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Our previous structureaffinity relationship study had considered the enantiomers of the naphthodioxane,
tetrahydronaphthodioxane, and 2-methoxy-1-naphthoxy analogues (comfdo3ndsd?2, respectively) of
2-(2,6-dimethoxyphenoxyethylaminomethyl)-1,4-benzodioxane, the well-kropadrenoceptoro;-AR)
antagonist WB4101, showing that such modifications significantly modulate the affinity and selectivity
profile for 04-AR subtypes and 5-Hk receptor. Here, we extend investigations to antagonist activity enclosing
new enantiomeric pairs, namely those of the methoxytetrahydronaphthoxy and methoxybiphenyloxy WB4101
analogues 4 and 5—7, respectively) and of a double-modified WB4101 derivati® resulting from
hybridization betweer2 and 3. We found that $)-2 is a very potent (B, 10.68) and moderately selective
oup-AR antagonist and the hybri®)-8 is a potent (B 7.98) and highly selective;.-AR antagonist. Both

of these compounds an®){WB4101 seem to act as inverse agonists in a vascular model. The results,
which generally validate the logic we followed in designing these eight compounds, are acceptably rationalized
by comparative SAR analysis of binding and functional affinities.

Introduction profile of (§-WB4101, the more potent enantiomer, simply

The tissue distribution and physiological role of the thuge ~ fusing a cyclohexane or an additional benzene ring with its
adrenoreceptong-AR) subtypesia, o1s, andasp) in humans benzodioxane or phenoxy _mmétySuccesswer, by a wide
have been intensively investigated in recent years as well ashumber of ortho monosubstituted phenoxy analogues, we have
involvement of their overstimulation in the etiology of patho- Proved that removal of one or boitrmethoxy substituents
logical disorders, in particular of hypertension and lower urinary adversely affects the affinity for the three-AR subtypes, but
tract symptoms (LUTS) secondary to benign prostatic hyper- Not for the 5-HTia receptor, for which §-WB4101 analogues

plasia (BPH).2 The latest evidence indicates that thea unsubstituted or suitablp-monosubstituted at the phenoxy
subtype and, with aging, the,s subtype would be the principal moiety exhibit very high and significantly specific affinify.
mediators of blood pressure control, while thgx and azp Consistent with such indications, the affinity data for a series

subtypes, predominating in prostatic stroma and bladder detrusoef new ortho disubstituted analogues we have lately studied
muscle, respectively, mediate LUTS. Owing to these effects, show thato-dlsubstltut_lon and the presence of at least one
a1-AR blockers were initially developed for the treatment of ©-methoxyl play a crucial role for the interaction of the phenoxy
hypertension and, successively, of symptomatic BPH. Unfor- Moiety with thea;-AR and, especially, with theu, subtype?
tunately, few ligands recognize only one-AR subtype and ~ On these bases, we designed new WB4101 analogti&s
such a lack of selectivity limits their administration in vivo and (Chart 1) in order to further investigate the consequences of
their therapeutic use. Although the relative importance of the different patterns of substitution, in particular with saturatgd or
various adrenergic receptor subtypes is still controversial, Unsaturated carbocycles, at the phenoxy and benzodioxane
selectivity for theasa and/oraup subtypes over theys subtype moieties. The hypothe3|s was th_at s_uch modifications, as those
appears to be important for clinical “uroselectivity”, that is, high Préviously carried out and resulting in compourgs3, would
effectiveness in relieving LUTS with low incidence of cardio- "émarkably affect the affinity and selectivity profile and,
vascular and hypotensive adverse effects. hopgfully, theoy activity spectrum. The ultimate aim was to
Our research group has long been involved in designing new ©Ptain potent and selectiveia and/orasp antagonists.
a1-AR ligands structurally related to 2-(2,6-dimethoxyphenoxy)- ~ Here, we describe the synthesis of handR enantiomers
ethylaminomethyl-1,4-benzodioxane (WB4101), a potent of 4—8 and the biological profile of such novel compounds and
antagonist displaying a slight selectivity fafa- and, to aminor ~ of closely related congeners-3 (Chart 1) in binding and
extent, for a;p-ARs with respect toaig-AR and 5-HTia functional experiments ati;-AR subtypes and the 5-HX
serotoninergic receptdr8 Recently, we have demonstrated that receptor. Furthermore, the nature of inverse agonist of WB4101
it is possible to significantly modulate the affinity and selectivity €nantiomers and of the most potent and/or selective derivatives
in the present series was studied and semiquantitatively deter-
* Corresponding author. Te#-39-2-50317553; Fax:+39-2-50317565; mined by means of a vascular model. Finally, the SARRd
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Of compound4.—8, which are required for the current study,
1-3 have been previously reported in both enantiomeric férms,
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a2 Reagents and conditions: (a) AcCl, Py, DCM; (b) AlGlichloroben-
zene; (c) benzyl bromide, tetrabutylammonium bromide, 2.5 N NaOH,
DCM; (d) mCPBA, EtOAc; (e) 2.5 N NaOH, MeOH; (f) Mel, tetrabuty-
lammonium bromide, 2.5 N NaOH, DCM; (g).HPd/C, EtOAc; (h) ethyl
chloroacetate, NaH, DMSO; (i) LiAlld THF; (j) mesyl chloride, EfN,
DCM.

Scheme 3. Synthesis of CompountiC?
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a3 Reagents and conditions: (a) AcCl, Py, DCM; (b) AlGlichloroben-
zene; (c) benzyl bromide, tetrabutylammonium bromide, 2.5 N NaOH,
DCM; (d) mCPBA, EtOAc; (e) 2.5 N NaOH, MeOH; (f) Mel, tetrabuty-
lammonium bromide, 2.5 N NaOH, DCM; (g).HPd/C, acetone; (h) 1,2-
dibromoethane, tetrabutylammonium bromide, 2.5 N NaOH, DCM.

OH

Bromide 10 was synthesized from 2-phenylphenol by the
reaction sequence illustrated in Scheme 3: (a) esterification with
acetyl chloride, (b) Fries rearrangement, (c) O-benzylation of
2-phenyl-6-acetylphenoR@), (d) oxidation to acetate and ester
hydrolysis, (e) O-methylation of 2-benzyloxy-3-phenylphenol
(25), (f) debenzylation, and (g) reaction with dibromoethane to
give 10.

The syntheses aft andp-phenyl-substituted-methoxyphe-
noxyethylaminesl1land12, respectively, are shown in Scheme
4. They were both prepared from 2-acetyl-4-phenylphe2@)l, (
which in turn was obtained from 4-phenylphenol by acetylation
and subsequent Fries rearrangement. Ph2fialas O-meth-
ylated, transformed by oxidation to the acetate and by ester

while 4—8 are new. The enantiomeric pairs of the latter were hydrolysis into 2-methoxy-5-phenylphend@l), and etherified
prepared by the same strategy as the former: enantiopureWith dibromoethane. The resultant 2-bromoethyl eti@was
2-aminomethyl- or 2-mesyloxymethyl-substituted benzodioxane converted into azide33 and finally reduced to amindl
or tetrahydronaphthodioxane, whose syntheses we have alreadltérnatively, phenol29 was O-benzylated, oxidized to the

described;*1°was reacted with 2-aryloxyethyl mesylaeor
bromidel0 or with 2-aryloxyethylamine41—13, as exemplified
in Scheme 1 for th& isomers.

Mesylate9 was prepared as outlined in Scheme 2. Esterifi-

cation of 5,6,7,8-tetrahydro-1-naphthol with acetyl chloride,
followed by Fries rearrangement, afforddd, which was

acetate, and hydrolyzed to 2-benzyloxy-5-phenylphe3l
which was O-methylated and debenzylated to g8#& the
isomer of31 with exchanged methoxyl and hydroxyl positions.
Like the latter 37 was etherified with dibromoethane, converted
into the azide, and finally reduced, yielding amit# Nucleo-
philic displacement of bromide by azide ion and successive

benzylated and converted to 1-benzyloxy-5,6,7,8-tetrahydro-2- "eduction with hydrazine were also accomplished to synthesize

naphthol 17) by oxidation to acetate and ester hydrolysis. This
was O-methylated and the resultant dieth8rdebenzylated,
yielding 2-methoxy-5,6,7,8-tetrahydro-1-naphthd®), whose

sodium salt was reacted with ethyl chloroacetate to obtain

tetrahydronaphthoxyacet&28. Successive reduction of the ester
to alcohol21 and final mesylation of the latter led &

aminel3from 1-(2-bromoethoxy)-2-methoxynaphthalene, whose
preparation has been previously repofged.
Biology

Binding Experiments. As previously reported for the enan-
tiomers of WB4101 and of compounds-3,° the pharmacologi-
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Scheme 4.Synthesis of Compoundkl and 122
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aReagents and conditions: (a) AcCl, Py, DCM; (b) AiGlichloroben-
zene; (c) Mel, tetrabutylammonium bromide, 2.5 N NaOH, DCM; (d)
m-CPBA, EtOAc; (e) 2.5 N NaOH, MeOH; (f) 1,2-dibromoethane, KOH,
DMSO; (g) NaN, DMF; (h) hydrazine, PdO, MeOH; (i) benzyl bromide,
tetrabutylammonium bromide, 2.5 N NaOH, DCM; (jp,HPd/C, MeOH,;

(k) 1,2-dibromoethane, tetrabutylammonium bromide, 2.5 N NaOH, DCM.

cal profile of the enantiomeric pairs of—8 was initially
evaluated by measuring affinities for cloned humag, oy,
and au+AR subtypes and for native 5-HA serotoninergic
receptor from rat hippocampusH]prazosin was used to label

cloned humana;-ARs expressed in Chinese hamster ovary

(CHO) cells, while H]-8-OH-DPAT was the radioligand used
in the binding assays at 5-HA receptor, carried out in
membrane preparations from rat hippocampus. The affinity (oidauq affinity ratio of 12.3 and 13.5, respectively), of which
constants, expressed aK;pof (S- and R)-WB4101 and of

the enantiomers of—8 for these four receptors, are listed in

Table 1.

Functional Assays.o;-AR subtypes andi-AR blocking
activity of both enantiomers of WB4101 and ®f&nd of theS
isomers of compoundsand3—8 was determined on different
rat tissues. In particulagi-AR subtypes blocking activity was
assessed by antagonism of){noradrenaline (NA)-induced
contraction of vas deferens prostatic portion)!! or thoracic

Paitani et al.

aorta (up)'? and by antagonism to (-)-phenylephrine-induced
contraction of spleeru(g),’? while a,-adrenoreceptor blocking
activity was determined by antagonism to clonidine-inhibited
twitch responses of the field-stimulated prostatic portion of vas
deferens. Furthermore, considering the demonstraigeAR
involvement in maintaining prostate smooth muscle tone and
the consequent therapeutic potential of agents reducing the latter
for LUTS, the antagonist affinity was also evaluated in rat
prostate for the lead compound, its enantiomers, 8n8, Wwhich

is the most;a-AR selective compound in the seri€sAll the
antagonist affinities, expressed ag,p of WB4101 and?2
enantiomers and of tHe&forms of 1 and3—8 are listed in Table

2 together with those of WB4101 racemate, some of which have
been previously reported.

For WB4101, its enantiomers9¢2, (R)-2, (9-5, and )-8,
inverse agonism was assessed by preincubating calcium-depleted
guinea pig thoracic aorta with different concentrations of such
antagonists and then evaluating the corresponding diminutions
of successively Ca-induced increase in the resting tone (IRT)
of that tissue with respect to the IRT consequent on the same
Ca&*tadministration, but in the absence of antagoHisthe
results are shown by the histogram represented in Figure 1.

Discussion

SARs. As previously reportefl,binding tests of §-1 and
(9-3 at the three cloned humam-AR subtypes and 5-Hik
receptor had indicated that both the naphthodioxane and
tetrahydronaphthodioxane derivatives have almost equally (about
2 orders of magnitude) decreased, o, and 5-HTa affinities
with respect to$-WB4101, whereas, fai,q the loss of affinity
is near 3 orders of magnitude. Such a trend slightly improves
the audap and a14/5-HT1a selectivities of §-WB4101 and
produces, what is noteworthy, a moderatg/oag selectivity

the lead compound is completely devoith{oug4 affinity ratio

of 1.3), so that§-1 and -3 have still gooda, affinity (pK;

= 7.47 and 7.60, respectively) and higher specificity dgg

AR than §)-WB4101. Analogous enlargement had been ac-
complished at the phenoxy moiety @&){WB4101 by addition

of a fused benzene ring, leading t&-@, which shows a
significantly highera, affinity (pK; = 8.80) than §-1 and ©)-

3, with only slightly decreased., specificity with respect to
the latter [affinity ratiosoudoup Of 10, audaaq of 4, andaud

Table 1. Affinity Constants, Expressed a¥Xp(—log Ki, M), of WB4101 Enantiomers and of Compounts8 for Cloned Humaro,-Adrenoceptor
Subtypes and 5-Hik Receptot

PKi (£cEM) affinity ratio®
O1a b Oud 5-HT1a O1dQb 0140g 014/5-HT1a
SWB4101 9.3% 0.06 8.24+ 0.04 9.2%+ 0.11 8.61+ 0.04 14.1 1.3 6.0
R-WB4101 7.95+ 0.04 7.14+ 0.06 7.98+ 0.08 7.3%+ 0.03 6.5 0.9 3.6
(9-1 7.47+ 0.05 6.05+ 0.04 6.38+ 0.04 6.46+ 0.04 26.3 12.3 10.2
(R-1 6.99+ 0.08 6.37+ 0.04 6.53+ 0.04 6.00+ 0.04 4.2 2.9 9.8
(9-2 8.80+ 0.09 7.80+ 0.07 8.18+ 0.13 7.95+ 0.06 10.0 4.2 7.1
(R)-2 8.34+ 0.05 7.07£ 0.07 7.65+ 0.05 7.17+0.04 18.6 4.9 14.8
(9-3 7.60+ 0.15 6.24+ 0.03 6.47+ 0.06 6.44+ 0.03 22.9 13.5 14.5
(R-3 7.00+ 0.07 6.40+ 0.05 6.69+ 0.04 6.30+ 0.03 4.0 2.0 5.0
(9-4 8.55+ 0.15 7.72+ 0.07 7.84+ 0.08 8.07+ 0.08 6.8 5.1 3.0
(R)-4 7.94+ 0.05 7.31+ 0.03 7.80+ 0.04 6.88+ 0.04 4.3 1.3 11.5
(9-5 8.924+0.12 7.75t 0.05 8.47+ 0.09 8.16+ 0.07 14.8 2.8 5.8
(R-5 8.03+ 0.07 6.82+ 0.06 7.54+ 0.07 7.11+ 0.06 16.2 3.1 8.3
(9-6 8.25+0.14 7.96t+ 0.14 7.82+ 0.07 7.28+ 0.04 1.9 2.7 9.3
(R)-6 7.794+0.03 7.21+ 0.07 7.27+0.05 6.44+ 0.04 3.8 3.3 22.4
(9-7 7.06+ 0.03 6.73+ 0.12 6.67+ 0.07 7.13+ 0.02 2.1 2.5 0.9
(R-7 6.63+ 0.03 6.26+ 0.15 6.44+ 0.06 6.06+ 0.06 2.3 1.5 3.7
(9-8 7.184+0.01 6.43+ 0.04 6.83+ 0.03 5.77+ 0.02 5.6 2.2 25.7
(R-8 6.49+0.11 6.26+ 0.10 6.02+0.11 5.44+ 0.06 1.7 3.0 11.2

apata of WB4101 and—3 are reported in ref 6 Antilog of ApKi.
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Table 2. Antagonist Affinities, Expressed a®\p of WB4101, Its Enantiomers, and Compourids8 (S Isomers and, foR, Also theR Isomer) atas-
and ap-Adrenoceptors on Isolated Rat Tissues, Namely, Prostatic Vas Deferenan(d o), Prostate ¢14), Spleen ¢g), and Thoracic Aortadip)

pAR affinity ratio®
A Q2a/D
1B 1D vas oud oud
compd vas deferens prostate spleen aorta deferens Olib olid

WB4101 9.36+ 0.04 9.18+ 0.02 8.21+ 0.02 8.60+ 0.02 6.59+ 0.03 14.1 5.8
SWB4101 9.98+ 0.01 9.49+ 0.05 9.17+ 0.01 9.20+ 0.06 6.92+ 0.02 6.5 6.0
R-WB4101 7.79£ 0.03 7.704+ 0.03 7.644+0.01 7.65+ 0.04 6.344+ 0.05 14 14
(9-1 5.46+ 0.02 5.61+ 0.04 6.74+ 0.01 <5 0.7 0.05
(9-2 8.96+ 0.05 9.69+ 0.09 10.68t 0.06 5.87+ 0.04 0.2 0.02
(R)-2 7.23+0.07 7.83+0.04 8.00+ 0.03 6.20+ 0.01 0.25 0.17
(9-3 <5 5.58+ 0.06 5.36+ 0.07 <0.3 <0.4
(9-4 7.04+0.08 8.35+ 0.09 8.3%+ 0.06 0.05 0.04
(9-5 8.21+ 0.03 8.12+ 0.01 8.99+ 0.05 1.2 0.2
(9-6 <5 6.874+ 0.04 7.214+0.01 <0.01 <0.006
9-7 6.12+ 0.05 6.88+ 0.02 6.97+ 0.08 0.17 0.14
(9-8 7.98+ 0.09 7.37+0.03 <5 5.59+ 0.08 <5 >955 245

apA, valuest+ SEM (n = 5—7) were calculated from Schild plot&constrain

ed to a slope 6f1.0, unless otherwise specifiétpA; is the positive value

of the intercept of line derived by plotting log(DR 1) vs log[antagonist]. The log(DR 1) was calculated at least at three different antagonist concentrations,
and each was tested from three to five times. Dose ratio (DR) values represent the ratio of the potency of the aggnisti{EPresence of the antagonist
and in its absence. The parallelism of desesponse curves was checked by linear regression, and the slopes were tested for significalic@s).

b Antilog of ApA;.
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Figure 1. Magnitude of C&" (1.8 mM)-induced increase in the resting
tension (IRT) of calcium-depleted guinea pig thoracic aorta in the
presence of WB4101 (10 nM)$FWB4101 (10 nM), R)-WB4101 (100
nM), (-2 (10 nM), R)-2 (10 nM), (9-5 (10 nM), and §)-8 (100 nM)
expressed as a percentage o'da.8 mM)-induced IRT in the absence
of any agent. Data represent the meaAnSEM from three to five
experiments.

5HTia of 7 versus 26, 12, and 10, and 23, 13, and 14,
respectively, for §-1 and ©-3]. Then, considering that
tetrahydronaphthodioxan&)¢3 exhibits a similar profile to that

of naphthodioxane§)-1, namely analogous, affinity and
selectivity, it seemed worthwhile to verify if the conversion of
naphthoxy derivative§)-2 into tetrahydronaphthoxy analogue
(9-4 would be also nondetrimental or even productive. Con-
versely, §-4 exhibits lower and more leveled affinities than
(S)-2, partly losing then;, specificity of the latter. These results
could be interpreted considering the reported binding models
of WB4101 witha; +AR, which propose the interaction between
two hydrophobic/aromatic regions of the antagonist-binding site

would be determinant for the interaction of the aryloxy moiety
and only optional for that of the benzodioxane system.

This reasonable hypothesis induced us to consider the
substitution at the phenoxy moiety with a phenyl residue hoping
that less rigid biphenyloxy systems could allow a better
interaction of the additional aromatic ring than the naphthyloxy
residue. We then explored the replacement of 2,6-dimethoxy-
phenoxyl by 6-, 5-, and 4-phenyl-substituted 2-methoxyphe-
noxyl. Interestingly, the binding affinities of§-5, bearing a
2-methoxy-6-phenylphenoxy moiety, are nearly identical to
those of §-2, suggesting analogous binding interactions for
the additional benzene ring, whether 6-positioned or 5,6-fused
on the 2-methoxyphenoxy fragment. Phenyl shifting from the
6- to the 5-position and then to the 4-position gradually
decreases the affinity at all the tested receptors, exceptithe
subtype. It is noteworthy that two of the three derivativEs5
and ©-6, show high affinity values (i ranges of 8.927.75
and 8.25-7.28, respectively), substantially similar to those of
(9-2 and markedly higher than those @1 and §)-3, while
the third derivative, 9-7, is sensibly outdistanced, it&pvalues
ranging from 7.13 to 6.67. The affinity decreases consequent
on phenyl shifting from ortho to meta and para positions of
2-methoxyphenoxyl would further support the already demon-
strated importance of its ortho disubstituti§rand confirm the
hypothesized negative effects of its para substittAfdndeed,
considering the affinity values of-5, (9-6, and §-7, it can
be stated that a phenyl substituent on the 2-methoxyphenoxy
group is well-tolerated, if 6- or even 5-positioned but not
4-positioned, and it cannot be excluded that such a substituent
contributes to the postulated interaction with that binding pocket
lined by a cluster of aromatic residues.

Finally, we decided to hybridize a structure modified at the
phenoxy moiety with one modified at the benzodioxane system.
On the basis of the previous affinity and selectivity data, it

with the benzodioxane system and the 2,6-dimethoxyphenoxy seemed promising to combine the tetrahydronaphthodioxane

fragment respectivel{’.~1° According to such models, the pocket

system, the presence of which had produced the maximum gain

interacting with this fragment is characterized by the presence of (o, specificity relative to §-WB4101 with only moderate

of more aromatic amino acid residues, which might explain why
both receptor regions tolerate the addition of a fused cycle to

loss ofau, affinity [see §-3], with the 2-methoxy-1-naphthoxy
moiety, the introduction of which, vice versa, had given the

the respective aromatic counterpart of the ligand molecule, but closesto, affinity to (S-WB4101 with a slight increase ofi 4
with a preference for a benzene over a cyclohexane in the casespecificity [see §)-2]. As shown in Table 1, the results of such

of the phenoxy enlargement. In other words, due to the different
nature of the two subsites, the aromaticity of the added ring

a hybridization disappointed our expectations: the affinities of
(9-8 at the threen;-AR subtypes and the 5-HZ receptor are
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from moderated, pKi = 7.18) to modest (5-Hil pK; = 5.77), These highly positive, but contradictory, results prompted us
much lower than those 08[-2, and itso1, Specificity, compared  to substantiate the inverse agonist hypothesis, already demon-
to that of -3, did not significantly improve. strated for WB4101, prazosin, and benoxatian and proposed for
In the same table, the affinities of tiitisomers ofl—8 are some of their derivativé421.2%to justify differences in binding
also reported. Except the cases of the towyandoq affinities and antagonist affinities. On the basis of the theory, antagonist

displayed by the enantiomeric pairsbénd3, they are always ~ affinity assessed in functional experiments should not be
lower than those of the correspondiBigsomers. Itis noteworthy  different from that determined in binding assays using both

that (R)-2 and R)-5 show very similar affinities like theiS native and recombinant receptors, but the results often appear
antipodes and, compared with the latter, analogous degrees ofnconsistent. Such a discrepancy might be explained by the fact
01 Specificity. that so-called neutral antagonists really behave as inverse

For WB4101, its enantiomersSt1—(9-8, and R)-2, the agonists in the interaction with receptotor by the phenom-
antagonist affinities ati;-AR subtypes were determined on ©€non of receptor dimerization. Many G-protein-coupled
isolated rat tissues. The results are listed in Table 2. Most of ECeptors, comprising thew-AR subtypes, may exist in a
them diverge from the binding data (Table 1), representing SPontaneously active form in the absence of agghst.
different trends, which can be summarized as follov®- (  According to the two-state receptor modékome antagonists,
WB4101, due to the remarkable increaseocaf antagonist called inverse aglon|sts or neggtlve antagonists, preferentially
affinity with respect tauy, binding affinity (pA, = 9.17 versus Iea_d _to the _|nact|ve conformational state, reducing its basal
pKi = 8.24), becomes near equipotent{9pA; < 10) at the activity. Their affinit_y values may not be system-independent,
three 0u-AR subtypes. An analogous trend is shown BR)-( but different according to the relative proportidr) f receptor

WB4101, namelyn; g antagonist affinity increase fp = 7.64 in the resting state and receptor in the active state typical of the
versus | = 7.14) and consequent lost of amy subtype system employed for the determination. Since it has been
selectivity @ pA2 = 7.79, a1g pA2 = 7.64, andoup pAr; = demonstrated that classieal-AR antagonists, such as prazosin,

7.65). For ©-2, (R)-2, (9-4, and ©)-5, the oup and theays be_noxatian, and WB4101, act as inverse agorfsts hypoth-
pA, values are higher, sometimes to a great extent, than theesized that also our compounds are inverse agonists if tested in
corresponding I values, while, atosa, there is a slight the appropriate model. So we decided to assess their ability to

difference [see 9-2] or moderate decrease [seR)@, (9-4, inhibit the increase in the resting tone (IRT) of guinea pig
and ©-5]. On the whole, these four compounds can be thoracic aortainduced by €al*In particular, we tested seven
considered potent; antagonists, especially for thep subtype, ~ compounds: WB4101 and its enantiome§;:Z, namely, the
displaying from modest to moderatep selectivity. In particu- ~ MOst potentup antagonist; its antipodeR}-2; (S)-8, which is
lar, (9-2 stands out for its impressive antagonist affinity at the the most selectiveu antagonist; and, finally,§)-5, the most
a1p-AR and its significaniup specificity. Otherwise, for$)- potenta;a antagonist withaya antagonist affinity lower than

1, (9-3, (9-6, and §)-7, the pA; values, except for§-1 and o binding affinity (Figure 1). In order to verify if discrepancies
(9-7 at a1p-AR and for ©)-7 at o1s-AR, are markedly lower between the results of binding and functional studies could be
than the correspondingKp values. In particular, for theta due to inherent species differencg)-g and §-8, which show
subtype, the drop reaches 2 orders of magnitude and more. Inthe highest positive and negative difference, respectively,
this context, §-8, developed by hybridization off-2 with betweenp pA; (antagonist affinity atup-AR from rat aorta)
(9-3, forms a positive exception. In fact, it is the only derivative andaugq pK; (binding affinity at recombinant humasp-AR),

that shows a significantia pA; increase relative taug pK; were previously submitted to binding studies on recombinant
(7.98 vs 7.18) associated withs anda;p antagonist affinities ~ rataip-AR, too. The finding of the same binding affinity ratio

even lower than the corresponding binding affinities{p 5 [i.e., (9-2 affinity 20-fold higher than that of§)-8)] induced
and= 5.59 vs [K; = 6.43 and 6.83, respectively). us to exclude a confounding species effect. After ascertaining
Comparative SAR analysis of the binding and functional that such an effect was not involved, we carried out the tests of

affinities gives the following indications. (a) Modifications at 'RT inhibition in guinea pig thoracic aorta.

the phenoxy moiety producing the maximum affinities at the =~ Some experimental evideri€esuggests that contraction of
threeo, subtypes, associated with a moderaig specificity, this vessel is mediated by the; -AR subtype, which is
generally result in still higher; antagonist affinities with shifted ~ pharmacologically similar taa-AR of rat vas deferens and
selectivity towardu;p-AR. Such modifications are the replace- human prostate and urethr& Due to this similarity, guinea
ment of phenoxyl by naphthoxyl §-2 and R)-2], tetrahy- pig thoracic aorta may be a suitable tool to test mewAR
dronaphthoxyl [§)-4], and 2-phenylphenoxyl §-5]. (b) antagonists as inverse agonists therapeutically advantageous in
Modifications at the benzodioxane system and at the phenoxythe treatment of urinary tract obstruction (e.g., in BPH). As
moiety producing lower affinities at the thres, subtypes, shown in Figure 1, guinea pig thoracic aorta, depleted of
associated with sometimes significant, selectivity, result in internally stored C&H until irresponsive to noradrenaline
even lower, often negligibleg; antagonist affinities. Such  administration and then incubated with 10 nM WB4101, shows,
modifications are the replacement of the benzodioxane systemafter addition of C&" (1.8 mM), an IRT equal to 25% of IRT
by naphthodioxane §)-1] and tetrahydronaphthodioxanesJ{ produced by the same quantity of €aadministered after

3] and of phenoxyl by phenylphenoxy moieties unsubstituted depleting internal Cd but in the absence of WB4101. Such a
at one of the ortho positions of phenoxyBJ{6 and ©)-7]. (c) decrease of response to Xaseems imputable to th&
Hybridization of the naphthoxy derivativeS¢2 with the enantiomer, which, at the same concentration as the racemate,
tetrahydronaphthodioxane derivativ®-@, detrimental for the lowers C&*-induced IRT to 15%, whereas tie enantiomer
binding affinity profile, conversely corresponds to a successful has quite negligible effects at 100 nM concentration. B&JF2(
combination of the love;g andop antagonist affinities of$-3 and ©-8 behave as inverse agonists, the former with a nearly
with the higha; 4 antagonist affinity of §-2, leading to a potent ~ equal potency t0-WB4101 (10% IRT at 10 nM concentra-
(pA2 = 7.98) and very selectivenfa/asg > 1000 andoya/oip tion) and the latter to a minor but still high degree (27% IRT at
= 245 activity ratios)aia-AR antagonist [§)-8]. 100 nM). No inverse agonism was shown IR)-@ at the same
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concentration as its antipode and 18)-6 at 10 nM concentra- mmol) in dichloromethane (250 mL). After 3 h, the mixture was
tion. These observations indicate that (a) for the two tested washed, in sequence, with water (250 mL), 10% HCI (250 mL),
enantiomeric pairs (WB4101 ar®), configuration inversion ~ Water (120 mL), and a saturated solution of NaHQG250 mL).

from Sto Rresults in a change from inverse agonist to neutral Tpifrganlc pllrase \{\llas dried and concentrated to give 62.7 g (100%)
antagonist; (b) considering the four test8dlerivatives [§)- of 22 as a yerow ofl. .

WB4?L01 (5)('2) (9-5 and 96)'8] inverse agonism is a[(?/)ery 2-Acetyl-5,6,7,8-tetrahydro-1-naphthol (15) Aluminum chlo-

f b | f f th ds- (Q) a)ide (44 g, 330 mmol) was added to a solutioridf(62.7 g, 330
requent, but not a general feature of these compounds; (c) al ol in ichlorobensons, after being wammod o8BI 12 h

the detected inverse agonist activities in guinea pig thoracic aortayne reaction mixture was allowed to cool to room temperature, added
correspond taua pA>—oua PK; differences of the same sign,  with dichloromethane (250 mL), and poured into 10% HCI cooled
since inverse agonism behavior was found for compounds with to 0 °C. The organic phase was separated, treated with 10% HCI
higheroua pA2 thanaua pKi [(S)-WB4101, §-2 and §)-8] and (2 x 200 mL) again, washed with water (200 mL), dried, and
not for those showing the reverse differend®{{VB4101, R)-2 concentrated. Dichlorobenzene was removed by distillation under
and ©-5]. We do not know if §-2 and ©)-8 act as inverse ~ vacuum (1 mbar) at 100C yielding 62.7 g (100%) ofl5 as a
agonists onp-AR, t00. Anyway, the respective differences Prown oil.

betweenasp pA; andag pK; could not be both ascribed to a 1-Benzyloxy-2-acetyl-5,6,7,8-tetrahydronaphthalene (16].et-
hypothetic inverse agonism at this receptor subtype, since theyrabutylammomum bromide (4.76 g, 14.8 mmol) and 2.5 N NaGH

. (118 mL) were added to a solution &6 (28.08 g, 148 mmol) in
are opposite [10.68 vs 8.18 faB)2 and 5.59 vs 6.83 forg)- dichloromethane (250 mL). Benzyl bromide (26.5 mL, 221 mmol)

8]. This notwithstanding, on the basis of the present data, it is 55 added dropwise to the mixture while it was vigorously stirred.
likely that many of the observed discrepancies are due to the after 24 h at room temperature, the reaction mixture was poured
nature of inverse agonists, whose binding and antagonistinto 10% HCI (150 mL). The organic phase was separated, washed
affinities, differently from neutral antagonists, increase or with water (100 mL), dried, and concentrated. Benzyl bromide was
decrease depending on the receptor distribution between theremoved by distillation under vacuum (1.5 mbar) at 3€Qielding
active and resting state in the system employed for the 41.3 g (100%) ofL6 as a brown oil.
determinations. 1-Benzyloxy-5,6,7,8-tetrahydro-2-naphthol (17).3-Chloro-
Finally, it is to be underlined that, as shown in TableS};& peroxybenzoic acid (50.9 g, 295 mmol) was added in small portions

is virtually devoid ofa-AR antagonistic affinity and, forS)- to a solution of16 (41.3 g, 147 mmol) in ethyl acetate (420 mL)

5 this is f 3105 ord f itude | h h at 0 °C. The reaction mixture was stirred for 24 h at room
, this Is from 3 to 5 orders of magnitude lower than those at (o mnerature and then concentrated. The residue was added with

o1-AR subtypes. dichloromethane (250 mL), treated with a saturated solution of
. NaHCG; (3 x 100 mL), and washed with water (100 mL). The
Conclusion organic phase was dried and concentrated to give an oil, which

Through a planned short sequence of modifications, consisting Was dissolved in methanol (420 mL) and added with 2.5 N NaOH
of introducing an additional or fused benzene or cyclohexane (87 ML)- After stirring fa 2 h atroom temperature, methanol was
fing into the benzodioxanic or bhenoxy portion of WB4101 evaporated and the residue treateq with dichloromethane (250 mL)

g ) orp yp . and 10% HCI (100 mL). The organic phase was separated, washed
enantiomers a_n_d finally hybridizing two of these mo_d_lflcatlons, with 10% HCI (100 mL) again and then with water (100 mL), dried,
we have identified a new, potent, and highly specifia-AR and finally concentrated, yielding 36.2 g (97%) 1f as a brown
antagonist, $-8, which presents a tetrahydronaphthodioxane oijl,
system and a 2-methoxy-1-naphthoxy residue in place, respec- 1-Benzyloxy-2-methoxy-5,6,7,8-tetrahydronaphthalene (18).
tively, of the benzodioxane and 2,6-dimethoxyphenoxy of the Tetrabutylammonium bromide (4.84 g, 15 mmol) and 2.5 N NaOH
lead compound. The new selectixg:-AR antagonist hybridizes (120 mL) were added to a solution 7 (36.2 g, 142.5 mmol) in
the highaya antagonist affinity of one parent compound, the dichloromethane (390 mL). lodomethane (10.3 mL, 165 mmol) was
2-methoxy-1-naphthoxy derivativ&)t2, with the very lowas added dropwise to the mixture while vigorously stirring. After 6

: L days, during which aliquots of iodomethane (10 mL in all) were
andoyp antagonist affinities of the other, the tetrahydronaph- : X X . 0
thodioxane derivativeg)-3. occasionally added, the reaction mixture was poured into 10% HCI

. o ) (200 mL). The organic phase was separated, washed with water
Part of the differences between binding and functional (120 mL), dried, and concentrated. Column chromatography on

affinities have been tentatively explained by the inverse agonist silica gel (eluent cyclohexane/ethyl acetate, 90/10) of the resulting

rather than neutral antagonist nature of some of these com-residue allowed the isolation of 19.69 g (48.9%)8fas an orange

pounds, as demonstrated and semiquantitatively determined, iroil.

a vascular model, forg-8, (9-2, and §-WB4101. Further- 2-Methoxy-5,6,7,8-tetrahydro-1-naphthol (19) A solution of

more, for these two latter derivatives, it has been shown that 18 (19.7 g, 73.4 mmol) in ethyl acetate (200 mL) was added with

configuration inversion changes inverse agonism into neutral 5% Pd/C (3.9 g) and vigorously shaken under hydrogen at room
antagonism. temperature for 24 h. The catalyst was removed by filtration and

the filtrate concentrated to give a waxy residue (12.45 g), which
was crystallized from cyclohexane (62 mL), yielding 3.37 g (25.6%)
of 19 as a white solid: mp 93.6C.

Chemistry. Melting points were measured on & &u melting Ethyl 2-(2-Methoxy-5,6,7,8-tetrahydro-1-naphthoxy)acetate
point apparatus and are uncorrecttiNMR spectra were recorded  (20). A solution 0f19 (2.37 g, 13.3 mmol) in DMSO (15 mL) was
operating at 300 MHz. Chemical shifts, in parts per million relative added dropwise to a suspension of sodium hydride (0.34 g. 13.3
to residual solvent (CH@lor DMSO) as internal standard, are  mmol) in DMSO. Ethyl chloroacetate (1.42 mL, 13.3 mmol) was
reported in the Supporting Information. Optical rotations were then added dropwise and the reaction mixture was stirred for 2 h,
determined by a Perkin-Elmer 241 polarimeter af@5Elemental cooled to 0°C, and treated with 10% HCI (40 mL). The aqueous
analyses (CHCIN) are within 0.40% of theoretical values. Purifica- phase was extracted with ethyl ether{275 mL), and the organic
tions were performed by flash chromatography using silica gel extracts were combined, washed with 10% KOH (70 mL) and with
(particle size 46-63 um, Merck). water (70 mL), dried, and concentrated, yielding 2.69 g (76.4%)

5,6,7,8-Tetrahydro-1-naphthyl Acetate (14)Acetyl chloride of 20 as an orange oil.

(28.2 mL, 396 mmol) was added dropwise to a solution of 5,6,7,8-  2-(2-Methoxy-5,6,7,8-tetrahydronaphthoxy)ethanol (21).A
tetrahydronaphthol (50 g, 330 mmol) and pyridine (29.4 mL, 363 solution of 20 (2.69 g, 10.2 mmol) in THF (5 mL) was added

Experimental Section
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dropwise to a suspension of LIAIH0.42 g, 11.2 mmol) in THF with a few changes (reaction with 4 mol sFCPBA per substrate

(5 mL) at 0 °C. The mixture was stirred for 24 h at room mole for 72 h and final crystallization of the phenol from

temperature. After cooling to 0C, 10% HCI (70 mL) and methanol): mp 108.8C.

dichloromethane (100 mL) were added. The organic phase was 2-(2-Bromoethoxy)-4-phenylanisole (32)1,2-Dibromoethane

separated, washed with water (70 mL), dried, and concentrated to(3.2 mL, 37.2 mmol) was added dropwise to a stirred mixture of

give a residue (1.92 g), which was purified by chromatography on 31 (1.86 g, 9.3 mmol), powdered KOH (2.08 g, 37.2 mmol), and

silica gel (eluent cyclohexane/ethyl acetate, 80/20), yielding 1.2 g DMSO (18 mL). After 24 h, the reaction mixture was acidified

(52.8%) of21 as a yellow oil. with 10% HCI and extracted with dichloromethane (50 mL). The
2-(2-Methoxy-5,6,7,8-tetrahydro-1-naphthoxy)ethyl Mesylate organic phase was separated, washed with a saturated aqueous

(9). Mesyl chloride (0.84 mL, 10.8 mmol) was added to a solution solution of NaHCQ, dried, and concentrated, yielding 2.1 g (75%)

of 21 (1.2 g, 5.4 mmol) and triethylamine (1.5 mL, 10.8 mmol) in  of 32 as a white solid: mp 97.2C.

dichloromethane at 8C. After stirring fa 2 h atroom temperature, 2-(2-Azidoethoxy)-4-phenylanisole (33)A solution of32 (2.1

dichloromethane (50 mL) and a saturated aqueous solution ofg 7 mmol) and Nahl(5.78 g, 88 mmol) in DMF (40 mL) and

NaHCGQ; were added. The organic phase was separated, washeqyater (20 mL) was warmed to S for 4 h. After cooling to room

with water (30 mL), dried, and concentrated, yielding 1.62 g (100%) temperature, dichloromethane (100 mL) and water (30 mL) were

of 9 as an orange oil. added. The organic phase was separated, washed with a saturated
2-Biphenyl acetate (22)was quantitatively obtained from  aqueous solution of NaCl (1@ 30 mL), dried, and concentrated

2-phenylphenol and acetyl chloride as a white solid by the same to give 1.6 g (85%) oB3 as a very viscous oil.

procedure described fdd: mp 62.8°C. _ 2-(2-Methoxy-5-phenylphenoxy)ethylamine (11)Hydrazine

_ 2-Hydroxy-3-phenylacetophenone (23jvas obtained fron22  hygrate (2.8 mL, 59 mmol) was added dropwise to a refluxing

in 74.5% yield as a brown oil by treatment with aluminum chloride  mixture of 33 (1.6 g, 5.9 mmol) and PdO (160 mg) in methanol

in dichlorobenzene at 10TC for 24 h according to the procedure (16 mL). The reaction mixture was refluxedrf8 h and, after

described fod 5. 3-Phenyl-4-hydroxyacetophenone side product was cooling to room temperature, filtered and poured into dichlo-

partly eliminated by filtering off the precipitate formed during the  yomethane/10% HCI. The aqueous phase was separated, made

HCl/dichloromethane extraction and definitively removed by treat- gikaline by addition of 2.5 N NaOH, and extracted with dichlo-

ing the crude product resultant from dichlorobenzene distillation yomethane (50 mL). The organic phase was separated, dried, and

with 7 parts of cyclohexane, in which thehydroxy ketone is  concentrated. The residue was added to 2-propanol (6 mL) and the

insoluble. _ resultant precipitate filtered off. The propanolic filtrate was
2-Benzyloxy-3-phenylacetophenone (24)as obtained fron23 concentrated to give 1.1 g (76%) i as a waxy solid.

and benzyl bromide in 63% vyield as a yellow oll accc_)rding_ to the 2-Benzyloxy-5-phenylacetophenone (34)as obtained fron29

procedure described fdi, followed by chromatographic purifica-  and penzyl bromide in 66% yield as a beige solid according to the

tion on silica gel (eluent cyclohexanefethyl acetate, 80/20). procedure described fd6, followed by crystallization of the crude
2-Benzyloxy-3-phenylphenol (25)vas obtained fron24in 67% product from 5 parts of cyclohexane: mp 80.

yield as an oil fqllowi_ng the procedure described f@rwith a few 2-Benzyloxy-5-phenylphenol (35)was obtained fromB4 in

changes (reaction with 2.4 mol o CPBA per substrate mole for g4 54 vield as a yellow crystalline solid following the procedure

72 h and final chromatographic purification of the phenol on silica ; : )
gel eluting with 80/20 cyclohexane/ethyl acetate). ﬁg)s(gﬂl;?drggﬂlgs'@e crude phenol was crystallized from cyclo

2-Benzyloxy-3-methoxybiphenyl (26as obtained fron25in > . I .
- . . . -Benzyloxy-5-phenylanisole (36)vas quantitatively obtained,
0,
74% yield as a colorless oil according to the procedure described _ - overnight reaction and without chromatographic purification,

for 18, but reducing the amount of iodomethane to 1.1 mol per . . . .
substrate mole and the reaction time to 24 h. The crude product;gornig‘r’;Spa7gr3é§tcaume solid according to the procedure described

was purified by chromatography on silica gel eluting with 80/20 2-Hydroxy-5-phenylanisole (37)was quantitatively obtained

cyclohexane/ethyl acetate. . h :
) " o ; from 36 as an oil following the procedure described fi®, but
2-Methoxy-6-phenylphenol (27)was quantitatively obtained replacing ethyl acetate with methanol. Purification of the crude

from 26 as an oil following the procedure described fi8, but
product was unnecessary.

replacing ethyl acetate with acetone. Purification of the crude i i
2-(2-Bromoethoxy)-5-phenylanisole (38)vas obtained fron37

product was unnecessary. . ) : _ _ )
2-(2-Bromoethoxy)-3-phenylanisole (10)1,2-Dibromoethane N 67.4% yield as a white solid according to the procedure described

(4.4 mL, 51.5 mmol) was added dropwise to a vigorously stirred for 10. The crude product was purified by chromatography on silica

mixture of27 (2.6 g, 13 mmol), tetrabutylammonium bromide (0.42 9€l €luting with 90/10 cyclohexane/ethyl acetate: mp 7&9

g, 1.3 mmol), 2.5 N NaOH (20.6 mL), and dichloromethane (60 _ 2-(2-Azidoethoxy)-5-phenylanisole (39)vas obtained frong8

mL). After 24 h, the organic phase was separated, washed within 91.5% yield as a colorless oil according to the procedure

10% HCI (2 x 30 mL) and then with water (30 mL), dried, and  described for33.

concentrated. The resultant residue was purified by chromatography —2-(2-Methoxy-4-phenylphenoxy)ethylamine (12)vas obtained

on silica gel (eluent cyclohexane/ethyl acetate, 95/5), yielding 2.0 from 39in 47% yield as an oil according to the procedure reported

g (51.2%) of10 as a colorless ail. for 11, but protracting reaction for 72 h and isolating the product
4-Biphenyl acetate (28)was quantitatively obtained from by chromatography on silica gel (eluent dichloromethane/methanol/

4-phenylphenol as a white solid by the same procedure describedTEA, 95/5/0.1).

for 14 mp 88.6°C. 1-(2-Azidoethoxy)-2-methoxynaphthalene (40)A solution of
2-Hydroxy-5-phenylacetophenone (29)vas obtained fron28 1-(2-bromoethoxy)-2-methoxynaphthalene (6.24 g, 22.2 mmol) and

in 50% yield as a pink solid by treatment with aluminum chloride NaN; (18.75 g, 288.5 mmol) in DMF (60 mL) and water (60 mL)

in dichlorobenzene at 10T for 24 h according to the procedure was refluxed for 5 h. After cooling to room temperature, water

described foll5. The crude product was purified by chromatography (120 mL) was added and the aqueous phase extracted with hexane

on silica gel (eluent cyclohexane/ethyl acetate, 80/20): mp 59.5 (5 x 100 mL). The organic extracts were combined, dried, and

°C. concentrated, yielding 4.93 g (91.3%) 40 as an orange oil.
2-Methoxy-5-phenylacetophenone (30)as quantitatively ob- 1-(2-Aminoethoxy)-2-methoxynaphthalene (13).Hydrazine

tained, after overnight reaction and without chromatographic hydrate (9.9 mL, 203 mmol) was added dropwise to a refluxing

purification, from29 as a white solid according to the procedure mixture of40 (4.93 g, 20.3 mmol) and PdO (250 mg) in methanol

described forl8: mp 62.8°C. (50 mL). The reaction mixture was refluxed for 24 h, cooled to
2-Methoxy-5-phenylphenol (31)was obtained fron30in 48% room temperature, and filtered. The filtrate was concentrated and

yield as a yellow solid following the procedure described Ia@r the residue treated with dichloromethane (100 mL) and 2.5 N NaOH



Subtype Seleat o-Adrenoreceptor Antagonists

Journal of Medicinal Chemistry, 2006, Vol. 49, No7247

(70 mL). The organic phase was separated, washed with water (7Omg, 1.3 mmol) in 2-methylpropanol (5 mL) was submitted to

mL), dried, and concentrated to give 4.32 g (98.2%)L8fas an

orange oil.
(9)-2-[((2-(2-Methoxy-5,6,7,8-tetrahydronaphthoxy)ethyl)ami-

no)methyl]-1,4-benzodioxane Hydrochloride [§)-4]. A mixture

of (9-2-aminomethyl-1,4-benzodioxane (1.5 g, 7.8 mmol) and

(2.15 g, 3.8 mmol) in 2-methylpropanol (5 mL) was submitted to

microwave irradiation for 60 min (120C, 100 W). The solvent

microwave irradiation for 60 min (120C, 100 W). The solvent
was evaporated and the resultant residue purified by chromatog-
raphy on silica gel (eluent cyclohexane/ethyl acetate/triethylamine,
50/50/0.1), yielding 240 mg of§}-2-[((2-(2-methoxy-4-phenylphe-
noxy)ethyl)amino)methyl]-1,4-benzodioxane as a colorless oil:
[0]?®% = —26.4 ¢ 1, CHCE). The secondary amine was dissolved
in ethanol (2 mL) and 1.4 N HCI/EtOH (0.2 mL) was added. The

was evaporated and the residue purified by chromatography on silicaresulting precipitate was isolated and dried, yielding 130 mg (25.3%,

gel (eluent cyclohexane/ethyl acetate/triethylamine, 50/50/0.1),

yielding 491 mg of §-2-[((2-(2-methoxy-5,6,7,8-tetrhydronaph-
thoxy)ethyl)amino)methyl]-1,4-benzodioxane as a colorless oil:
[a]?® = —30.2 € 1, CHCE). The secondary amine was dissolved
in ethanol (1.2 mL), and 1.4 N HCI/EtOH (0.7 mL) was added.
The resulting precipitate was isolated and dried, yielding 280 mg

based on the starting amount of mesylate) $F1{ as a white
solid: mp 140.9C; [a]®p = —41.6 € 1, ethanol). Anal. (gHs
CINO,) C, H, CI, N.
(R)-2-[((2-(2-Methoxy-4-phenylphenoxy)ethyl)amino)methyl]-
1,4-benzodioxane hydrochloride [R)-7] was obtained fromS)-
2-mesyloxymethyl-1,4-benzodioxane ah® as described forS)-

(17%, based on the starting amounbf (S-4 as a white solid:
mp 122.6°C; [a]?% = —43.5 € 1, ethanol). Anal. (&H»sCINOy)
C, H, CI, N.
(R)-2-[((2-(2-Methoxy-5,6,7,8-tetrahydronaphthoxy)ethyl)ami-
no)methyl]-1,4-benzodioxane hydrochloride [R)-4] was obtained
from (R)-2-aminomethyl-1,4-benzodioxane a@és described for
(9-4: mp 121.8; )% = +36.2 € 1, ethanol)’H NMR identical
to that of @-4 Anal. (622H28C|NO4) C, H, CI, N.
(9)-2-[((2-(2-Methoxy-6-phenylphenoxy)ethyl)amino)methyl]-
1,4-benzodioxane Hydrochloride [§)-5]. A mixture of (§)-2-
aminomethyl-1,4-benzodioxane (590 mg, 3.6 mmol) a6q1 g,
3.25 mmol) in 2-methylpropanol (2.7 mL) was submitted to ethyl)amino)methyl]-2,3,6,7,8,9-hexahydronaphtho[B]{@-4]-
microwave irradiation for 60 min (120C, 100 W). The solvent dioxine as a colorless oil: o]y = —26.3 € 1, CHCk). The
was evaporated and the resultant residue treated with dichlo-secondary amine was dissolved in ethyl ether (2 mL) and 1.8 N
romethane and saturated aqueous solution of Nai-Ti& organic HCI/Et,0 (0.23 mL) was added. The resulting precipitate was
phase was separated, dried, and concentrated and the residusolated and dried, yielding 190 mg (24.5%, based on the starting
purified by chromatography on silica gel (eluent cyclohexane/ethyl amount of mesylate) ofgj-8 as a white solid: mp 255.5C; [a]%%
acetate/triethylamine, 50/50/0.1), yielding 400 mg 8f-2-[((2- = —63.7 € 1, ethanol). Anal. (gH3cCINO,) C, H, CI, N.
(2-methoxy-6-phenylphenoxy)ethyl)amino)methyl]-1,4-benzodiox-  (R)-2-[((2-(2-Methoxy-1-naphthoxy)ethyl)amino)methyl]-
ane as a colorless oila]?; = —15.4 € 1, CHCE). The secondary  2,3,6,7,8,9-hexahydronaphtho[2,®][1,4]dioxine hydrochloride
amine was dissolved in ethyl acetate (10 mL), and 2.3 N HCl/ [(R)-8] was obtained from -2-mesyloxymethyl-2,3,6,7,8,9-
EtOH (0.5 mL) was added. The resulting precipitate was isolated hexahydronaphtho[2,3-b][1,4] dioxine af8 as described forg)-
and dried, yielding 347 mg (27%, based on the starting amount of 8: mp 255.0°C; [a]?%, = +61.8 ¢ 1, ethanol)H NMR identical
10) of (9-5 as a white solid: mp 144.8C; [a]? = —45.1 € 1, to that of §-8. Anal. (GH3oCINO,) C, H, CI, N.
ethanol). Anal. (GsH26CINO,) C, H, CI, N. Biology. Radioligand Binding Assays Affinities for aua oup,
(R)-2-[((2-(2-Methoxy-6-phenylphenoxy)ethyl)amino)methyl]- 14 AR-subtypes and 5-Hk serotoninergic receptor were measured
1,4-benzodioxane hydrochloride [R)-5] was obtained fromR)- by in vitro binding studies. Briefly, membranes derived from
2-aminomethyl-1,4-benzodioxane at@as described foig)-5: mp Chinese hamster ovary (CHO) cells expressingAR subtypes
144.6; )% = +47.3 € 1, ethanol)!H NMR identical to that of (prepared as described by Testa etplwere resuspended in 50
(9-5. Anal. (G4H26CINOy) C, H, CI, N. mM Tris HCI, pH 7.7, containing 1«M pargyline and 0.1%
(9)-2-[((2-(2-Methoxy-5-phenylphenoxy)ethyl)amino)methyl]- ascorbic acid and incubated for 30 min at*Z5with 0.5 nM BH]-
1,4-benzodioxane Hydrochloride [§)-6]. A mixture of (R)-2- prazosin (NEN, 80.5 Ci/mmol) in the absence or presence of
mesyloxymethyl-1,4-benzodioxane (630 mg, 2.5 mmol) Eh¢700 different concentrations of the tested compounds. Prazogi{j1
mg, 2.9 mmol) in 2-methylpropanol (5 mL) was refluxed for 24 h. was routinely used to determine nonspecific binding, although our
The solvent was evaporated and the resultant residue treated withdata indicate that identical levels of nonspecific binding could be
dichloromethane (30 mL) and a saturated aqueous solution of obtained by usingy;-AR ligands chemically distinct from3H]-
NaHCQG; (15 mL). The organic phase was separated, washed with prazosin, such as WB-4101 or the other compounds tested in the
a saturated aqueous solution of NaHCH@ain (2x 15 mL) and present study (data not shown). Binding studies at 5aH@&ceptors
then with water, dried, and concentrated. The residue was purified were carried out using crude membrane preparations from rat
by chromatography on silica gel (eluent cyclohexane/ethyl acetate/ hippocampus, which were resuspended in 50 mM Tris HCI, pH
2-methylpropanol, 50/50/0.3), yielding 470 mg @&)--[((2-(2- 7.7, with 10uM pargyline and 4 mM CagGland incubated for 30
methoxy-5-phenylphenoxy)ethyl)amino)methyl]-1,4-benzodiox- min at 25°C with 1 nM [FH]-8-OH-DPAT in the absence or
ane as a colorless oila]?; = —19.8 ¢ 1, CHCE). The secondary  presence of different concentrations of the tested compounds. 5-HT
amine was dissolved in ethanol (5 mL), and 1.4 N HCI/EtOH (3 (1 uM) was used to determine nonspecific binding. Incubations
mL) was added. The resulting precipitate was isolated and dried, were stopped by rapid filtration, through GF/B filters, which were
yielding 250 mg (23.4%, based on the starting amount of mesylate) then washed, dried, and counted in a Wallac 1409 gatikuid
of (9-6 as a white solid: mp 159.6C; [a]®> = —38.6 € 1, scintillation spectrometer. At least three different experiments, in
ethanol). Anal. (GsH26CINO,) C, H, CI, N. triplicate, were carried out for each compound, and usually each
(R)-2-[((2-(2-Methoxy-5-phenylphenoxy)ethyl)amino)methyl]- compound was tested simultaneously on the differepAR
1,4-benzodioxane hydrochloride [R)-6] was obtained fromS)- subtypes. Prazosin or 5-HT were always tested in parallel, as
2-mesyloxymethyl-1,4-benzodioxane ahtlas described forS)- reference drugs. The percentage inhibitory effects obtained in the
6: mp 159.6; f]%% = +34.3 ( 1, ethanol)IH NMR identical to different experiments were pooled together and the inhibition curves
that of §-6. Anal. (G4H26CINO,) C, H, CI, N. were analyzed using the “one-site competition” equation built into
(9)-2-[((2-(2-Methoxy-4-phenylphenoxy)ethyl)amino)methyl]- GraphPad Prism 4.0 (GraphPAD Softwaree, San Diego, CA). This
1,4-benzodioxane Hydrochloride [§)-7]. A mixture of (R)-2- analysis gives the 1§ (i.e., the drug concentration inhibiting
mesyloxymethyl-1,4-benzodioxane (300 mg, 1.2 mmol) Bx(B74 specific binding by 50%), calculated with the relative standard error.

7: mp 140.6; %% = +35.8 (€ 1, ethanol)!H NMR identical to
that of §-7. Anal. (G4H26CINO,) C, H, CI, N.
(9)-2-[((2-(2-Methoxy-1-naphthoxy)ethyl)amino)methyl]-
2,3,6,7,8,9-hexahydronaphtho[2,®][1,4]dioxine Hydrochloride
[(S)-8]. A mixture of (R)-2-mesyloxymethyl-2,3,6,7,8,9-hexahy-
dronaphtho[2,3][1,4]dioxine (520 mg, 1.7 mmol) and3 (410
mg, 1.9 mmol) in 2-methylpropanol (5 mL) was submitted to
microwave irradiation for 60 min (120C, 100 W). The solvent
was evaporated and the resultant residue purified by chromatog-
raphy on silica gel (eluent cyclohexane/ethyl acetate/triethylamine,
50/50/0.1), yielding 335 mg of§j-2-[((2-(2-methoxy-1-naphthoxy)-
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Ki values were then calculated bysiTising the Cheng and Prusoff Spleen.This tissue (from rats of 256300 g) was used to assess
equation in which theKy of [*H]prazosin foray, up, a1 AR- oyg-adrenoceptor antagonist activigThe spleens were bisected
subtypes were 0.4, 0.4, and 0.7 nM, respectively, whereak¢he transversally into two strips and were suspended in organ baths
of [®H]-8-OH-DPAT for 5-HT;a receptors was 1.2 nM. maintained at 37C and containing Krebs solution of the following

Functional Antagonism in Isolated Rat TissuesMale Spra- composition (mM): NaCl, 118.4; KCl, 4.7; CaCL.9; MgSQ 1.2;
gue-Dawley rats (Charles River, Italy) were killed by cervical NaHCG;, 25.0; NaHPO,-2H,0, 1.2; glucose, 11.7. Desipramine
dislocation under ketamine anaesthesia, and the organ required wabkydrochloride (0.0kM) and &)-propranolol hydrochloride (&M)
isolated, freed from adhering connective tissue, and set up rapidly were added to prevent the neuronal uptake of (-)-phenylephrine
under resting tension in an organ bath (15 mL) containing a and to block3-adrenoreceptors, respectively. The spleen strips were
physiological salt solution kept at appropriate concentration (see placed undel g of resting tension and equilibrated for 1 h. The
below) and gassed with 95%@nd 5%CQ at pH 7.4. Concentra- cumulative concentratiefresponse curves to phenylephrine were
tion—response curves were constructed by cumulative addiction of measured isometrically and obtained at 30-min intervals, the first
agonist. The concentration of agonist in the organ bath was one being discarded and the second one taken as control. The
increased approximately 5-fold at each step, with each addition antagonist was allowed to equilibrate with the tissue for 30 min,
being made only after the response to the previous addition hadand then a new concentratieresponse curve to the agonist was
attained a maximal level and remained steady. constructed.

All experimental data were recorded by means of isometrically  Thoracic Aorta. This tissue (from rats of 256300 g) was used
or isotonically FT.03 Grass force transducers using Power Lab to assese;p-adrenoceptor antagonist activiThe thoracic portion
software (AD-Instruments Pty Ltd, Castle Hill, Australia). In of aorta was cleaned from extraneous connective tissue and placed
addition, parallel experiments in which tissues did not receive any in an organ bath containing Krebs solution maintained atGof
antagonist were run in order to check for any variation in sensitivity. the following composition (mM): NaCl, 118.4; KCI, 4.7; Ca(Cl

Prostate. This tissue (from rats of 200-250 g) was used to assess 1.9; MgSQ 1.2; NaHCQ, 25.0; NaHPQ,, 1.2; glucose, 11.7.
asa-adrenoceptor antagonist activiyProstatic strips measuring  Desipramine hydrochloride (0.0iM)) and ()-propranolol hy-
8—10 mm in length and 2 mm in width were placed under a  drochloride (1«M) were added to prevent the neuronal uptake of
resting tension 02 g in modified Krebs solution of the following (-)-noradrenaline and to blogkadrenoreceptors, respectively. Two
composition (mM): NaCl, 118.0; KCI, 4.7; Ca&H,0, 2.5; helicoids strips were cut in strips from each aorta of about 1.5 cm
MgSQO,:7H,0 1.18; NaHCQ, 25.0; KHPQ;, 1.18; glucose, 5.5.  length. The endothelium was removed by rubbing with filter
The preparations were equilibrated for 60 min; during this time paper: the functional loss of endothelial cells was confirmed by
the bathing solution was changed every 20 min. Before the the absence of the relaxing response to acetylcholine. After at least
concentration curves were started, tissues were exposed to (-Ja 1-h equilibration period under an optimal tension of 1 g,
noradrenaline at a concentration of LBI. A minimum response  cumulative ()-noradrenaline doseresponse curves were recorded,
of 0.5 g of tension was required for the tissue to be used for the first two being discarded and the third one taken as a control.
concentratiorrresponse curves. After a 90-min time period, a The antagonist was allowed to equilibrate with the tissue for 30
cumulative response curve te-)-noradrenaline was constructed. min before the generation of a fourth cumulative desesponse
After completion of the concentratierresponse curve, the tissue  curve with ()-noradrenaline.
was washed for 90 min, and the antagonist was added and incubated |nyerse Agonism. The guinea pig thoracic aorta was used to

for 30 min before a second cumulative concentratigBponse  gssess the activity of;-antagonist as inverse agorfiéortic strips
curve was obtained. _ o were isolated and cleaned as previously described and placed in
Vas Deferens Prostatic PortionThis tissue (from rats of 2060 an organ bath containing the Krebs solution maintained C37
250 g) was used to assesg-adrenoceptor antagonist activity.  of the following composition (mM): NaCl, 118; KCI, 4.75; Cagl
Prostatic portions of 2 cm length were set up in Tyrode solution of 1.8: MgCh, 1.2; NaHCQ, 25.0; KHPOy, 1.2; glucose, 11. Tissues
the following composition (mM): NaCl, 130.0; KCI, 2.0; Ca€l  \yere equilibrated fol h under an optimal tension of 1 g, and the
2H,0, 1.8; MgC} 0.89; NaHCQ, 25.0; NaHPQ,-2H;0, 0.42; effect of a single dose of{)-noradrenaline (kM) was recorded.
glucose, 5.6. Desipramine hydrochloride (0/M)) was added to  pyring 1 h ofwash in C&*-free Krebs solution containing EDTA
prevent the neuronal uptake of \-noradrenaline. The medium was (0.1 mM) the agonist was applied and washed witt‘cfeee
maintained at 37C The preparation were equilibrated foh under  so|ytion until no contraction was elicited, indicating depletion of
a resting tension of 0.35 g. The preparations were equilibrated for jhternal Ca+ stores sensitive to NA. After incubation with the
45—-60 min, and during this time the bathing solution was changed antagonist for 30 min, addition of €a (1.8 mM) induced an
every 10 min. Contraction response curves for isotonic contractions jncrease in the resting tone (IRT). The magnitude of the IRT in
in response to{)-noradrenaline were recorded at 30-min intervals, presence of each concentration of each compound was expressed

the first one being discarded and the second one taken as controlgs 5 percentage of the reference IRT in the absence of any agent.
After the incubation with antagonist concentration for 30 min, a

third dose-response curve was obtained.

a-Adrenoreceptor antagonist activity was determined also on
prostatic portions of 1:52 cm length which were set up in an organ
?nim):c?\lr;tgwlff&i; E@Ei;?ggg&% fot,hze. 52"&328‘ (c)%r;n}ggs_ltlon Suppprting Information Available: H NMR data for all
PQ,, 1.2; NaHCQ, 25.0; glucose, 11.1. Propranolol hydrochloride  Synthesized compound$f NMR spectra of compounds4, ()-
(1 uM) and desipramine hydrochloride (0.2M) were present in 5, (S)'.G' (5)'7' ff‘“d §-8; and eIementa] analysis results. Th'?
the above-described Krebs solutions throughout the experimentsMaterial is available free of charge via the Internet at http://
to block S-adrenoreceptors and to prevent the neuronal uptake of PUPS-acs.org.
(—)-noradrenaline, respectively. The physiological salt solution was
kept at 37°C. Field stimulation of the tissues was carried out by References
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