
compounds A is required for positive inotropic activity.
In all series, the B-nitrogen position appears to give the
best potency (7b, 22b, 34b) as Robertson et al.!? noted for
arylimidazopyridine cardiotonics. Furthermore, the pos-
ition of the pyridyl nucleus on the quinolone affects the
potency in the following order 6 =2 5 =7 >4 > 8 > 3.
Otherwise, the secondary lactam function was vital for a
significant cardiotonic activity.® Finally, substituents at
the 8- and (or) at the 4-position on the quinolone nucleus
were not requisite, and the §-pyridylquinolone series was
the most suitable for the nature of the substituents as well
as for the hydrogenation of the 3,4 double bond.

(10) Rakhit, S.; Marciniak, G.; Leclerc, G.; Schwartz, J. Eur. J.
Med. Chem., in press.

(11) Dahmen, M.; Greeff, K. Arzneim.-Forsch. 1981, 31, 161.

(12) Robertson, D. W.; Beedle, E. E.; Knishinski, J. H.; Pollock, G.
D.; Wilson, H.; Wyss, V. L.; Hayes, J. H. J. Med. Chem. 1985,
28, 7117.

Journal of Medicinal Chemistry, 1986, Vol. 29, No. 12 2435

In conclusion, 5- and 6-pyridyl-2(1H)-quinolone deriv-
atives are a potent new class of positive inotropic agents.
Further detailed pharmacological studies of these series
are in progress and will be reported subsequently.

Experimental Section

Chemistry. Melting points (mp *1 °C) were obtained on a
calibrated Kofler hot-stage apparatus and are uncorrected. In-
frared spectra were measured in CHCl; solution with a Beckman
IR 33 spectrophotometer. NMR (60-MHz) spectra were recorded
on a Perkin-Elmer spectrometer using Me,Si in a capillary as an
external reference.

8-Chloro-2-quinolone (3). To an ice-cooled solution of 2-
chloroaniline (1; 8.1 g, 635 mmol) in benzene (60 mL) containing
pyridine (5 mL) was added cinnamoyl chloride (10 g, 60 mmol)
in benzene (60 mL) dropwise with stirring. After 12 h, EtOAc
was added until dissolution occurred, and the mixture was washed
with water, dilute hydrochloric acid (2 X 75 mL), and aqueous
NaHCO,. The dried organic layer on concentration gave the amide
2, which was used as such in the next step.

To a solution of 2 (8.26 g, 32 mmol) in chlorobenzene (50 mL)
was added portionwise under stirring AICl; (21.4 g, 160 mmol).
The mixture was heated to 125 °C and maintained at this tem-
perature for 3 h. Then, the solution was carefully poured onto
ice; the precipitate formed was triturated with hexane and filtered
to give practically pure 3: yield 5.6 g (97%); mp 208 °C. Anal.
(C;H(CINO) C, H, N.

8-Chloro-6-nitro-2-quinolone (4). The above quinolone 3 (28
g, 156 mmol) was dissolved in AcOH (150 mL). Fuming HNO,
(56.6 mL) was added, and the mixture was heated under reflux
for 1.5 h. After cooling, the solution was poured onto ice-water
(ca. 800 mL). The solid was collected and washed successively
with water (2 X 150 mL), 5% KHCO; (2 X 150 mL), and water
(2 X 100 mL): yield 29 g of 4 (83%); mp >260 °C; NMR
(Me,S0-dg) 6 5.92 (1 H, d, vinyl H, J ~ 10 Hz), 7.34 (1 H, 4, vinyl
H,J =10Hz),7.59 (1 H,d,Ar H, J = 2 Hz), 7.85 (1 H, 4, Ar
H,J = 2 Hz). Anal. (CgH;CIN,0O5) C, H, N.

6-Amino-8-chloroe-2-quinolone (5). To a solution of 4 (26.96
g, 120 mmol) in MeOH (168 mL) was added carefully a solution
of SnCl, (83.9 g of SnCl,2H,0) in concentrated HCI (67.7 mL).
After the mixture was heated at 60 °C for 2.5 h and then at 90
°C for 2.5 h, a solution of 20% KHCO, (1.2 L) was added. The
yellow suspension was stirred with EtOAc (400 mL); the aqueous
phase was filtered on Celite and extracted four times with EtOAc.
The green Celite cake was thoroughly extracted with CHCl; in
a Soxhlet apparatus. The combined organic extracts were dried,
filtered, and evaporated to give crude 5 (24 g), which was purified
by dissolving in 1 N HCI (140 mL) and extracting with CHCl,
(4 X 100 mL). The aqueous solution was alkalinized with KHCOs,
and the yellow precipitate was filtered to give 21 g (90%) of
purified 5: mp 193 °C; NMR (Me,SO-dg) 6 5.2 (2 H, m, NH,,
exchangeable D,0), 6.48 (1 H, d, vinyl H, J = 9 Hz), 6.72 (1 H,
d, ArH,J=2Hz),7.00(1H,d, ArH, J = 2 Hz), 7.72 (1 H, d,
vinyl H, J = 9 Hz), 10.55 (1 H, m, CONH, exchangeable D,0).
Anal. (CgH,CIN,O) C, H, N.

8-Chloro-6-pyridyl-2-quinolones 7a—c. A solution of 5 (7.8
g) in a mixture of 11 N HCI (14.3 mL) and water (10.0 mL) was
diazotized at below 0 °C with a solution of NaNQ, (2.8 g) in water
(7 mL). The resulting cold diazonium suspension was then
dropped into pyridine (40 mL) and stirred at 80 °C. After 1 h,
the mixture was cooled, 33% NH,OH (10.4 mL) was added, and
the solvents were evaporated under reduced pressure. The residue
was suspended in 10% KHCO; (100 mL) and extracted with
CHCl;. The organic phase was filtered on Celite, dried, and
evaporated to give a mixture of 7a—c as a brown powder. Column
chromatography on silica gel (300 g) eluting with CHCl;/Et-
OAc/MeOH (46:50:4) gave 1.7 g (16.5%) of 8-chloro-6-a-
pyridyl-2-quinolone (7a), 0.6 g (5.8%) of 8-chloro-6-3-pyridyl-2-
quinolone (7b), and 0.6 g (5.8%) of 8-chloro-6-v-pyridyl-2-
quinolone (7¢).

8-Methoxy-4-methyl-6-pyridyl-2-quinolones 1la-c. Ni-
tration of 8 in HNO3/Ac,0/AcOH as previously described! gave
9 (ca. 40%), which was reduced with SnCl,, diazotized, and added
to pyridine, as described above, to give a mixture of 11a—c. It
was purified by column chromatography eluting with EtOAc/
MeOH (90:10) to give 11a (12%) and a mixture of 11b and 1le¢,



Table I. Physicochemical Data and Positive Inotropic Effects in Isolated Left Guinea Pig Atria of Quinolone

A
inotropic activity
cryst ED;, + SEM, int act.d +
compd R, R, R, R, Rg R, R4 mp,* OC, solvent yield,® % empirical formula® M SEM (n)
5 H CcO H H NH, H Cl 193 EtOH/H,0 33.0 CyH,CIN,0-HCI (1.0 £0.5) X 0.54 £ 0.12 (4)
1074
7a H CcO H H a-py H Cl 206 2-PrOQH/ 5.5 C,HyCIN,0-C,H,0, (2.05 + 1.0) X 0.75 £ 0.10 (3)
MeOH 1078
7b H co H H gspy H <« 233 2-PrOH/ 1.9  C,H,CIN,0-C,H,0, (2.8 £ 0.8) X 0.68 £ 0.09 (5)
MeOH 107
7e H co H vpy H I 260 2-PrOH/ 1.7 CHCIN,0-C,H,0, (3.8 4£0.9) X 078 + 0.02 (3)
MeOH 107
ila H CcO H CH; apy H OCH; 212 EtOH/H,0 4.5 Cy6H14N,Oo:CoH 04 H, O (4.85 £ 0.6) X 0.74 + 0.07 (2)
107
11b H CO H CH, g-py H OCH, 196 EtOH/H,0 1.1 CgH14N,Oo-HCLOSH,0 (1.6 £ 0.5) X 0.81 £ 0.11 (2)
1075
11e H CcO CH; ypy H OCH, 245 EtOH/ 034  C;gH N,G»-C,H,0, (7.0 £ 3.0) X 0.50 £ 0.22 (2)
DMF 106
16a H co dihydro «py H OCH; 118 2-PrOH/ 3.2 CuHN,0,-HCI (64 £ 24) X 071 £ 0.02 (3)
MeOH 1076
16b H CcO dihydro Bpy H OCH; 173 2-PrOH/ 095  C;;H4N,0,HCI (3.4+£18)x 068 £0.11 (4)
MeOH 1078
16¢ H CcO dihydro v-py H OCH; ~230 (168) EtOH/H,0 1.1 Cy;H14N,0,-HCL-H,0 6.5+ 1.0) X 0.68 +0.13 (2)
1078
17a H CO dihydro a-py H H (212) EtOH/H,0 1.2 Cy,H 3 N,O-HC1 (2.55 £ 0.85) 0.29 % 0.01 (2)
X 107°¢
17b H co dihydro gpy H ~190 (189) EtOH/H,0  0.32 C,H,N,0-HCl (1.3 £ 0.4) X 0.67 £ 0.02 (4)
1078
17¢ H Cco dihydro ~py H H 268 (268)  EtOH/ 052 CpHuN,0-HCL0.25H,0 (1.4 4 0.5) X 0.56 % 0.18 (3)
MeOH 107°
22a H co H H a«py H H (250) 5.7  C,HpN,O-HCELS5H,0 (15 4 02) X 0.67 & 0.08 (2)
10
22b H co H gpy H H 262 EtOH/ 36  C,H,,N,O-HCl (52 £ 1.8) X 0.67 % 0.02 (19)
H,0/ 1077
Et,O
22¢ H CcO H H ypy H H MeOH 0.24 C,H;(N,O-CaH,O,H,O0 (254 0.5) X 0.45 % 0.02(2)
1078
23a H CO H H H a-py H 232 MeCN 0.8 C14H(N,0-0.5C,H, 0O, not tested
0.25H,0
23b H cO H H H B-py H (246) EtOH/H,0 3.3 C,H (N,O-HCl-0.25H,0 (8.3 £ 0.81) X 0.67 + 0.16 (3)
106
24b H CcO H H H H B-py 207 EtOH/ 5.5 C,H;(N,O-HCl (1.4 £ 0.9) X 0.41 & 0.11 (3)
MeOH 10
25 H co H H pCOFH H 220-250  EtOAc/ 5 CyH;6N,0-HCLH,0 (1.05 £ 0.5) X 0.38 £ 0.01 (4)
MeOH 1076
33a H CcO H H a-py H OCH, (152) MeCN/ 1.3 CisHoNoO»HCL0.5H,0 (9.2 £ 4.2) X 0.72 £ 0.06 (6)
MeOH 106
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which was rechromatographed on a silica gel column with
CHCl;/EtOAc/MeOH (40:50:10) to give pure 11b (3% ) and 1lec
(0.9%).

3,4-Dihydro-8-methoxy-2-quinolone (13). A solution of 12!°
(21 g, 120 mmol) in EtOH {200 mL) containing 5% Rh/Al,0, (1.7
g) and HCIO, (2 mL) was reduced (15 kg, 50 °C) in a steel bomb
for 6 h. After cooling, the catalyst was filtered and the solution

o o
2 8 8 8 38 3% % @& é ] concentrated to ca. 100 mL under reduced pressure. The solution
e g 8 B8 T % @ 8 8 ‘B g was diluted with water (100 mL), made alkaline with 10%
S 2 2 2 2 2 8 & _ ls& NaHCO; (50 mL), and extracted with CHCl;. The CHCI, was
4 H H H H H H O H H B % 2 dried (MgSO,) and evaporated to give a residue that was chro-
5 2 2 8 223 8 8 5 = =8 matographed on silica gel (350 g). A mixture of EtOAc/CHCly
S 8 S & & S & & S z e (8:2) eluted 13 as white crystals: yield 16.7 g (79%); mp 98 °C
X o g (i-Pr;0). Anal. (C,(H,;NO,) C, H, N.
i i i i s i i i i i -O% =) 8-Methoxy-6-nitro-3,4-dihydroquinolone (14). To an ice-
g < ‘O". : g g “;‘. 2 ‘O"- g z = cooled solution of 13 (23.6 g, 133 mmol) in Ac,O (210 mL) was
HE HE H® HT HT H? HT HS HS HT |T g added dropwise a solution of HNO; (9.25 mL, d = 1.4) in AcOH
D B I N I B PN - - (70 mL) during ca. 0.5 h. TLC indicated that the reaction was
€ £ d e ¢ d d d D ogE incomplete, so HNO; (1.8 mL) was added. After 1 h, the reaction
ol appeared to be complete. The solvents were evaporated under
Q s 5 _S" reduced pressure, and the residue was triturated with EtOAc,

. 2 = o _‘; N filtered, and washed with a minimum of Et,0 to give practically
% T . .5 & 9 P pure 14: yield 25.3 g (86%); mp 222 °C (MeOH). Anal. (Cyo-
d‘ L:) L:) % m w2 :N "E g H10N204) C, H, N.

TR R s h m © g8 8-Methoxy-6-amino-3,4-dihydroquinolone (15). A mixture
Q Q QR 2 < O«o e g of 14 (25.3 g) in EtOH (500 mL) containing PtO; (1 g) was reduced
Z A RTZR 4 A A £ for 5 h. Monitoring the reaction by TLC (CHCl;/2-PrOH (9:1))
T mSE T ES TS B8 showed some unreacted 14. The solution was heated to 50 °C
O S5 5 8 & S8 7 g ° 2 under hydrogen for a further 1 h. Filtration over Celite and

2 = £ evaporation gave 15, which was triturated with a minimum of
© 1 = Eas 2-PrOH and filtered: yield 17.3 g (79%); mp 153 °C (EtOAc).
E B ~ & © o = g 8

=} - - o - =O g s Anal. (CIOH12N2O2) C, H, N.

< § g 8-Methoxy-6-pyridyl-3,4-dihydroquinolones 16a-c. Dia-

° g zotization of 15 (32.8 g, 171 mmol) followed by the addition of
- QL QU Q < £ £8 pyridine (see preparation of 7a—¢) gave 16a—c as a mixture of
T g & T & = \g \% E‘; s isomers. Silica gel column chromatography (500 g) with Et-
QX £ T T Z2Ze 2 &° 0Ac/CH,Cl,/MeOH (50:45:5) eluted first 13 (3.7 g) followed by
R = 22 8 % ﬁ = S" = Eod three fractions enriched in «, 8, and v isomers, respectively. Each
~ BomoA A g f = fraction was chromatographed two to three more times on silica

E g 5 gel (200 g) with EtOAc/2-PrOH (95:5) to give 7 g of pure 16a

g8 (16%), 2.1 g (4.8%) of 16b, and 2.4 g (5.5%) of 16¢.
s 5 5 - @ | gﬁ 6-Pyridyl-3,4-dihydroquinolones 17a-c. The 8-methoxy
g 8 I ¥ 2 & 3 5 g group of 16a—c was removed with a standard method” involving
-8 e e e = 5 %E demethylation with refluxing in 48% HBr, mesylation with
T oo L= R MesCl,'" and hydrogenolysis over Pd/C. Yields and chemical data
8 8 % T o oz om g S« are shown in Table I.

& "8 3 Pyridyl-2(1H)-quinolone Derivatives 22a—c, 23a,b, and 24b.

T = 4 (2-, (3, and (4-nitrophenyl)pyridine isomers were prepared as
I ©T o =T @& @-m = a ot % described previously® and were purified by silica gel column

= g§£ chromatography eluting with EtOAc/hexane (1:1). They were

2 2 &2 2 72 2 2 'q;;_.? g then reduced with SnCl,/HCI, and without purification, each
A 5 A A A B &k g amino derivative was reacted with ethoxyacryloyl chloride as

° *g £ described by Effenberger and Hartmann!® to give the crude amide
¢ derivatives 19b, 20a,b, and 21a—c, used as such for the next step.
e 2 E % Compounds 19b, 20a,b, or 21a~c¢ (4.5 g, 168 mmol) were added

:“.:-._: .E B in portions to concentrated H,SO, (45 mL). After 1 h, the acidic

o 'g mixture was poured into ice~water and alkalinized (K,CO;). The
T T m T = = T 2.5 CHC]; extracts were dried (MgSO,) and evaporated. The residue

@ 2 8% (2.6 g) was purified by column chromatography (silica gel,
o ;T:g 5 CHCl;/MeOH (96:4) as eluent). Compounds 22a—-¢ were thus

o 0 o o o = o E -E prepared from 2la—c and compound 24b from 19b.
© v O LU U O v %85 Compounds 23a and 23b were prepared from 20a and 20b. The
% - E_ g Z major 7-pyridyl iscmer (64%) was purified by recrystallization

D D~
o @ o@nm o &@-m = = 5 E |-

@ s & g (18) Horii, D.; Kawada, T.; Takeda, K.; Imai, S. Arzneim.-Forsch.
PR % g:g = 1974, 24, 1275.
= g g -5 (14) Ariens, E. J.; Van Rossum, J. M. Arch. Int. Pharmacodyn.
5 & g =255 Ther. 1957, 110, 275.
5 5 3 £ L o ﬁ 'g' g |° 3 2 (15) Ariens, E. J. Arch. Int. Pharmacodyn. Ther. 1954, 99, 32.
®om w8 . e = (16) Forbis, R. M.; Rinehart, K. L. J. Am. Chem. Soc. 1973, 95,
5003.
(17) Tamura, Y.; Yoshizaki, S.; Watanabe, K.; J. Med. Chem. 1981,
24, 634.

(18) Effenberger, F.; Hartmann, W. Chem. Ber. 1969, 102, 3260.
(19) Yoshizaki, S.; Tanimura, K.; Tamada, S.; Yabuuchi, Y.; Nak-
agawa, K. J. Med. Chem. 1976, 19, 1138.
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from MeOH, and the minor 5-pyridyl isomer (12%) was isolated
by silica gel column chromatography with CHCl;/MeOH (96.5:3.5)
as eluent.

6-(2,4,6-Trimethylpyridyl)-2(1H)-quinolone (25). Diazo-
tization of 4-nitroaniline followed by addition of 2,4,6-tri-
methylpyridine gave (4-nitrophenyl)-2,4,6-trimethylpyridine in
36% yield. Reduction of the crude nitro derivative with
SnCly/HCl followed by reaction with ethoxyacryloyl chloride gave
the amide 21d (95%), which was cyclized with Hy,SO, as above
to give 25.

2-Nitro-5-methoxyacetanilide (27) and 3-Methoxy-4-
nitroacetanilide (28). Nitration of 26 in Ac,0O with HNO; in
AcOH as described?!® (see preparation of 14) gave a mixture of
27 (39%) and 28 (24 %), which were purified as follows. After
completion of the reaction, the acidic solution was concentrated
to ca. 50% and poured into excess water. The solid formed was
filtered and suspended in EtOAc (ca 1 L/mol of 26). The insoluble
orange material was filtered and identified as 27. The mother
liquor was evaporated under reduced pressure and taken up in
CHCI,. Filtration and evaporation of the CHCI; solution gave
28. The purification procedure was repeated, with yields being
as indicated and ca. 15% of a mixture of 27 and 28.

27: mp 127 °C (lit.2 mp 125 °C); NMR (acetone-d;) 6 1.65 (3
H, CHj,, s), 3.40 (3 H, CH;0, s), 6.63 (1 H, dd, Ar H, J = 9 Hz,
J=~2Hz),725(1H,d, ArH,J =2Hz),732(1H,d, ArH, J
= 9 Hz).

28: mp 167 °C (lit.2 mp 165 °C); NMR (acetone-dg) § 2.28 (3
H, CHj, s), 3.88 (3 H, CH;0, s), 6.60 (1 H, dd, Ar H, J = 9 Hz,
J=2Hz),813(1H,d,ArH,J =9Hz),833(1H,d ArH, J
= 2 Hz).

3-Methoxy-4-nitroaniline (29). A solution of 28 (25.2 g, 120
mmol) in water (665 mL) and HCI (35 mL) was heated under
reflux for 4 h (monitored by TLC). The solution was diluted with
water (500 mL), alkalinized (K,CO;), and extracted with CHCl,
to give 29: 89%; mp 160 °C (lit.8 mp 169 °C).

8-Hydroxy- and 8-Methoxy-6-pyridyl-2-quinolones 33a—c
and 34a,b. These compounds were prepared from 29 following
the synthesis route adopted for 7a—¢ in Scheme IV. Demeth-
ylation was performed by refluxing in 48% HBr.

N-(2-Morpholinoethyl)-6-3-pyridyl-2-quinoelone (35) and
O-(2-Morpholinoethyl)-6-8-pyridyl-2-quinoline (36). NaH
(0.864 g, 18 mmol) was added slowly to a solution of 22b (3.99
g, 18 mmol) in hot DMF (18 mL). The solution was stirred
magnetically until no hydrogen was given off. To the sodium salt
of the quinolone thus produced was then added a solution of
2-morpholinoethyl chloride hydrochloride (3.33 g, 18 mmol) in
DMF (18 mL) containing NaH (0.864 g, 50% in mineral oil, 18
mmol), and the mixture was stirred for 12 h at 60 °C. Then, water
was added, and the mixture was extracted with CHCl;, dried
(MgSO0,), filtered, and evaporated under reduced pressure. The
crude residue (ca. 6 g) was chromatographed on a silica gel column
(200 g) with EtOAc/MeOH (9:1) as eluent to give 36 (1 g, 17%)
followed by 35 (2.8 g, 46%). 35: IR (CHCly) »(CO) 1650 cm™.
36 IR absence of a CO bond.

N-Methyl-6-8-pyridyl-2-quinolone (37). This was prepared
from 22b as described for 35 except that dimethyl sulfate was
used as an alkylating agent.

Pharmacology. Isolated Left Guinea Pig Atria. Guinea
pigs of either sex, in a weight range of 300~800 g, were pretreated
with reserpine (5 mg/kg, ip) 24 h before death. Positive inotropism
was measured on isolated left atria, according to Horii et al.'® Left

Leclerc et al.

atria were stimulated electrically with a square-wave pulse stim-
ulator at a frequency of 2.5 Hz and a voltage 50% above the
threshold (duration 5 ms). The atria was suspended in Krebs—
Henseleit solution, aerated with 95% O, and 5% CO,, at a tem-
perature of 32 °C, and stretched to a resting tension of 0.5 g. The
physiological solution (mM) consisted of the following: NaCl, 120;
KCl, 4.80; MgSO0,.7H,0, 1.20; CaCl,2H,0, 2.53; KH,PO,, 1.20;
NaHCQ;, 25; glucose, 10. The bath fluid contained phentolamine,
3.15 X 10 mM. Before the construction of dose-response curves
for each cardiotonic agent, an isoprenaline dose-response curve
was established to test the preparation. EDj, values (mol-L™)
were determined with the method of Ariens and Van Rossum!*
(EDs = dose that produces 50% of the maximum effect). Intrinsic
activity was expressed as the ratio of the maximum response to
each compound to the maximum response to isoprenaline.}® The
sample size for each experiment is given in parentheses. Milrinone
[1,6-dihydro-2-methyl-6-0x0-3,4"-bipyridine-5-carbonitrile hy-
drochloride; Sterling-Winthrop Research Institute], ARL-115
[Sulmazole, 2-[2-methoxy-4-(methylsulfinyl)phenyl]-1H-
imidazo[4,5-b]pyridine; K. Thomae, GmBH, Biberach, FRG], and
isoproterenol [Fluka AG, CH-9470 Buchs, Switzerland] were used
as reference molecules.
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