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Abstract: In the course of screening of potential leads for B,-receptor agonists, we found a novel jB,-
adrenoceptor selective agonist, S1319, from a marine sponge Dysidea sp. The active compound was isolated
and structurally characterized as 4-hydroxy-7-[1-(1-hydroxy-2-methylamino)ethyl]-1,3-benzothiazole-2(3H)-
one, a new member of the [,-adrenoceptor agonist. This is the first example of a sponge-derived f3,-
adrenoceptor agonist. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction

[3,-Adrenoceptor agonists are widely used as anti-asthmatic drugs in the treatment of reversible airway
obstruction. Isoproterenol has been the most popular 3-adrenoceptor stimulant but it has some disadvantages
such as causing tachycardia due to its low selectivity towards the airway. Therefore, many bronchodilators such
as trimetoquinol, " *’ salbutamol,* procaterol,* formoterol > and salmeterol,® which are selective for bronchial
smooth muscle, have been developed. These stimulants are either rationally OH

designed epinephrine mimetics. Our continued interest to find novel

H—C—CHZ—NH—CH3

bronchodilating natural products led to the discovery of S1319 (4-
hydroxy-7-[1-(1-hydroxy-2-methylamino)ethyl]-1,3-benzothiazole-2(3H)-
one), which is a novel benzothiazol-2-one analogue, from a marine sponge
Dysidea sp. We investigated the tracheal relaxing effect in guinea pig to ’\>:O
characterize its property. As a result, S1319 exhibited much more potent

tracheal relaxing activity than isoproterenol, and this activity seemed to be

mediated through B,-adrenoceptors. S1319 (1)

Isolation

A sample of Dysidea sp.” (8 kg wet wt.) collected in Okinawa was freeze-dried (935g) and extracted three
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times with CH,Cl,-MeOH (1:1) overnight. The extract was concentrated and partitioned between EtOAc and

H,0. The aqueous phase was concentrated to dryness and subjected to silica gel chromatography using stepwise
elution: CH,C1,-MeOH (1:1), CH,Cl,-MeOH-H,0 (3:1:0.1), and CH,Cl,-MeOH-H,0 (1:1:0.1). The active

fraction eluted with CH,Cl,-MeOH-H,0 was applied onto an activated carbon column and eluted with 70%

acetone (0.4% TFA). Finally, the active fractions were further purified by HPLC on ODS (YMC, SH-343-7)

using MeOH-phosphate buffer (pH 7.0) to afford S1319 (1) (4.8 mg).

Structure Elucidation

The molecular formula of 1 was ‘determined to be C,;H,,O;N,S by HRFABMS [calcd for (M+H)*
241.0636; obs, 241.0641]. Analyses of 'H and ’C NMR, 'H-'H COSY and 'H-'*C COSY spectra disclosed
the presence of CH(O)CH, (8, 5.03 and 3.26), NCH, (2.71), 1,2,3,4-tetrasubstituted benzene ring (6.80 and
7.00) and one carbonyl carbon (165.5), which accounted for five out of six degrees of unsaturation. Thus, one
more ring must be present in the molecule. The 'H and '*C NMR data are summarized in Table 1.

HMBC experiment on 1 proved the connectivities of the partial structures as shown in Figure 1. Treatment
of 1 in MeOH with ethereal diazomethane gave a dimethyl derivative 2 [NCH, (3,, 3.72, & 34.3) and OCH, (5,
3.92, 8. 57.7)]. HMBC experiments on 2 showed a long range coupling from OCH, to 8. 137.9 (C-4). NOE
was observed between OCH, and H-5. Thus a phenolic OH function could be placed at C-4. HMBC correlation
between NCH, (8, 3.72) and C-3a (3. 128.5) and a carbonyl carbon (8. 172.4) confirmed the connectivity from
C-2 to C-3a via a nitrogen atom (Figure 2). To complete the structure a sulfur atom was placed between C-2 and
C-7a, forming a 2-thiazolidinone ring. Thus the planar structure of S1319 (1) represents a benzothiazol-2-one

having an ethanolamine branch. It is the first isolation of a bronchodilator from a marine sponge.

Table 1. NMR data of S1319 in D,O

Position o, 8y (J,,,; in Hz) HMBC

] - - -

2 165.5 - -

3 - - -

3a 128.2 - HS5

4 144.7 - H6

5 115.6 6.83 (d, 8.5) -

6 124.2 7.00 (d, 8.5) CH

7 127.6 - CH, HS
7a 124.8 - CH, H6
CH 70.4 5.03 (dd, 4.3, 8.5) CH,, H6
CH, 55.8 3.26 (m) NCH,, CH
NH - - -

NCH, 35.6 2.71 (s) CH,
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Figure 1. Partial structures of 1 connected Figure 2.HMBC and NOE correlations
by HMBC correlation. for 2.
Biological Activity
Potency and selectivity of S1319 were 120 .
determined by measurement of displacement of 100 —O—S1319 —@-—Isoproterenol
['H]-CGP-12177 binding to human B,- and B,-
adrenoceptors.” S1319 showed selective inhibition g 8o
of P,-adrenoceptor binding relative to B, - -g 60
adrenoceptor binding. S1319 exhibited Kd values of % 40
@

120 nM and 51 nM for B,- and B,-adrenoceptor 20

membrane preparations, respectively. The antilog

0
delta -pK, value of 2.5 (delta-pK, B,-versus B,- 10" 10" 10" 10" 10° 10° 107 10* 10°
Concentration (M)

binding=0.39) confirms that S1319 is an order of
Figure 3. Relaxation in the isolated guinea pig

magnitude more selective for B,-adrenoceptors than trachea. Each point is the mean *+ S.E. of the
isoprotereno!” at the molecular level. To determine responses from four runs. O: S1319, @;
Isoproterenol.

whether S1319 is an agonist or antagonist, we
measured the ability of the relaxation of the tracheal muscle in the tissue bath following administration of
$1319.'” S1319 concentration-dependently relaxed the histamine-induced contraction of isolated trachea at 1 x
10"" M or less (Figure 3). The pD; value of 51319 was 10.60 + 0.06 (n=4). Based on the pD, value, the
relaxation effect of S1319 was 3300 times more potent than that of isoproterenol (pD, value of 7.08 % 0.07,
n=4) and the same potency as that of formoterol, an extremely potent and highly selective synthetic B,-
adrenoceptor agonist.'"

It was shown that in the catechol series, agonists more potent than epinephrine at B,-adrenoceptors were
obtained simply be replacing its N-methyl group by large non-polar substituents like isoproterenol.'? Though
S1319 and adrenaline have the same N-alkyl substitutent group, S1319 is seemed to be more potent than
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epinephrine'” and isoproterenol (Figure 3) on the relaxation of tracheabronchial muscle. Furthermore, S1319 is
similar to salbutamol in B,-adrenoceptor selectivity'”’ and is about 1000 times more active (unpublished
observation). These results suggest that benzothiazole-2-one derivatives having an ethanolamine branch are
potent selective B,-adrenoceptor agonists.

In conclusion, the potentiality of S1319 as a potent bronchodilator from a marine sponge is evident.
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