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Structure-Activity Relationship Studies of Central Nervous System Agents. 5.
Effect of the Hydrocarbon Chain on the Affinity of 4-Substituted
1-(3-Chlorophenyl)piperazines for 5-HT;, Receptor Site!

Jerzy L. Mokrosz,* Marzena Pietrasiewicz, Beata Duszyfiska, and Marek T. Cegla
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The effect of the hydrocarbon chain of the model 4-substituted 1-(3-chlorophenyl)piperazines 12-31 on their affinity
for 5-HT, , receptor sites was investigated. It was found that elongation of the 4-n-alkyl chain strongly increases
the 5-HT,, affinity of the investigated compounds. The affinity reaches the maximum (K; = 2.67 nM) for the n-hexyl
derivative 20. It was shown that hydrophobic interactions of N-4 substituents of 1-arylpiperazines significantly
contribute to their 5-HT, affinity. The specific binding constant was defined as the receptor affinity of the protonated
species of compounds under physiological conditions. The range of KAH* = 1-3 X 101! M is a specific affinity limit
of the investigated class of compounds at the 5-HT,, receptor sites.

1-Arylpiperazines produce a variety of behavioral re-
sponses and pharmacological effects which directly result
from activation of the central serotonin system.2* Fur-
thermore, 1-arylpiperazines have been incorporated in the
side chain of some structures, such as buspirone (1), ge-
pirone (2), ipsapirone (3), or NAN-190 (4) (Chart I). These
compounds (1-4) exhibit high affinity for 5-HT', serotonin
receptor sites®” and may form l-arylpiperazines during
biotransformation in vivo. These metabolites are also
biochemically and pharmacologically active.521° There-
fore simple 1-arylpiperazines may constitute a useful tool
for evaluating the structure—activity relationships at 5-
HT),, receptor sites.

It is generally accepted that there are at least two
structural features necessary for recognition of ligands by
the 5-HT), site.”!1"13 One of them is the presence of an

(1) Previous paper: Boksa, J.; Misztal, S.; Chojnacka-Wdjcik, E.;
Gastol-Lewifiska, L.; Grodecka, A.; Mokrosz, J. L. Structure-
Activity Relationship Studies of CNS Agents. 4. 2-[3-(4-
Aryl-1-piperazinyl)propyl]-1,2,3,4-tetrahydro-g8-carbolin-1-one
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uid Chromatography. J. Chromatogr. 1989, 490, 470-473.

(9) Caccia, S.; Garattini, S. 1-Arylpiperazines as Active Metabo-
lites of (4-Substituted Aryl-1-piperazinyl)alkyl Heterocyclic
Drugs. Acta Pharm. Jugosl. 1990, 40, 441-460.
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Table I. Affinities of Gepirone (2), Ipsapirone (38), 8-OH-DPAT (11), 4-Substituted Arylpiperazines (12-31), and

1-(m-Chlorophenyl)morpholine (32) for [*H]-8-Hydroxy-2-(di-n-propylamino)tetralin-Labeled 5-HT, Sites®

no. R K;, nM no. R K;, nM
2 gepirone 318 + 1.1 21 (CH,),CH, 113+ 1.2
3 ipsapirone 3.40 £ 0.98 22 CH,CH=CH, 251+ 6
11 8-OH-DPAT 1.44 £ 0.18 23 CH,CeH;¢ 166 £ 29
12 H 143 %6 24 CH,CH,0H 202 % 12
13 CH, 152 % 4 25 ~(CHp),~* 7220 + 1460
14 CH,CH, 220 % 10 26 CH, >100000
15 (CH,),CH, 122 £ 11 27 CH,CH, 30800 % 3300
16 CH(CH,), 1595 28 (CH,),CH; 49000 % 3500
17 (CH,);CH; 184 £ 4.9 29 CH(CH,), >100000
18 CH(CH,)CH,CH;, 127 £ 12 30 CH,CH; 14800 £ 1700
19 (CH),CH;, 5.54 £+ 0.86 31 C¢H; >100000
20 (CH,)sCH, 2.67 £ 1.19 32 ¢ >100000

s K, are mean values from at least of three independent experiments. ®C¢H; represents phenyl. °See Chart II

of an aromatic nucleus. The nitrogen atom is coplanar
with the aromatic ring, and the electron lone pair is almost
perpendicular to the plane of this ring.1!1? The above
structural requirements indicate that both rings of 1-
arylpiperazines should adopt a coplanar conformation at
5-HT), receptor sites. In fact, earlier results of radioligand
binding studies with the rigid model structure 8 also
confirm the suggestion that the two rings of 1-aryl-
piperazines are relatively coplanar in the bioactive con-
formation.’* Recently we reported quantitative struc-
ture—activity relationship (QSAR) results for 5-HT, and
5-HT),, binding data of simple 1-phenylpiperazine deriv-
atives substituted in the phenyl ring.!®* The results of the
QSAR analysis provide substantial support for our hy-
pothesis that not only coplanar conformations of the 1-
arylpiperazines are responsible for their activity at 5-HT,
receptors. Although the l-arylpiperazines with a relatively
low barrier of rotation (e.g. meta and para derivatives, and
o-alkoxy ones) may assume coplanar conformations at
5-HT, , receptors, the others (such as o-chloro- or -alkyl-
substituted derivatives) should definitely adopt twisted
conformations with the electron lone pair of N atoms di-
rected in the aromatic ring plane.

Besides the above-mentioned structural requirements,
the contribution of the N-4 side chain to the 5-HT,, af-
finity of 1-arylpiperazines also seems to be significant.!!~13
It was found that the chain length in structures of the
types 1-4 is the critical factor determining their optimal
affinity; it was also hypothesized that the four-carbon chain
is more likely to act at the receptor as a spacer rather than
in a hydrophobic manner.%16 It was also reported that the
5-HT,, affinity for a series of N-4-substituted 1-aryl-
piperazines of the types 1-3 increases with the growing
lipophilicity of an amide fragment annelated with the
cycloalkyl moiety.!” Furthermore, Glennon and co-

(13) Sleight, A. J.; Peroutka, S. J. Identification of 5-Hydroxy-
tryptamine;, Receptor Agents Using a Composite Database
Screening. Naunyn-Schmiedeberg’s Arch. Pharmacol. 1991,
343, 109-116.

(14) Huff, J. R.; King, S. W.; Saari, W. S.; Springer, J. P.; Martin,
G. E,; Williams, M. Bioactive Conformation of 1-Aryl-
piperazines at Central Serotonin Receptors. J. Med. Chem.
1988, 28, 945-948.

(15) Mokrosz, J. L.; Duszyfiska, B.; Bojarski, A. Structure-Activity
Relationship Studies of CNS Agents. 3. On the Bioactive
Conformations of 1-Arylpiperazines at 5-HT,, Receptor. Pol.
J. Pharmacol. Pharm. 1992, 44, 87-97.

(16) Glennon, R. A.; Naiman, N. A.; Pierson, M. E.; Smith, J. D.;
Ismaiel, A. M.; Titeler, M.; Lyon, R. A. N-(Phthalimidoalkyl)
Derivatives of Serotonergic Agents: A Common Interaction at
5-HT,, Serotonin Binding Sites? J. Med. Chem. 1989, 32,
1921-1926.
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workers noted that more complex amide terminus frag-
ments of 1-4 and the related compounds are not necessary
for the 5-HT,, affinity, in comparison with the simpler
benzamido derivatives 5, 6, and 7 (K; = 60, 2, and 11 nM,
respectively).® Similar conclusions may be drawn from the
5-HT', binding data on the structurally related and simple
compounds 9 and 10 (K; = 20 and 170 nM, respectively).1®

This study shows the influence of the hydrocarbon chain
in 4-substituted 1l-arylpiperazines on their affinity for
5-HT,, receptor sites. We have chosen 1-(m-chloro-
phenyl)piperazine (mCPP; 12) as a reference compound
(with a moderate affinity for 5-HT),, sites; K; = 130 = 10
nM),? with regard to a series of the model derivatives 13-32
(Chart II).
5-HT,, Binding Studies

The affinity of compounds 2, 3, and 11-32 for central
5-HT), neuroreceptors in vitro was assessed on the basis
of their ability to displace [°*H]-8-OH-DPAT. The obtained
results are summarized in Table L

The 5-HT),, affinity of mCPP (12) and its 4-methyl (13)
and 4-isopropyl (16) derivatives is essentially the same.
The derivative 14, which contains a 4-ethyl substituent,
exhibits a slightly lower 5-HT), affinity in comparison with
the reference compound 12. Elongation of the 4-n-alkyl
chain strongly increases the 5-HT), , affinity of the inves-
tigated compounds. The affinity reaches its maximum (K;
= 2.67 nM) for the n-hexyl derivative 20, and drops down
again (K; = 11.3 nM) for the n-octyl one 21 (Table I).
Additional steric hindrance of both the isopropyl and

(17) Abou-Gharbia, M.; Patel, U. R.; Webb, M. B.; Moyer, J. A,;
Andree, T. H.; Muth, E. A. Polycyclic Aryl- and Heteroaryl-
piperazinyl Imides as 5-HT,, Receptor Ligands and Potential
Anxiolytic Agents: Synthesis and Structure-Activity Rela-
tionship Studies. J. Med. Chem. 1988, 31, 1382-1392.

(18) Harrington, M. A,; Sleight, A. J.; Pitha, J.; Peroutka, S. J.
Structural Determinants of 5-HT), versus 5-HT,p Receptor
Binding Site Selectivity. Eur.J. Pharmacol. 1991, 194, 83-90.
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Table II. Structural Parameters, Ionization Constants, Percent Ionization, and Calculated Binding Constants of the Protonated Form

(K;AH*) of Derivatives 2, 3, 11-24, and 32

structural
parameters pK, pK,, % ionization, KA+

no. o*o LV at 37 °C at 37 °C pH = 7.4, 37 °C nM

2 9.521 b 7.64 £ 0.03 63.5 20.2

3 9.476 b 5.25 £ 0.04 0.7 0.024
11 7.296 8.02 £ 0.02 80.6 1.16
12 0.49 4.952 b 8.42 % 0.02 91.3 131
13 0 5.324 2.82 £ 0.03 8.27 £ 0.03 88.1 134
14 -0.10 5.900 2.48 £ 0.02 7.89 £ 0.02 75.5 166
15 -0.11 6.400 2.39 £ 0.02 7.07 £ 0.03 319 38.9
16 -0.19 6.290 2.37 £ 0.02 7.65 £ 0.02 64.0 102
17 -0.13 6.900 2.43 % 0.03 6.70 £ 0.03 16.6 3.06
18 -0.21 6.828 2.32 £ 0.02 6.84 £ 0.02 21.6 27.4
19 -0.14 7.400 2.46 % 0.03 6.13 £ 0.04 5.1 0.282
20 -0.15 7.900 257 £ 0.03 5.49 £ 0.02 1.2 0.032
21 -0.15 8.900 2.52 £ 0.05 4.42 % 0.04 0.1 0.011
22 0.23 6.010 2.94 + 0.04 7.08 £ 0.04 32.4 81.2
23 0.26 7.457 b 4.39 %= 0.02 0.1 0.166
24 0.21 6.009 b 6.92 % 0.03 24.9 50.3
32 2.33 £ 0.02

s Inductive constants for substituents R, taken from ref 26. ® Monchydrochloride.

sec-butyl groups at the N-4 atom has either a very weak
or no effect on the affinity of the derivatives of the same
chain length (cf. 16 and 14, or 18 and 15). The 5-HT,
affinity of 4-allyl (22), 4-benzyl (23), and 4-(8-hydroxyethyl)
(24) derivatives has the same range and is comparable with
that of 12-14.

The quaternary salt of 25 and the 4-acyl derivatives 27,
28, and 30 show a very low micromolar affinity, whereas
other 4-acyl derivatives (26, 29, and 31) and 1-(m-chloro-
phenyl)morpholine (32) do not bind to 5-HT,, receptor
sites at all (Table I).

Ionization Constants

Ionization constants of compounds 2, 3, 11-24, and 32
were determined by a potentiometric titration, and the
results are collected in Table II. The pK,, value of mCPP
(12), obtained by the potentiometric titration at 37 °C, is
in good agreement with the results of a spectrophotometric
titration at the same temperature (pK,, = 8.64), reported
by Caccia et al.!® The effect of substituents on the pK,,
values of the investigated compounds is relatively small.
However, the pK,, values across the entire series of de-
rivatives 12-24 are strongly differentiated. n-Octyl (21)
and benzyl (23) derivatives have the lowest pK,, (ca. 4.4),
and differ from the reference compounds (12) by ca. 4 units
(Table II).

Although the electronic effect of unbranched alkyl
substituents (from ethyl to n-octyl) should be similar, as
their inductive constants (o*, Table II) are very close to
one another, the hypothesis about a shielding steric effect,
which decreases the second ionization constants of deriv-
atives with a longer chain, is justified. The same can be
anticipated for a pair of derivatives containing an allyl (22)
and a benzyl (23) substituent. Their electronic effects are
almost the same, but a higher steric hindrance of the
benzyl group in comparison with the allyl one results in
dramatic pK,, changes. The pK,; of the benzyl derivative
(23) is ca. 2.7 units lower than that of the allyl one (22).
The observed basicity-weakening effect in the series of
1-arylpiperazines 12-15, 17, and 19-24 is attributed to a
decreased solvation in both the un-ionized molecules and
the ammonium ions, which is possible due to the steric
shielding effect of the N-4 substituent.?? Such changes

(19) Caccia, S.; Fong, M. H.; Urso, R. Ionization Constants and
Partition Coefficients of 1-Arylpiperazine Derivatives. J.
Pharm. Pharmacol. 1985, 37, 567-570.
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Figure 1. Relationship between the log K; values and inductive
constants (¢*) of the substituents for derivatives 12-24.

in the solvation states increase stability of the un-ionized
species, and additionally destabilize the ammonium
ions,20:24

Derivatives 16 and 18, which contain branched sub-
stituents, have higher pK,; values than their unbranched
isomers 15 and 17, by 0.58 and 0.14 units, respectively.
This typical effect results from introduction of a methyl
group into the a-position of the N-4 alkyl chain.?%

Discussion
The electronic effect of N-4 hydrocarbon substituents

(20) Searles, S.; Tamres, M.; Block, F.; Quarterman, L. A. Hydrogen
Bonding and Basicity of Cyclic Imines. J. Chem. Soc. 1956,
78, 4917-4920.

(21) Hall, H. K. Steric Effects on the Base Strengths of Cyclic
Amines. J. Chem. Soc. 1957, 79, 5444-5447.

(22) Mokrosz, J.; Bojarski, J. Hydrolysis of Barbituric Acid Deriv-
atives. 4. Hydrolysis of Derivatives without Shielding Steric
Effect. Pol. J. Chem. 1982, 56, 491-500.

(23) Mokrosz, J. L.; Paluchowska, M. H. Hydrolysis of Barbituric
Acid Derivatives. 6. Hydrolysis of Spirocyclopropane- and
Spiro-2’-methylcyclopropane-1’,5-barbituric Acids. J. Chem.
Soc. Perkin Trans. II 1986, 1391-1396.

(24) Mc Keown, R. H. First Thermodynamic Dissociation Con-
stants of 5,5-Disubstituted Barbituric Acids in Water at 25 °C.
2. Structure-Reactivity Relationships. Linear Free Energy
Relationships which Correlate C(5)-Substituent Effects with
Acid Strength. J. Chem. Soc. Perkin Trans 2 1980, 515-522.

(25) Perrin, D. D.; Dempsey, B.; Serjeant, E. P. pK, Prediction for
Organic Acids and Bases; Chapman and Hall: London, 1981.

(26) Hansch, C.; Leo, A. Substituent Constants for Correlation
Analysis in Chemistry and Biology; Wiley-Interscience: New
York, 1979.



2372 Journal of Medicinal Chemistry, 1992, Vol. 35, No. 13

~ig K;
s-

6 I i L 1

5 o 7 s T
Figure 2. Plot of the log K| values vs the valence connectivity
indices of the first order (1x") for derivatives 12-24.

on the 5-HT),, affinity of derivatives 12-16, 18, and 22-24
seems to be negligible, as their apparent binding constants
(K, are within the same, relatively narrow range of
122-251 nM. Therefore, the observed changes in the af-
finity for 17 and 19-21 cannot be connected with the
electronic effects of the N-4 substituents (Table I, Figure
1). The 5-HT), affinity of 22 and 23, which contain an
allyl and a benzyl substituent, respectively, is comparable
with that of derivatives 12-16 and 18. This means that
there is no r-electron interaction between the double bond
or aromatic ring in such an arrangement and the appro-
priate receptor region. Nor does the terminal hydroxy
group of the N-4 substituent does not contribute to the
affinity (cf. 24 and 12-15 or 22, Table I). Therefore it may
also be anticipated that there is no hydrogen-bonding in-
teraction between the substituent and a specific receptor
region. The observed high 5-HT),, affinity of the long-
chain derivatives 17 and 19-21 (Figure 1) may be explained
only in terms of a lipophilic effect of the N-4 substituents
and their hydrophobic interaction with a specific receptor
region.

Among different methods for quantifying the molecular
structure of a compound, those derived from the chemical
graph theory (e.g. molecular connectivity) appear to be
very useful and popular.2”-2® We chose, for the purpose
of a structure—activity analysis, valence molecular con-
nectivity indices of the first order !x¥, given in Table II
and calculated in the usual manner.?” The !x" indices
efficiently encode the additive and constitutive nature of
complex molecules or substituents, including their basic
stereochemical properties.? These indices well-charac-
terize the hydrocarbon fragment and are sensitive to the
chain length, position, and type of the multiple bond or
branching.2’2%3! The molecular connectivity indices are
also helpful in estimating the lipophilic character of the
substituents and molecules.2”

The plot of the apparent binding constants in the log-
arithmic scale (log K;) against the x" indices is shown in
Figure 2. Although mCPP (12) and its derivatives 13-17

(27) Kier, L. B.; Hall, L. H. Molecular Connectivity in Chemistry
and Drug Research; Academic Press: New York, 1976.

(28) Kier, L. B.; Hall, L. H. Molecular Connectivity in Structure-
Activity Analysis; Wiley: New York, 1986.

(29) Kaliszan, R. Quantitative Structure-Chromatographic Reten-
tion Relationships; Wiley: New York, 1987.

(30) Mokrosz, J. L. Topological Indices in Correlation Analysis. 1.
Comparison of Molecular Shape with Molecular Connectivity
for Some Hydrocarbons. Quant. Struct.~Act. Relat. 1989, 8,
305-309.

(31) Mokrosz, J. L.; Duszyiiska, B. Topological Indices in Correla-
tion Analysis. 2. Molecular Shape Indices in Modelling of the
Chromatographic Retention Parameters. Quant. Struct.-Act.
Relat. 1990, 9, 33-36.
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Figure 3. Relationship between the specific binding constants
(log KAH*) and the valence connectivity indices of the first order
(*xY) for derivatives 2, 3, and 11-24.

and 19-21 show a tendency to form an S-shaped curve, the
sec-butyl (18) and the benzyl (23) derivatives do not fit
this curve at all.

It is a well-established view that the presence of a basic
nitrogen atom as a protonation center in the molecule is
necessary for its binding to 5-HT), sites.”11-131932 In fact,
the compounds devoid of the protonation center (26-32),
or with the blocked quaternary nitrogen atom (25), do not
practically bind to the 5-HT,, sites (Table I). On the other
hand, the pK,, values of compounds 12-24 are distinctly
differentiated, which means that concentration of the
ionized species of the particular derivatives is also different
under experimental conditions (pH = 7.4, 37 °C). The
percentage ionization of the compounds (Table II) was
obtained from eq 1. Furthermore, specific binding con-

% ionization = [1 + 10(4-PKJ]-1 X100 1)

stants of the ionized species (KAH*, Table II) depend on
the concentration of the protonated form in the solution
(expressed as a molar fraction) and can be calculated from
eq 2.

KiAH+ = K,/[l + 10(7.4-pK.)] (2)

The effect of hydrophobic interactions between the
substituents and the appropriate receptor region can be
separated from the lipophilic effect of these substituents,
which is responsible for the transmembrane transport
phenomena. Hence the relationship between the log KAH*
values and the 'x" indices shown in Figure 3 represents
only the hydrophobic effect of the N-4 substituents on the
specific 5-HT), affinity (K;A"*) of the analyzed derivatives
12-24.

Contribution of methyl and ethyl groups to the hydro-
phobic interactions seems to be negligible, as the KAH*
values of compounds 12-14 are approximately the same.
Elongation of the n-alkyl chain up to six carbon atoms
causes stronger hydrophobic interactions, which result in
the observed K;AH* changes (Table II, Figure 3). The
relationship between the log K;AH* values and the length
of the N-4 chain for derivatives 14, 15, 17, 19, and 20 is
linear (eq 3). The linear relationship remains statistically

(32) Hibert, M.; Middlemiss, D. N.; Fozard, J. R. In Brain 5-HT),
Receptors; Dourisch, C. T., Ahlenius, S., Hutson, P. H., Eds.;
Ellis Horwood: Chichester, 1987, pp 27-33.
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log KAH* = 4.66 (£0.61) — 1.91 (£0.09)!x"  (3)
compounds 14, 15, 17, 19, 20
n=5,r=00997s = 0.140, F 4, = 468

highly significant even after inclusion of the derivatives
with the a-branched (16, 18), allyl (22), benzyl (23), and
B-hydroxyethyl (24) substituents in the correlation (eq 4).

log KAHY = 4.24 (£1.24) - 1.84 (£0.18)!x¥  (4)
compounds 14-20, 22-24
n =10, r = 0.963, s = 0.386, Fy 4, = 101

Further elongation of the hydrocarbon chain is not linear,
and the specific 5-HT,, affinity shows a tendency to reach
a constant value (Figure 3).

The results presented above indicate that the hydro-
phobic interactions of the N-4 substituents of 1-aryl-
piperazines significantly contribute to their 5-HT, , affin-
ity. In other words, the region of the 5-HT), sites with
which the N-4 substituents interact must be capable of
accommodating a chain of six to eight carbon atoms in an
active manner. The above model was verified using ge-
pirone (2), ipsapirone (3) and 8-OH-DPAT (11) as a probe.
The latter compounds are known to be selective and potent
5-HT), agents. The specific 5-HT),, affinity (K;A"*) of 2,
3, and 11 was calculated from eq 2, and the obtained values
are differentiated due to diverse concentrations of the
protonated form in the solution under experimental con-
ditions (cf. the pK, values and the percentage ionization
for 2, 3, and 11; Table II). Compounds 3 and 11 fit very
well the S-shaped curve shown in Figure 3. However, the
specific affinity of 2 is relatively low. This means that the
interaction between the N-4 substituent and the hydro-
phobic region of the receptor sites is very limited and may
be interpreted as a result of the two effects. One of them
seems to be a different conformation of the complex N-4
substituent in the solution, as the pK,; value of 2 is rela-
tively high in comparison with other long-chain derivatives.
Gepirone molecule (2) is the biggest in size (!x¥ > 9.5) of
all the investigated compounds. Therefore the limit of the
bulk tolerance in the hydrophobic region of the 5-HT),,
site may be regarded as the other possible effect.

Conclusions

In summary, we have found that the hydrophobic in-
teractions of the N-4 substituents of 1-arylpiperazines
significantly contributes to their 5-HT), affinity. At this
time, the nature of the interaction of the complex N-4
substituents of the selective 5-HT,, agents of types 1-4
seems to be more understandable. Our results indicate
that the carbon chain in 1-4 does not act as a spacer, but
is more likely to interact with the receptor in a hydro-
phobic manner. It also seems that the size of a molecule
within the range of x¥ = 9-9.5 is the limit of the bulk
tolerance in the 5-HT,, hydrophobic region.

In our opinion, the specific KAH* affinity defined by eq
2 is a more convenient parameter to discuss some struc-
ture—affinity relationship problems than the directly de-
termined binding constant K;. Moreover, the range of
KAHY = 1-3 X 10-1! M is the specific affinity limit of the
investigated class of compounds at the 5-HT),, receptor
sites.

Experimental Section

Melting points were determined on a Béetius apparatus and
are uncorrected. Electron impact mass spectra (70 eV) were taken
with an LKB 2091 instrument. 'H NMR spectrum of 25 was
obtained on a Varian EM-360L (60 MHz) in DMSO-d; solution
with Me,Si as an internal reference. Elemental analyses were
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performed in the Institute of Organic Chemistry PAS (Warsaw,
Poland), and were within £0.3% of the theoretical values.

The following compounds were synthesized by published
procedures: 1-(3-chlorophenyl)-4-methylpiperazine® (13), 1-(3-
chlorophenyl)-4-(2-hydroxyethyl) piperazine® (24), 4-acetyl-1-
(3-chlorophenyl)piperazine® (26), 4-benzoyl-1-(3-chlorophenyl)-
piperazine3* (31), and N-(3-chlorophenyl)morpholine3® (32).
Gepirone (2, Bristol-Meyers Co.) and 8-OH-DPAT (11, RBI) were
commercial products. Ipsapirone (3) was obtained from Tro-
ponwerke.

General Procedure A. Preparation of Derivatives 11-23.
To a solution of 1-(3-chlorophenyl)piperazine (12; 0.98 g, 5 mmol)
in acetone (30 mL) were added anhydrous K,COj; (2 g) and KI
(0.2 g). Then a solution of the appropriate alkyl bromide, allyl
bromide, or benzyl chloride (6 mmol) in acetone (5 mL) was added
dropwise at room temperature. The mixture was stirred for 6-8
h at room temperature for primary alkyl, allyl, and benzyl halides,
or under reflux for secondary alkyl bromides. Then the mixture
was filtered off, the solvent was evaporated, and the residue was
purified using silica gel chromatography with n-hexane/CHCl,
(1:1). The product was dissolved with acetone (5 mL) and treated
with an excess of Et,0, saturated with HCL. Resultant salts were
recrystallized from acetone.

4-Ethyl-1-(3-chlorophenyl)piperazine dihydrochloride
(14-2HCI): yield 89%; mp 212-213 °C; MS (free base) m/e 224
(50, M*), 226 (14, M%), 209 (25), 84 (41), 70 (21), 57 (100), 56 (31).
Anal. (Cle”ClNz'zHCl) C, H, N.

1-(3-Chlorophenyl)-4-n-propylpiperazine dihydrochloride
(15-2HCI): yield 90%; mp 216-218 °C; MS (free base) m/e 238
(33, M*), 240 (8, M*), 209 (100), 84 (10), 70 (66), 56 (24). Anal.
(C13H,,CIN,-2HCI) C, H, N.

1-(3-Chlorophenyl)-4-(1-methylethyl)piperazine di-
hydrochloride (16-2HCI): yield 78%, mp 166-168 °C; MS (free
base) m/e 238 (31, M*), 240 (9, M*), 223 (100), 84 (19), 70 (7),
56 (46). Anal. (CmngclNz'zHCD C, H, N.

4-n-Butyl-1-(3-chlorophenyl)piperazine dihydrochloride
(172HCI): yield 88%; mp 189-190 °C; MS (free base) m/e 252
(43, M%), 254 (14, M%), 209 (100), 84 (12), 70 (44), 56 (21). Anal.
(C,H;, CIN,-2HC]) C, H, N.

1-(3-Chlorophenyl)-4-(1-methylpropyl)piperazine di-
hydrochloride (18-2HCI): yield 75%, mp 163-165 °C; MS (free
base) m/e 252 (11, M), 254 (3, M*), 223 (100), 84 (17), 70 (6),
56 (22). Anal. (C,H,;CIN,-2HC]) C, H, N.

1-(3-Chlorophenyl)-4-n-pentylpiperazine dihydrochloride
(19-2HCI): yield 85%; mp 156-157 °C; MS (free base) m /e 266
(19, M%), 268 (6, M*), 209 (100), 84 (3), 70 (31), 56 (13). Anal.
(C,sH43CIN,-2HC) C, H, N.

1-(3-Chlorophenyl)-4-n-hexylpiperazine dihydrochloride
(20-2HCI): yield 89%; mp 171-173 °C; MS (free base) m/e 280
(42, M%), 282 (14, M), 209 (100), 84 (4), 70 (56), 56 (19). Anal.
(C,6H45CIN,-2HC)) C, H, N.
1-(3-Chlorophenyl)-4-n-octylpiperazine dihydrochloride
(21-2HCI): yield 84%; mp 177-180 °C; MS (free base) m/e 308
(19, M%), 310 (6, M*), 209 (100), 84 (2), 70 (20), 56 (17). Anal.
(C,sHyCIN,-2HC)) C, H, N.
4-Allyl-1-(3-chlorophenyl)piperazine dihydrochloride
(22.2HCI): yield 92%; mp 209-211 °C; MS (free base) m/e 236
(81, M*), 238 (25, M*), 140 (49), 139 (39), 138 (29), 84 (12), 70
(20), 56 (62), 27 (100). Anal. (C,3H,;,CIN,-.2HC]) C, H, N.
4-Benzyl-1-(3-chlorophenyl)piperazine hydrochloride
(23-HCIl): yield 87%; mp 220-223 °C; MS (free base) m/e 286
(35, M*), 290 (12, M*), 146 (24), 119 (47), 91 (100), 56 (36). Anal.
(CnngclNz'HCl) C, H, N.
8-(3-Chlorophenyl)-5-azonia-8-azaspiro[4.5]decane Brom-
ide (25). A solution of 1-(3-chlorophenyl)piperazine (12; 2.95 g,
15 mmol), 1,4-dibromobutane (3.85 g, 18 mmol), and anhydrous
K,CO; (5 g) in 99.8% ethanol (30 mL) was refluxed for 10 h. The

(33) Ames, D. E. Preparation of Some Potential Schistosomicidal
Agents. J. Chem. Soc. 1960, 3163-3165.

(34) Pollard, C. B.; Wicker, T. H. Derivatives of Piperazine. 24.
Synthesis of 1-Arylpiperazines and Amino Alcohol Derivatives.
J. Am. Chem. Soc. 1954, 76, 1853-1855.

(85) Adkins, H.; Simington, R. M. N-Phenyl-tetrahydro-p-oxazine
and New Triphenylmethane Dye. J. Am. Chem. Soc. 1925, 47,
1686-1688.
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mixture was filtered off, the solvent was evaporated, and the
residue was recrystallized from acetone/ethanol (1:1) yielding 25
(80%): mp 223-225 °C; MS m /e 330 (10, M%), 332 (12, M*), 209
(100), 84 (31), 70 (37), 56 (17); '"H NMR 6 2.25 (m, 2 CH,), 3.80
(m, 4 CH,), 7.20 (m, 4 H arom). Anal. (C,,H,BrCIN,) C, H, N.
General Procedure B. Preparation of Derivatives 27-30.
To a solution of 1-(3-chlorophenyl)piperazine (12; 0.4 g, 2 mmol)
in toluene (30 mL) was added anhydrous K,CO; (0.5 g). Then
a solution of the appropriate acid chloride (2.5 mmol) in toluene
(10 mL) was added dropwise, and the mixture was stirred for 2-3
h at room temperature. The mixture was treated with water (30
mL) and warmed up to 50 °C, and the organic layer was separated.
Then the solvent was evaporated, and the residue was purified
using silica gel chromatography with n-hexane/CHCl; (1:1). The
product was dissolved with acetone (5 mL) and treated with an
excess of Et,0, saturated with HCl. Resultant salts were re-
crystallized from acetone/ethanol mixture.
1-(3-Chlorophenyl)-4-propionylpiperazine hydrochloride
(27-HCl): yield 85%; mp 148-150 °C; MS (free base) m/e 252
(36, M), 254 (10, M*), 166 (100), 154 (32), 56 (76). Anal.
(CmHnClNzO'HCl) C, H, N.
4-Butanoyl-1-(3-chlorophenyl)piperazine hydrochloride
(28-HCI): yield 90%; mp 123-125 °C; MS (free base) m /e 266
(1, M%), 196 (20), 154 (100), 56 (12). Anal. (C,,H,;;CIN,O-HCl)
C,H,N.
1-(3-Chlorophenyl)-4-(2-methylpropionyl) piperazine hy-
drochloride (29-HCI): yield 87%; mp 143-145 °C; MS (free base)

m/e 266 (25, M*), 268 (8, M*), 166 (100), 154 (29), 56 (95). Anal.
(C,H,3CIN,O-HC]) C, H, N.

1-(3-Chlorophenyl)-4-(phenylacetyl)piperazine hydro-
chloride (30-HCl/,H,0): yield 85%; mp 129-131 °C; MS (free
base) m/e 314 (51, M*), 315 (16, M*), 195 (19), 166 (100), 154 (39),
56 (58). Anal. (ClnggclNzo'HCl'l/szo) C, H, N.

pK, Measurements. Ionization constants were determined
by a potentiometric titration® at 37 £ 0.1 °C. The pK, values
were calculated from the experimental data using the ENZFITTER
program.’’

Binding Experiments. Radioligand receptor binding studies
were performed in the rat brain (hippocampus), according to the
published procedure.® A radioligand used in the binding assays
was [*H]-8-OH-DPAT.

Acknowledgment. This work was supported by the
State Committee for Scientific Research (KBN), Grant No.
4-1449-91-01 (1991-1994).

(36) Albert, A.; Sergeant, E. P. Ionization Constants of Acids and
Bases; Methuen: London, 1967.

(87) Leatherbarrow, R. J. Enzfitter, A Non-linear Regression Data
Analysis Program for the IBM PC; Biosoft: Cambridge, 1987.

(38) Middlemiss, D. N.; Fozard, J. R. 8-Hydroxy-2-(di-n-propyl-
amino)-tetralin Discriminates Between Subtypes of the 5-HT,
Recognition Site. Eur. J. Pharmacol. 1983, 90, 151-153.

Electrophilic Opioid Ligands. Oxygen Tethered a-Methylene-y-lactone, Acrylate,
Isothiocyanate, and Epoxide Derivatives of 65-Naltrexol

William E. Dasher, Peter Klein, and Wendel L. Nelson*

Department of Medicinal Chemistry, School of Pharmacy, University of Washington, Seattle, Washington 98195.

Received February 7, 1992

0%-Ether derivatives of 68-naltrexol in which the ether substituent includes various electrophilic groups have been
synthesized in an effort to examine structure—activity requirements at the 68-substituent for receptor affinity and
irreversibility of binding in opioid receptor preparations. A series of tethered 68-ethers having terminal epoxides,
a-methylene-vy-lactones, and an isothiocyanate group were prepared. The stereochemistry of the a-methylene-y-lactones
was established by convergent synthesis of their reduction products from epoxides of known absolute stereochemistry.
In general, the tested compounds showed comparable affinity and selectivity for the receptor subtypes. All were
found with high affinity for u-sites. The terminal epoxide ether diastereomers 8 and 9 were not bound irreversibly
in the assay for total opioid receptors. The a-methylene-y-lactone diastereomers 10 and 11, and their O*-acetyl
precursors 20 and 21, respectively, varied in their irreversible effects, but where noted these effects were u-site selective.
Methacrylate ether 7 and isothiocyanate ether 12 were bound irreversibly at both u- and é-sites.

A number of irreversible opioid ligands have been syn-
thesized and their receptor binding properties have been
examined.! Among these agents are many analogues of
naltrexone (1), a nearly pure opioid receptor antagonist,
which has a high affinity and selectivity for u-binding sites.
Incorporated into these compounds is a reactive electro-
philic functionality as a C-6 substituent for covalent
binding to opioid receptors. S-Chlornaltrexamine (8-CNA)

(1) Takemori, A. E.; Portoghese, P. S. Affinity Labels for Opioid
Receptors. Annu. Rev. Pharmacol. Toxicol. 1985, 25, 193-223.
Simon, E. J.; Hiller, J. M. Solubilization and Purification of
Opioid Binding Sites. In The Opiate Receptors; Pasternak, G.
W., Ed.; Humana Press: Clifton, NJ, 1988; Chapt. 6, pp
165-194. Newman, A. H. Irreversible Ligands for Drug Re-
ceptor Characterization. Annu. Rep. Med. Chem. 1990, 25,
271-280. Simon, E. J. Opioid Receptors and Endogenous
Opioid Peptides. Med. Res. Rev. 1991, 11, 357-374. Po-
rtoghese, P. S.; Takemori, A. E. Highly Selective Affinity La-
bels for the Investigation of Opioid Receptor Subtypes. In The
Chemical Regulation of Biological Mechanisms; Creighton, A.
M., Turner, S., Eds.; Whitstable Litho, Ltd: Whitstable,
England, 1982; pp 181-199. Casy, A. F. Opioid Receptors and
Their Ligands: Recent Developments. Adv. Drug Res. 1989,
18, 177-289.

(2), S-funaltrexamine (8-FNA) (3), and other compounds
derived from 68-naltrexamine have shown interesting
binding properties in opioid receptor preparations.>* Of

(2) Portoghese, P. S.; Larson, D. L.; Jiang, J. B.; Caruso, T. P.;
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Larson, D. L.; Portoghese, P. S.; Takemori, A. E. Pharmaco-
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oxymorphamine, and Antagonist, Chlornaltrexamine. .
Pharmacol. Exp. Ther. 1980, 213, 539-544. Fantozzi, R.;
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