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Abstract — This article summarizes the series of studies that led to the recognition of the [(methyloxy)imino]methyl moiety (MOIMM) as a
bioisoster of aryl groups in the field of f-adrenergic blocking agents. © Elsevier, Paris
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1. Introduction

The difference between the two principal classes, A
and B, of p-blocking adrenergic drugs lies in the presence
of the OCH, group between the Ar portion and the
ethanolamine chain in type B derivatives. To explain the
similar pharmacological activity of the two classes of
drugs, several hypotheses have been advanced about the
mechanism through which the CH,—O-Ar portion of
class B agents can substitute for the single aromatic
moiety (Ar) of class A compounds in the drug-receptor
interaction [1-6].
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X-ray diffraction studies [7, 8] have shown (figure 1)
that the C;-0,-C,—C;5 atoms of class B drugs define a
plane, and the spatial relationship between this plane and
the ethanolamine side chain is the same as that observed
between the aromatic ring and the ethanolamine side
chain in class A drugs. On the basis of this observation,
it was hypothesised that the C;—0,-C,—Cs portion of
class B adrenergic $-blocking drugs might in some way
“simulate” the aromatic ring of class A drugs, and
therefore be bioisoster to the Ar group (figures 2a and
2b) [8].

Theoretical studies [9, 10] carried out on model com-
pounds, using type A and B drugs not substituted on the
amino group, confirmed that this C;—0,~C,—C; portion,
which only contains a part of the aromatic ring of type B
drugs, generates a molecular electrostatic potential
(MEP) similar to that of the aromatic ring of type A
compounds (figures 3a and 3b). This result suggested that
the particular electronic distribution suitable for interac-
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Figure 1. Perspective views of 2-arylethanolamine A and
3-aryloxypropanolamine B derivatives.
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Figure 2. Representation of the spatial correspondences exis-
ting between molecular portions of Ar (a), CH,~O-Ar (b),
MAOMM (¢), E-MOIMM (d), and Z-MOIMM (e), which may
account for their bioisosteric relationship.

tion with the [3-adrenergic receptor need not necessarily
be generated by an aromatic structure [11].

In order to verify these considerations, research was
started on compounds which, although lacking aromatic
groups, could generate this kind of pharmacophoric
electronic distribution and therefore carry out a
f-adrenergic blocking activity. The most straightforward
approach ought to have been the utilisation of the
vinylethereal f)drtion RR’C=CHOCH, but this group is
known to have a very low stability. On the contrary, a
[(methyleneamino)oxy]methyl moiety (C=NOCH,,
MAOMM), shown in figure 2¢ in its preferred conforma-
tion, seemed particularly suitable for this purpose [11],
bearing in mind that some aromatic oxime ether deriva-
tives possessing a B-blocking activity had been described
in literature [12-14].

On this basis, some completely aliphatic compounds
(C), designed as analogues of arylethanolaminic
B-adrenergic drugs (A) where the aryl moiety (Ar) is
replaced by the MAOMM, were synthesized [11].

The potent B-blocking properties of these C com-
pounds and a comparison of their chemical reactivity
(figure 3c) with that of type A drugs supported the
hypothesis of the existence of a bioisosterism between the
Ar and the MAOMM, at least in the field of adrenergic
drugs. This possible bioisosterism was then successfully
verified for non-adrenergic drugs in which the aryl
moiety seems to be important for activity, such as
anti-inflammatory arylacetic acids [15], B-lactam antibi-
otics [16], antidepressant agents [17] and biogenic amine
uptake inhibitors [18].

Figure 3. MEP of model compounds of f-adrenergic drugs of
types A. (a), B. (b), C. (¢), D. (d) and E. (e). The MEP was
calculated at ab initio STO-3G level and the isopotential
surfaces correspond to the value of -7 Kcal/mol.
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Table I. -adrenergic activity and radioligand binding affinity of MOIM (1, 2) and MAOM (3, 4) derivatives.

OH H
y)\/NHRI NHR
o _N J _0
R) R
1,2 3.4
[-adrenergic binding affinity K;(nM)* B-adrenergic activity pICs,*

Com- R R, Rat brain membranes Bovine lung membranes Isolated guinea-pig atria  Isolated guinea-pig tracheal
pound B B By strips (f3,)
1a Me i-Pr 1040 3500 491 5.48
2b Me ¢+Bu 1080 1400 4.86 6.01
2a Et i-Pr 1240 5600 4.81 5.36
2b Et t+-Bu 850 850 5.08 6.57
3a Me i-Pr 1480 7200 452 4.89
3b Me t+Bu 760 1980 4.87 5.39
4a Et i-Pr 2200 4580 4.81 492
4b Et t+-Bu 500 1260 4.58 5.81
dichloroisoproterenol 51 140 6.94 6.01

2 In order to simplify the table, the confidence limits and the standard errors of the biopharmacological data have been omitted.

2. (E)-MOIM derivatives [B-adrenergic drugs, in which the Ar or the MAOMM,

respectively, are substituted by the MOIMM [19].
In the MAOMM (figure 2c), the carbon of the CH,

linked to the oximic oxygen possesses a hybridisation The f-adrenergic properties of these compounds were
(sp*) and a geometry different from those of the corre- evaluated with both binding tests and functional experi-
sponding carbon of Ar (figure 2a) which possesses an sp? ments, and the results were compared with those of the
hybridisation. Furthermore, in the MAOMM, in the corresponding [(methyleneamino)oxyJmethyl isomers of
conformation shown in figure 2c, the unsaturated portion type C (3a, 3b, 4a and 4b) (table I).

(C=N) is_situated in pati i n : : aal doso /s

h _ - }
a 1
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These biopharmacological data indicated that in the
field of PB-adrenergic drugs, the MOIMM in the E
configuration appears to reveal a bioisosterism with aryl
groups which is analogous to the one already found for
the MAOMM. Furthermore, the fact that the biopharma-
cological properties of the MOIM derivatives (1 and 2),
which are similar to those of the MAOM derivatives (3
and 4) on f,-receptors, are appreciably better on f3,-
receptors, would appear to indicate that, at least on
B,-receptors, the atomic sequence CH,ON=C of the
MOIMM in the E configuration possesses a slightly
higher degree of bioisosterism with the aryl groups of
adrenergic drugs, compared with the C=NOCH, se-
quence of the MAOMM.

In order to rationalise the similar biopharmacological
properties of the MOIM and MAOM derivatives, their
conformational and electronic characteristics were evalu-
ated by means of theoretical studies [19]. The conforma-
tional data indicated that the two types of compounds
possess very similar conformational profiles. In particu-
lar, for the two model compounds 5 and 6 which
represent MOIM (1 and 2) and MAOM (3 and 4)
derivatives respectively, it is possible to obtain a good
superimposition of their structures in the low-energy
conformations (figure 4), thus obtaining, in the case of the
totally planar conformations, a nearly perfect correspon-
dence of the presumed pharmacophoric groups (MAOM
and MOIM moieties, alcoholic oxygen, and amino nitro-
gen).

As regards the electronic characteristics, an analysis of
the MEP of the MOIM, MAOM and Ar molecular
portions of the model compounds, shown in figure 3a, 3c,
and 3d, did not reveal substantial differences in chemical
reactivity.

These results indicated that the ability of the MOIMM
to substitute the MAOMM effectively as a bioisoster of
the Ar, at least in the field of $-adrenergic blocking drugs,
might be explained in terms of analogies in structural and
electronic characteristics [19].

The next step in this study was based on the observa-
tion that, overall, for the MAOM derivatives stud-
ied [15, 17, 18, 20], while an aromatic substituent linked
to the iminic carbon of the MAOMM is not essential for
the activity, it may be capable of improving it. In the case
of adrenergic drugs, an examination of our data [21] and
those reported in literature for other type C deriva-
tives {22] showed that compounds with an aromatic
substituent linked to the MAOMM possess -adrenergic
properties that are often better than those of completely
aliphatic compounds, especially as far as the affinity is
concerned.

OH OH
1)\/NHZ KK/NHZ
o _N N 0
Me) Me/[
5 6

Figure 4. Superimposition of the three lowest energy confor-
mers of 5 (solid line) and the three analogous ones of 6 (dashed
line); the picture was obtained by superimposing the ethanola-
minic portions of all conformers.

This observation suggested the idea of examining
whether, in the case of the MOIM derivatives of type D
also, the presence of an aromatic nucleus linked to the
CH, carbon of the MOIMM might have a positive
influence on the B-adrenergic properties of these com-
pounds [23].

Consequently, we’ synthesised and tested for their
[-adrenergic properties, a series of (E)-N-[3-(amino)-2-
hydroxypropylidene](arylmethyloxy)amines of type D
(table 1) in which the phenyl ring is not substituted (7a
and 8a), or substituted in the ortho, meta, or para position
by substituents that can have different electronic effects,
such as the methoxy group (7b—d and 8b-d) or the
chlorine atom (7e-g and 8e—g) [23].

An examination of the binding data for f,-
adrenoceptors indicated that most of the aromatic MOIM
derivatives 7 and 8 present an affinity for these receptors,
which is similar or slightly lower than that of the
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Table IL. -adrenergic activity and radioligand binding affinity of 7 and 8.

R

H
T
I
/N

7,8

B-adrenergic binding affinity K;(nM)?

B-adrenergic activity pICsg®

Com- R R, Rat brain membranes Bovine lung membranes Isolated guinea-pig atria Isolated guinea-pig
pound B B B tracheal strips (8,)
7a H i-Pr 2040 830

7b o-MeO  i-Pr 14900 2400

Tc m-MeO i-Pr 4700 430

7d p-MeO  i-Pr 6480 420

Te o-Cl i-Pr 2440 1140

7t m-Cl i-Pr 2160 420

Tg p-Cl i-Pr 2300 . 310

8a H -Bu 2000 380 5.10 6.89

8b o-MeO  +Bu 1010 700 435 6.10

8c m-MeO  -Bu 1870 370 4.60 6.48

8d p-MeO  +Bu 6580 130

8e o-Cl t-Bu 3300 250

8f m-Cl t+-Bu 1400 210 490 6.38

8g p-Cl t-Bu 310 98 5.13 6.77

2 In order to simplify the table, the confidence limits and the standard errors of the biopharmacological data have been omitted.

completely aliphatic MOIM derivatives 1 and 2, whose
biopharmacological data are shown in table I. Only in
the case of the N-tert-butyl-substituted p-chlorophenyl
derivative 8g did the affinity prove to be higher than that
of 1 and 2. For the MOIM derivatives that were submitted
to functional tests (8a—c, f, and g), the activity indices for
[3,-adrenoceptors were in quite good agreement with
those obtained in the binding tests.

As regards [,-adrenoceptors (table II), the results ob-
tained in the binding tests indicate that most of the
aromatic MOIM derivatives 7 and 8 possess an affinity
higher than that of the completely aliphatic analogues 1
and 2 (table I). Also on this [B-adrenoceptor, the p-chloro
MOIM derivative 8g possesses the highest affinity. The
results obtained for the MOIM derivatives 8a—¢, f, and g
in the functional tests carried out on guinea-pig tracheal
B,-adrenoceptors were in good agreement with the K;
values obtained in the binding tests.

The above results underlined the fact that for type D
compounds, the insertion of an aromatic system on the
CH, carbon of the MOIMM leads to different results in
the case of §,- or B,-adrenergic adrenoceptors. While this

type of substitution does not have any appreciable effects
on [3,-adrenergic properties, as regards the affinity and the
activity, it appears to be capable of improving the
B,-adrenergic properties as far as receptor affinity is
concerned.

Theoretical studies on the conformational (figure 5)
and electronic characteristics (zable III) of model com-
pounds of both completely aliphatic (5) and aryl-
substituted (9a—g) type D drugs, revealed that the pres-
ence of an aliphatic portion or an aromatic nucleus on the
CH, carbon of the MOIMM does not influence either the
conformational preferences or the molecular reactivity of
the remaining molecular portion. The only differences
that exist between the aliphatic (5) and the aromatic
(9a—g) model compounds lie in the different steric char-
acteristics and reactivity of the two kinds of substituent,
which might be responsible for the variations in affinity
towards f3,-adrenergic receptors that exist between com-
pletely aliphatic and aromatic type D compounds [23].

Among type A and B drugs, a separation in potency
exists between stereoisomers, with the activity residing
prevalently in the isomer in which the geometry of the
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Figure 5. Preferred conformation of 5 and 9a.

carbon adjacent to the hydroxyl group resembles that of
the same carbon in (R)-(-)-catecholamines [24—26]. The
capacity of the f-adrenergic receptor to recognise one of
the two enantiomers of type A and B drugs is commonly
explained [25] on the basis of the Easson-Stedman hy-

Table ITL. Molecular electrostatic potential values (V, Kcal/mol) of
compounds 5 and 9a—g on the molecular surface, calculated for the
optimized conformation.

H H
NHZ NHZ
j/N i
Me
5 9
R
Compound R V(P)* V(O)® V(N)°
5 - -33.5 -32.8
9a H -1.6 -35.7 -344
9b 0-MeO -2.8 -38.9 -37.6
9c m-MeO -3.5 -36.9 -35.5
9d p-MeO -3.1 -35.3 -32.2
9e o-Cl1 +3.7 -33.5 -32.6
9f m-Cl +3.5 -31.0 -30.0
9%g p-Cl +3.6 -30.6 -28.9

* Mean MEP value on the phenyl ring; ® Minimum MEP value
generated by the oxygen atom of the MOIMM; © Minimum MEP
value generated by the nitrogen atom of the MOIMM.

pothesis [27] of a three-point attachment for active chiral
molecules, assuming the Ar-hydroxy-amino or ArOCH,-
hydroxy-amino triads as pharmacophores.

The enantiomeric forms of type C drugs do not display
any appreciable differences in f-antagonistic activ-
ity [26, 28, 29]. This unusual absence of stereochemical
selectivity for chiral active molecules has been attributed
to the considerable flexibility of type C compounds, in
particular around the OCH, bond, which causes the
amino group, the hydroxyl and a part of the MAOMM
and its substituents to be practically superimposable in
the enantiomeric forms [28, 29].

In view of the possibility of developing type D
compounds as new f-blocking agents, it appeared to be of
interest to verify whether the chirality of drugs of this
new class influences the biopharmacological
B-adrenergic characteristics, as in the case of compounds
of types A and B, or is devoid of any influence, as in the
case of compounds of type C. Consequently, the enanti-
omers of the type D compound (R, S)-8g, which, as a
racemate, exhibited the highest affinity for the
[-adrenoceptors ((S)-8g and (R)-8g) (table IV) and of the
corresponding  N-isopropyl-substituted analogue (R,
$)-7g ((5)-7g and (R)-7g) were synthesized and subjected
to in vitro binding and functional tests on
p-adrenoceptors [30].

In both types of experiments (table V), the
B-adrenergic properties of the enantiomers with the S
configuration ((S)-7g and -8g) were better, even if not
always markedly so, than those of the corresponding
enantiomers with the R configuration ((R)-7g and -8g).
Moreover, the racemic compounds (R, S5)-7g and 8g
showed affinity and activity indices whose values were
intermediate between those of the corresponding enantio-
meric forms [30].

As a result, compounds (S)-7g and -8g, in which the
geometry of the chiral carbon adjacent to the hydroxyl
group resembles that of the natural catecholamines with
the R configuration, proved to interact better with
B-receptors, even if the stereochemical selectivity among
the enantiomeric pairs is not so marked as in type A or B
B-adrenergic blocking drugs. Furthermore, for MOIM-
type B-blocking agents (D), the chirality seems to influ-
ence the biopharmacological B-adrenergic characteristics,
as is the case for type A and B drugs, but in contrast with
findings for MAOM-type drugs (C).

An explanation for the different behaviour of type D
compounds compared with type C compounds may be
offered by an examination of the molecular structures of
compounds (5)-7g and -8g and (R)-7g and -8g. For the
enantiomeric forms of type D derivatives, the fact that
their N=CHCH(OH) portion is more rigid than the
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Table IV. B-adrenergic activity and radioligand binding affinity of MOIM enantiomers 7g and 8g.

H
(Lm
|

o’N

OH

(R)-7g, 8g

{-adrenergic binding affinity K;(nM)*

[3-adrenergic activity pICs,*

Compound R Rat brain membranes Bovine lung membranes Isolated guinea-pig atria  Isolated guinea-pig tracheal
(G)) B B strips (B,)
S)-7g i-Pr 1100 263 481 6.10
(R)-7g i-Pr 3 660 1840 423 597
(RS)-7g i-Pr 2300 310 4.62 6.05
(S5)-8g +-Bu 119 75 542 7.27
(R)-8g +-Bu 2620 350 4.54 6.30
(R,S)-8g tBu 310 98 5.13 6.77

a In order to simplify the table, the confidence limits and the standard errors of the biopharmacological data have been omitted.

corresponding OCH,CH(OH) moiety of compounds C
makes it impossible to find conformations which allow a
quasi-superimposition of the enantiomers, of the kind
used to explain the absence of stereochemical selectivity
in type C compounds [30].

3. (Z)-MOIM derivatives

In the design of D compounds, the type of configura-
tion (E) of the MOIMM was chosen [19] because in this
configuration, the atomic sequence CH,ON=C appeared
to present greater steric and electronic analogies with an
Ar than in the Z configuration (figure 2).

Furthermore, the results obtained with the previously
studied type D derivatives [19, 23] did not exclude the
possibility that, at least in the field of B-adrenergic
antagonists, the MOIMM might be bioequivalent to the
Ar and the MAOMM, even if its atomic sequence is
arranged in a different way from the one shown by the
MOIMM with the E configuration. On the basis of this
consideration, compounds of type E, 10 and 11 (table V)
which differ from those of type D previously studied (7
and 8) in their configuration around the imino double
bond of the MOIMM, which is of type Z instead of E,
were synthesised and evaluated for their B-adrenergic
properties [31].

A comparison of the results obtained for the Z-MOIM
derivatives 10 and 11 (zable V) with those previously
obtained for their corresponding isomers with the E

configuration 7 and 8 (zable 1I) [23] demonstrated that for
the MOIM-type aminoalcohols studied (7, 8, 10 and 11)
the B-adrenergic properties, as far as both the affinity and
the activity are concerned, are substantially independent
of the configuration around the MOIM double bond (E or

Z) [31].

A comparison of the conformational (figure 6) and
electronic properties (figures 3d and 3e) of the model
compounds 9a and 12, of the E- (7 and 8) and Z-MOIM
(10 and 11) compounds respectively, determined by
means of molecular calculations, revealed that, in spite of
the differences in the steric characteristics due to the Z or
E configuration, at least at the level of the spatial position
of the arylmethyloxy group (ArCH,0), the two kinds of
compounds present some important analogies in their
molecular reactivity. In particular, the reactivity pattern
(figures 3d and 3e) of the two configurational isomers is
very similar not only in the ethanolaminic portion, but
also at the level of the O-N=C atomic sequence [31].
This fact suggested that for the interaction of the MOIM-
type compounds 7, 8, 10 and 11 with 3-adrenoceptors, the
fundamental role may be played by the atomic sequence
O-N=CH(OH)CH,NH. Moreover, the E- and Z-MOIM
analogues possess analogous adrenergic properties, even
if they present different steric characteristics linked to the
different spatial arrangement of the benzylic moiety, with
respect to the remaining portion of the molecule. This fact
could be explained either by excluding the possibility of
a direct interaction of the aryl with the appropriate
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Table V. B-adrenergic activity and radioligand binding affinity of Z-MOIM derivatives 10 and 11.

R

OH
NHR,

10,11

B-adrenergic binding affinity K,(nM)?

B-adrenergic activity pICs,?

Compound R R, Rat brain membranes Bovine lung membranes Isolated guinea-pig atria  Isolated guinea-pig
B B2 B tracheal strips (8,)

10a H i-Pr 3800 680

10b o-MeO  i-Pr 11000 1700

10c m-MeO  i-Pr 3000 1 500

10d p-MeO  i-Pr 9200 460

10e 0-Cl i-Pr 2100 480

10f m-Cl i-Pr 3100 940

10g p-Cl i-Pr 4900 310

11a H +-Bu 690 120 4.39 6.51

11b 0-MeO  -Bu 1900 490

11c m-MeO rBu 220 490 4.78 6.04

11d p-MeO  +Bu 5800 130

11e 0-Cl t-Bu 1200 77 4.80 6.72

11f m-Cl t-Bu 760 140 4.52 6.03

11g p-Cl t-Bu 2400 210 431 6.53

* In order to simplify the table, the confidence limits and the standard errors of the biopharmacological data have been omitted.

receptor sites, or by hypothesizing the presence of two
different binding sites for the aryl groups of the two types
(Z or E) of MOIM compounds [31].

4. Conclusions

The above-described studies indicate that the
MOIMM, independently of its configuration around the
oximic double bond, may be considered as an effective
tool for the study of non-aromatic 3-blockers and there-
fore for the development of novel -blocking agents. The
MOIMM might also prove to be useful in classes of
non-adrenergic drugs, in which the presence of an Ar
group would appear to be important for the activity.

References

[1] Ariéns E.J., Ann. NY Acad. Sci. 139 (1967) 606-631.

[2] Barrett AM.,, in: Ariéns EJ. (Ed.), Drug Design, Academic Press,
New York, 3Vol 1972, pp. 205-228.

[3] Dangoumau J., Barrans Y., Cotrait M., J. Pharmacol. 4 (1973) 5-18.

e
.

Figure 6. Compounds 9a (thinner line) and 12 (thicker line) in
their preferred conformations.



(4]

{51
[6]

(7]

(8]

91
[10]
[11]
[12]
[13]
(14}
[15]
{16]

(17

Kaiser C., Jen T., Garvey E., Bowen W.D. et al., J. Med. Chem. 20
(1977) 687-692.

Jen T., Kaiser C., J. Med. Chem. 20 (1977) 693—698.

Lovgren K., Hedberg A., Nilsson I.L.G., J. Med. Chem. 23 (1980)
624-627.

Ammon H.L., Howe D.B., Erhardt W.D. et al., Acta Crystallogr.
Sect. B B33 (1977) 21-29.

Ammon H.L., Balsamo A., Macchia B. et al., Experientia 31 (1975)
644-645.

Macchia B., Macchia F., Martinelli A., Eur. J. Med. Chem. 15 (1980)
515-520.

Macchia B., Macchia F., Martinelli A., Eur. J. Med. Chem. 18 (1983)
85-90.

Macchia B., Balsamo A., Lapucci A. et al., J. Med. Chem. 28 (1985)
153-160.

Martani A., Magli M., Orzalesi G. et al., Farmaco. 30 (1975)
370-379.

Leclerc G., Mann A., Wermuth C.G. et al., J. Med. Chem. 20 (1977)
1657-1662.

Meshcheryakova L.M., Orlova E.K., Senova Z.P. et al., Khim. Farm.
12 (1978) 50-54.

Macchia B., Balsamo A., Lapucci A. et al., J. Med. Chem. 33 (1990)
1423-1430.

Balsamo A., Broccali G., Lapucci A. et al., J. Med. Chem. 32 (1989)
1398-1401.

Balsamo A., Lapucci A., Macchia M. et al., Il. Farmaco. 49 (1994)
77-82.

(18]
(19]
[20]
(21]
122
[23]
(241

[25]
[26]

27}
[28]

[29]
[30]

(31]

291

Balsamo A., Lapucci A., Lucacchini A. et al., Eur. J. Med. Chem. 29
(1994) 967-973.

Macchia B., Balsamo A., Breschi M.C. et al,, J. Med. Chem. 37
(1994) 1518-1525.

Lapucci A., Macchia M., Martinelli A. et al., Eur. J. Med. Chem. 29
(1994) 33-39.

Balsamo A., Breschi M.C., Chini M. et al., Eur. J. Med. Chem. 27
(1992) 751-764.

Himber J., Velly 1., Kintz B. et al., Methods Find. Exp. Clin.
Pharmacol. 11 (1989) 315-321.

Balsamo A., Breschi M.C., Chiellini G. et al., Eur. J. Med. Chem. 30
(1995) 743-755.

Main B.G., in: Comprehensive Medicinal Chemistry. Pergamon
Press, Oxford, 3, 1990, pp. 187-227.

Ruffolo R.R. Jr., Tetrahedron 47 (1991) 9953-9980.

Leclerc G., Amlaiky N., Rouot B., Eur. J. Med. Chem. 17 (1982)
69-74,

Easson L.H., Stedman E., Biochem. J. 27 (1933) 1257-1266.

Baldwin 1.J., McClure D.E., Gross D.M. et al., J. Med. Chem. 25
(1982) 931-936.

Bouzoubaa M., Leclerc G., Rakhit S. et al., J. Med. Chem. 28 (1985)
896-900.

Balsamo A., Breschi M.C., Chiellini G. et al., Eur. J. Med. Chem. 31
(1996) 199-206.

Balsamo A., Breschi M.C., Chiellini G. et al., Bioorg. Med. Chem.
Lett. 6 (1998) 1-10.



