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A series of compounds lb-f, 2b-f, and 3b-f having an o-chlorobenzenesulfonamidic diuretic moiety 
variously linked to the nitrogen side chain of the /3-blocking (aryloxy)propanolamine pharmacophore 
were prepared and tested for their /^-adrenoceptor affinity. For all the active compounds, /3-blocking 
and diuretic activities were investigated in rats; the structure-activity relationships are discussed. 
Some of the compounds displayed varying levels of both properties and among these, compounds 
lc and 2c have been chosen for further development. 

Introduction 
In the long-term treatment of essential hypertension, 

no single drug has yet proved entirely satisfactory. 
Combined treatment is necessary to evoke an optimal 
result and a /3-blocker/diuretic combination is widely used 
as first line therapy for hypertension management. 

For the future, an antihypertensive drug having both 
/3-blocker and moderate diuretic properties2 in the same 
molecule would be of great interest. The advantage of 
such a compound over a simple combination lies in the 
fact that the single entity would be adsorbed, metabolized, 
and excreted at one rate in a given subject, thus increasing 
the likelihood that the two main biological activities remain 
in balance during the course of drug action. 

To date, only a few attempts to synthesize hybrid 
molecules by combining the structures of a diuretic and 
^-adrenoceptor antagonist, have been described.3 The 
majority of the reported attempts have failed, probably 
due to the intrinsic difficulty of accommodating the 
individual sets of structure-activity requirements for the 
two activities in a single molecule. 

Our previously reported4 approach to this symbiotic drug 
design was achieved by replacing the conventional alkyl 
substituent at the side chain nitrogen atom of ^-blockers 
with a 2-(4-chloro-3-sulfamoylbenzamido)ethyl group. This 
type of substitution retained the structural requirements 
for the interaction with the ^-adrenoceptor, due to the 
presence of a 2-amidoethyl group known to impart high 
/3-blocking potency6 and, at the same time, allowed the 
diuretic o-chlorobenzenesulfonamidic moiety6 to be in
corporated into the molecule. This replacement was made 
on oxypropanolamine and (iminoxy)propanolamine de
rivatives of 1,4-benzothiazine, previously reported by us 
as /3-adrenoceptor antagonists,7 on carteolol, selected for 
isosterism of the carbostyril nucleus with the 1,4-ben
zothiazine one, and on well-known propranolol. The 
pharmacological results obtained indicated that the in
corporation of o-chlorobenzenesulfonamidic moiety into 
the molecule by an amidoethylamino group, in some cases, 
allowed the desired diuretic activity and also maintained 
the /3-blocking one. Indeed, some of the resulting com
pounds (such as la, 2a, 3a) (Figure 1) were found to exhibit 
differently modulated /3-adrenoceptor blocking and di
uretic activites.4 
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Figure 1. o-Chlorobenzenesulf onamidic derivatives of (aryloxy)-
propanolamines. 

As an extension of this work, we now report the synthesis 
and pharmacological evaluation of some new (1,4-ben-
zothiazinyl-, (carbostyril-, and (naphthyloxy)propanol-
amine derivatives lb-f, 2b-f, and 3b-f, variously linked 
to the same diuretic o-chlorobenzenesulfonamidic moiety. 
In order to evaluate the role of the bridge linking the two 
pharmacophore moieties, the former amidoethylamino 
bridge (NHCH2CH2NHCO) was modified by (1) inclusion 
of the ethylenediaminic group in a rigid piperazinic moiety 
(b, d, f); (2) isosteric substitution of the amidic group with 
a sulf onamidic one (c, d); and (3) elimination of the amidic 
group (e, f) (Figure 1). 

Chemistry 
The (aryloxy)propanolamine derivatives lb-f, 2b-f, and 

3b-f, reported in Figure 1 and Table I were prepared by 
the following standard chemical procedure: selected 
epoxide, either purchased or prepared by standard meth
ods, was reacted with an equimolar amount of the 
appropriate amine derivative 3, S, 7, 9, or 10 in refluxed 
EtOH (Scheme I). 

The key step in this synthesis was the preparation of 
amine intermediates 3,5,7,9, and 10 obtained as in Scheme 
II. (Arylamido)piperazine 3 and (arylsulfonamido)pip-
erazine 7 were synthesized by acylation of a monoprotected 
piperazine derivative with 4-chloro-3-sulfamoylbenzoyl 
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Scheme I 

NHRRj 

A*°^Ks***i 

chloride and 4-chloro-3-8ulfamoylbenzene8ulfonyl chlo
ride, respectively, and successive hydrolytic deprotection. 
In a similar fashion, using JV-acetylethylenediamine and 
4-chloro-3-sulfamoylbenzenesulfonyl chloride, (arylsul-
fonamido)ethylamine 5 was obtained. Starting from 
4-chloro-3-sulfamoylaniline, iV-arylethylenediamine 9 was 
prepared by reaction with l-chloro-2-nitroethane followed 
by reductive hydrogenation over Raney nickel, while 
arylpiperazine 10 was synthesized by reaction with bis-
(2-chloroethyl)amine, according to the general procedure 
of Brewster et al.8 

Pharmacology 
All target compounds lb-f, 2b-f, and 3b-f were first 

screened at the receptor level to determine their ability 
to displace the binding of [3H]dihydroalprenolol ([3H]-
DHA) from turkey erythrocyte membranes (fr-adreno-
ceptors) (Table I). 

Subsequently, all active compounds lc-3c, le, 3e, If, 
and 3f, were evaluated for 0-blocking potency in rats by 
the inhibition of isoprenaline-induced tachycardia by both 
intravenous and oral dosing (Table I). 

Only the resulting active compounds were finally assayed 
for their diuretic activity in rats after oral administration 
(Table II). 

In all of the tests, in addition to appropriate control 
drugs, 8-[(tert-butylamino)-2-hydroxypropozy]-3,4-dihy-
dro-3-oxo-2H-l,4-benzothiazine (4a)7a and/or JV-[(4-chlo-
ro-3-sulfamoylbenzamido)ethyl] propanolamine deriva
tives la-3a,4 previously reported by us, were included for 
comparison. 

Results and Discussion 

The object of this study was to evaluate the effects, on 
both /3-blocking and diuretic activities, caused by variations 
induced in the bridge (X) connecting the (aryloxy)propanol 
/3-blocking pharmacophore and the diuretic o-chloroben-
zenesulfonamidic moiety. 

Among the changes made, the inclusion of ethylene-
diaminic group in a rigid piperazine moiety proved to be 
very detrimental to binding at ^-adrenoceptors (Table 
I), both in amidic (series b) and sulfonamide (series d) 
derivatives (compare vs series a and c, respectively). On 
the other hand, this loss of affinity was not observed in 
series f where the piperazine group was directly linked to 
the o-chlorobenzenesulfonamidic moiety (compare vs 
series e). No correlation was found regarding the aryl 
ring (A); in series c, the carbostyril derivative 2c displayed 
the highest affinity with a K\ value of 1.4 nM, similar to 
that of the control drugs, whereas in series e and f only 
the carbostyril derivatives 2e and 2f showed no affinity. 

Only those compounds (lc-3c, le,3e, If, and 3f) showing 
affinity in the binding study were tested in vivo by 
inhibiting isoprenaline-induced tachycardia in rats to 

Scheme II 
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0 Reagents: (i) l-formylpiperazine, benzene, 100 °C; (ii) MeOH, 36% HCl; (iii) AcNHCH2CH2NH2, acetone, EtsN; (iv) EtOH, 6 N HCl, 
reflux; (v) N-(ethoxycarbonyl)piperazine, acetone, EtsN; (vi) 10% Na2C03, reflux; (vii) N02CH2CH2C1, THF; (viii) H2/Raney Ni, EtOH; (ix) 
NHtCHjCH^Dj-HCl, 1-butanol, reflux. 
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Table I. Physical and Biological Properties of (Arylozy)propanolamines 

compd" 

la 
2a 
3a 
lb 
2b 
3b 
lc 
2c 
3c 
Id 
2d 
3d 
le 
2e 
3e 
If 
2f 
3f 
4a* 
carteolol 
propranolol 

reaction 
time (h) 

30 
30 
30 
30 
30 
30 
15 
20 
12 
30 
23 
30 
14 
12 
8 

% 
yield 

53 
71 
65 
81 
37 
35 
50 
39 
55 
12 
22 
36 
63 
62 
73 

mp, 
oC6 

145-165 
136-148 
88-120 

100-130 
103-115 
87-118 

218-223 
225-230 
208-212 
176-186 
211-214 

70-91 
218-222 
227-231 
166-170 

purification 
method' 

A 
A 
A 
B 
B 
B 
C 
B 
C 
B 
B 
B 
D 
D 
D 

formula1* 

C22H26C1N40$S2 
C23H27CIN4O6S 
C24H26C1N306S 
C19H23CIN4O7S3 
C20H25CIN4O7S2 
C21H24CIN3O8S2 
C21H28CIN4O7S3 
C22H27CIN4O7S2 
C23H26CIN3O6S2 
C19H23CIN4O8S2 
C20H26CIN4O6S 
C21H24CIN8O4S 
C21H215CIN4O6S2 
G22H27CIN4O5S 
C23H26CIN3O4S 

inhibition of 
[3H]DHA binding in 
turkey erythrocytes 

meKx(xM) 
7.4 
300 
820 
NA< 
NA 
NA 
5.2 
1.4 
160 
NA 
NA 
NA 
7.8 
NA 
15 
140 
NA 
31 
24 
1.9 
2.3 

inhibition of INA-induced 
tachycardia in rats' 

EDM 
(mg/kg, iv)« 

0.67 ± 0.031 
0.14 ± 0.039 
3.17 ± 0.385 
NT> 
NT 
NT 
0.45 ± 0.016 
1.80 ± 0.041 
NA 
NT 
NT 
NT 
0.96 ± 0.046 
NT 
NA 
NA 
NT 
2.91 ± 0.083 
0.05 ± 0.003 
0.06 ± 0.008 
0.18*0.023 

EDso 
(mg/kg, po)* 

36.24 ± 3.465 
17.92 ± 1.387 
23.13 ± 1.157 
NT 
NT 
NT 
34.70 ±2.093 
53.78 ±3.185 
NA 
NT 
NT 
NT 
56.37 ± 3.498 
NT 
40.69 ± 2.641 
56.30 ± 22.050 
NT 
62.52 ± 3.886 
1.53 ±0.026 
4.81 ± 0.255 
22.33 ± 1.306 

0 See Figure 1.6 Amorphous solids: melting point of these compounds is the temperature at which the white solid became a colorless glass 
with decomposition.c Solvent used with silica gel column or for recrystallization were as follows: (A) elution with gradient of CHCI3 to 10% 
EtOH/CHCls, (B) gradient of CHCI3 to 5 % MeOH/CHCl3, (C) isocratic elution with CHCI3, (D) recrystallization from EtOH. d All compounds 
had elemental analyses within ±0.4 % of theoretical value.' Ki values determined with seven dose levels of each inhibitor in the assay system 
described in the Experimental Section. 'Mean ± SE for three separate observations per dosage. 'Two minutes after INA (0.12 Mg/kg) 
administration. h One hour after INA (0.12/ig/kg) administration.' NA = no active compound. J NT = not tested. Ma = 8-[(tert-butylamino)-
2-hydroxypropoxy]-3,4-dihydro-3-oxo-2ff-l,4-benzothiazine (see literature7*). 

Table II. Diuretic and Saluretic Activity in the Rat (0-5 h) 

compd 

la 

2a 

3a 

lc 

2c 

le 

3e 

If 

3f 

HCP 

saline 

dosage 
(mg/kg, po) 

8 
15 
30 
50 
8 

15 
30 
8 

15 
30 
8 

15 
30 
8 

15 
30 
8 

15 
30 
8 

15 
30 
8 

15 
30 
8 

15 
30 
8 

15 
30 

urinary 
output" (mL) 

1.2 ± 0.31 
1.7 ± 0.63 
2.0 ±0.46 
4.3 ± 0.63 
2.8 ± 0.31 
2.6 ± 0.22 
3.3 ± 0.66 
5.2 ± 0.26 
4.8 ± 0.36 
2.9 ± 0.46 
3.5 ± 0.35 
3.7 ± 0.33 
5.7 ± 0.93 
2.2 ± 0.48 
3.1 ± 0.41 
4.6 ± 0.35 
2.6 ± 0.18 
3.3 ± 0.27 
3.1 ± 0.07 
2.4 ± 0.58 
3.2 ± 0.31 
3.5 ± 0.77 
2.6 ± 0.10 
3.1 ± 0.13 
3.5 ± 0.17 
1.9 ± 0.07 
2.2 ± 0.12 
2.9 ± 0.54 
4.0 ± 0.29 
5.9 ± 0.66 
7.3 ± 0.13 
2.0 ± 0.27 

saluretic activity'' 

Na+ 

0.9 
1.1 
1.7 
3.1 
2.6 
2.0 
2.9 
2.5 
3.1 
1.8 
3.2 
3.0 
4.5 
1.8 
2.3 
3.4 
2.1 
2.6 
2.2 
2.8 
3.1 
3.2 
2.2 
2.9 
3.0 
2.4 
1.7 
3.2 
3.1 
3.9 
5.1 
1.4 

(mequiv/kg) 

K+ 

0.8 
0.9 
1.1 
1.5 
1.8 
1.5 
1.8 
1.2 
1.7 
1.4 
1.3 
1.3 
2.4 
0.9 
1.2 
1.5 
1.1 
1.3 
1.2 
1.6 
2.0 
2.6 
1.7 
1.8 
2.0 
1.3 
1.4 
2.0 
1.8 
1.9 
2.3 
1.1 

Na+/K+ 

1.1 
1.2 
1.5 
2.1 
1.4 
1.3 
1.6 
2.1 
1.8 
1.2 
2.5 
2.3 
1.9 
2.0 
1.9 
2.3 
1.9 
2.0 
1.8 
1.7 
1.5 
1.2 
1.3 
1.6 
1.5 
1.8 
1.2 
1.4 
1.7 
2.0 
2.2 
1.3 

0 Mean ± SE for five separate observations per dosage.b SE for 
the saluretic data were calculated and are less than 10 % of the mean 
values.c HCT = hydrochlorothiazide. 

evaluate their 0-blocking potency (Table I). In general, 
when compared with the former derivatives la-3a, the 

new (aryloxy)propanolamine derivatives did not display 
an improved ^-blocking potency; they were less potent 
than the reference compounds 4a, carteolol, and propanolol. 
After intravenous dosing, benzothiazinyl derivative lc, 
characterized by an sulfonamidoethylamino bridge (X), 
displayed the best activity (EDso = 0.45 mg/kg), superior 
to the other carbostyril analogue 2c (ED50 • 1.80 mg/kg) 
as well as to the all other benzothiazinyl derivatives la-f. 
The naphthyl derivatives 3 were found to be inactive with 
the exception of 3f (ED50 = 2.91 mg/kg). In general, these 
results were confirmed after oral dosing. However, 3e and 
If, usually inactive when administered intravenously, 
showed an unexpected activity. 

Although the new derivatives did not show an unproved 
^-blocking activity, they had a better diuretic one when 
compared with the former derivatives la-3a (Table II). 
The diuretic activity was especially significant for the series 
c derivatives which showed an approximately 2-fold 
urinary output at 30 mg/kg compared to the control. In 
particular 1 c, displaying the best in vivo /3-blocking activity 
after both intravenous and oral dosing, at 30 mg/kg po 
showed a urinary output equal to 96% of the effect 
produced by an equimolar hydrochlorothiazide dose of 15 
mg/kg and a saluretic effect similar to hydrochlorothiazide 
at the same dose. 

In short, the modifications induced in the bridge 
connecting /3-blocking and diuretic pharmacophores con
firmed the validity of the proposed symbiotic approach. 
Specifically, compounds lc and 2c showed the desired 
pharmacologic profile. 

It remains to be seen if this dual behavior lowers blood 
pressure. Nothing can be said, at the present time, about 
the antihypertensive activity of these compounds because 
no simple animal model of hypertension is available which 
responds satisfactory to both 18-blocking and diuretic 
agents. Only after extensive studies, currently in progress 
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on compounds l c and 2c, can their presumed efficacy as 
antihypertensive agents be confirmed. 

Experimental Sect ion 

Melting points were determined in capillary tubes (Buchi 
melting point apparatus) and are uncorrected. Elemental 
analyses were performed on a Carlo Erba Model 1106 elemental 
analyzer, and the data for C, H, and N are within ±0.4 % of the 
theoretical values. 'H NMR spectra were recorded at 90 MHz 
(Varian EM 390) or 200 MHz (Bruker AC-200) with MeJ3i as 
internal standard and MegSO-de as solvent. Chemical shifts are 
given in ppm (&), and the spectral data are consistent with the 
assigned structures. Mass spectra were recorded on Varian MAT 
311 A. Reagents and solvents were purchased from common 
commercial suppliers and were used as received. Column 
chromatography separations were carried out on Merck silica gel 
40 (mesh 70-230) and flash chromatography on Merck silica gel 
60 (mesh 230-400). Organic solutions were dried over anhydrous 
Na2SO« and concentrated with a Buchi rotary evaporator at low 
pressure. Yields are of purified product and were not optimized. 
The physical properties of the target compounds lb-f, 2b-f, and 
3b-f are summarized in Table I. 

8-(2,3-Epoxypropoxy)-3,4-dihydro-3-oxo-2i?-l,4-benzo-
thiazine7* and 5-(2,iepoxypropoxy)-3,4-carbostyril' were pre
pared by the cited literature methods while l-(2,3-epoxypropoxy)-
naphthalene was obtained from Aldrich Chimica. 

l-(4-Chloro-3-8ulfamoylbenzoyl)-4-formylpiperazine(2). 
A suspension of 4-chloro-3-sulfamoylbenzoyl chloride10 (1.8 g, 
7.08 mmol) in benzene (150 mL) was added portionwise to a 
stirred solution of 1-formylpiperazine (2.2 g, 19.30 mmol) in 
benzene (60 mL) at room temperature. The mixture was heated 
at 100 °C for 20 h and then allowed to cool to room temperature. 
The resulting precipitate was filtered off and washed with 
saturated aqueous NaHCOs and H20. Recrystallization from 
EtOH gave 2 ( lg , 43%) as a white solid: mp 220-222 °C. Anal. 
(CnHuClN804S) C, H, N. 

l-(4-Chloro~3-sulfamoylbenzoyl)piperazine (3). The sus
pension of compound 2 (0.7 g, 2 mmol) in MeOH (30 mL) and 
36% HC1 (2.75 mL) was stirred at room temperature for 18 h. 
The resulting solution was evaporated to dryness to give a white 
solid (mp 265-267 °C) which was dissolved in H20 (2 mL) and 
alkalinized (ca. pH 9) by the addition of saturated aqueous 
NaHCOs. The precipitated solid was collected and recrystallized 
from EtOH to yield 3 (0.34 g, 53 %) as a white solid: mp 234-236 
°C; >H NMR S 2.35-2.65 (4 H, m, CJJ2NHCH2 piperazine), 2.30-
3.40 (5 H, m, CH2N(CO)CH2 piperazine and NH), 7.45-7.70 (2 
H, m, H-5 and H-6), 7.92 (1H, d, J - 2.5 Hz, H-2); MS m/z 303.5 
(M+). Anal. (CuHuClNsOsS) C, H, N. 

JV-[(4-Chloro-3-sulfamoylphenyl)sulfonyl]-JV-acetyleth-
ylenediamlne (4). A solution of 4-chloro-3-sulfamoylbenzene-
sulfonyl chloride11 (2 g, 6.89 mmol) in acetone (30 mL) was added 
dropwise at room temperature to a stirred solution of N-acet-
ylethylenediamine (0.84 g, 8.22 mmol) and triethylamine (0.96 
mL, 6.89 mmol) in acetone (2 mL). When the addition was 
complete, the reaction mixture was evaporated to dryness to give 
a semisolid residue which was dissolved in warm H20 (30 mL) 
and then extracted several times with EtOAc. The organic phases 
were combined, dried, and evaporated to dryness. The resulting 
residue was purified by flash chromatography eluting with 
gradient of CHCls to 10% MeOH/CHCls yielding 4 (1.47 g, 60%) 
as a white solid: mp 155-158 °C. Anal. (CioHuClNsOeS^ C, H, 
N. 

JV-[(4-Chloro-3-sulfamoylphenyl)sulfonyl]ethylenedi-
amine (5). A suspension of acetyl derivative 4 (2.3 g, 6.47 mmol) 
in EtOH (100 mL) and 6 N HC1 (23 mL) was refluxed for 32 h. 
After cooling, the separated white solid was filtered off (mp 251-
253 °C dec) and then dissolved in H20 (10 mL). The resulting 
solution was made basic (ca. pH 8) by the addition of a saturated 
aqueous NajCOs solution and the precipitated solid was collected, 
dried, and recrystallized from EtOAc/EtOH to yield 5 (1.3 g, 
64%) as an off-white solid: mp 178-180 "C^H NMR S 2.45-2.65 
and 2.68-2.90 (each 2 H, m, NHC/f2CH2NHS02), 5.20 (5 H, br 
s, SOjNHj, SOjNH and NH2), 7.70-7.95 (2 H, m, H-5 and H-6), 
8.25 ( lH ,d , J - 2 . 5 Hz, H-2). Anal. (CgHi2ClN804S2) C, H, N. 

l-[(4-€hloro-3-8ulfamoylphenyl)sulfonyl]-4-(ethoxycar-
bonyl)piperazine (6). A solution of 4-chloro-3-sulfamoylben-
zenesulfonyl chloride11 (2 g, 6.89 mmol) in acetone (25 mL) was 
added dropwise at room temperature to a stirred solution of 
iV-(ethoxycarbonyl)piperazine (1.09 g, 6.89 mmol) and triethyl
amine (0.96 mL, 6.89 mmol) in acetone (15 mL). After the 
addition was complete, the reaction mixture was stirred at room 
temperature for 20 min. The precipitated solid was collected 
and recrystallized from EtOH to give 6 (1.5 g, 53%) as a white 
solid: mp 212-214 °C. Anal. (Ci8H18ClN30«S2) C, H, N. 

l-[(4-Chloro-3-8ulfamoylphenyl)sulfonyl]piperazine(7). 
A suspension of 6 (2.4 g, 5.83 mmol) in an aqueous solution of 
10% Na2C08 (30 mL) was refluxed for 20 h. After cooling, the 
reaction mixture was adjusted to pH 8 by the addition of a solution 
of 6 N HC1. The precipitated solid was filtered off, washed with 
H20, dried, and recrystallized from EtOH giving 7 (1.9 g, 96%) 
as a yellowish-white solid: mp 274-276 °C dec; XH NMR i 2.55-
2.97 (8 H, m, piperazine CH2), 7.80-7.92 (2 H, m, H-5 and H-6), 
8.20 (1 H, d, J = 2.5 Hz, H-2). Anal. ( C U H M C I N S O ^ H J O ) C, 
H,N. 

N-(4-Chloro-3-8ulfamoylphenyl)-2-nitroethyleneamine (8). 
A mixture of 4-cUoro-3-sulfamoylaniline12 (11 g, 53 mmol) and 
l-chloro-2-nitroethane18 (24 g, 219 mmol) in dry THF (100 mL) 
was stirred at room temperature for 8 h. The mixture was then 
evaporated to dryness and the residue purified by flash chro
matography eluting with 1 % MeOH/CH2Cl2 to give 8 (4.3 g, 29 %) 
as a white solid: mp 142-145 °C. Anal. (CgHioClNAS) C, H, 
N. 

JV-(4-Chloro-3-sulfamoylphenyl)ethylenediamine (9). A 
stirred solution of 8 (3.7 g, 13.24 mmol) in absolute EtOH (400 
mL) was hydrogenated over Raney nickel (0.8 g) at room 
temperature and atmospheric pressure for 22 h. The mixture 
was filtered over Celite, and the filtrate was evaporated to dryness 
and purified by flash chromatography eluting with CH2CW 
MeOH/NH(C2H6)2 73:25:2 to give 9 (2.0 g, 61 %) as a white solid: 
mp 257-260 °C; 'H NMR 6 2.60-2.72 and 2.90-3.15 (each 2 H, 
m, NHjCffjCifjNH), 4.18 (4 H, br s, NH2 and S02NH2), 6.03-
6.20 (1 H, m, NH), 6.60 (1 H, dd, J - 3 and 8.4 Hz, H-6), 7.08 
(1H, d, J = 3 Hz, H-2), 7.14 (1H, d, J - 8.4 Hz, H-5); MS m/z 
249.7 (M+). Anal. (CgHuClNsO^) C, H, N. 

l-(4-Chloro-3-sulfamoylphenyl)piperazine (10). A mix
ture of bis(chloroethyl)amine hydrochloride (1.73 g, 9.68 mmol) 
and 4-chloro-3-8ulfamoylaniline (2 g, 9.68 mmol) in 1-butanol 
(60 mL) was refluxed for 48 h and then cooled. Anhydrous Kr 
C03 (1.33 g, 9.6 mmol) was then added and the mixture was 
refluxed for another 48 h. After cooling, the separated amorphous 
solid was filtered off and dissolved in H20 (10 mL) and the 
resulting solution was made basic (ca. pH 8) by the addition of 
a saturated aqueous NaHCOs. The white precipitate was 
collected, dried, and recrystallized from i-PrOH to give 10 (0.98 
g, 37%) as a snow-white solid: mp 215-217 °C; 'H NMR S 2.70-
2.95 and 2.98-3.20 (each 4 H, m, piperazine CH2), 6.98 (1H, dd, 
J - 3 and 9 Hz, H-6), 7.28 (1 H, d, J - 9 Hz, H-5), 7.37 (1H, d, 
J = 3 Hz, H-2); MS m/z 275.7 (M+). Anal. (CioHwClNsOsS) C, 
H,N. 

General Procedure for the Preparation of (Aryloxy)-
propanolamines lb-f, 2b-f, 3b-f. This procedure is illustrated 
for the preparation of l-[4-(4-chloro-3-sulfamoylbenzoyl)-l-
piperazmyl]-3-[(3,4-dmydro-3-oxo-2i?-l,4-benzothiazin-8-yl)oxy]-
propan-2-ol (lb). 

A mixture of piperazine derivative 3 (0.64 g, 2.11 mmol) and 
8-(2,3-epoxypropoxy)-3,4-dihydro-3-oxo-2H-l,4-benzothia-
zine7* (0.5 g, 2.11 mmol) in absolute EtOH (300 mL) was refluxed 
for 30 h. The solvent was then evaporated to dryness, and the 
solid residue was purified by column chromatography eluting 
with gradient of CHCI3 to 10% EtOH/CHCU to give lb (0.6 g, 
53%) as a white amorphous solid: mp 145-165 °C; XH NMR 6 
2.40-2.60 (6 H, m, CH2N(CH2)CH2), 3.30-3.70 (6 H, m, SCHj 
and CH2N(CO)CH2), 3.90-4.10 (3 H, m, OCif2Ctf (OH)), 4.90 (1 
H, br s, OH), 6.60 and 6.70 (each 1H, d, J - 8.1 Hz, H-5 and H-7 
benzothiazine), 7.10 (1H, t, J • 8.1 Hz, H-6 benzothiazine), 7.60 
(1H, dd, J - 8.3 and 1.7 Hz, H-6), 7.70 (1H, d, J - 8.0 Hz, H-5), 
7.75 (2 H, br a, S02NH2), 7.95 (1 H, d, J - 1.7 Hz, H-2), 10.50 
( l H . s , NH). Anal. (CaHjgClN^eSj) C, H, N. 

Binding Determinations. Pellets containing ft type adr
energic receptors were obtained from turkey erythrocyte mem-
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branes as described in the literature.14 [3H]Dihydroalprenolol 
(['H]DHA) obtained from New England Nuclear (NEN), having 
a specific activity of 99.9 Ci/mmole and a radiochemical purity 
>98.5%, was used as ligand. 

/S-Adrenergic receptor binding was determined as follows: 100 
ItL of membranes (431 Mg/mL of protein diluted 1:8 v/v) were 
incubated for 15 min at 37 °C with 6 nM [3H]DHA and 100 nL 
of various concentrations of the test compound (dissolved in 
DMSO 5%) in 90 mM sodium chloride and 12 mM Tris, pH = 
7.5 (total volume 1 mL). The incubations were stopped by adding 
3 mL of cold buffer followed by rapid filtration through glass 
fiber filter disks (Whatman GF/B). The samples were subse
quently washed with 4.5 mL of the same buffer and placed into 
scintillation vials; 10 mL of Filter-count (Packard) liquid 
scintillation cocktail was then added to each vial and counted 
using a scintillation spectrometer (Packard TRI-CARB 300C). 
Nonspecific binding was defined as nondisplaceable binding in 
the presence of 10 uM propranolol and specific binding as the 
difference between total and nonspecific binding. Blank ex
periments were carried out to determine the effect of the solvent 
(5 %) on binding. The concentration of the test compounds that 
inhibited [3H]DHA or binding by 50% (ICw) were determined 
by log-probit analysis with seven concentrations of the displacers, 
each performed in duplicate. The IC50 values obtained were used 
to calculate apparent inhibition constants (Hi) by the method of 
Cheng and Prusoff." The K{ values for the inhibition of [3H]-
DHA binding are reported in Table I and compared with tert-
butyl-l,4-benzothiazine derivative 4a, carteolol, and propranolol. 

Anti-Isoprenaline Activity. The /9-adrenoceptor blocking 
activity was studied in vivo by the inhibition of tachycardia 
induced by isoprenaline (INA) in rats.16 For this purpose 0.12 
Mg/kg of isoprenaline were injected intravenously (jugular vein) 
into male Wistar rats, weighing 250-300 g, previously anaes
thetized with sodium nembutal (55 mg/kg, ip). The increased 
in heart rate (HR) was evaluated by electrocardiograph. After 
several minutes, when the normal heart rate was restored, the 
test compound was administered intravenously, dissolved in 
DMSO, or orally, suspended in 1% gum arabic. Responses to 
isoprenaline were obtained 2 min after intravenous or 1 h after 
oral administration. Blank experiments were carried out to 
determine the effect of the solvent on the test. The comparison 
was made with two known ̂ -blockers: carteolol and propranolol. 
Three rats were used per group and the results are reported in 
Table I as EDw values obtained by log-probit analysis. 

Diuretic Activity. Groups of five male CD rats, weighing 
150-170 g, were used. All test compounds and hydrochlorothi
azide (HCT), as control drug, were orally administered dissolved 
or suspended in 25 mL/kg of saline. Control animals received 
25 mL/kg of saline only. The rats were starved and deprived of 
water for 18 h prior to the dosing and, after the administration 
of the test compounds, were immediately placed singly in 
metabolic cages. No food or water was supplied during the 
experimental period. Urine was collected during the 0-5-h 
interval in volumetric graduate cylinders and was analyzed for 
sodium and potassium by flame photometry. The results are 
reported in Table II. 
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