AO DE SOUZA DG PEREIRA’ y
N DURAN'
1Q, UNICAMP BRAZIL
' UNIMEP BRAZIL
NCA UMC, BRAZIL

Structure and Activity of Aromatic Propenamine
Derivatives

Contents
Abstract
Introduction
Antihistaminic Agents
Inhibitors of 5-Hydroxytryptamine (5-H) and Noradrenaline Uptake
Anti-tripanosomatid Activity
Cytotoxicity on V79 Cells
Antimycobacterial Activity
Cytotoxicity and Cancer
Antifungal Chemotherapy
Metabolism of Allylamines
Synthesis and Separation of the Geometric Isomers
Concluding Remarks
References

Abstract

This review reports aspects related to the structure and biological activities
of compounds possessing the aminoallyl group in their structures (propenamines). The
compounds were classified depending on the pharmacological effect as antihistaminic
agents, inhibitors of 5-hydroxytriptamine (5-HT) and noradrenaline (NE) uptake, anti-
tripanosomatid, antimycobacterial or as antifungic activity. Cytotoxicity on mammalian
cells is also described as well as the importance of some geometric isomers on the biological
effect.
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introduction

The aminoallyl propenamine moiety (Figure 1) is present in some important
clinically available drugs such as antidepressant, antifungal and antihistamic agents.
Compounds possessing this structural unit have also been investigated as possible ant-
infective agents, particulatly in tuberculosis, Chagas disease and Leismaniasis models.
This article deals with the main structural aspects relateéd to their biological activities.

Ar N, , Rl
C=CH—CH;—N

Ar ) R2
Figure 1. General formulae of the diarylpropenamine moiety. Ar, and Ar, are usually aromatic rings and the
nitrogen is often tertiary linked to methyl groups.

, These compounds will be grouped depending on the pharmacological effect
they have as antihistaminic agents, inhibitors of 5-HT and noradrenaline uptake, anti
tripanosomatid or antimycobacterial activity. Cytotoxicity on mammalian cells is also
described as well the importance of some geometric isomers on the biological effect.

It is important to note that there has been no investigation of the antihistaminic
properties and also of the antitripanossomatid or antimycobacterial activities of these
compounds. This consideration should be taken into account since there is similarity among
the structures of these chemicals.

Antihistaminic Agents

54

Histamine is known to play an important role in different physiological and
pathophysiological processes; it increases vasodilatation, vascular permeability, smooth
muscle contraction and gastric acid secretion, modulates various immune functions and is
involved in neurotransmission. A large quantity of histamine is released from mast cells,
basophil granulocytes and histaminergic neurons in the central nervous system (Mitsuhashi
& Payan, 1992; Watanabe ef @/, 1990). Histamine can act not only on cell surface receptors
(H1, H2 and H3 receptots), but may also bind to intracellular binding sites like cytochrome
P450 enzymes (LaBella ¢# 4/, 2000; Brandes ¢ 4/, 2000; 1992). Acting as an autocrine or
intracrine mediator, histamine may have a possible role in cell proliferation, differentiation,
hematopoiesis, embryonic development, regeneration and wound healing (Artuc e al,
1999; Dy et 4/, 1993; Endo ez 4/, 1992).

Histamine is made up of an imidazole ring that can exist in two tautomeric .
forms (Figure 2). Two-carbon chain with a terminal O-amino group are attached to the
imidazole ring. Whenever cell damage occurs, histamine is released and stimulates the
dilation and increases the permeability of small blood vessels. The advantage of this to
the body is that defensive cells (e.g. white blood cells) are released from the blood supply
into an area of tissue damage and are able to combat any potential infection. The release
of histamine can also be a problem. When an allergic reaction o irtitation is experienced,
histamine is release and produces the same effects when they are not really needed.

The eatly antihistamine drugs were therefore designed to treat conditions such
as hay fever, rashes, insect bites or asthma. Two examples of these early antihistamines
are Mepyramine and Diphenydramine (Figure 2).

It is known that histamine could also stimulate gastric acid release. However,

ARBS Ann Rev Biomed Sci 2002;4:53-78



conventional antihistaminic failed to have any effect on gastric acid release and also failed
to inhibit other actions of histamine. The scientists therefore proposed the existence of
two different types of histamine receptors. Conventional antihistaminics known in the
eatly sixties were already selective in that they were able to inhibit the histamine receptors
involved in the inflammation process (classified as H1-receptors) and were unable to
inhibit the proposed histamine receptors responsible for gastric acid secretion (classified
as H2-receptors).

An important unwanted side effect of H1-antagonists is their sedative activity.
Until now only a few non-sedative antagonists are known, but it is not clear why some
compounds are sedative and others are not. Only two modeling studies dealt with the
sedative properties of H1-antagonists (Batbe e a/, 1983; Pepe ¢f al, 1989).

Cinnatrizine, 1-(diphenylmethyl)-4-(3-phenyl-2-propenyl)-piperazine (Figure 2),
is a piperizine derivative that, besides its usefulness as antihistaminic for the symptomatic
management of nausea and vertigo in labyrinthine disturbance and for prevention of motion
sickness, is used in the treatment of vascular disorders (Reynolds, 1989). Its mode of
action seems to involve inhibition of Ca?* entry to the inside of the cell (Godfraind &
Kaba, 1969).

HN \ . N\ .
E>—CH20H2NH3 “-_->_CHZCH2NH3

Tautomeric forms of Histamine
L, O
CHOCH,CH,N(CH;), GC. .

H Q
@NCHZCHzN(CHa)z E ﬁa N N-cH

¢H.
Mepyramine Diphenydramine Cinnarizine

Figure 2. Chemical structures of Histamine, Mepyramine, Diphenydramine and Cinnarizine.

‘The diatylpropenamine unit is present in both Phenindamine and Mebhydrolin
(Figure 3), in which the aminoalkyl side chain becomes part of a heterocyclic system.
These drugs are of particular interest because their rigid ring structures with a fixed distance
between important pharmacophores help to define structural requirements for H1
antagonistic activity (Di Bella ez 4/, 1995).

Structure-activity studies on antihistaminic agents revealed that the presence
of a planar diarylpropenamine ArC=CH-CH,N unit and a pyrrolidino ring as the side
chain tertiary amine is important for antihistaminic activity (Waringa e# a/, 1975; Riley &

\ 7

N
/
HC

Phenindamine Mebhydrolin
Figure 3. Chemical structures of antihistaminic agents sharing the propenamine unit
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DeRuiter, 1998). Triprolidine, Pyrrobutamine and Acrivastine represent such drugs (Figure
4). Giving the important differences in activity of their individual isomers, they are
commercialized as the E isomers (Riley & DeRuiter, 1998). Triprolidine, as its hydrochloride
salt, is the most active as the (E)-2-[1-(4-methylphenyl)-3-(1-pyrrolidinyl)-1-propenyl]-
pyridine isomer (Di Bella ez 4/, 1995).

o
Q ﬁ:@ ) ﬁ;@

H,C HC
Triprolidine Pyrrobutamine Acrivastine

H,C

Figure 4. Chemical structures of Triprolidine, Pyrrobutamine and Acrivastine.

Actrivastine (Figure 4) differs from Triprolidine by the presence of a
carboxyethenyl group at the 6-position of the pyridyl ring, The enhanced polarity of this
group limits the blood-brain batrier penetration and thus acrivastine produces less central
effects than triprolidine (Cohen e# 4/, 1985*%; Mann ¢ 4/, 2000; Plember van Balen ez al.,
2001).

Propenamines of the Triprolidine class are of special value as probes of the
histamine H1 receptor because of the rigid nature of much of their molecular framework,
that allows investigation of the requirements of the two aromatic binding sites, proximal
and distal, to the electrostatic site of the receptor. The antihistaminic, Triprolidine (which
has the E configuration) and its cotresponding Z-isomer provide 2 frequently quoted
example of a geometrically isomeric pair whose members differ substantially in their
biological potencies (Casy, 1989). Table 1 summarizes the chemical structures of some
derivatives of Triprolidine.

Isomers of Triprolidine having the a-pyridylethylene type of structures (i.e. E
2-pyridyl/CH N isomers) showed high and specific antihistaminic activity and the other
isomer of each pair was considerably less active (Adamson ef 4/, 1951). Triprolidine bound
stréngly to guinea-pig cerebral cortex and its affinity constant (Ka) was about 100 times
that of its Z-congener. The E:Z Ka rato for Triprolidine and its geometrical isomer is
one-sixth to one-tenth of the values recorded in the gut-bath experiments, a result which
may suggest that H1-receptor sites of guinea-pig ileum and cerebellum are not identical.
The Ka ratio of the geometrical isomers, E/Z of 4-chlorophenyl detivatives (Trip Der 4)
was 44, a value inferior to that of the Triprolidine as a result of the relatively greater
affinity of the halogenated Z isomer. In the E-series of the Triprolidine derivatives,
replacement of 4-methyl by 4-ethyl had little influence upon affinity, while small decreases
were observed following substitution by chlorine or bromine. Replacement of 2-pyridyl
of Triprolidine by 3-pyridyl led to a product of a remarkably high affinity, exceeding that
of the parent. This result was surprising in view of the low potency of the E-analogue of
Zimelidine on guinea-pig ileum and rat cerebellum sites (5-6% that of (+)-
bromopheniramine (Hall & Ogren, 1984), although the potency-raising influence of
pyrrolidino (as in Tripr Der 7) over dimethylamino is well known (Ison & Casy, 1971).
The Z-4-pyridyl (Ttip Der 8) analogue, like other geometrical isomers of this configuration,
had a Ka value in the 10" M range rather than 10° as found for E-congeners.

In an assay to evaluate the ability of these compounds to protect rats against
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Table 1. Chemical structures of Triprolidine Ar CH,R,
and its detivatives (E/ Z). —
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Triprolidine derivatives (Trip Der 1 -18)
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alethal dose of compound 48/80 (a mixture of oligomers recognized as a potent histaminic-
releasing agent) (Niemegeer ¢ 4/, 1978), Triprolidine stands out as the most effective
protecting agent. Trip Der 4, Trip Der 10, Trip Der 11 and 3-pyridyl analogues wete all
effective at a dose of 10 mg kg''; of these only the 3-pyridyl derivative (Trip Der 7) was
effective at 2.5 mg kg™'. All these derivatives belong to the E configuration series; the Z
analogue (Trip Der 4) was ineffective at 10 mg kg'. The Z-4-pyridyl analogue (Trip Der
6), although of similar (low) affinity to Z-Ttip Der 4 at central sites, proved the more
effective protecting agent. These data are in reasonable accord with the in vitro potency
findings (Casy ef 4/, 1992°%).

Triprolidine was employed to study the presence and the characterization of
the role of the endogenously produced histamine during ## vi#re dendritic cell differentiation
induced by intetleukin-4 and granulocyte-monocyte colony stimulating factor (GM-CSF).
During #n vitro differentiation, parallel culture incubation was performed by adding H1
receptor antagonist Triprolidine and other factors. The results showed simultaneously
increase on both histidine decarboxylase level and histamine content during differentiation
of elutriated monocytes toward dendritic cells. The H1 blocker Triprolidine decreased the
expression of CD45 from day 3 around 60-80% of control value. These results suggest
that locally generated histamine is involved in the expression of CD40 and CDA45
(Szebetenyi et al, 2001).

The antihistaminic potencies of the 3-amino-1,1-diarylprop-1-enes and related
compounds, were measured by their ability to antagonize the histamine-induced contraction
of the guinea-pig ileum (Ison & Casy, 1971).

Between the compounds Ttip Der 1/13 and Ttip Der 14/15, there was a
pronounced enhancement of potency followed by replacement of dimethylamino by 1-
pyrrolidino in 3-amino-1-aryl-1-(2-pyridyl) propenes. A similar observation was previously
observed by White e 4/ (1951). Casy & Ison (1970) reported that 1,2-diaryl-4-
(1,pyrrolidino) butenes (Figure 5) also possess significant antihistaminic potencies and
there appears to be a diminished stereospecific dependence upon activity amongst 4-(1-
pyrrolidino) butenes compared with those found for 4-dimethylamino and 4-piperidino
analogues. Both E and Z but-1-enes are moderately potent while the E but-2-ene has a
pA2 (refetring to their competitive antagonistic activities) approaching 8. Pyrrobutamine,
the Z analogue of the last compound, which is in clinical use was confirmed as a very
potent antihistaminic agent but its pA2 is not known because it had a non-competitive
mechanism of action.

EBut-1-ene ZBut-1-ene E But-2-ene
Figure 5. Chemical structures of 1,2-diaryl-4-(1-pyrrolidino)butenes (E But-1-ene, Z But-1-ene, E But-2-ene).

uantitative structure activity relationships (QSAR) analyses indicated that

the two aromatics rings and a basic amino group are essential for receptor binding (Borea

eet al., 1986) and at least seven classes of classical H1-antagonists bind at the same
receptors site (Terlaak ez al, 1992).

There is ample evidence of the stereoselective nature of H1 histamine receptors
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(Casy, 1989; Casy et al,, 1992*"). The configuration of a chiral center close to the diaryl
unit of the molecule is very important to the biological activity. Receptor sensibility to the
disposition of the two-atyl groups about a benzylic carbon is also apparent in antihistaminics
of the aminopropene type.

Isomers derivatives of Triprolidine (configuration E for 2-pyridyl, Z for phenyl)
had higher affinities than cotresponding Z(2-pyridyl) or E(phenyl) isomers, while receptor
stereoselective are maintained in the less potent 3-pyridyl analogues.

An essentially coplanar ArC=CCN arrangement has previously been advanced
as an important requirement for antihistaminic activity in 1,1-diaryl-prop-1-enes and 1,2-
diarylbut-2-enes (Cason & Ison, 1970). Although direct compatison of Trip Der 16 (E/Z)
and the unsubstituted phenyl analogues - Trip Der 1 (E/Z) is not possible because the
two sets of isomers were tested on separate occasions, it is clear that (i) both the E and
E/Z mixture [Trip Der 16 (E/Z)] are significantly active, (i) the E derivative of Trip
Der 16 is mote potent than the Z isomer of Trip Der 16 and (iii) the E ortho-tolyl
derivative of Ttip Der 16 is more potent than the phenyl congener Trip Der 1. The factors
which increase the deviation of the Ar' and C=C planes in antihistaminic of structure I
have an advantageous effect upon potency either in terms of association of Ar' at the
receptor or because of a concomitant increase in the population of planar ArC=C
conformers (Ison & Casy, 1971).

From a pharmacological point of view, the results raise the question of the
general superiority of 2-pyridyl over phenyl and substituted phenyl as the aryl group E to
aminomethyl in antihistaminic drugs of structure I (Figure 1). This appears to be true
when the choice is between 2-pyridyl and p-chlorophenyl or p-tolyl but is less certain in
the case of phenyl itself in view of results on 1,1-diphenyl-3-pyrrolidinoprop-1-ene (Trip
Der 14). The significant potency of the E/Z mixture (Trip Der 18) further demonstrates
that non-pyridyl containing analogues of structure I retain pronounced antihistamine
properties while the lower activity of Trip Der 17 compared with Trip Der 14 shows that
phenyl is preferred to p-tolyl as the aromatic group E to CH N in L

Waringa and Nauta (1975) synthesized several derivatives of structure I (R1
e R2=-CH3) related on Table 2, which were denominated Type B. In these compounds
para substitution of the phenyl ring occurs at the expense of the anti H1 activity when the
corresponding nucleus (the E-nucleus) in B-1 is substituted in para-position (B-4). A para-
methyl group in the other nucleus exerts an opposite effect; B-3 has a receptor affinity
which is 7 times greater than that of the unsubstituted compound B-1. When both phenyl
nuclei are provided with a para-methyl group (B-2), an even smaller antagonistic activity
results. In Table 2, can observe that activity decreases as the para-alkyl group on the E-
nucleus becomes bulkier. No pA2 could be calculated for the tert butyl compound and
activities tabulated refer to compounds separated into their E/Z-isomers by means of

fractional crystallization.

The determination of the antagonistic activity of mixtures of optical isomers
(Type B) by Batlow et al. (1972) indicates that even traces of contamination may have a
substantial influence on the pA2 value measured for the least active compound. If the E-
isomer should completely lack affinity for the receptor, the presence of as little of 1.6%
of the Z-isomer would account for the observed pA2 value. This may explain why the di-
para-substituted compound B-2 seems to be less active than B-4, whilst a para-methyl
group on the Z-nucleus is supposed to have a positive effect (B-3 and B-1).

The ability of ortho substituents in the Z-phenyl ring (B-13 and B-15) to
decrease activity might be related to the influence of these groups on the orientation of
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Table 2. Chemical f Diaryl i \ ICH3
able 2. Chemical structures of Diaryipropenamines. ,
Ar ﬁ N\
CH,
Type B Ar Ar' PA, PD,’
B-1=Trip Der 15 @_ @_ 746 5.06
B-2 He D H,c—®— 5.85 535
B-3 @_ 8.46 6.34
H,c—< }—
B-4 @_ e D 6.68 5.04
B-6 @ CH,HZC@ 636 | 5.37
B-8 H 554 5.03
CH,
B-10 CH, - 5.25
CH,
B-13 ECHa : 6.13 542
CH,
B-15 7.08 538
HiC—4 ?— O
CH,
B-21 — 7.38
O | G
B-23 — 8.22
H:IC < > \ Nf
B-26 R 5.6
N= Q_
B-28 = 585
"\ <)
*values + 0.3
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the ring, In this respect, Watinga e# a/. (1975) are not in agreement with the suggestion of
Ison and Casy (1971) that "factors which increase the deviation of the Z-phenyl and C=C
planes have an advantageous effect on potency". Ortho-methyl substitution also lowers
activity in the diphenhydramine series (Rekker e# 4/, 1975; 1971). Ison e a/. (1973) claims
that in diphenyl-aminopropenes replacement of the phenyl group E to the aminomethyl
group by a 2-pyridyl group increases the pA2 (anti H1) by half 2 unit whilst a similar
replacement of the other ring decreases the pA2 by the same factor.

Rekker ef al. (1972) showed that the ant H1 activities of pyridyl analogues in
diphenhydramine detivatives indicated that replacement of a phenyl group by a 3-pyridyl
group lowered activity whilst the introduction of a 2- or 4-pyridyl group had virtually no
positive effect. Howevet, it is already clear that replacement of a Z-phenyl group by 2 3-
ot 4-pyridyl group markedly reduces affinity. Replacement of the E-phenyl group appears
to have no measurable effect on activity (B-1 and B-21, B-3 and B-23).

Dismissing this discussion, Waringa e# /. (1975) concluded that for a
compound of the diarylpropenamine type to have sufficient anti H1 activity the following
requirements should be satisfied: (i) the E-atyl ring may be a phenyl or a 2-pyridyl ring,
preferably lacking 2 substitute in the para-position; (ii) the Z-aryl ring may be a phenyl or
a benzyl group; a 3-pyridyl or a 4-pyridyl ring is unfavorable; (i) the Z-aryl ring should
pteferably have a methyl group or a halogen atom in the para-position; (iiii) the Z-aryl ring
should not be substituted in the orzho-positions. a

Iinhibitors of 5-Hydroxytryptamine (5-HT) and Noradrenaline
(NE) Uptake ‘

The hypothesis involving the biogenic amines, especially 5-Hydroxytryptamine

(5-HT) and Norepinephrine (NE) (Figure 6), in the etiology of depression (Schildkraut,

1965; Coppen, 1967) has aroused interest in the search for selective inhibitors of

neuronal 5-HT and NE reuptake. Almost all tricyclic antidepressants (TCAs) are able

to block neuronal reuptake of 5-HT and NE, and accordingly, increase synaptic availability

of these neurotransmitters in the central nervous system stimulating the adrenergic activity

(Isaacson, 1998). A series of substituted diphenylpropenamines, sharing structural

similarities with TCAs, revealed to be also potent inhibitors of 5-HT uptake and had

comparable activities with clinically effective tricyclic antidepressants. Particularly the

monomethylamino compounds R, = H; R, = -CH)), in which one of the two-pheny!

CHCH,N(CHy,
(CHN(CH,), (CH,,NHCH,
Amitryptyline Imipramine Desipramine
NH, OH
O O HO HO NH,
| ‘ H
CH(CH,),NHCH, N HO
H o
Nortriptyline Hydroxytryptamine (5-HT) Norepinephrine (NE)

Figure 6. Chemical structures of Amitriptyline, Imipramine, Desmethylimipramine (Desipramine),
Nortriptyline, Hydroxytryptamine (5-HT) and Norepinephtine (NE).

De Souza AO ¢f 4/, - Aromatic Propenamine Derivatives 61



62

groups was substituted by a halogen (F, Cl, Br) at the para-position, were the most active
members of this series (Jones et a4/, 1971).

Regarding NE uptake, secondary amines had also markedly superior inhibitory
effects over the corresponding tertiary amines; however, Diphenylpropenamines were
much less potent than Amitriptyline, Imipramine, Nottriptyline, and Desipramine (Figure
6) (Maxwell e al, 1969). This was observed by Ravina e# al (1973), who synthesized a
seties of 1-Phenyl-1-(substituted 2-benzofuryl)-3-amino-1-propenes and none of those
showed antidepressant activity (Table 3).

Table 3. Chemical structures of 1-Phenyl-1-(substituted 2-benzofuryl)-3-
amino-1-propenes, hydrochlorides (II).

C—N\
_ .
— H
a
Compounds X !
X NRR'
lla - N{CH3)
lib - o e
AN

lic - C_

lid 5-CH; N(CH5 ),
lle 5-CHs C

N_

Iif 5-CHj5 o N
N/

lig 5. 7-(CHs); ~{CHs),
lih 5,7-{CHs), C

N_

lii 7-0O-CH,4 N{CH;},

By the other hand, Zimelidine (Z)-3-(4-bromophenyl)-N,N-dimethyl-3-(3-
pyridyl) allylamine and particularly its primary metabolite, the secondary amine
Norzimelidine (Figure 7), revealed to be potent and selective inhibitors of the neuronal
uptake of 5-HT (Ross & Renyi, 1977; Ogten et al., 1981). The Z configuration observed
in both drugs, where the pyridyl and the allylamines moieties are oriented in a Z relation,
account for this selective action on 5-HT; the E isomer of Zimelidine is a non selective
inhibitor of 5-HT and Noradrenaline (NA), and the corresponding E isomer of
Norzimelidine is a potent and selective NA uptake inhibitor (Ross & Renyi, 1977).
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. CH, — "
H H
Zimelidine Norzimelidine

Br Br

Figure 7. Chemical structures of Zimelidine and Norzimelidine.

Zimelidine was employed in Europe but produced Guillain-Barré syndrome and was
withdrawn from use (Isaacson, 1998). However, it is still experimentally used as a
pharmacological tool in drug research (Lucki e al., 1994). Superfussion of hippocampal
slices obtained from rat chronically administered with the antidepressant drug Zimelidine
demonstrated that tumor necrosis factor-alpha (TNF)-mediated inhibition of [H-3] NE
release is transformed, such that [H-3]NE release is potentiated in the presence of TNE,
an effect that occurs in association with alpha (2)-adrenergic receptor activation. However,
chronic Zimelidine administration does not alter stimulation-evoked [H-3] NE release
whereas others antidepressant react contrary to this effect (Nickolas ¢# a/, 2001).

The endogenous tetrapeptide Achatin-I (Gly-D-Phe-Ala-Asp), isolated
from the ganglia of an African giant snail (Achatina fulica Férussae) was proposed as
an excitatory neurotransmissor for Achatina neurons (Kamatani et 4., 1989; Kim e
al., 1991**). Achatin-1 applied by brief pressure can produce an inward current (Iin)
on an Achatina giant neuron type, petiodically oscillating neuron (PON). Triprolidine
and their analogues, showed a tendency to inhibit the Iin, produced by Achatin-I on
PON, suggesting that the effective structures vary to a wide extent (Salunga e 4/,
1996).

The compounds from Trip Der 1 to Trip Der 8, at 10* molL" showed a
tendency to inhibit the Iin. Trip Der 1 having 1-phenyl and 1-(2-pyridyl) in E-
configuration wete slightly less effective than Trip Der 5 having the similar structure
in Z-configuration. Triprolidine having 4-methyl in 1-phenyl of Trip Der 1 was more
effective than Trip Der 1. Trip Der 8 having 3-dimethylamino instead of 3-pyrrolidino
of Trip Der 5 was less effective than Trip Der 5.

As to the structure-activity relationships of Triprolidine and its analogues
for blocking the Iin produced by Achatin-I on PON, these compounds in Z-
configuration seemed to be more effective than those in E-configuration. The presence
of a methyl group in 1-phenyl of Triprolidine, and 1-(4-pyridyl) instead of 1-(2-
pyridyl), potentiated the effects. Further, 3-dimethylamino instead of 3-pyrrolidino
weakened the effects.

From the dose (ptessure duration)-response curves of Achatin-I under the
two Triprolidine analogues, Trip Der 3 and Trip Der 6, and on the Lineweaver-Burk
plot of these data, these two compounds inhibited no competitively the Iz# caused by
Achatin-1. Therefore, Salunga ef a/. (1996) proposed that the inhibition caused by
these compounds is not the event in the achatin-I receptor sites, but is caused by
affecting the activity of the cyclic AMP-PKA and/or Ca® - calmodulin systems or
the Na* channels.

Anti Trypanossomatid Activity

In 1982, Barrett ez /. reported the trypanocidal activity of a
diarylpropenamine derivative. Following this research, several derivatives of structure
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I were synthesized and their trypanocidal activity investigated (De Conti e al., 1996*";
Pereira e al, 1998; De Souza et 4/, 2001%) (Table 3). These derivatives are substituted
at the para-position on the phenyl moiety and are obtained as a mixture of the E/Z
isomers (nearly 1:1) (Der 1-Der 12). In Der 13 and Der 14 the phenyl ring was
substituted by 2-thienyl or furan, respectively. These compounds posses a remarkable
trypanocidal activity in vitro (De Conti ef af., 1996*"; De Souza e# a/., 2001*) and in vivo
(Barrett ¢ al., 1982; Pereira et al., 1998). Their in vitro activities against trypomastigotes,
amatigotes and epimastigotes were higher than the standard drugs, crystal violet and
nifurtimox (Table 4).

Der 10, Der 11 and Der 12 against T. ¢r#gi (amastigote) were 13.2, 4.4
and 18. folds, more active, respectively, than crystal violet at 4°C (ED, /24h=
536.6+3.0 pmolL™). In the experiments with the proliferative epimastigotes, the
activity of Der 12 (ED, /24 h= 8.4+1.2 umolL") was about twice that of the
Der 10 (ED_ /24 h= 16 5+1.7 umolL"). Between the derivatives assayed, the
Der 10 was the most active.

The geometric isomers of the Der 3 and Der 1 were also isolated and
their biological effect evaluated. Z isomers of both tested 2-propen-1-amine
derivatives are more active, in vitro, against cultured trypomastigotes than their
respective E counterpart. Although being more active, Z isomers are, also, more
toxic to mammalian and bacteria E. co/i (De Conti et a/, 1996*"). This
stereoselectivity in the action may be due to differences either in the physical-
chemical properties of each isomeric form or in the interaction of them with
parasite-specific macromolecules, probably enzymes.

Der 3 showed an excellent activity in the murine model of acute Chagas
disease. The treatments with Der 3 produced a consistent parasitemia suppression
combined with a full protection against natural death caused by the infection. This
compound was active even at the relatively lower dose of 5 mg/kg, for 9 consecutive
days, which was comparable to the findings with benznidazole at a 20-folds higher
dose (100 mg/kg), under similar experimental conditions (Pereira e a/, 1998).

Considering the leishmanicidal activity of these derivatives (Table 4)
and the toxicity on V79 cells (as showed on Table 5), the selective index (SI),
which corresponds to the ratio between IC, for V79 cells and the ED, for
Leishmania amazgonensis, was calculated. As can be observed in Table 5, the best
SI values were found for Der 3 (SI=46.4), Der 8 (SI=38.1) and Der 10 (§1=27.2),
which shows that the concentration that lysis 50% of the parasites were
respectively, 46.4, 38.1 and 27.2-fold more toxic to Leishmania than to mammalian
cells, V79 (De Souza et al., 2002; Peteira & De Souza, 2002).

At 100 umolL', Der 13 led to total elimination of promastigotes of L.
amazonensis, and the ED, /24 h was 3.0 + 0.3 WmolL™. Leishmania was more susceptible
to Der 13 than T. ¢crags, suggesting different mechanisms for the action of the Der 13
against these parasites. Pentamidine isothionate (Aradjo e 4/, 1998) is 6 folds more
effective in vitro against L. amagonensis (ED, /24h = 0.46 pmolL.") than Der 13, but
its clinical use is associated with severe side effects, including cardiac arrest problems
(Marsden ef a/., 1985).

Cytotoxicity on V79 Cells
The cytotoxicity on V79 cells were measured by reduction of MTT (MTT),
nucleic acid content (NAC) and Neutral Red uptake (NRU) techniques. Table 6 presents
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Table 4. Structutes of some propenamine derivatives and

their tripanocidal activity (ED 50/ 24 hours pumolL™).

Ar
H
>= S
Ar C—N

H, \CH3
Ar Ar Tripo (4°C) Ama (24°C) | Epi (28°C)
Dert o N ) H_@__ 188+1.2 BB1.2 1272 0.1
Der 2 ,, o D 506281 67503 158+ 1.7
Der 3 v )~ @ O 12110 2302 132+ 1.6
Derd w N Ty | @ 33005 89203 17821
Ders w3 e D 22005 231+10 (25135
Der 6 .,, m_@_ 549+22 B1:08 27.1¢2.2
Der?7 ol 3~ cuso & 344+48 60x06 18.2+ 3.0
Der 8 5._6_@_ C 35027 69104 243+ 2.0
O,N
Der 10 w3~ S 28,1+2,1 ND 185+ 1,7
HO
Der 11 m—@—@-— S 291+21 ND 304 3.1
Der 12 4~ 3" )— o 257+17 ND 84+12
Der 13 s._._._ O’ 60B+B8 BBx0.5 118+14
Der 14 a. E< 35112 95+08 37.2+4.0
a
Crystal violet 536612 3.0 ND ND

ED,,=concentration that inhibit 50% of the proliferation of the parasites; ND= not determined;
Tripo=tripomastigote; Ama=amastigote; Epi=epimastigote.

De Souza AO ¢f 4l - Aromatic Propenamune Derivatives




66

Table 5. Leishmanicidal Activity of some propenamines detivatives against promastigotes of L. amazgonensis
(ED, /24 hours pmolL").

2-propen-1-amine EDsg | ICsq? Sl

Der 1 06283 8.68° 13.69
Der 3 02332 10.88° 46.36
Der4 34 24 40° 717

Der 8 0.2415 9.2¢ 38.10
Der 5 , 4.0 7.18° 178
Der 6 05376 7.0° 13.02
Der 10 0.2450 6.66¢ 27.18
Der 12 04167 - 957¢ 2297
Der 13 30+£03 28.2 94

_EDg,=concentration that inhibit 50% of the proliferation of the parasites; IC = concentration

that inhibit 50% of the proliferation of the cells; SI=IC_, for V79 cells/ED, for L. amazonensis;
@ measured by the nucleic content acid assay (NAC).

Table 6. Cytotoxicity of the Der 1-13 on V79 cells.

ICsg pmolL™

Derivatives NAC NRU MTT
Der 1 8.6 4.98 10.0
Der 2 10.0 6.32 120
Der 3 ' 10.8 11.0 5.7
Der4 24 .39 3545 >40
Der 8 ©92/82 58 75
Der5 >25 > 20 > 25
Der 6 7.0 5.02 8.30
Der 7 480 200 - 400
Der 10 6.66 7.55 7.18
Der 11 2551 2897 28.03
Der 12 9.57 16.84 18.02
Der 13 28.2 239. 398

the inhibitory concentrations (IC_) of the derivatives of propenamines from our group
(De Conti ¢z al., 1996*°; Oliveira et al, 1999; De Souza eet al, 2001%). Although the MTT,
NRU and NAC tests monitor cellular viability (De Reuck & Cameron, 1963), the parameters
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analyzed are different. The reduction of MTT is used to assess the mitochondrial
dehydrogenase activity of viable cells. The NAC or protein content evaluates the content
of cellular macromolecules, which are indicative of total cell number. The NRU is employed
to determine the lysosomal integrity.

Der 10 was the most toxic of the seties with lower IC " values. However, Der
4,7, 11 \and 13 are less toxic to V79 cells with higher IC s values than the other ones. In
this case, a combination of inductive (6I) and MR effects (Hansh ¢f a/, 1995) are probably
involved in this toxicity.

Promising studies on encapsulation of propenamine derivatives with
cyclodextrin, liposomes, microsphetes and nanosphetes are actually in progress in our
groups in order to reduce the toxicity and increase the solubilization of the compounds
(De Souza et al., 2001>).

Antimycobacterial Activity

The antimycobacterial activities of the Der 1-13 were determined against
Mycobacterium tuberculosis H3TRv ATCC 27294, M. tuberculosis H37Ra ATCC 25177, M.
avinm ATCC 15769, M. malmoense ATCC 29571, M. kansasii ATCC 12478 and on M.
tuberculosis strains isolated from clinical specimens (Adolfo Lutz Institute - ALI strains)
(De Souza ef al,, 1998; 2001%). Der 1 and Der 3 with their respective geometric isomets
showed good antimycobaterial activity against different species of mycobacteria, as
compared with Ethambutol, mainly on the clinical specimens of M. twberculosis with
MICs values of 5 pumol L. For the clinical specimens strains studied, the compounds Der
1-4, Der 8 and Der 10-12 showed MIC between 4 and 49 pmol L. Der 5 (79 pmol LY
and Der 7 (34-68 pmol L") exhibited low antimycobacterial activities on standard
mycobacteria strains. The geometric isomers (E/Z) of Der 1 and Der 3 showed activities
similar to that of the isomeric mixture of Der 1 and Der 3 showing that there is no
advantage in the use of the isolated isomers, at least for the in vitro assays. M. avium, M.
malmoense, M. celatum and M. intracellulare were less susceptible to the compounds that
exhibited higher MIC values than the clinical specimens ones. This result was expected
since nontuberculosis mycobacteria are less susceptible to the chemotherapy of tuberculosis.

In the case of M. tuberculosis H37TRa and M. suberculosis H37Rv, the halogen at
the p-position in the phenyl moiety of the Der 2-4 exert a significant effect on their activity
at lower IC_ values (on V79 cells) than the MIC values. Presumably, in these strains of
amino group (Der 11) also exerts an efficient volume effect due to its MR value (molar
refractivity) similar to the halogens (Hansh e# 4/, 1995). Similar explanation for the p-OH
group (Der 10) can be proposed, since the MR value is slightly lower than the other
mentioned before. It is interesting to notice that Der 3 (p-Bt) and Der 4 (p-I) are the most
widely effective on the different mycobacteria strains and acted efficiently in almost all
the tested strains, standard or from clinical specimens. Other comparison can be made
between the Der 10 and Der 12. The Der 10 seems to be more effective with lower MIC
than Der 12, which does not contain a bromine atom at the para-position of the biphenyl
ring. Probably, bromine gives a lipophilic charactet to the molecule increasing the
ability of the drug to pass through the membrane and consequently there is an increase
of the antimycobacterial activity. The M. tuberculosis H37TRv and M. tuberculosis H37Ra
were more susceptible to Der 13 than M. avium, M. kansasii or M. malmoense with MIC of
20 pmol L.

Preliminary results from our laboratory showed that the Der 1 inhibited the
growth of the dermatophyte Trychophyton rubram at 10 pmol L and presented a reduction
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Figure 8. Chemical structure of 3-benzofuryl-3-(oxalamide) amino-1-propene (Igzamide).
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Figure 9. Chemical structures of the allylamines Naftifine and
Tetbinafine.

discovered based on exploration of structure-activity relationships of Naftifine,
and is the first pharmaceutical agent to contain a (E)-1,3-enyne structural element (Stiitz,
1987).

Naftifine and Terbinafine and other allylamines intetfere in the biosynthesis of
ergosterol (Figure 10), an essential sterol in the cell membranes of fungi (Stiitz, 1987) and
recently an antifungal review was published indicating allylamines as important compounds
in the actual times (Katz, 2000). They act as potent, selective inhibitors of squelene epoxidase,
a key enzyme in the sterol biosynthesis involved in the oxidation of squelene to squalene
epoxide (Figure 10). This inhibition results in accumulation of squalene, depletion of
ergosterol and, consequently, disruption of the fungal membrane. Accumulation of lipid-
like vesicles was observed in electron microscopical studies on fungi treated with Naftifine
(Petranyi e al., 1984; Abe et al., 1994). A broadly based routine screening program at Sandoz
showed that Naftifine was higly effective against a number

Figure 10. Steps in the
biosynthesis of ergosterol
from squalene (modified
from Martin, 1998). Enzyme
systems:

A: squalene epoxidase
(squelene monooxygenase
E.C. 1.14.99.7); B: squalene
epoxide cyclase (lanosterol &

synthase, E.C. 5.4.99.7); C:

lanosterol 14a-demethylase _
complex.

Z
B
—_— c
HO

lanosterol

naftifine
terbinafine

squalene squalene epoxidase

HO HO

14-demethyllanosterol ergosterol
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of human pathogenic fungi (Stutz, 1987; Stutz e 4/, 1986). After extensive investigation
of its pharmaceutical and toxicological properties Naftifine was tested intensively for
several years in hospitals and first became commercially available in various countries
(Germany, Austria, Malaysia, Singapore) in 1985 under the name of Exoderil. In Brazil it
is commercialized as Naftin (Amaral ez 4/, 2001).

Posteriory researches proved that compounds derivatives of Naftifine (I1I-
VII) (Figure 11) were inactive in antimycotic tests # vitro. It was therefore concluded that
nitrogen atom, the double bond and the 1-substituted naphthalene ring were of importance
and also that the aromatic ring system could not be interchanged (Stutz, 1987).

o ‘ 2

Figure 11. Chemical structures of Naftifine derivatives - II1-VIL

Other allylamine congenets wete studied to see if whether the distance between
the individual functional group and between the aromatic systems could be decreased ot
increased without affecting the activity. All the compounds showed that Nafitifine activity
depends on specific structural requirements (Stutz, 1987). Structural variations of Naftifine
leads to the obtention of Terbinafine, a more active antimycotic. The activity (MIC) against
T. mentagrophytes for naftifine and Terbionafine were 0.05 mgL™ and 0.006 mgL",
respectively (Stutz, 1987).

A number of Xanthone derivatives bearing the basic Naftitine and Butenafine
structure were described. The Butenafine Xanthone analogues show significant activity
against Cryptococcus neformans (Salmoiraghi ez al., 1998). The methyl group of Naftifine and
Butenafine were replaced by an azolic nucleus to obtain new compounds which exhibit
the characteristic of both allylamine and azole antifugals (Castellano ez 4/, 2000; De Jaham
et al., 2000).

A systematic review of topical treatment for fungal infections of the skin and
nails of the feet was published (Hatt ¢z 4/, 1999). The final conclusion was that allylamines,
azoles and undecenoic acis were effectives in placebo controlled trials. Allylamines cure
slightly more infections than azoles but are much more expensive than azoles. The most
cost effective strategy is first to treat with azoles or undecenoic acid and to use allylamines
only if that fails.

Metabolism of Allylamines
Terbinafine is an allylamine that has i vitro activity against dermatophytes
and some molds. It diffuses to the keratinocytes from the blood stream because it is lipophilic
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and keratinophilic and reaches the stratum corneum and hair follicles (Faergemann ¢f 4/,
1993). Similar to the action of azoles, Terbinafine inhibits fungal ergosterol synthesis;
however, this occurs at a different stage in the synthesis pathway. Terbinafine inhibits
squalene epoxydation and avoids many of the drug interactions seen with the azoles because
it is not metabolized through cytochrome P-450. Terbinafine is well tolerated, with
gastrointestinal upset and skin reactions occurring in only 2% to 7% of patients. Loss of
the sense of taste has been reported, but this side effect passes several weeks after
therapy has ended. Terbinafine has a long half-life and it is fungicidal (Ryder, 1989).
Terbinafine is available in Canada as a 250 mg scored tablet, but a liquid formulation is
not available.

Oral Terbinafine has been studied in clinical trials for the treatment of tinea
capitis in children (Alvi ez 4/, 1992; Haroon e 4/, 1992,1996; Nejjam ef a4/, 1995;
Kullavanijaya ef 4/, 1997). In one controlled, comparative trial (Ryder, 1989), four weeks
of treatment with Terbinafine was as effective as eight weeks of therapy using Griseofulvin
(cure rate 93% versus 88%). In two controlled ttials that compared one, two and four
weeks of Terbinafine, one trial (n1=161) did not show a difference among groups and the
other (n=82) showed a higher cure rate at 12 weeks in the group treated for four weeks
(P<0.05). The predominant causative agent in these studies was Trichophyton species. The
evidence from these studies and from an open clinical trial for the treatment of tinea
capitis caused by M. canis suggests that four to six weeks of oral Terbinafine may be less
effective for tinea capitis due to M. canis than for tinea capitis due to Trichophyton species
(Dragos & Lunder, 1997). Terbinafine does not affect cytochrome P-450 3A and it has
few drug interactions.

Synthesis and Separation of the Geometric Isomers

Different methods for preparing these olefins, involving Grignard reagents
(Jones et al., 1971), Wittig reactions (Heinisch ef 4/, 1991; De Conti ¢# al., 19967), palladium-
catalyzed amination (Bickvall ¢ 4/, 1981), dehydration of alcohols (Waringa & Nauta,
1975; Hogbetg ¢t al., 1981) have been described.

Ison and Casy (1971) reported that for diarylpropenamines compounds, isomers
arose in cases where Ar # Ar and in most of these at least one form was isolated in a pure
condition whilst the composition of mixtures was known from their nuclear magnetic
resonance spectra. The proportion of isomeric alkenes formed was dependent on their
equilibration rates since the conditions employed to dehydrate the precursors 1 permitted
isomerization. Compound 1 (Figure 12) exposed to hot acid during 2 hours formed
significant amounts of the two possible isomers 2a and 2b, while 3 yielded a single
aminopropene 3a. Kinetic control of the last reaction was achieved by reducing the heating
period to 15 min when approximately equal amounts of the two isomers were formed
(Ison & Casy, 1971). The configurational assignment of isomers derived from 1 was initially
based on differences in their ultraviolet spectra as described before by Adamson et 4/
(1957, 1958). In Triprolidine and its isomer, the E vinylic signal was lower filed in the
spectra of both the free bases and the oxalate salts.

For Triprolidine derivatives, there was a good separation of isomeric peaks.
The isosbestic point was used as the wavelength for detection to assure equality of isomeric
response. The time of retention of an E-isomers of Trip Der 1-8 was less that of the
corresponding Z isomet (Casy e 4/, 1992*"). UV-absorption experiments had shown that
the pyridine ring of Triprolidine is otiented coplanar with the olefinic bond (Adamson ez
al., 1957).
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Figure 12. Chemical structures of compounds 1, 2a, 2b, 3 and 3a.

The antihistaminic compounds (B1-B8) were synthesized by dehydrating the
corresponding alcohols. When formed, isomeric olefins were separated by fractional
crystalization of their hydrochloric salts and their structure elucidated (Waringa & Nauta,
1975). '

1-phenyl-1-(4-pyridil)-3-N,N-dimethylpropen-1-amine (Z-isomer) (type B) was
converted quantitatively into the E-isomet. The 3-pyridil compound was not liable to
such an isomerization. This indicates that its E/Z isomers do not differ miuch in stability
as the product distribution is thermodynamically controlled under equilibrating conditions.

Propenamines Der 1-14 were synthesized by a Wittig reaction from their
corresponding ketones with good yields. The geometric isomers from Der 1- and Der 3
were separated by thin layer chromatography (TLC) and high performance liquid
chromatography (HPLC) as previously described (De Conti ef 4/, 1998).

Concluding Remarks

All compounds described in this review has the aminoallyl group in their
structure and their preparation by organic synthesis is relatively simple. Although they
have a similar structures, their biological effects are different and basically related with
antihistaminic, anti-tripanossomatid, antimycobacterial or antifungic activities. There is
no report about the effect of antihistaminic and antidepressant agents on pathogens like
mycobacteria ot trypanossomatids. It should be interesting to assay these compounds against
pathogens and with the tesults to perform a structure activity relationship (SAR) studies
to design new drugs to treat diseases like leishmaniasis or tuberculosis. With respect to
the antimycobacterial activity new allylamines and others compounds are being assayed
in order to find efficient drugs.

References

72

Abe I, Tomesch JC, Wattamasin S, Prestmich GD. Inhlbltors of squalene biosynthesis and
metabolism. Nat Prod Report 1994;11:279-302.

Adamson DW] Barrett PA, Billinghurst JW, Green AF, Jones TSG. Geometrical isomers in
a series of antihistamines. Nature 1951;168:204-5.

Adamson DW,, Barrett PA, Billinghurst JW, Jones TSG. Aminoalkyl tertiary carbinols and

ARBS Ann Rev Biomed Sci 2002;4:53-78



derived products. 6. the stereochemistry of some 1-phenyl-1-2'-pyridylprop-1-enes,
and of some 3-(tertiary amino)-1-phenyl-1-2'-pyridylprop-1-enes carrying additional
substituents. ] Chem Soc 1958;312-24.

Adamson DW; Barrett PA, Billinghurst JW, Jones TSG. Minoalky! tertiary carbinols and
derived products. 5. antihistamines - the stereochemistry of cis-3 and trans-3-phenyl-
3-pyridylallylamines. ] Chem Soc 1957;2315-26.

Alvi KH, Igbal N, Khan KA, Haroon TS, Hussain I, Aman §, et al. A randomized double-
blind trial of the efficacy and tolerability of terbinafine once daily compared to
griseofulvin once daily in treatment of tinea capitis. In: Shuster S, Jafary MH (eds.).
Royal Society of Medicine Services International Congress Series, No. 205. London:
Royal Society of Medicine Press Ltd, 1992:35-40.

Amaral VCS, Dos Santos SC, Lima DM, Nunes Junior GP. Terapias antifungicas na
gestagdo: Riscos e perspectivas. Infarma (Brazil) 2001;13: 87-91.

Araujo CAC, Alegrio LV, Leon LL. Antileishmanial activity of compounds extracted and
characterized from Centrolobium sclerophyllum. Phytochem 1998;49:751-4.

Artuc M, Hermes B, Steckelings UM, Grutzkau A, Henz BM. Mast cells and their mediators
in cutaneous wound healing active participants or innocent bystanders? Exp Dermatol
1999;8:1-16.

Bickvall JE, Nordberg RE, Nystrom JE, Hogberg T, Ulff B. Synthesis of 3-ary'-3-
pyridylallylamines related to zimelidine via palladium-catalyzed amination. ] Org Chem
1981;46:3479-83.

Barbe J, Andrews PR, Lloyd EJ, Brouant P, Soyfer JC, Galy JP, Galy AM. Individualization
of structural patterns of sedative and anti-H-1 actions. Eur ] Med Chem 1983;18:531-
4. '

Barlow RB, Franks FM, Pearson JDM. Relation between biological-activity and degree of
resolution of optical isomers. J] Pharm Pharmacol 1972;24:753-61.

Barret PA, Bevéridge E, Bull D, Caldwell IC, Islip PJ, Neal RA, Woods NC. The efficacy
of a novel compound, (E)-1-(4'bromo-4-biphenylyl)-1-(4-chlorophenyl)-3-
dimethylaminoprop-1-ene against Trypanosoma crugi in mice. Experientia 1982;38:338-
9.

Berney D, Schuh K. Heterocyclic spiro-naphthalenones.1. synthesis and reactions of some
spiro[(1h-naphthalenone)-1,3"-piperidines]. Helv Chim Acta 1978;61:1262-73.

Borea PA, Bertolase V, Gilli G. Crystallographic and conformational studies on histamine
H-1-receptor antagonists. 4. on the stereochemical vector of antihistaminic activity.
Arzneimittel-Forschung/Drug Res 1986;36:895-9.

Brandes L], Bogdanovic RP, Tong JG, Davie JR, Labella FS. Intracellular histamine and
liver-regeneration - high-affinity binding of histamine to chromatin, low affinity binding
to matrix, and depletion of a nuclear-storage pool following partial-hepatectomy.
Biophys Res Commun 1992;184:840-7.

Brandes L], Queen GM, LaBella FS. N,N-diethyl-2-[4(phenylmethyl)phenoxy] ethanamine
(DPPE), a chemopotentiating and cytoprotective agent in clinical trials: interaction
with histamine at cytochrome P450 3A4 and other isozymes that metabolize
antineoplastic drugs. Cancer Chemoth Pharm 2000;45:298-304.

Castellano S, La Colla P, Musiu C, Stefancich G. Azole antifungal agents related to naftifine
and butenafine. Arch Pharm 2000;333:162-6.

Casy AF, Drake AF, Ganellin CR, Mercer AD, Upton C. Stereochemical studies of chiral
H-1 antagonists of histamine - the resolution, chiral analysis, and biological evaluation
of 4 antipodal pairs. Chirality 1992a;4:356-66.

?
De Souza AO ¢ al. - Aromatic Propenamine Derivatives 73



74

Casy AF, Ganellin CR, Mercer AD, Upton C. Analogues of tripolidine: structural influences
upon antihistamine activity. ] Pharm Pharmacol 1992b;44:791-5.

Casy AF, Ison RR. Stereochemical influences upon antihistamine activity - further studies
of isomeric 4-amino-1,2-diarylbutenes. ] Pharm Pharmacol 1970;22:270-8.

Casy AE Antihistamine drugs. In: Smith DF (ed.). Handbook of stereoisomers: Therapeutic
drugs. Boca Raton: CRC Press, 1989:149-164.

Cohen AF, Hamilton MJ, Liao SH, Findlay JW, Peck AW. Pharmacodynamic and
pharmacokinetics of BW825C: a new antihistamine. Eur J Clin Pharmacol
19852;28:197-204.

Cohen AF, Hamilton MJ, Philipson R, Peck AW. The acute effects of acrivastine (7)
(BW825C), a new antihistamine, compared with triprolidine on measures of central
nervous system performance and subjective effects. Clin Pharmacol Ther
1985b;38:381-6.

Coppen A. The biochemistry of affective disorders. Br J Psychiatr 1967;113:1237-64.

De Conti R, Gimenez SMN, Haun M, Pilli RA, De Castro SL, Durin N. Synthesis and
biological activities of N,N-dimethyl-2-propen-1-amine derivatives. Eur ] Med Chem
19962;31:915-8.

De Conti R, Oliveira DA, Fernandes AMAP, Melo PS, Rodriguez JA, Haun M, De Castro
SL, Souza-Brito ARM, Durin N. Application of a multi-endpoint cytotoxicity assay to
the trypanocidal compounds 2-propen-1-amine derivatives and determination of their
acute toxicity. In Vitro Mol Toxicol 1998;11:153-60.

De Conti R, Santa Rita RM, De Souza EM, Melo PS, Haun M, De Castro SL, Durin N. I
vitro trypanocidal activities of a novel series of N,N-dimethyl-2- -propen- 1-amine
derivative. Microbios 1996b:85:83-7.

De Jaham C, Paradis M, Papich MG. Antifungal dermatologic agents: Azoles and
allylamines. Comp Contin Ed Pract Veter 2000;22:548-50.

De Reuck AVS, Cameron MP. The reversible activation of lysossomes in normal cells and
the effect of pathological conditions. In: De Reuck AVS, Cameron MP (eds)
Lysossomes. Boston: Little, Brown & Co, 1963:362-75.

De Souza AO, De Azevedo MMM, Silva CL, Durin N. Morphological analysis of the
inclusion complex between 3-(4'-bromo-[1,1'-biphenyl]-4-y})-3-(4-bromophenyl)-N,N-
dimethyl-2-propen-1-amine and b-cyclodextrin. VI Pharmatech 2001b; Proceeding
DD06. p. 37.

De Souza AO, Hemetly FP, Busollo AC, Melo PS, Machado GM, Miranda CC, Santa-Rita
RM, Haun M, Leon LL, Sato DN, De Castro SL, Duran N. 3-[4'-Bromo-(1,1'-biphenyl)-
4-yl]-N, N-dimethyl-3-(2-thienyl)-2-propen-1-amine: synthesis, cytotoxicity, and
leishmanicidal, trypanocidal and antimycobacterial activities. ] Antimicrob Chemother
2002 50;629-637.

De Souza AO, Junior RRS, Ferreira-Juilio JF, Rodtiguez JA, Melo PS, Haun M, Sato DN,
Duran N. Synthesis, antimycobacterial activities and cytotoxicity on V79 of 3-[4'-
Y-(1,1'-biphenyl)-4-yl]-N,N-dimethyl-3-(4-X-phenyl)-2-propen-1-amine derivatives.
Eur ] Med Chem 2001%36:843-50.

De Souza AO, Lima HOS, Andrade Santana MH, Durin N, Silva CL. Preparation and
characterization of liposomes containing an antimycobactetial diarylpropenamine
derivative. Pharmaceutical Congress of the Américas 2001c, Proceeding 3115. p. 143.

De Souza AQ, Sato DN, Aily DCG, Duran N. Ir vitre activity of N,N-dimethyl-2-propen-
1-amines against Mywbacterium tuberculosis. ] Antimicrob Chemother 1998;42:407-8.

Di Bella M, Braghiroli D, Witiak DT. Antiallergic and Antiulcer Drugs. In: Foye WO,

ARBS Ann Rev Biomed Sci 2002;4:53-78



Lemke TL, Williams DA (eds.). Principles of Medicinal Chemistry. 4ed. Baltimore:
Williams & Wilkinks, 1995:416-43.

Dragos V, Lunder M. Lack of efficacy of 6-week treatment with oral terbinafine for tinea
capitis due to Microsporum canis in children. Pediatr Dematol 1997;14:46-8.

Dumdei E, Andersen J. Igzamide, a metabolite of the matine sponge Plocamissma iggo, ]
Nat Prod 1993;56: 792-4.

Dy M, Machavoine F, Lebel B, Ichikawa A, Gastinel LN, Schneider E. Intetleukin-3
promotes histamine synthesis in hematopoietic progenitors by increasing histidine-
decarboxylase messenger-rna expression. Biochem Biophys Res Commun
1993;192:167-73.

Endo Y, Kikuchi T, Takeda Y, Nitta Y, Rikiishi H, Kumagai KI. GM-CSF and G-CSF
stimulate the synthesis of histamine and puttescine in the hematopoietic organs i
vivo. Imm Lett 1992;33:9-14.

Faergemann J, Zehender H, Denouel J, Millerioux L. Levels of terbinafine in plasma,
stratum corneum, dermis-epidermis (without stratum corneum), sebum, hair and nails
during and after 250 mg terbinafine orally once per day for four weeks. Acta Derm
Venerol 1993;73:305-9.

Godfraind T, Kaba A. Phasic and tonic effects of adrenalin on vascular smooth muscle
and their inhibition by pharmacological agents. Arch Int Pharmacodyn Ther
1969;178:488-91.

Hall H, Ogren SO. Effects of antidepressant drugs on histamine-H1 treceptots in the
brain. Life Sci 1984;34:597-605.

Hansh C, Leo A, Hoekman D. (eds.). Exploring QSAR: Hydrophobic, electronic, and
steric constants. Washington: ACS professional Reference Book ACS, 1995:348.

Haroon TS, Hussain I, Aman S, Jahangir M, Kazmi AH, Sami AR, Nagi AH, Alvi KH,
Igbal N, Khan KA, Aziz R. A randomized double-blind comparative study of terbinafine
for 1, 2 and 4 weeks in tinea capijtis. Br ] Dermatol 1996;135:86-8.

Haroon TS, Hussain I, Mahmood A, Nagi AH, Ahmad I, Zahid M. An open clinical pilot
study of the efficacy and safety of oral terbinafine in dry non-inflammatory tinea
capitis. Br J] Dermatol 1992;126(39):47-50.

Hart R, Bell-Syer SEM, Crawford F, Torgerson DJ, Young P, Russell 1. Systematic review
of topica; treatments for fungal infections of the skin and nails of the feet. Br Med ]
1999;319:79-82.

Heinisch G, Holzer W, Huber T. Pyridazines, LVIII [1]: 1-phenyl-1-pyridazinyl-2-substituted
ethenes, synthesis and configuration. Monatsheste fir Chemie 1991;122:1055-61.
Hogberg T, Ulff B, Renyi AL, Ross SB. Synthesis of pyridylallylamines related to zimelidine

and their inhibition of neuronal monoamine uptake. ] Med Chem 1981;24:1499-507.

Isaacson EI. Central Nervous System Stimulants. In: Delgado JN, Remers WA (eds.).
Wilson and Gisvold's Textbook of Organic Medicinal and Pharmaceutical Chemistry.
10th ed. Philadelphia: Lippincott Williams & Wilkins, 1998:471-4.

Ison RR, Casy AE Preparation of alpha-methylhistamine from l-histidine. ] Med Chem
1970;13:1027-7.

Ison RR, Casy AFE Structural influences upon antihistamine activity: 3-amino-1-aryl-1-
(2-pyridyl) propenes and related compounds. J Pharm Pharmacol 1971;23:848-56.
Ison RR, Franks FM, Soh KS. Binding of conformationally restricted antihistamines to

histamine receptors. ] Pharm Pharmacol 1973;25:887-94.

Jones G, Maisey RF, Somerville AR, Whittle BA. Substituted 1,1-diphenyl-3-aminoprop-
1-enes and 1,1-diphenyl-3-aminopropanes as potential antidepressant agents. ] Med

De Souza AO ef al. - Aromatic Propenamine Derivatives 75



76

Chem 1971;14:161-4.

Kamatani Y, Minakata H, Kenny PTM, Iwashita T, Watanabe K, Funase K, Sun XP,
Yongsiri A, Kim KH, Novalesli P, Novales ET, Kanapi CG, Takeuchi H, Nomoto K.
Achatin-i, an endogenous neuroexcitatory tetrapeptide from achatina-fulica ferussac
containing a d-amino-acid residue. Biochem Biophys Res Comm 1989;160:1015-20.

Katz AS. Topical antifungal agents. Curr Problems Dermatol-US 2000;12:226-229.

Kayser O, Kidetlen AF, Laatsch H, Croft SL. In vitro leishmanicidal activity of monomeric
and dimeric naphthoquinones. Acta Tropica 2000;77:307-14.

Kim KH, Takeuchi H, Kamatani Y, Minakata H, Nomoto K. Slow inward current induced
by achatin-i, an endogenous peptide with a d-phe residue. Eur ] Pharm 1991a;194:99-106.

Kim KH, Takeuchi H, Kamatani Y, Minakata H, Nomoto K. Structure-activity relationship
studies on the endogenous neuroactive tetrapeptide achatin-i on giant-neurons of
achatina-fulica ferussac. Life Sci 1991b;48:P1.91-PL.96.

Kullavanijaya P, Reangchainam S, Ungpakorn R. Randomized single-blind study of efficacy
and tolerability of terbinafine in the treatment of tinea capitis. ] Am Acad Dermatol
1997;37:272-3.

LaBella FS, Queen GM, Brandes LJ. Interactive binding at cytochrome P-450 of cell
growth regulatory bioamines, steroid hormones, antihormones, and drugs. ] Cell
Biochem 2000;76:686-94.

Lucki I, Singh A, Kreiss DS. Antidepressant-like behavioral effects of serotonin receptor
agonists. Neurosci Biobehav Rev 1994;18:85-95.

Mann RD, Pearce GL, Dunn N, Shakir S. Sedation with "non-sedating" antihistamines:
Four prescription-event monitoring studies in general practice. Br Med J 2000;320:1184-6.

Marsden PD, Sampaio RNR, Carvalho EM, Veiga JPT, Costa JLM, Llanoscuentas EA.
High continuous antimony therapy in 2 patients with unresponsive mucosal
leishmaniasis. American J Trop Medicine and Hygiene 1985;34:710-3.

Martin AR. Anti-infective Agents. In: Delgado JN, Remers WA (eds.). Wilson and Gisvold's
Textbook of Organic Medicinal and Pharmaceutical Chemistry. 10th Edition.
Philadelphia: Lippincott Williams & Wilkins, 1998:185-6.

Maxwell RA, Keenan PD, Chaplin E, Roth B, Batmanglidj Eckhardt S. Molecular features
affecting the potency of tricyclic antidepressants and structurally related compounds
as inhibitors of the uptake of tritiated norepinephtine by rabbit aortic strips. ] Pharmacol
Exper Ther 1969;166:320-9.

Mitsuhashi, M., Payan, D.G. Functional diversity of histamine and hlstamme receptors. J
Invest Dermatol 1992;98: 8S-118.

Nejjam F, Zagula M, Cabiac MD, Guessous N, Humbert H, Lakhdar H. Pilot study of
terbinafine in children suffering from tinea capitis: Evaluation of efficacy, safety and
pharmacokinetics. Br ] Dermatol 1995;132:98-105.

Nickolas TJ, Ignatowski TA, Reynolds JL, Spengler RN. Antidepressant drug-induced
alterations in neuron-localized tumor necrosis factor-alpha mRNA and alpha(2)-
adregenic receptor sensitivity. ] Pharmacol Exper Therapeutic 2001;297:680-7.

Niemegeer CJE, Awouters F, VanNeuten JM, De Nollin S, Janssen PAJ. Protection of rats
from compound 48/80-induced lethality. A simple test for inhibitors of mast cell—
mediated shock. Arch Int Pharmacodyn 1978;234:164-76.

Nussbaumer P, Petranyi G, Stutz A. Synthesis and structure-activity-relationships of
Benzo[b]thienylallylamine antimycotics. ] Med Chem 1991a;34:65-73.

Nussbaumer P, Ryder NS, Stutz A. Allylamine antimycotics - recent trends in structure-
activity-relationships and syntheses. Pesticide Science 1991b;31:437-55.

ARBS Ann Rev Biomed Sci 2002;4:53-78



Ogten SO, Ross SB, Hall H, Holm AC, Renyi AL. The pharmacology of zimelidine: a 5-
HT selective reuptake inhibitor. Acta Psychiatr Scand 1981;290:127-51(Suppl.).
Oliveira DA, De Souza AO, Fernandes AMP, Durin M, Pereira DG, Rodriguez JA, Melo
PS, De Castro SL, Souza-Brito ARM, Haun M, De Cont R, Esposito E, Duran N.
Synthesis of new 2-propen-1-amine detivatives, trypanocide activities and their squalene

epoxidase activity inhibition. Mem Inst Oswaldo Cruz 1997;92:524.

Oliveira DA, Fernandes AMAP, De Cont R, Rodriguez JA, Haun M, Souza-Brito ARM,
De Castro SL, Duran N. Evaluation of ## #i#re toxicity of N,N-dimethyl-2-propen-1-
amines isomers. Pharmazie 1999;54:847-50.

Pepe G, Reboul JP, Oddon Y. Relation between psychotonic or sedative activity of tricyclic
antidepressant drugs and noradrenaline and serotonin receptor characteristics from
conformational and molecular electrostatic potential analysis. Eur ] Med Chem
1989;24:1-13.

Pereira DG, De Castro SL, Duran N. Activity of N,N-dimethyl-2-propen-1-amine
derivatives in mice experimentally infected with Trypanosoma crugi. Acta Tropica
1998;69:205-11.

Pereira DG, De Souza AO. Development of new drugs for tropical diseases. Satde em
Revista 2002;75-84.

Petranyi G, Ryder NS, Stutz A. Allylamine derivatives - new class of synthetic antifungal
agents inhibiting fungal squalene epoxidase. Science 1984; 224:1239-41.

Plember van Balen G, Caron G, Ermondi G, Pagliara A, Grandi T, Bouchard G, Fruttero
R, Carrupt PA,, Testa B. Lipophilicity behaviour of the zwitterionic antihistamine
cetirizine in phosphatidylcholine liposomes/water systems. Pharmaceut Res
2001;18:694-701.

Ram V], Goel A, Shukla PK, Kapil A. Synthesis of thiophenes and thieno[3,2-c]pyran-4-
ones as antileishmanial and antifungal agents. Bioorg Med Chem Lett 1997;7:3101-6.

Ravina E, Montanes, JM, Seco, MC, Calleja, JM. Synthesis and potential antidepressant
activity of some 1-Phenyl-1-(Substituted-2-Benzofuryl)-3-Amino-1-Propenes. Chimica
Therapeutica 1973;8:185-7.

Rekker RF, Nauta WT, Bultsma T, Waringa CG. Integrated QSAR of Hl-receptor
antagonists. Eur ] Med Chem 1975;10:557-62.

Rekker RF, Timmerma H, Harms AF, Nauta WT. Changes in antihistaminic and
anticholinergic activities of diphenhydramine detivatives on quaternization and role
of an asymmetric center. Chim Industr-Milan 1972;7:279-82.

Rekker RF, Timmerma H, Harms AF, Nauta WT. The antihistaminic and anticholinergic
activities of optically active diphenhydramine derivatives - The concept of
complementarity. Arzneimittelforschung 1971;21:688-91.

Reynolds JEF (ed.). Martindale the Extra Pharmacopoeia, 29th Edition. London: The
Pharmaceutical Press, 1989:443-3.

Riley TN, DeRuiter J. Histamine and Antihistaminic Agents. In: Delgado JN, Remers WA
(eds.). Wilson and Gisvold's Textbook of Organic Medicinal and Pharmaceutical
Chemistry. 10th Edition. Philadelphia: Lippincott Williams & Wilkins, 1998:657-86.

Ross SB, Renyi AL. Inhibition of the neuronal uptake of 5-hydroxytryptamine and
noradrenaline in rat brain by (Z) and (E)-3-(4-bromophenyl)-N,N-dimethyl-3-(3-pyridyl)
allylamines and their secondary analogues. Neuropharmacol 1977;16:57-63.

Ryder NS. The mechanism of action of terbinafine. Clin Exp Dermatol 1989;14:98-100. .

Salmoiraghi I, Rossi M, Valenti P da Re P. Allylamine type xanthone antimycotics. Arch
Pharm 1998;331:225-7.

De Souza AO ¢ al. - Aromatic Propenamine Derivatives 77



78

Salunga TL, Han XY, Wong SM, Takeuchi H, Matsunami K, Upton C, Mercer AD. Blocking
effects of promethazine, triprolidine and their analogues on the excitation caused by
the peptide, achatin-I. Eur ] Pharmacol 1996;304:163-71.

Schildkraut JJ. The catecholamine hypothesis of affective disorders: a review of supporting
evidence. Am J Psychiatry 1965;122:509-22.

Stutz A, Georgopoulos A, Granitzer W, Petranyi G, Berney D. Synthesis and structure-
activity relationships of naphtifine-related allylamine antimycotoics. ] Med Chem
1986;29:112-25.

Stiitz A. Allylamines derivatives - a new class of active substances in antifungal
chemotherapy. Angew Chem Int Ed Engl 1987;26:320-8.

Szeberenyi JB, Pallinger E, Zsinko M, Pos Z, Rothe G, Orso E, Szeberenyi S, Smitz G,
Falus A, Laszlo V. Inhibition of effects of endogenously synthetized hustamine disturbs
in vitro human dendritic cell differentiation. Immunol Lett 2001;76:175-82.

Terlaak AM, Vandrooge MJ, Timmerman H, Denkelder GMD. QSAR and molecular
modeling studies on histamine H-1-receptor antagonists. Quantitative Structure-
Activity Relationships 1992;11:348-63.

Valderrama J, Fournet A, Valderrama C, Bastias S, Astudillo C, De Arias AR, Inchaust A,
Yaluff G. Synthesis and # vitro antiprotozoal activity of thiophene ring-containing
quinones. Chem Pharmaceutical Bull 1999;47:1221-26.

Watinga CG, Nauta WT. 1,1-diaryl-3-aminopropenes and some related compounds 1. Eur
J Med Chem 1975;10:349-52.

Watinga CG, Rekker RF, Nauta WT. 1,1-diaryl-3-aminopropenes and some related
compounds II. Eur ] Med Chem 1975;10:343-8.

Watanabe T, Yamatodani A, Maeyama K, Wada H. Pharmacology of alpha-
fluoromethylhistidine, a specific inhibitor of histidine decarboxylase. Trends Pharmacol
Sci 1990;11:363-7.

White AC, Green AF, Hudson A. Some pharmacological properties of 3-3-diphenyl-
propanolamines, 3-3-diphenyl-allylamines, and 3-3-diphenyl-propylamines.' Br ]
Pharmacol Chemother 1951;6:560-71.

ARBS Ann Rev Biomed Sci 2002;4:53-78



