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Une série de phényl-1 pipérazines est préparée par action d’arylamines primaires sur la dichloro-2,2" diéthylamine ou
son dérivé N-méthylé. Contrairement aux phényléthylénediamines, analogues a chaine droite, les phényl-1 pipérazines
ne présentent pas d’effets opposés a ceux dus au diéthylamide de I’acide lysergique (LSD) sur les oxydations de I‘hydrq-
xy-5 tryptamine et de la noradrénaline catalysées par la céruléoplasmine. De plus, ils n’inversent pas I'hyperthermie
engendrée par le LSD chez le lapin et manifestent une légére action intrinséque sur le comportement. Le réle de 'emploi
de la céruléoplasmine dans I’action du LSD sur le systéme nerveux central est discutée.

Introduction.

Lysergic acid diethylamide (LSD) produces a multi-
plicity of well defined pharmacological effects, most
of which appear to be central in origin (1). The
drug is best known for its psychotomimetic properties
and it is the most potent hallucinogenic substance
known to man. Considerable interest and speculation
have centred around its possible mode of action in
the central nervous system and means of counte-
racting that action. The usual treatment for LSD-
intoxication has involved the administration of
tranquillisers like chlorpromazine, or massive doses
of niacin the « megavitamin therapy »; both methods
are envisaged (2, 3) as restoring nicotinamide adenine
dinucleotide (NAD) levels to normal.

The hallucinogenic action of LSD may well involve
the neurotransmitter substances, 5-hydroxytrypta-
mine (5-HT) and noradrenaline (NA). It has been
shown, for example, that LSD specifically antago-
nises the central excitatory actions of 5-HT (4).
LSD inhibits the in vitro caeruloplasmin-catalysed
oxidation of 5-HT and accelerates that of NA.
This in vitro oxidation has been proposed as a model
for the study of the mechanism by which brain levels
of those two biogenic amines may be controlled (5)
(scheme I). Our interest in the mode of action of
centrally active drugs led us to design compounds
which might have the opposite effects to LSD on
this system, and then to ascertain whether similar
effects would be shown in vivo. We were guided in
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Scheme I. — Caeruloplasmin-catalysed oxidation of

noradrenaline (NA); a similar scheme can be drawn
for 5-hydroxytryptamine. NAD is the oxidised form
of nicotinamide adenine dinucleotide.

the design by the known substrate specificity for
caeruloplasmin of aromatic diamines, aminophenols,
and substituted anilines (6, 7). Preliminary work
indicated that compounds like N,N-dimethyl-N'-
(4-methoxyphenyl)ethylenediamine (I) were inhibi-
tors of caeruloplasmin-catalysed oxidation of NA
and accelerated oxidation of 5-HT, but they were
very unstable in solution and produced dermatitic
reactions. In an attempt to eliminate the undesirable
biological effects and to increase stability, we have
synthesised a series of 1-phenylpiperazines (II),
cyclic analogues of the phenylethylenediamines, as
potential antagonists of LSD.

MeO -_@— NH(CH,),NMe, R’ -©H N N—R
= A—

4 (1)

Chemistry.

Several of the simple 1-phenylpiperazines were
available from commercial sources and were purified
by recrystallisation. However, most of the required
compounds (table I) were prepared by condensation
of an appropriately substituted aniline (III) with
2,2'-dichlorodiethylamine or its N-methyl derivative
(IV) (scheme II). The originally recommended
solvent, butan-1-ol (8, 9), was replaced by the higher
boiling 2-butoxyethanol, which consistently gave
higher yields, shorter reaction times, and improved
products. Compounds containing hydroxyl substi-
tuents (II, R’ = OH) were obtained from the cor-
responding methyl ethers by demethylation with
hydrobromic acid.

CICH,CH
LM+ e =
R A= CICH,CH,

(111) (V)

K.CO, 7N
- @—H N — R”
CyH,OCH,CH,OH R’ S/
(i
Scheme II. — Synthetic route to l-phenylpiperazines.

Enzymology.

Caeruloplasmin from human plasma was obtained
from A. G. Kasr Ltd. (Sweden) as a 5 9 aqueous
solution. The drugs used were either obtained from



88

NN \r-

TABLE 1. —

\/

PRI ;_,_“-n——- —
< TIZISIIISIT
- NN LA
=~ NN b aahnaeda
wf
=2 QLLRR2R_LR2A%
EE‘ LLLZLLZLLLZ
w8 R EEEEEERER
< — LI I I I IXILII

SoRenawawas

slelelelelelelelelele

OO A = 00 D M~ v ] o —

-z MNAICRVO TN S
J 0~ 00 S 00 00 O
|
N
e | M=o~~~
e e \O €N — 1 ST \0 00 I~ 1 60 O
g < W [~ F [~ \O \O \O [~ \O [~
L
W AL o O Wy e T T [~ 00
Q 4 e og ) [ 60 09 \D O v v
e it alnt-dolsl=1s
® e el leh - el als
7]
=
o
c
< F e~ = — A D
| Z Y Q0000 L OO D
. BSOS~ N
| -~ = W
|
|
o
) S IO O en OO~ 00
g | o] e e—000m
= | < 1 M~ o 0~ O M~~~
QO
!
|
' N—= IS — O =]
S Vifgemmonons o
| Wi~ oW O g
| el alulabhe-i- e ahaka’
!_
— L —
€ g =

e l=l=L R b a1 s L= Ran s
? MO — OO en N T
. e 04 1 e 16 e e e e
= e 00 00 [~ ) 1 U = [ ]
‘ e el *a = l= L L B dag
= R Gl L i s

L e — — —
= mmUmGUUUGUU
g u whe nfe ot rfdin whu rhe s afu »
1 LI -

sl s s L L s ks
) =
; z s
o E N Smos AN
v E S NOSSONS —
L I|E|HE2EEEF
t? o oo
g —f e e e peme
. ] I 1 ] 1 I 1 L

Vi O MmO

0 — S \Own <Dt <t

[aa] — e e e e v p—
N

= A1 00—k IV 00 ND

= O \O [~ o \O 00 [~ 1 W <F W
—

£ L 4 - L

e, LASSTLLSTSTE

" " fF = @ w @ @ ow EQEJ

[ : L] : : - - L] - l I

- i assad

Ll aEaadadas

N P10

SEZ0000=2

sssrp I {ele)

q 1::I E] ﬂ:h.ﬂ:iﬂrn ﬂn.‘:l-n .d:..ﬂnlrl

s <t nenenen ol el ed o

s

— S o em s i amm ma g SamarER
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commercial sources or were synthesized at the
Chemical Defence Establishment following published
procedures.

a) General.

The rate of oxygen uptake during the reactions was
measured polarographically using a modified Clark
electrode built at CDE. The rate of formation of
aminochromes from noradrenaline and dopamine
was followed by measuring. spectrophotometrically
using a Perkin-Elmer 137 spectrophotometer, the
change in absorption at 490 nm. The oxidation of 5-
hydroxytryptamine was measured by adding reduced
nicotineamide adenine dinucleotide (NADH,) to the
reaction solution and measuring the rate of change
in absorption at 340 nm, due to disappearance of
NADH,, using the Perkin-Elmer 137 Spectro-
photometer. The rate of formation of oxidized
nicotineamide adenine dinucleotide (NAD) from
NADH, in the presence of either noradrenaline,
dopamine, or S5-hydroxytryptamine was measured
polarographically on a Southern Analytical Diffe-
rential Cathode Ray Polarograph Type A 1660.

b) Procedures.

Effects of compounds on the oxidation of noradrenaline
and dopamine by caeruloplasmin.

To a 2 x 10-* M solution (5 ml) of L-noradrenaline or
dopamine in 0.05 M acetate buffer at pH 5.9 was added
0.01 ml of a 5% aqueous caeruloplasmin solution and
the mixed solution was placed in 2 10 mm path length
spectrophotometer cell in the sample compartment of
a Perkin-Elmer 137 Spectrophotometer. A similar cell
containing only pH 5.9 acetate buffer was placed in the
reference compartment. The cell compartments were
maintained at 25° and the rate of increase in optical
density at 490 nm was monitored using the read-out
facility of the spectrophotometer attached to a Beckmann
flat-bed recorder. This experiment was repeated using
known concentrations of the test compound in 5 ml
of 2 x 10-* M noradrenaline or dopamine in pH 5.9
acetate buffer.

Effects of compounds on the oxidation of reduced nicotine-
amide adenine dinucleotide by caeruloplasmin in the
presence of substrate. (i) Spectrophotometrically.

The procedure was essentially as described above using
a reaction volume of 5 ml containing 10-?* M 5-hydroxy-
tryptamine (or noradrenaline or dopamine) and 2 x 10-* M
reduced nicotineamide dinucleotide in pH 5.9 acetate
buffer to which was added 0.01 ml of a 5%, aqueous
caeruloplasmin solution. The rate of decrease in optical
density at 340 nm was monitored as described above.

(ii) Polarographically.

A solution (5 ml) of 10-* M 5-hydroxytryptamine (or
noradrenaline or dopamine) containing reduced nicoti-
neamide adenine dinucleotide (5 x 10-* M) in pH 5.9
acetate buffer was placed in a polarographic cell, main-
tained at 25° with a quiet mercury pool anode and a
dropping mercury cathode. A 59 aqueous solution
(0.01 ml) of caeruloplasmin was then added and the
solution mixed by passing a stream of air through it for
5 sec. The cell was then connected to the Cell 1 input
of the A1660 Cathode Ray Polarograph and the rate
of increase in peak height at — 0.9 V, due to the formation
of oxidised nicotineamide adenine dinucleotide (NAD)
was recorded; this was expressed as uM NAD produced
per minute by reference to a previously constructed
calibration curve. This procedure was then repeated with
the addition of known concentrations of each of the
compounds under study.
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Effects of compounds on the rate of oxygen removal.

Noradrenaline, dopamine, or 5-hydroxytryptamine (5 ml,
2 x 10-® M) in pH 5.9 acetate buffer was placed in a
thermostatted cell maintained at 25° and a Clark-type
oxygen electrode was inserted. The solution was stirred
magnetically whilst a potential of + 0.6 V was applied
to the electrode from a Radiometer PO4 Polarograph.
The resulting current was recorded as a function of time
using the recorder on the polarograph. After 5 min
caeruloplasmin (0.025 ml of a 59, aqueous solution)
was added and the current was recorded for a further
20 min. This procedure was repeated with known con-
centrations of each of the test compounds added to the
reaction solution.

Substrate action of test compounds.

This was investigated by substituting known concentra-
tions of the test compounds for the standard substrates
in the above procedures.

Pharmacology.

LSD normally produces a rise in rabbit rectal tem-
perature of 1 °C for every 3 pg.kg™1, i.v. (11). Since
hyperthermia has been correlated with hallucino-
genic potency (1, 10), the effect of the phenylpipe-
razines on LSD-induced hyperthermia in rabbits
was measured using copper-constantin thermo-
couples (10).

Any intrinsic behavioural effects of the compounds
were studied in Hall’s open field test (12, 13), in which
a novel environmental situation 1s used to evoke a
stereotyped pattern of behaviour in rats.
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Results and discussion.

The weak substrate activity for caeruloplasmin of
the substituted 1-phenylpiperazines in the presence
of reduced NAD (NADH,) (table II) can be accoun-
ted for by the formation of a free radical. This
process, involving removal of the hydrogen on the
piperazine nitrogen, followed by abstraction of
hydrogen from NADH, by the radical so formed,
is analogous to the formation of the stable free
radicals from N-alkylated aniline derivatives by
caeruloplasmin (7, 14, 15). In the cases of 1-(3,4-dihy-
droxyphenyl)piperazine and 1-(4-hydroxyphenyl)-
4-methylpiperazine, the reactive substrate action can
be rationalised on the basis of the formation of
highly coloured quinimines (e.g. V) by removal of
hydrogen from the hydroxyl group. This process is
directly analogous to the formation of aminochromes
from dihydroxyphenylethylamines in the presence of
caeruloplasmin (6, 15).

o®

Only two compounds, 1-(4-hydroxyphenyl)-4-methyl-
piperazine and 1-methyl-4-(2,4,5-trimethoxyphenyl)-
piperazine, inhibited NA oxidation and thereby had
the opposite effect to LSD itself, but the latter

TABLE 1II

Results of substituted phenylpiperazines as substrates for caeruloplasmin and as modifiers
of the caeruloplasmin-catalysed oxidation of noradrenaline (NA) and 5-hydroxytryptamine (5-HT).

-
= /

] Substrate Action (a) Action as modifier (b)
R’ J R” _ — |-
1 NADH, = NAD Colour formation on NA on 5-HT
| [ |
G-Cl i e e | H Weak Nil Acceleration | Inhibition
........................ H Nil Nil Nil I Nil
34-OH); ..o i it H - -+ (d) Action masked (¢)
Amaxy = 200 nm _
3,4,5-(OMe)y v.vvviiiinnnnn. H -+ Nil Acceleration |  Masked (¢)
3,4,5-(OMe)g vvvvvinnnnnnn. Me Weak Nil Nil Nil
4-OMe. . ... ineinnnnn H Weak Nil Acceleration Slight
inhibition
4-OMe. .....coiiviiinnnnnn Me Nil Nil Nil Nil
3-OMe..........cooivnns. H Weak Nil Acceleration Inhibition
2-OMe. ... H Very weak Nil Slight ~ Slight
acceleration inhibition
2,5-(OMe)y-4-Me ........... H -+ + Acceleration Inhibition
Amax = 275 nm _ _
2,5-(OMe),-4-Me ........... Me Nil Nil Nil Nil
2,45-(OME)g v vvvennnrnnnnn. Me Weak Nil Slight Slight
inhibition inhibition
4-OH ...t Me + - Slight Masked (¢)
Amax = 320 nm inhibition

(a) 4+ indicates positive action; A indicates maximum wavelength of coloured product.
(b) LSD strongly accelerates NA, and inhibits 5-HT, oxidations, while N,N-dimethyl-N'-(4-methoxyphenyl)ethylene-

diamine has the reverse effects.

(¢) masking by colour of oxidation product, or by the formation of NAD from NADH, in the presence of the com-

ound.
d) K, =3 x 10-% M.
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compound also resembled LSD in inhibiting the
oxidation of 5-HT (table II). Indeed, most of the
compounds showed effects that were directly ana-
logous to LSD, in that they accelerated NA oxida-
tion and inhibited 5-HT oxidation. Despite this,
however, they had little behavioural activity per se
in the open field test, where 1-phenylpiperazine and
its three different monomethoxylated derivatives
showed effects at doses below 5 mg/kg (i.p., water)
of a type associated with central depressant drugs.
The effects were not well characterised and generally

consisted of decreases in preening, rearing, and
ambulation; LSD produces an excitatory syndrome
in this test, consisting of increases in ambulation, and
preening, and decreases in defaecation. None of the
title compounds affected LSD-induced hyperthermia
in rabbits, although two, 1-phenylpiperazine and 1-(4-
methoxyphenyl)piperazine, increased rectal tempe-
ratures per se by 1 °C after 50 mn in doses of 10 mg/kg
(i.v., water). However, l-arylpiperazines have a
wide pharmacological spectrum (8), and these effects
may well be ascribable to unsuspected sympathomi-
metic (16) or dopaminergic (17) actions since non-
hallucinogens can produce hyperthermia.

The lack of antagonistic activity towards LSD of the
1-phenylpiperazines is disappointing in view of the
results with N,N-dimethyl-N'-(4-methoxyphenyl)-
ethylenediamine, and the test still has to be made
in vivo of a compound which has contrary effects to
LSD in the caeruloplasmin assay. We feel that the
use of caeruloplasmin as a model for the action of
LSD on the central nervous system provides
a valid approach to the searh for LSD
antagonists. Nevertheless, it is only a model,
and it is not clear whether effects upon caeruloplas-
min-catalysed oxidations of NA and 5-HT have any
relevance to the actual pharmacological properties
of a compound in vivo. Thus, 2-bromolysergic acid
diethylamide (BOL) has much the same effects as
LSD upon these oxidations (5), yet BOL seems to be a
true antagonist of LSD (2, 11). BOL is more potent
as a peripheral antagonist of 5-HT than is LSD (13),
but it does not have LSD’s specific antagonism to
the central excitatory actions of 5-HT (4). However,
BOL is itself psychotomimetic at doses higher than
those required for LSD-antagonism (19), and this
demonstrated dose-dependence may well be manifest
in relation to caeruloplasmin, since only relatively
high doses were used in the initial studies (5).

Experimental section.

Melting points were determined in an- Electrothermal
capillary melting point apparatus and are uncorrected.
Unless otherwise stated, all spectroscopic data were in
accordance with the proposed structure.

I-Phenylpiperazines (table I).

(a) 1-(4-chlorophenyl)piperazine dihydrochloride, 1-(2-
methoxyphenyl) piperazine dihydrochloride monohy-
drate, 1-(3-methoxyphenyl)piperazine dihvdrochloride,
1-(4-methoxyphenyl)piperazine dihydrochloride, and
1-phenylpiperazine dihydrochloride, were purchased
from R.N. EMANUEL. Limited and were purified by
recrystallisation from ethanol-diethyl ether.
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(b) In a typical example, 18.3 g (0.1 mole) of 3,4,5-tri-
methoxyaniline was refluxed for 30 hours with 2,2'-dichlo-
rodiethylamine hydrochloride (17.8 g, 0.1 mole), anhy-
drous potassium carbonate (13.8 g, 0.1 mole), and 2-buto-
xyethanol (60 ml). The mixture was poured into water,
extracted with ethyl acetate, washed with NI NaOH and
water, and dried (MgSO,). Distillation gave 20.2 g
(81 %) of a colourless oil, b.p. 163-168°/0.3 mm.

(¢) Typically, 2.7 g (10 mmoles) of 1-(4-methoxyphenyl)-
piperazine dihydrochloride was refluxed for 4 hours
with 48 % HBr (20 ml). Excess HBr was removed under
vacuum, and the brown solid residue was recrystallised
from ethanol as white needles, m.p. 291-293°, yield 2.4 g

(69 %)

SUMMARY.

A series of 1-phenylpiperazines was prepared by reaction
of anilines with 2,2’-dichlorodiethylamine or its N-methyl
derivative. Unlike their straightchain analogues the
phenylethylenediamines, the I1-phenylpiperazines did
not have opposite effects to those produced by lysergic
acid diethylamide (LSD) on the caeruloplasmin-catalysed
oxidations of S5-hydroxytryptamine and noradrenaline.
Moreover, they did not reverse LSD-induced hyper-
thermia in rabbits and they had little behavioural activity
per se. The significance of the use of caeruloplasmin
as a model for the action of LSD on the central nervous

system in discussed.

ZUSAMMENFASSUNG.

Eine Reihe von 1-Phenylpiperazinen wurde durch
Einwirkung von Anilinen auf 2,2'-Dichlorithylmin oder
dessen N-Methylderivat dargestellt. Im Gegensatz zu
den analogen geradkettigen Phenyldthyldiaminen besitzen
die 1-Phenylpiperazine keine Effekte, die den von
Lysergsduredidithylamid auf Caeruloplasmin-katalysierte
Oxydationen von 5-Hydroxytryptophan und Noradre-
nalin hervorgerufenen entgegengestzt sind. Ueberdies
verindern sie nicht die LSD-induzierte Hyperthermie
bei Kaninchen und hatten wenig Wirkung auf das
Verhalten. Die Bedeutung des Caeruloplasmins als
Modell fiir dei Wirkung des LSD auf das zentrale Ner-
vensystem wird diskutiert.
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