


New Analgesic Drugs Derived from Phencyclidine

Table I. 4-Substituted 1 -(1 -Phenylcyclohexyl)piperidines
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no. R R,

%pC.
1 (PCP), R = R, = H=
3, R = H; R, = OH

mp, °C formula
recrystn
solvent6

yield,
% anal.

4 H 3,4-(CH30)2C6H3C02 154-155 c^h^no. A 62 C,  , N
5 H C6HsC02 146-148 CmH29N02 A 85 C,  , N

6 h (9rc°2 114-115 A 60 C,  , N

7 H 4-NH2C6H.C02 167-168 c24h30n2o2 D 60 C,  , N
8 H CH3C02 195-196 C,oH„N0,· B 72 C,  , N

HCI-HjO
10 OH C6H5 103-105 c23h29no E 75 C,  , N
11 C3H5C02 c6h5 214-215 CmHjjNOj· B 60 C,  , N

HCl-0.5H2O
13 H C6H5 131-132 c23h29n C 57 C,  , N

a Reference 13. 6 A = ethyl acetate; B = acetone; C = ethyl acetate-ethanol; D = benzene; E = petroleum ether-hexane.

Table II. Analgesic Activity,*2 Bioassay Results,6 Relative Potency in Activity Cage,0 and Acute Toxicity
EDJ0, mg/kg scd rel potency

compd hot-plate test writhing test   „,µ 0 in act. cage0 LDj,,, mg/kg scd

1 f 2.8 (2.2-3.4) i 5.0 37.5 (28.2-49.8)
3 g 11.2(7.5-16.6) i 2.3 nt
4 7.5 (4.7-12.0) 5.2 (3.1-8.4) i 0.5 74.0 (57.1-96.2)
5 15.0(8.8-25.6) 24.5(14.4-41.6) i 1.1 >300k
6 45.06 16.5 (11.1-24.5) i 1.3 >300k
7 40.06 9.3 (5.4-15.8) i 0.7 nt
8 40.0 6 14.5 (8.0-26.1) i 2.0 nt

10 1.3 (0.9-2.0) 0.27 (0.18-0.40) 0.082 ± 0.008 1.2 82.3 (70.3-96.2)
11 12.1 (8.6-16.9) 5.8 (3.7-8.9) 0.78 ± 0.042 1.1 >300k
13 56.0(43.4-72.2) 42.0 (30.4-57.9) 7.5 ± 0.40 1.0 >300k
morphine 2.5(1.6-3.7) 0.42 (0.22-0.78) 0.50 ± 0.058 1.1 5311

0 Tested subcutaneously as water-soluble hydrochloride salts. 6 Effect of the compounds on the mouse vas deferens ac-
cording to ref 17. c Values refer to the potency of the compounds to produce hyperactivity in mice. Untreated mice were
taken as the control group (potency = 1). d Numbers in parentheses are 95% confidence limits by probit analysis;24 data
refer to the free base; nt = not tested. e Concentration which produces 50% inhibition of twitches plus or minus SEM.
f Not active up to 9 mg/kg sc; higher doses produced ataxia. 1 Not active up to 25 mg/kg sc; higher doses produced ataxia.
6 Approximate EDJ0. 1 Concentrations up to 1.0 µ  caused no change in twitches; higher concentrations (up to 100 µ )
caused potentiation of twitches (which was concentration dependent). J No change in twitches was observed up to 100 µ .
k No acute toxicity up to 300 mg/kg sc. 1 Reference 25.

which has retained the anesthetic profile of the parent
structure but lost much of its psychotomimetic activity.
Some of the structural modifications we sought borrowed
elements from the well-known analgesic prodine.9 The
relationship between PCP and its new congeners is shown
in Table I.

While this work was in progress, disclosure was made10·11
of a group of analgesics derived from the structurally re-
lated (l-phenylcyclohexyl)dimethylamine.

Chemistry. The synthesis of the new compounds was
carried out according to Scheme I. l-(l-Pheny!cyclo-
hexyl)-4-piperidinol (3)12 was obtained by us in 45% yield,
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CN OH

H-N Ph +

CN N )—Ph
PhMgBr

12

A )—Ph

13

(9) P. G. Stecher, Ed., “The Merck Index”, 8th ed., Merck & Co.,
Rahway, N.J., 1968, p 40.

(10) D. Lednicer and P. F. VonVoigtlander, J. Med. Chem., 22,
1157 (1979).

(11) D. Lednicer, P. F. VonVoigtlander, and D. E. Emmert, J. Med.
Chem., 23, 424 (1980).

(12) D. C. K. Lin, A. F. Fentiman, and R. L. Foltz, Biomed. Mass
Spectrom., 2, 206 (1975).

(13) A. Kalir, H. Edery, Z. Pelah, D. Balderman, and G. Porath, J.
Med. Chem., 12, 473 (1969).

but silylation of its precursor 2 prior to reaction with
PhMgBr increased its yield to 77%. The piperidinol 3 was
further esterified to compounds 4-6 and 8 (Table I) with
the corresponding acyl chlorides. The 4-aminobenzoate
7 was prepared by transesterification.

l-(l-Phenylcyclohexyl)-4-piperidone (9) was obtained
from the alcohol 3 by the Oppenauer oxidation. Attempts
to oxidize 3 with chromic trioxide in various media (AcOH,
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H2S04, or pyridine) failed. The piperidone 9 and phe-
nyllithium gave 1 -(1 -phenylcyclohexyl) -4-phenyl-4-
piperidinol (10), which with propionic anhydride gave the
propionate 11. In addition, the deoxy analogue 13 was
prepared from 4-phenylpiperidine and cyclohexanone
cyanohydrin (Scheme II).

Pharmacology. The mouse hot-plate14 and the writh-
ing tests15 (using 0.6% acetic acid ip) were used to assess
the analgesic activity of the compounds. In the hot-plate
test, PCP did not produce any significant change in latency
up to 9 mg/kg sc, while higher doses produced marked
ataxia. In the writhing test a steep dose-response rela-
tionship with an ED50 of 2.8 mg/kg sc was observed.
Among the 4-monosubstituted derivatives of PCP, only 4,
5, and 13 produced analgesia in both tests, while 6-8 ex-
hibited analgesia only in the writhing test (Table II).

The 4,4-disubstituted derivatives of PCP, 10 and 11,
exerted analgesic activity in both tests. 10 was found to
be the most potent in this series (almost twice as potent
as morphine; Table II). The analgesic activities of 10,11,
and 13 were completely antagonized by 2 mg/kg naloxone
sc (in the hot-plate test).

In order to assess the opiate-like activity of the new
compounds, the mouse vas deferens preparation was used.
Opioids were shown to inhibit the contractions induced
by electrical-field stimulation of the vas deferens of mice
by inhibiting noradrenaline release.16""18

Only compounds 10, 11, and 13 showed a concentra-
tion-dependent inhibition of contractions; all other com-
pounds showed concentration-dependent increases in
twitch height (Table II). The maximal inhibition produced
by 10, which was six times as potent as morphine, 11 and
13 could be reversed by 20-50 nM naloxone; the same
concentration range was needed to antagonize the effect
of morphine in this bioassay.

We have also found19 that the pA2 values of naloxone
in antagonizing the inhibitory effect of the various com-

pounds were as follows: normorphine, 8.60; 10, 8.76; 11,
8.74; 13, 8.71. However, the regression lines did not have
a uniform slope and, therefore, one cannot state with
certainty that a single competitive mechanism is involved
in the antagonism with naloxone, even though the pA2
values are very close.

For compounds 10, 11, 13, and morphine, a good cor-
relation was obtained between the relative analgesic po-
tency (hot-plate test) and the relative potency of the in-
hibitory effect in the mouse vas deferens (r = 0.95). When
morphine was omitted from the claculation of the re-

gression line, correlation was even better (r = 0.99).
It has been suggested that the psychotic effect of PCP

is associated with induction of hyperactivity in mice and
rats.26"22 In this respect, as estimated from the results of
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the activity cage test (Table II), the new compounds are
much less active than PCP, but as yet the data are in-
sufficient to draw any conclusions about their psychotic
effects.

We presume that different mechanisms are involved in
the antinociceptive effect of PCP and the new compounds,
particularly 10,11, and 13. The facts that there is a good
correlation between the relative potencies found in the
hot-plate test and the mouse vas deferens bioassay, these
effects are reversed by naloxone, and the new compounds
are structurally similar to the known 4-phenylpiperidine
narcotic analgesics,23 imply that the analgesic effect is
mediated by the opiate receptors. This view is supported
by preliminary results of the radioreceptor assay (with
[3H]morphine) which is being carried out in our laboratory.

Experimental Section
Melting points were determined on a Fisher apparatus and were

uncorrected. Infrared spectra (in CHC13) were taken on a Per-
kin-Elmer spectrophotometer Model 137 B. Analytical results
were within ±0.3% of the theoretical values.

l-(l-Phenylcyclohexyl)-4-piperidinol (3) was prepared by
modification of the published procedure.12 A solution of 28 g (0.35
mol) of the 4-hydroxypiperidinocyclohexylcarbonitrile (2) in 200
mL of pyridine was treated with 50 mL of hexamethyldisilazane
and 30 mL of trimethylchlorosilane. After stirring for 1 h at room
temperature, the solvent was removed, and the residue was taken
into CHC13, filtered, concentrated, and recrystallized from pe-
troleum ether to give 30 g of crystals, mp 90 °C. A solution
containing 28 g (0.14 mol) of this nitrile in 200 mL of benzene
was added to PhMgBr (prepared from 47 g of bromobenzene and
8 g of Mg in 250 mL of ether), refluxed for 5 h, left overnight at
ambient temperature, and then poured into ice-NH4Cl. The
organic layer was separated and washed with water, and the base
was extracted with 10% H2S04, liberated with 20% NaOH,
reextracted with benzene, dried, and concentrated. The residue
which solidified was recrystallized from hexane-ethanol (5:1) to
give 20 g of 3: mp 116-118 °C (lit.12 mp 117-118 °C).

Esters 4-6. The corresponding aromatic acid was refluxed for
1 h with a considerable excess of freshly distilled thionyl chloride;
after concentration, the residue was treated with dry benzene and
then distilled again. The residue was treated with piperidinol
3 in 50 mL of pyridine, refluxed for 2-3 h, cooled, diluted with
50 mL of ice-water, extracted with CHClg, washed with 5%
NaHCOg, dried, concentrated, and recrystallized until TLC
(alumina, CHClg-ethyl acetate, 4:1) showed absence of impurities.

l-(l-Phenylcyclohexyl)-4-piperidyl acetate (8) was prepared
from 8 g (0.1 mol) of acetyl chloride and 6 g (0.023 mol) of 3 in
dry benzene. After refluxing for 2 h, the solvents were removed,
and the product was converted into its HC1 salt and recrystallized
from acetone.

4-Aminobenzoate 7 was prepared as follows: 2.6 g (0.01 mol)
of 3 was heated with 0.15 g of sodium (0.065 g-atom) in 30 mL
of toluene for 2 h, then a solution of 1.5 g (0.01 mol) of methyl
4-aminobenzoate in 20 mL of toluene was added during 20 min,
and methanol was removed by slow distillation during 1.5 h until
the temperature reached 110 °C. The mixture was cooled and
washed with water, the organic layer was concentrated, and the
residue was crystallized from benzene.

l-(l-Phenylcyclohexyl)-4-piperidone (9). A solution of 26
g (0.14 mol) of aluminum isopropoxide in 60 mL of benzene was
slowly added to 20 g (0.77 mol) of 3 in 600 mL of benzene and
400 mL of acetone. The mixture was refluxed for 7 h (more
prolonged reflux did not improve the yield), concentrated, diluted
with CH2C12, extracted with 3 N H2S04, liberated with 20%
NaOH, extracted with benzene, dried, and concentrated. The
oily residue was chromatographed on neutral alumina (Fluka) and
eluted with 500 mL of petroleum ether-benzene (4:1) and again
with 500 mL of benzene. After the solvents were removed, the
residue was crystallized from heptane to give 6 g (25%) of 9: mp
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