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Synthesis and bradycardic activity of a series of substituted
3-aminoalkyl-2,3-dihydro-4H-1,3-benzoxazin-4-ones as potent antiischemics
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Summary — A series of 2,3-dihydro-4H-1,3-benzoxazin-4-ones substituted at the 3-position with an arylalkyaminoalkyl group have
been synthesized and their specific bradycardic and antiarrythmic activities evaluated. Bradycardia is optimal when the aromatic rings
are substituted with methoxy groups and the side-chain amine is N-methylated. N-Demethylated and 2-alkylated derivatives show the
highest antiarrhythmic activity but have little bradycardic action. Most of the compounds described are more potent than Falipamil.
Compound 1m (F 3226) has been selected for further pharmacological tests and the bradycardic activity has been confirmed when

administered orally to anesthetized rats without notable side effects.

3-aminoalkyl-2,3-dihydro-4H-1,3-benzoxazine-4-ones / bradycardic, antiarrhythmic and antiischemic agents

Introduction

One approach to treating myocardial ischemia is to
lower heart rate in order to reduce myocardial oxygen
consumption [1, 2]. The most frequently used brady-
cardic agents to treat this disease are the B-adreno-
ceptor antagonists [3] and certain types of calcium
antagonists [4]. However, for most of these deriva-
tives bradycardia is associated with negative inotropic
effects and hypotension. Recently, 2 new classes of
bradycardic agents devoid of negative inotropic or
hypotensive activity, and possessing full specific
negative chronotropic activity have been found. These
are aminoimidazoline derivatives such as alinidine,
and benzolactams such as falipamil, zatebradine
(UL-FS49) and cilobradine (DK-AH-3) (fig 1). These
new compounds have been the subject of recent
pharmacological attention [5, 6] and are presently
undergoing clinical studies. Protective effects have
been shown in angina resulting from effort, with
Alinidine, Falipamil or Zatebradine [7-9]. Alinidine
reduces emotional tachychardia [10] and the fre-
quency of anginal episodes. Furthermore, it
potentiates Atenolol bradycardia [10] and decreases
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Fig 1. Structures of falipamil, zatebradine and cilobradine.

reflex tachycardia induced by Nifedipine and Trini-
trine [11]. Such compounds therefore have therapeutic
potential in the treatment of chronic stable angina and
heart failure. We describe in this paper the synthesis
and pharmacological properties of a series of 4H-1,3-
benzoxazine-4-ones of general formula 1 [12, 13]
which have potent bradycardic and antiarrhythmic
properties.
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Chemistry

2,3-Dihydro-4H-1,3-benzoxazin-4-ones 1 were prepared
according to the methods shown in scheme 1. In
Method A, reaction of alkyl salicylates 2 with
diamines 3 [14-16] afforded the salicylamides 4
which were converted to compounds 1 by
condensation with an aldehyde (or a precursor) [14,
17]. No cyclisation was, however, observed in the
case of aromatic aldehydes. The 2-aryl benzoxazin-4-
ones (1 R, = aryl) were prepared according to Method
B. Thus Schiff bases obtained by classical procedures
[18], afforded 1 (R; = aryl) on reaction with acid
chlorides 7 [19]. Compounds 1 (R, = 4) could also be
prepared via the mesylates 8, accessible from the
appropriate  alcohols [17], by reaction with
phenethylamines 9, and N-alkyl derivatives were
prepared by alkylation or by Eschweiler—Clarke
methylation [20, 21] as the direct alkylation of N-alkyl
phenethylamine gave lower yields (Method C). The
chemical structures of the compounds described in
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this paper, their method of preparation and the melting
point of their salts are shown in table L.

Pharmacology

Pentobarbitone-anaesthetized rats were used to study
the effect of the compounds on heart rate. Variations
in heart rate were recorded 1 min after injection and
expressed as percentage changes.

The ligature of coronary artery according to Clark
et al’s model [22] induced dysrythmia in anaesthe-
tized rats with artificial ventilation. The protective
activity of compounds indicated their(anti-ischemic
and/or antidysrhythmic properties. The results are
expressed as percentage protection. The com-
pound 1Im (F3226) was selected for further
evaluation. Thus, the bradycardic effect was studied
using awake normotensive rats after oral gavage. The
effect of bradycardia on haemodynamic activity was
also explored using the anaesthetized dog.
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Table I. Physicochemical and pharmacological properties of compounds 1.
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Comp Rl R2 R3 Rb R5 R() n m Meth. Yield Formula of m.p. a o
n* % salt *C F.C. A.A.
1 H H H H -CH 4-cH O 2 A 68 Cc_H NO, HCl 168 -1 -
: ¢ 3 3¢ 30 3 3 2228 2 4 7 9
1b  6-CH H H CH 3-CHO 4-cHo 3 2 A 59 C H NO, HCl 147 -26 -5
3 3 3 2330 2 4
lc  7-CH H H CH 3-CHO 4-cHO 3 2 A 35 C _H NO , HCl 148 -18 -1
3 3 3 23302 4
1d  8-CH H H CH 3-CHO 4-CHO 3 2 A 5 C _H NO , HCl 149 -16 -43
3 3 3 3 2330 2 4’
le 6-CH O H H CH 3-CHO 4-CHOo 3 2 A 56 ¢ , HC1 142 -23  -21
3 3 3 3 23 30 2 5
1f 7-CH O H H CH 3-CHO 4-CHO 3 2 C 30 C H NO, HCl 148 -28  -71
3 3 3 3 233025
1g 8-CH O H H CH 3-CHO 4-cHO 3 2 A 25 , HC1 143 -15  -22
3 3 3 3 23 30 2 5
1h 6-C1 H H CH 3-CHO 4-CHO 3 2 ¢ 82 € _H CION, HC1 150 -1  +2
3 3 3 2227 42
1i -Cl H H CH -CH 0O A4-CH O 2 C _H_CINO , HC1 158 -16 -
i 7 3 3 3 3 3 35 22727510 5 37
1j 6-B H H CH -CH 0 A4-CH O 2 A 4 C _H BrN O,, HC1 1 16 -1
’ ' 3 7 3¢ 3 e AR 59
1k 6-NO H H CH -CH O A-CH O 2 ¢ 8 C H NO ,CHO 120 -10
2 3 37 3 3 2 222736 224 77
11 6-AcNH H H CH 3-CHO 4-cHO 3 2 * C H NO , HCl 192 -5 -7
3 3 3 243135
1 6-CH 0 -CH_ O H CH -CH O 4-CH O 2 A 40 C_H NO Cl 174 -32 -38
m 3 7 3 3 3 3 3 213"% 7 3 3
c 90
2
c 50
1 6-C1 8-c1 H CH -CH O 4-CH O 2 C 8 C H NClLO, H 1 -2 -
" 3 Ty 3° 3 2 7“2t 3 9
lo 6-CHO 7-CH O CH CH 3-CHO 4-cBHO 3 2 A 70 , HCl 149 -11 -50
3 3 3 3 ‘25 3u 2% °
1 6-CH 0 -CH O CH (CH CH -CHO 4-CH O 2 A 8 C_H, NO_, HCl 11 - -72
p 3 7 3 3)( 2)6 3 3 3 3 3 5 31762% 7 5 7
1g 6-CHO 7-CHO C H CH 3-CHO 4-cHO 3 2 B 12 C H NO_, HCl 161 -10  -63
3 3 65 3 3 30 36 2 6
ir 6-CHO 7-CHO H H 3-CHO 4-CHoO 3 2 ¢ 70 , HCl 155 -10 -66
3 3 3 3 1 23 30 2 6
is 6-CHO 7-CH O H H 3-CHO 4-cHO 3 2 ¢ 68 C H NO, HCl1,HO 75 -5 -16
3 3 77 3 3 3 30 36 2 6 2
1t 6-CHO 7-CH O H CH H H 3 2 A 8 ¢ H NO, HCl 174 -11 47
3 3 22 28 2 4
lu 6-CHO 7-CH O H CH H 4-c1 2 ¢ 1 C_H CINO,, HCl 190 -1 -14
3 3 3 3 2 7 2227 24 2 3
lv. 6-CHO 7-CH O H CH H 4-cHo 3 2 ¢ 85 € H NO , HCl 188 -22  -28
3 3 3 2 23 30 2 5
iw 6-CHO 7-CH O H CH H H c 8 N O, HCL 150  -21 5
3 3 3 3 3 5 7 23 3072%4 5 +5
1 6-CH O 7-CH O H CH H H 4 ¢ 6 C H NO , HCl 171 -1 -
* 3 3 3 3 % SN 7 3
ly 6-CHO 7-CH O H CH 3-CHO 4-CHo 2 2 45 ¢ H N O, HCl 140 - -2
3 3 3 3 3 233026 > ?
1z 6-CHO 7-CH O H CH 3-cHO 4-cHO 4 2 ¢C 0 , HC1 160 -2 -72
3 3 3 3 3 2 9 25 34 2 6 > !
falipamil -17 -35C
zatebradine -17 42

4% variation in heart rate in the anaesthetized rat 1 min after intravenous injection (1 mg'kg-1); Y% variation
coronary ligation in the anaesthetized rat after intravenous injection (2.5 mg-kg-1); cat 5 mg-kg-! iv;

in dysrythmia after
*see Experimental
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Results and discussion

The chronotropic and antiarthythmic activities of
1,3-benzoxazin-4-ones are shown in table 1. The
comparison of biological data for derivatives 1a—1n
itlustrates the influence of aromatic ring A substitu-
ents. In the case of monosubstitution, the presence of
an electron donating group such as methyl (1b-1d) or
methoxy (le-1g) increased bradycardia, whereas anti-
arrhythmic activity was more influenced by a methoxy
group. The presence of halogens (1h—1i) had little
effect on frequency, while improvement in cardiac
electrical disturbances was observed only in the case
of a substitution in the 7 position. A nitro group (1k)
or an acetamido group (11) negatively influenced the
2 cardiac parameters studied. The low aqueous
solubility of compound 1k required dissolution in
DMSO which, by itself, can affect the antiarrhythmic
data. Disubstitution by methoxy groups (1m)
increased the antiarrhythmic effect and provided
optimal bradycardic action as in the benzazepinone
series [23]. Two chlorine atoms (In) were

unfavorable for activity. The presence of an alkyl or
aryl group in position 2 of ring B (lo-1q) increased
the antiarrhythmic activity but with loss of
bradycardia. The replacement of an N-methyl group
(Im) by an N-benzyl group (1s) or an NH (Ir)
reduced the bradycardic activity, in contrast to the
benzazepinone series [23]. Substitution of ring C
(compounds 1m, 1t-1w) induced similar biological
effects to those observed for ring A, with potent
bradycardic activity observed for the dimethoxy
compound 1m (homoveratrylamine derivative). The
influence of the chain length between the nitrogen of
the amine function and the aromatic ring (derivatives
1t, 1w, 1x) was contradictory: the bradycardic effect
was optimal for 1w (n = 3), but was associated with a
decrease in antiarrhythmic activity. Finally, a hydro-
carbon chain with 2 carbon atoms between the 2
nitrogen atoms (ly) decreased activity while
dysrhythmia was minimal with #» = 3 (compound 1m).

Most of the compounds studied showed brady-
cardic activity equal or superior to that of Falipamil
and Zatebradine. Compound 1m (F3226) which had

Table II. Effects of compound 1m (F3226) and Falipamil on heart rate and arterial pressure in the conscious normotensive rat.

a
Heart rate (bts/min)

a
Arterial pressure (mm Hg)

Compounds and doses : Days

TO +1h +2h +4hnh +6n TO +1h +2h +4n + 6 hn

1 370 304 282 292 304 117 112 111 110 114

(10) (8%) (7) ") (7™ (3) 3) (3) (3) (3)

im (F 3226) 3 372 310 314 308 312 115 118 116 111 105
50 mg/kg/j PO (8) (10%)  (10%) (8*%) 7*) (2) (2) 3) (4 (3*)
5 350 310 310 320 308 116 113 115 111 116

(10) 7*) (8%) 9) ") (4) (4) (3) (2) (3)

Falipamil 1 398 374 376 376 372 140 136 142 137 131
50 mg/kg PO (5) (8%) (6) (8) (6%) (3) (3) (4») (2) (6)
Zatebradine 1 360 246 240 244 262 121 107 108 104 105
50 mg/kg (11) ™) (8%) (8%) 9*) (3) (2*%) (3*) (4% (3*)

aMeans + SEM; *Student’s -test.



the best profile was selected for further testing. The
pharmacological profile of this compound is shown in
tables II and III.

The bradycardia was confirmed after oral adminis-
tration in the normotensive rat (table II). F3226
induced a decrease in heart rate with a rapid onset of
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action. This effect was maintained after chronic
treatment (5 d). After the first administration, F3226
decreased the heart rate more strongly than Falipamil
(-24% versus -T1%). Zatebradine induced the
most potent bradycardia (—33%). But contrary to the
2 other compounds, Zatebradine showed a statistically

Table IIL. Effects of compound 1m (F3226) (1 mg/kg iv) on cardiovascular haemodynamic in the anaesthetized dog?.

Time in minutes

Parameters
0 1 5 15 30 60 120 180 240
Mean arterial 143 136 133 133 138 140 141 143 142
pressure (mm Hg) (11) (10) (10) (10) (10) {11) (10) (9) (11)
Heart rate 135 112 87 89 91 100 113 120 126
(beats/min) (4) (4*) 2% (3" (2*) (4*) (6*) (4*) (€]
(+) dp/dt max. 3108 2941 2977 2857 2867 2868 3186 3221 3259
(mnm Hg/sec) (289) (238) (320) (278) (252) (322) (208) (160) (91)
Left ventricular end 11,5 14,6 16,2 16,1 16,5 16,2 16,6 14,1 15,5
diastolic pressure (mm Hg) (1.6) (1.2) (2,7) (3,0) (3.9) (2,5) (3.85 (1,5) (2,5)
Cardiac output 4.4 4,6 4.3 4.4 4.3 4,6 4.7 4.6 4.8
(1/min) (043) (0,1) (0.2) (0,2) (0.3) (0,1) (0.3) (0.2) (0,1)
Stroke volume (ml) 32.6 41,3 49,2 49,5 46.9 46,4 42,2 38,1 38,4
(2,5) (2,0%) (3.2%) (2,8%) (2.9%)  (4.3%) (1.8) (1.2) (1.3)
Total peripheral resistance 2714 2381 2490 2467 2635 2439 2403 2524 2365
(dynes/sec/cm-5) (358) (141) (123) (242) (245) (172) (158) (103) (152)
Buckberg index 1,02 1,39 1,88 2,17 1,64 1.36 1,26 1,17 1,09
(0.11)  (0,16) (0,14%)  (0.54) (0.17*) (0,08*)  (0.08*) (0.11) (0,07)
Katz index 19358 15202 11595 11947 12648 14178 16026 17236 17945
(2025)  (1214%)  (828%) (1188%) (1074*)  (1496*)  (1729*)  (1620) (1462)

aMeans = SEM; *Student’s ¢-test.
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significant hypotensive action, which lasted more than
6 h. At the doses studied, none of the compounds
induced adverse effects.

Table III shows the haemodynamic activity of
F3226 in the anaesthetized dog. The compound
decreased the heart rate and the effect was statistically
significant for 3 h. This bradycardic activity was not
associated with a myocardial depressive action, since
the index of contractility (+ dp/dt max) and the left
ventricular end-diastolic pressure was not significantly
increased. The cardiac output was not decreased and
an improvement in the ejection fraction was shown.
The Buckberg index increased strongly and showed
an improvement in transmural coronary blood flow.
The oxygen consumption was decreased as shown by
the Katz index. F3226 was able to decrease the heart
rate without reducing the myocardial contractility and
improved the myocardial oxygen delivery by an
increase in diastolic time. Experiments in the
anaesthetized dog showed that F3226 did not modify
the intracardiac conduction times. Its sole action was
to lengthen the electric diastole, that part of the cycle
during which the coronary blood flow is maximal.
Cellular electrophysiological studies showed a
specific action on the sinoatrial node [13].

In conclusion, 2,3-dihydro-4H-1,3-benzoxazin-4-
ones substituted with basic groups in the 3 position
constitute a new family of specific bradycardic agents.
Among these derivatives, F3226 has shown
particularly attractive antiischemic properties in
animal models; complementary biological tests are in
progress.

Experimental protocols
Chemistry

Elemental analysis of the compounds was carried out by the
Analytical Chemistry Department at the Pierre Fabre Research
Centre; results obtained were within * 0.4% of the theoretical
values. '"H-NMR spectra were recorded on a Bruker AC
spectrometer at 200 MHz and chemical shifts were expressed
in ppm relative to tetramethylsilane. IR spectra were recorded
on a Perkin—Elmer 1600 spectrograph, series FT-IR. Melting
points were determined using a Kofler block and were not
corrected. TLC was carried out on Merck silica gel 60 (F254)
precoated aluminium plates using a mixture of chloroform/
methanol/33% ammonia (90:09:01) as eluent. R, were
calculated after exposure to 254 nm UV radiation and by
dyeing with ninhydrin spray and heating to 150°C. The
following examples represent a typical procedure for the
different methods of preparation.

Method A

2,3-Dihydro-6,7-dimethoxy-3-[3-(methyl-phenethylamino )-
propyl]-4H-1,3 benzoxazin-4-one hydrochloride 1t

4,5-Dimethoxy-N-[3-(methyl-phenethylamino)propyl]  salicyl-
amide 4. A mixture of 3-(methyl-phenethylamino) propyl-

amine (6.3 g, 25 mmol) and methyl dimethoxy-4,5 salicylate
(3.96 g, 25 mmol) was heated at 120°C for 2 h. After cooling
to room temperature, the mixture was stirred with a solution of
hydrochloric acid (1 N, 30 ml) in water (250 ml). After ex-
traction with ether (3 X 70 ml) the aqueous phase was basified
with a saturated solution of sodium bicarbonate (200 ml). The
substituted salicylamide was extracted with methylene
chloride, washed with water (2 x 100 ml), brine (50 ml) and
dried (Na,SO,). Concentration of the organic extract gave a
light yellow oil which was used for the next step without
further purification, m: 5.32 g (68%).

1,3,5-Trioxane (4.3 g, 47.5 mmol) was added portionwise
over | min to a mixture of 4,5-dimethoxy-N-[-3-(methyl-phen-
ethylamino)propyl]saticylamide (4.4 g, 13 mmol), glacial
acetic acid (50 ml), and 2 N hydrogen chloride solution in ethyl
acetate (50 ml). The solution was stirred, slowly heated to
45-50°C and kept at this temperature for 2 h. The reaction
mixture was allowed to cool and the solvent evaporated under
reduced pressure. The residue was poured into iced water and
basified to pH 9 by addition of caustic soda, and extracted with
ethyl acetate. The extracts were washed with water, brine and
dried (Na,SO,). Filtration and evaporation of the solvent
yielded a viscous oil which was dissolved in a small amount of
ethyl acetate and the hydrochloride was precipitated by
addition of a 2 N solution of hydrogen chloride in the same
solvent to give 4.3 g (85%) of 1t; mp: 174°C; IR (KBr) 1670
(C=0) cm-1; TH-NMR (CDCly) &: 2.15-2.45 (m, 2H), 2.83 (d,
3H), 2.9-3.4 (m, 6H), 3.65 (tr, 2H), 3.88 (d, 6H), 5.24 (m, 2H),
6.46 (s, 1H), 7.1-7.4 (m, 6H), 12.47 (s, broad, 1H); R,: 0.65;
Anal: C,,H,xN,0,-HCI (C, H, N, CI). For the synthesis of the
compounds 1o and 1p, 1,3,5-trioxane was replaced by paral-
dehyde or octanal respectively.

Method B

2,3-Dihydro-6,7-dimethoxy-3-[3-(methyl-3 4-dimethoxyphen-
ethylamino)propyl]-2-phenyl-4H-1,3-benzoxazin-4-one hydro-
chloride 1q

A mixture of N-methyl N-(3,4-dimethoxyphenethyl) propane-
diamine (5 g; 20 mmol) and benzaldehyde 2.16 g (20 mmol) in
benzene (30 ml) was heated at reflux in a Dean—Stark apparatus
to remove water, after which the solvent was evaporated in
vacuo to give N'-benzylidene N-methyl N-(3,4-dimethoxyphen-
ethyl) propanediamine (6.8 g). A solution of 4,5-dimethoxy
salicylyl chloride (2 g, 9.2 mmol) in benzene (60 ml) was
cooled to 0°C and cautiously treated with the preceding Schiff
base (3.13, 9.2 mmol). The mixture was allowed to stand at
room temperature for 36 h. The precipitate which formed was
collected by filtration, dried and purified by chromatography
over silica gel (eluent: chloroform/methanol/aqueous 33%
ammonia, 97:3:0.2). After evaporation under reduced pressure,
the residual product was converted to the hydrochloride in
ethyl acetate as described above. m: 0.6 g (12%); mp: 161°C;
IR (KBr) 1660 (C=0) cm!; NMR (CDCl;) 8: 2-2.4 (m, 2H),
2.7-2.8 (m, 3H), 2.85-3.5 (m, 7H), 3.8-4.15 (m, 13H),
6.3-6.45 (m, 2H), 6.65-6.9 (m, 3H); 7.2-7.5 (m, 7H); Ry 0.72;
Anal: C;H,N,0,-HCI (C,H,N,C).

Method C

2,3-Dihydro-7-methoxy-3-[3-(methyl-3 4-dimethoxyphenethyl-
amino)propyl]-4H-1,3-benzoxazin-4-one hydrochloride 1f

A conglomerated mixture of 2,3-dihydro-7-methoxy-3-[3-
(methanesulfonyloxy)propyl]-4H-1,3-benzoxazin-4 one (1.35 g,
4.2 mmol) and N-methylhomoveratrylamine hydrochloride



(1.46 g, 6.3 mmol) was heated with stirring at 50°C for 10 h in
dry DMF (30 ml) containing triethylamine (10 mi). The
solution was allowed to cool to room temperature, diluted with
water and extracted with ethyl acetate (5 x 60 ml). The organic
layer was then washed with water and brine, dried (Na,SO,)
and evaporated under reduced pressure. The washed residue
(1.2 g) was purified by chromatography over silica gel using
chloroform/ methanol/aqueous 33% ammonia (95:4.5:0.5) as
eluent. The oil obtained was taken up in ethyl acetate and
converted to the hydrochloride in the usual manner. m: 550 mg
(30%); mp: 148°C; IR (KBr) 1665 (C=0) cm-!; 'H-NMR
(CDCl;) 6: 2-2.2 (m, 2H), 2.82 (d, 3H), 3-3.33 (m, 6H), 3.65
(t, 2H), 3.8-3.9 (m, 9H), 5.2-5.32 (m, 2H), 6.44 (d, 1H), 6.5
(dd, 1H), 6.7-6.81 (m, 3H), 7.8 (d, 1H), 12.4 (s, broad, 1H); Ry
0.61; Anal: C,;H,)N,Os-HCI1 (C, H, N, CI).

Method C,

2,3-Dihydro-6,7-dimethoxy-3-[3-(3,4-dimethoxyphenethyl-
amino)propyl]-4H-1,3-benzoxazin-4-one hydrochloride Ir

A mixture of 6,7-dimethoxy-2,3-dihydro-3-[3-(methanesul-
fonyloxy)propyl]-4H-1,3-benzoxazin-4-one (64.6 g, 0.187 mol)
and homoveratrylamine (203 g, 1.1 mol) was heated for 45 min
at 120°C under a nitrogen atmosphere. The excess of
homoveratrylamine was recovered by distillation (0.02 m bar).
The reaction mixture was cooled to 50°C and the residue
partitioned between toluene and water buffered to pH 7. The
organic layer was separated and the aqueous layer was
extracted with toluene. The aqueous layer was basified with
caustic soda to pH 9.7 and again extracted with toluene (4 X
100 ml). The combined organic extracts were washed with
water, brine, then dried (Na,SO,), and concentrated to give a
crude basic oil (80 g). The oil was taken up in 2-propanol
(500 ml) and the hydrochloride formed by addition of a 2 N
solution of hydrochloric acid in ethyl acetate. The white
crystals of 1r were collected, washed and dried. m: 61 g (70%);
mp: 155°C; IR (KBr) 1645 (C=0) cm!; 1H-NMR (CDCl,) 9:
2.05-2.4 (m, 2H), 2.9-3.3 (m, 6H), 3.6-3.8 (t, 2H), 3.85-4.0
(m, 12H), 5.2 (s, 2H), 6.42 (s, 1H), 6.7-7 (m, 3H), 7.23 (s, |H),
9.8 (s, broad, 1H); R 0.43; Anal: C,;H;,N,O.HCI (C, H, N,
Cl).

Method C,

2,3-Dihydro-6,7-dimethoxy-3-[3-(methyl-3 ,4-dimethoxyphen-
ethylamino)propyl]-4H-1,3-benzoxazin-4-one hydrochloride 1m
A mixture of 2,3-dihydro-6,7-dimethoxy-3-[3-(3,4-dimethoxy-
phenethylamino)propyl]-4H-1,3-benzoxazin-4-one (8 g, 18.5
mmol) in formic acid (2.1 ml, 56 mmol) was stirred at room
temperature for 10 min and 40% aqueous formaldehyde
(1.6 ml, 23 mmol) added. The reaction flask was placed in an
oil bath preheated to 80°C and vigorously agitated for 10 min.
After cooling to room temperature the residue was dissolved in
methylene chloride, treated with iced caustic soda and the
layers were separated. The aqueous layer was extracted with
the same solvent (3 x 80 ml) and the combined extracts were
washed with brine, dried (Na,SO,) and evaporated. The residue
was dissolved in 2-propanol and the hydrochloride was
precipitated by addition of 2 N hydrochloric acid in ethyl
acetate. m: 8 g (90%); mp: 174°C ; IR (KBr) 1650 (C=0) cm-1;
'H-NMR (CDCly) &: 2.3 (m, 2H), 2.62 (d, 3H), 2.9-3.3
(m, 6H), 3.65 (1, 2H), 5.24 (m, 2H), 6.45 (s, 1H), 6.6-6.9 (m,
3H), 7.28 (s, 1H), 1245 (m, 1H); Rg 0.61; Anal:
C,,H3,N,O-HCI (C, H, N, C).
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Method C,

2,3-Dihydro-6,7-dimethoxy-3-[3-(benzyl-3,4-dimethoxyphen-
ethylamino)propyl]-4H-1,3-benzoxazin-4-one  hydrochloride,
monohydrate 1s

To a solution of 2,3-dihydro-6,7-dimethoxy-3-[3-(3,4-dime-
thoxyphenethylamino)propyl]-4H-1,3-benzoxazin-4-one
hydrochloride (2.2 g, 4.7 mmol) in anhydrous DMF (25 ml)
cooled in an ice bath, was added triethylamine (3 ml,
21.5 mmol), and benzyl bromide (0.88 g, 5.2 mmol) and the
reaction mixture stirred for 1 h at 0°C and 5 h at room tempe-
rature. The solvent was evaporated under reduced pressure and
the residue dissolved in water, basified with 30% caustic soda,
and extracted with ethyl acetate (4 x 40 ml). The combined
organic extracts were washed with water, brine, dried (Na,SO,)
and evaporated to give an oil which was subjected to silica gel
column chromatography using chloroform/methanol 95:5 as
eluent. The oily residue was dissolved in anhydrous diethyl
ether and the hydrochloride was precipitated by addition of 2 N
hydrochloric acid in ethyl acetate, yielding white crystals. m:
1.75 g (68%); mp: 78-82°C; IR (KBr) 1660 (C=0) cm!; 1H-
NMR (CDCl,) &: 2.2-2.45 (m, 2H), 3-3.35 (m, 6H), 3.45-3.75
(m, 2H), 3.8—4 (m, 12H), 4.24 (d, 2H), 5.1-5.2 (m, 2H), 6.45
(s, 1H), 6.55-6.8 (m, 3H), 7.0 (s, broad, 1H), 7.29 (s, 1H),
7.32-745 (m, 3H), 7.5-7.7 (m, 2H); R; 0.65; Anal:
C3H3N,0.-HC1, H,0 (C, H, N, Cl).

Synthesis  of  6-acetamido-2,3-dihydro-3-[3-(methyl-3 4-di-
methoxyphenethylamino)propyl]-4H-1,3-benzoxazin-4-one
hydrochloride 11

A solution of 2,3-dihydro-3-[3-(methyl-3,4-dimethoxyphen-
ethylamino)propyl]-6-nitro-4/{-1,3 benzoxazin-4-one, hydro-
genooxalate (7.4 g, 17.3 mmol) 1k in anhydrous methanol was
hydrogenated in the presence of 10% palladium on charcoal at
room temperature and at atmospheric pressure. The catalyst
was removed by filtration and the filtrate concentrated. The
residual oil (7 g) was purified by silica gel column chromato-
graphy using a mixture of chloroform/methanol/33% aqueous
ammonia (95:4.5:0.5) as eluent. The residue (4.6 g) was used
without further purification in the next step. An aliquot of the
amine intermediate was purified for analysis (C, H, N) as the
dipicrate salt with a melting point at 202°C.

A solution of the above organic base (2.87 g, 7 mmol) in
anhydrous THF (20 ml) was cooled to —5°C and a solution of
acetyl chloride (0.62 g, 8 mmol) in the same solvent (10 ml)
was added dropwise over 15 min with stirring. After the
addition was complete, the reaction mixture was allowed to
warm to room temperature and stirring continued for a further
16 h. The insoluble white product was collected by filtration,
washed (THF), and dried. m: 2.27 g (66%); mp: 192°C; IR
(KBr) 1660 (C=0), 1685 (CONH) ¢cm!; 'H-MMR (CDCl;) o:
2.2-2 (m, 5H), 2.78 (d, 3H), 2.8-3.4 (m, 8H), 3.4-3.7 (m, 2H),
3.73 (s, 6H), 5.1 (s, 2H), 6.5-6.8 (m, 4H), 7.7-7.9 (m, 2H), 9.4
(s, 1H), 11.8 (s, broad, 1H); R;: 0.35; Anal: C,,H;N,0,-HCl
(C, H, N, CI).

Synthesis of 8: 2.3-dihydro-6,7-dimethoxy-3-[3-(methane-
sulfonyloxy)propyl]-4H-1,3-benzoxazin-4-one 8m

4,5-Dimethoxy-N-(3-hydroxypropyl) salicylamide. A mixture
of methyl-4,5-dimethoxy-2-hydroxybenzoate (100 g, 0.471 mol)
(26) and 3-aminopropanol (106 g, 1.41 mol) was heated at
120°C for 1 h. The reaction mixture was added to 300 ml of
water and acidified to pH 7.1. The insoluble white product was
collected by filtration, washed (water) dried and recrystallized
from ethyl acetate. m: 107.2 g (89%); mp: 130°C; IR (KBr)
1635 (C=0), 3380 (OH), 3510 (NH) cm-!; 'H-MMR (CDCl,)
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8: 1.6-2.1 (m, 2H), 3.2-4.0 (m, 11H) 6.25 (s, 1H), 6.95 (s, 1H),
7.9 (m, 1H), 12.0 (s, broad, 1H). Anal C,,H,,NO, (C, H, N).

2,3-Dihydro-6,7-dimethoxy-3-(3-hydroxypropyl)-4H-1,3-ben-
zoxazin-4-one. To a solution of 4,5-dimethoxy-N-(3-hydroxy-
propyl) salicylamide (107 g, 0.419 mol) in acetic acid (300 ml)
and a 2 N solution of hydrochloric acid in ethyl acetate
(300 mil) was added 1,3,5-trioxane (75.5 g, 0.84 mol) and the
mixture stirred for 16 h at room temperature. The mixture was
poured into iced-water (500 g) and basified to pH 8.5. The
insoluble matter was extracted with ethyl acetate (3 x 200 ml),
washed with water and dried (Na,SO,). After filtration, the
solution was concentrated to give 130 g (quantitative) of 2,3-
dihydro-6,7-dimethoxy-3-(3-acetoxypropyl)-4H-1,3-benzoxazin-
4-one. IR (neat) 1740 (O-C=0), 1660 (N-C=0) cm!. H-NMR
(CDCly) & 1.75-2.1 (m, 5H), 3.57 (t, 2H), 3.86 (s, 6H), 4.12
(t, 2H), 5.12 (s, 2H), 6.43 (s, 1H), 7.33 (s, 1H). To the crude
2,3-dihydro-6,7-dimethoxy-3-[3-acetoxypropyl]-4H-1,3 benz-
oxazin-4-one (130 g, 0.42 mol) in methanol (700 ml) was
added 30% caustic soda (85 ml, 0.84 mol) and the mixture
stirred for 45 min at room temperature. The dark-coloured
solution was poured into crushed ice (600 g) and acidified with
a 6 N solution of hydrochloric acid to pH 8.5. The aqueous
phase was extracted with chloroform (2 X 250 ml), washed
with water, and dried (Na,SO,). The viscous oil obtained after
evaporation was stirred in diisopropyl ether (500 ml) to give
105 g (94%) of 2,3-dihydro-6,7-dimethoxy-3-[3-hydroxypro-
pyl]-4H-1,3-benzoxazin-4-one; mp: 88°C; IR (KBr) 1645
(C=0) cm-!; 'H-NMR (CDCly) &: 1.6-2.0 (m, 2H), 2.3-2.65
(m, 5H), 2.72 (s, 6H), 4.97 (s, 1H), 6.25 (s, 1H), 7.65 (s, 1H),
11.5 (s, 1H); Anal: C;H,;NOs (C, H, N).

2,3-Dihydro-6,7-dimethoxy-3-[3-(methane sulfonamido)propyl]-
4H-1,3 benzoxazin-4-one 8m. A suspension of 2,3-dihydro-
6,7-dimethoxy-3-[3-hydroxypropyl}-4H-1,3 benzoxazine-4-one
(50 g, 0.187 mol) in dry THF (500 ml) cooled to —5°C was
treated at once with triethylamine (52 ml, 0.374 mol) and
methanesulfonyl chloride (42.85 g, 0.374 mol). After stirring
for 5 min at this temperature, the mixture was hydrolyzed with
ice (200 g) and the mesylate was extracted with methylene
chloride (2 x 300 ml), washed with water, and dried (Na,SO,).
The residue was stirred with 2-propanol at room temperature
and the mesylate recovered by filtration; m: 64 g (98%); mp:
123°C; IR (KBr) o: 2.0-2.3 (m, 2H), 3.0 (s, 3H), 3.62 (t, 2H),
3.88 (d, 6H), 4.30 (t, 2H), 5.16 (s, 2H), 6.46 (s, 1H), 7.32
(s, 1H); Anal: C;,H;(NO,S (C, H, N, S).

Pharmacology

Determination of the bradycardic action in the anaesthetized
rat

Sprague-Dawley male rats (320-490 g) were anaesthetized
using sodium pentobarbitone (50 mg-kg-! ip). Electrocardio-
grams were recorded in DII standard derivation on a Siemens
mingograph. Parameters were followed for 60 min. Each
animal received only 1 dose and 1 product. Each group com-
prised at least 5 rats. The compounds were dissolved in
physiological saline and injected at 0.1 ml-100 g-! through a
catheter placed in the vein of the penis.

Determination of the antidysrhythmic activity

Sprague-Dawley male rats (320490 g) were used. After
anaesthesia using sodium pentobarbitone (60 mg-kg-! ip), a
tracheotomy allowing artificial ventilation was carried out. The
electrocardiogram was recorded in DI, DII, DIII derivations
with a Siemens mingograph and the heart rate calculated. A

coronary ligature was performed according to the method of
Clark er al [22]. After left thoracotomy, a silk thread was
placed under the left coronary artery. The heart was then
replaced in its cavity and the ligature tightened in order to
block coronary flow. Dysrhythmia was followed for 30 min.
The results observed after drug treatment were compared with
those obtained in the placebo group (physiological saline).
Each group comprised at least 5 rats. The results were
expressed as percentage variations. The compounds were
dissolved in physiological saline and injected in 0.1 ml-100 g-!
through a catheter placed in the pudendal vein. Compound 1m,
which displayed excellent pharmacological properties, was
further studied.

Effect on the heart rate and blood pressure of conscious
normotensive rats

Groups of 10 Sprague—Dawley male rats (290-370 g) were
used for these studies. The systolic arterial pressure was
plethysmographically recorded at the tail according to Gerold
and Tschirky [24] and the heart rate calculated. The com-
pounds were studied after acute or sub-chronic administration
(5 d) at 50 mg-kg~! po. The parameters were evaluated before,
then 1, 2, 4, 6 and 24 h after oral gavage. Compounds were
administered at 1 m1-100 g-! after dissolution in distilled water.

Haemodynamic effect in the anaesthetized dog with closed
chest

Dogs weighing 20-30 kg were anaesthetized by sodium
pentobarbitone (30 mg-kg-! iv). An intravenous perfusion of
this anaesthetic dissolved in physiological saline and mixing
with flaxedyl was given throughout the duration of the
experiment. The dogs were maintained under artificial
ventilation. The following parameters were evaluated :

—~ mean arterial pressure recorded in the carotid artery;

— heart rate calculated via ECG;

— left ventricular pressure (LVP) recorded with a catheter
inserted via a femoral artery. The LVP amplification permitted
measurement of the end diastolic ventricular pressure. The
myocardial contractility was estimated on positive maxima
dp/dt. These parameters were computerized on an IBM micro-
processor and recorded on Gould ES 1000 polygraph. The
computer also determined total peripheral resistance, stroke
volume, Katz index, coronary pressure perfusion and Buckberg
index [25]. This index represents the ratio between the oxygen
supply and the oxygen demand;

— cardiac output: a Swan—Ganz catheter, placed inside the
pulmonary artery via the right jugular vein, was used to
quantify cardiac output by the thermodilution method.
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