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Nalorphine-like Properties of Some 2,3-Dimethyl-3-arylpiperidines
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A number of N-substituted 2,3-dimethyl-3-arylpiperidines having an m- or p-arythydroxyl were prepared and evaluated
for analgesic agonist and antagonist properties. The diastereomeric N-allyl and N-cyclopropylmethyl derivatives
behaved as pure potent antagonists. Substitution of the arylhydroxyl from the meta to the para position resulted

in a net fall of the antagonist activity.

Previously we confirmed and extended! the report of
Kugita et al.? that certain derivatives of 2,3-dimethyl-
3-arylpiperidine possess morphine-like or nalorphine-like
properties. In continuation of this work the synthesis and
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a-3, R' = H; R? = Me; R* = Me
3-8, R' = Me; R*= H; R®= Me
a-4, R'=H;R*= Me; R*=H
g-4, R' = Me; R*=H;R*=H
a, R=H;b, R=Me;c, R=CH,CH,Ph;d, R = CH,CH=CH,;
e, R=CH,-¢-C,H,;f, R = CH,CH=CMe,; g, R = COMe

pharmacology of the derivatives «- and 3-2e,f and o-4d-f
are now reported; of these, one diastereomeric form of 2e
has been examined pharmacologically but its stereo-
chemistry not characterized.” Points of interest in the
synthetic work, which chiefly followed methods already
described,* are outlined below (Scheme I).

Compound 5 was obtained by base-catalyzed methyl-
ation of p-methoxyphenylacetone.> Reaction of 5 with
acrylonitrile gave the acyclic intermediate 6 and the latter
was converted to the cyclic imine 7 by catalytic hydro-
genation over Raney nickel. Reduction of 7 with Hy-Pd/C,
LiAlH,, or NaBH, gave a diastereomeric mixture of 3a in
which the « isomer preponderated over the 3 form forming
about 85% of the mixture; in contrast, reduction of 8 with
H,-Pd/C furnished similar amounts of the two isomers
of 1a.* Attempts to O-demethylate the 1-cyclopropyl-
methyl and 1-(3,3-dimethyl)allyl derivatives «- and 3-1e,f
and a-3e,f using 48% HBr at reflux temperature led to
transformation of the 1-substituent, but reaction with BBr,
at ~60 °C proved successful.® N-Methylation of a- or 3-3a
under Eschweiler-Clarke conditions proceeded normally
to give «- or 3-3b; similar treatment of - or 3-l1a gave «-
or 3-97 due to the activating influence of the methoxy
substituent.

The cis-2-Me,3-Ar and trans-2-Me,3-Ar stereochemis-
tries were assigned to «- and S-racemates of 3 on the basis
of '"H NMR chemical shift comparisons and relationships
with spectra of «- and 3-1 of known stereochemistry?*
(Table I). Data obtained support piperidine chair con-
formations with axial 2-Me in the « and equatorial 2-Me
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in the 8 series with the orientations of the C-3 substituents
being unchanged.

Differences in the spectra of the N-acetyl diastereomers
3g are quite significant and are used as evidence of the
stereochemistry of the o and 8 series. In «-3g there is a
duplication of 2-Me, 3-Me, and amide methyl signals
because the axial 2-Me group does not hinder either of the
rotamers (a and b) which arise as a result of slow rotation
about amide N-C bond (Chart I).®  The magnetic envi-
ronments of 2-Me, 3-Me, and amide methyl groups in a
and b differ sufficiently to allow the observation of separate
signals of equal intensity. In 8-3g only one signal for the
above-mentioned groups is apparent. In this case rotamer
¢ is hindered by steric repulsion of equatorial 2-Me and
amide methyl; hence, only rotamer d is significantly
populated. Furthermore, the 2-Me resonance of the 3
isomer moves to a low-field position as it falls under the
deshielding influence of the amide carbonyl.

Replacement of N-H by N-Me (a- and 8-3a — «- and
3-3b) causes an upfield shift of 0.78 ppm for the 2-H of
the 8 form and of 0.21 ppm for the 2-H of the « form. This
effect is in agreement with §-2-H being axial since
equatorial Me (in this case N-Me equatorially orientated)
shields an adjacent axial H more than an equatorial H.°
Furthermore, except for the o/ pair 3a (R = H), the 3-2-H
is always higher field than the «-2-H and this shielding is
attributed to the trans-diaxial orientation of the nitrogen
lone pair and §-2-H.}1¢

Pharmacologic Evaluation. The derivatives with an
m-phenolic group (a- and $-2e,f) and those with a p-
phenolic group of the « series (a-4b—f) (insufficient
amounts of the 3 series were available for pharmacologic
testing) were screened for morphine-like and nalor-
phine-like properties. In the hot-plate test!!!> (white male
mice, sc administration as hydrochloride salts in aqueous
solution) «-4b and «-4¢ (R = Me and phenethyl) did not
show analgesic activity up to a dose level of 100 mg/kg;
in contrast, «-2¢ in the corresponding m-phenolic series
was found activel? with an ED;g less than 10 mg/kg. In
the m-phenolic series «- and 3-2e,f were inactive as an-
algesics in the Nilsen test!? up to a dose level of 20 mg/kg,
in agreement with previous findings for the 1-allyl pair
2d.1°

All the compounds bearing an allyl, cyclopropylmethyl,
or dimethylallyl substituent on nitrogen were tested for
antagonist properties by the fentanyl antagonism test in
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Scheme I
OMe OMe
CHp=CHCN Hp
Raney
nickel
MeCHCOMe MeCCOMe
5 CHoCHRCN
6
OMe
Me "2 __ 3a diaste-
~, Pd/C, reomers
N Me NaBHg, or
7, p-OMe LiAlHg
8, m-OMe
Table I. 'H NMR Spectral Data® of Some
2,3-Dimethyl-3-(p-methoxyphenyl)piperidines
2-sec-Me 3-t-Me 2-H
Compd (d) (s) (q) N-R
a-3a 0.95 1.35 2,93 2,20 (s)
a-1a  0.94 1.36 2,96 1.76 (s)
g-3a 0.78 1.36 3.15 3.00 (s)
g-1ab  0.74 1.34 3.11 1.81(s)
a-3b 0.65 1.42 2.72 2.30 (s)
a-1b®  0.64 1.41 2.75 2.30(s)
3-3b 0.77 1.38 2.37 2.27 (s)
g-1b®  0.75 1.39 2.35 2.25(s)
a-3¢ 0.56 1.41 3.00 2.72°¢
a-1lc®  0.57 1.41 3.03 2.73¢°
g-3¢ 0.82 1.33 2.87 2.80°
g-1c®  0.81 1.33 2.89 2.76¢
a-3g 0.75, 0.86 1.29, 1.37 2,17 (s), 2.21 (s)
a-1g?  0.75,0.86 1.30,1.35 2,15 (s), 2.20 (s)
3-3g 1.31 1.10 1.97 (s)
g-1gb  1.27 1.12 2.00 (s)

¢ Chemical shifts in ppm (§) from internal Me,Si as 10%
solutions in CDCI, at 60 MHz; d = doublet (J = 6-7 Hz),
s = singlet, q = quartet (J = 6-7 Hz). ® Reference 4.
¢ Main peak of multiplet for N-CH,CH, protons.

rats (tests carried out by Dr. K. Schellekens of Janssen
Pharmaceutica, Beerse, Belgium). In this procedure
fentanyl is injected subcutaneously in rats at the very high
standard dose of 0.63 mg/kg which results in pronounced
respiratory depression, loss of righting reflex, lead pipe
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Chart I. Rotational Conformers of «-3g (a and b) and
$-3g (¢ and d) about the Amide N-C Bond

Me z20 0:: Me 0:- Me
H.. A LA H., Me
™~ ™~ ol E\ i
a b c
Me zz0
H.. _Me
T~ 7§

H H
d

rigidity, and analgesia. The test compound was then given
intravenously as hydrochloride salts in aqueous solution
(each dose level in a minimum of three rats) and the dose
needed to reverse the effects of fentanyl determined.
Effective doses in milligrams per kilogram together with
those of the standard antagonist, nalorphine, are given in
Table II.

Results and Discussion

Inspection of Table II reveals that both the substitution
on nitrogen and the molecular stereochemistry have an
important influence upon antagonist activity. The cy-
clopropylmethyl substituent endowed compounds a- and
3-2e with potent antagonist properties equal to or greater
than those of nalorphine and the corresponding N-allyl
analogues a- and $-2d,!® while the N-(2,3-dimethyl)allyl
substituent yielded less potent antagonists, a- and §-2f.
Of the diastereomeric pairs 2e and 2f, the 8 isomer was
the more potent (twice the potency or greater), in
agreement with previous finding for the N-allyl isomers
2d (3-2d is twice as active as nalorphine and four times
as active as «-2d in antagonizing fentanyl-induced effects).!

Movement of the phenolic function from the meta to the
para position of the aryl ring resulted in a sharp drop in
potency in all three cases (a-2d/4d, a-2e/4e, and o-2f/4f);
these results emphasize the importance of an m-
hydroxyaryl moiety for ligands that bind to opiate re-
ceptors. Among the antagonists a-4d—f, the N-(3,3-di-
methyl)allyl member again proved the least potent.

Table II. Antagonist Properties of Some 2,3-Dimethyl-3-(m- or p-hydroxyphenyl)piperidines vs. Fentanyl Effects
Me oH
R/V Me
Antagonism vs, fentanyl effects; active dose,* mg/kg iv in rats
Righting Rigidity Analgesia Duration of
Compd R OH Respiration reflex score (<10s)P action, min
a-2e° CH,-c-C,H, Meta 0.16 1.25 0.31 1.25 <30at1.25
B-2e CH,-c-C,H, Meta 0.08 0.31 0.16 0.63 <60 at 0.63
a-2f CH,CH=C(Me), Meta 1.25-2.5 >2.5 2.5 2.5 <30 at 2.5
g-2f CH,CH=C(Me), Meta 0.31-0.63 >2.5 1.25 2.5 <30 at 2.5
a-4d CH,CH=CH, Para 1.25 >2.5 1.25-2.5 2.5 <30 at 2.5
a-4e CH,-¢c-C,H, Para 0.63 >2.5 1.25 >2.5
a-4f CH,CH=C(Me), Para 2.5 d >2.5 d
Nalorphine 0.16-0.31 1.25-2.5 0.63 0.63-1.25 Short?

@ The active dose represents the one that abolishes the above listed effects of fentanyl given at the standard dose of 0.63

mg/kg sc in rats; these active doses are significant at the level of p < 0.001 (Fisher exact probability test).

b This is

measured in the tail withdrawal reflex test and it means the restoration of the reaction time of the treated animal to the con-
trol level (<65s): P. A, J. Janssen, C. J. E. Niemegeers, and J. C. H. Dony, Arzneim.-Forsch., 13, 502 (1963). ¢ The unchar-
acterized derivative 2e (ref 3) was reported to be devoid of analgesic properties and one-fifth and one-half as active as
nalorphine in antagonizing analgesia in mice and respiratory depression in rabbits, respectively. < Inactive at 2.5 mg/kg.
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Similar potency comparisons were found for N-allyl,
N-cyclopropylmethyl, and N-(3,3-dimethyl)allyl derivatives
in the morphinans and 6,7-benzomorphans with antagonist
properties,!*1%

The more active isomeric pair 2e was tested in mor-
phine-dependent monkeys. In the single dose suppression
test (SDS)!® «-2e precipitated immediate, severe, short-
lasting abstinence signs at 1 mg/kg and in nonwithdrawn
morphine-dependent monkeys precipitated the withdrawal
syndrome (0.5-2 mg/kg) with a fast onset, short-lasting
effect comparable to nalorphine.’” In the SDS test 3-2e
did not substitute for morphine and may have exacerbated
withdrawal (myoclonic jerks were seen at 0.5-1.0 mg/kg)
and precipitated abstinence signs in nonwithdrawn
morphine-dependent monkeys (1.0-3.0 ing/kg).’® These
findings are in fair agreement with those previously ob-
tained for the V-allyl pair 2d («-2d and 38-2d precipitated
dose-related withdrawal with fast onset and short duration
of action at 0.5-4.5 and 0.05-0.5 mg/kg, respectively)'®!?
and confirm that both pairs 2d and 2e act as potent an-
tagonists which lack agonistic activity as shown in the
Nilsen test.

The results of the present investigation demonstrate that
potent antagonists can be found in relatively simple
molecules such as 3-arylpiperidines, providing that they
possess an aryl hydroxyl in the meta position and a proper
substituent on nitrogen.

Experimental Section

Melting points (uncorrected) were taken on a Buchi-Tottoli
capillary apparatus. The 'H NMR spectra were recorded at 60
MHz with a Varian T-60 spectrometer as 10% solutions in CDCly
(Me,Si internal standard). Microanalyses were performed by the
Microanalytical Department (ISS) under the direction of Dr, A,
Mazzeo-Farina and are within 0.4% of the calculated values.

3-(p-Methoxyphenyl)-2-butanone (5). To a stirred sus-
pension of NaNH, (prepared from Na, 10 g) in 400 mL of dry
Et,0 was added dropwise p-methoxyphenylacetoie (68 g, 0.41
mol) at 10 °C. After 2 h of stirring at room temperature, CH,I
(37 mL, 0.60 mol) in 100 ml. of Ft,0 was added dropwise at 10
°C. After refluxing for 2 h, the cooled mixture was poured into
ice; the Et,0 layer was separated, dried (Na,30,) and evaporated.
Distillation of the residue gave 24 ¢ (33%) of 5 as a pale vellow
oil: bp 85 67 °C (0.2 mm); NMR (CCl,) 6 1.26 (d. sec-CHy), 1.32
(s, COCHy), 3.67 (g, CH). The semicarbazone melted at 183 184
°C from EtOH. Anal. (C,H;N;05) C, H, N.

5-Cyano-3-(p-methoxyphenyl)-3-methyl-2-pentanone (6).
To a stirred solution of 5 (36 g, 0.19 mol) in 100 ml. of dry dioxane
was added 4.5 g of Triton B and then 14 g of acrylonitrile in 30
mL of dioxane at a rate to maintain the internal temperature at
35-40 °C. After refluxing for 30 min, the solution was con-
centrated, diluted with H,0, and extracted with Et,0. Drying
{(Na,S0,) and evaporation gave an oily residue. The fraction
collected at 120125 °(' (0.02 mm) gave 23.7 g (31%) of 6: n?y,
1.5353; NMR (CCly) 6 1.54 (s, CH,), 1.87 (s, COCH,), 2.09 (ap-
parent s, CH,CH,CN). Anal. (C,H;NO,) C, H, N.

2.3-Dimethyl-3-(p-methoxyphenyl)-3,4,5,6-tetrahydro-
pyridine (7). Hydrogenation of 6 (20 g in 150 mL of 95% EtOH)
over Raney nickel at 4 atm and 65 °C gave 17 g of 7 together with
a small amount of 3a. The analytical sample was purified by
chromatography (alumina, I11, Et,0): bp 94-96 °C (0.5 mm); n?,
1.5525. Anal. (C,,H;,NO) C, H, N.

Isomeric 2,3-Dimethyl-3-(p-methoxyphenyl)piperidines
(3a). To a stirred solution of 7 (21.7 g, 0.1 mol) in 200 mL of
MeOH, NaBH, (7.6 g, 0.2 mol) was added over 30 min at 15-20
°C. After stirring at room temperature for 3 h, the mixture was
evaporated and the residue distributed between H,O and Et,0.
The Et,0 extract was dried (Na,30,) and evaporated to give 16.6
g (70%) of a crude mixture of «- and 5-3a. The mixture was
treated with ethanolic HCI and diluted with Et,0. The solid which
separated after twa crystallizations from1 EtOH gave pure «-
3a.-HCl. The residue from the mother liquors (as free base) was
chromatographed on alumina (III, neutral) using Et,Q with
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Table III. N-Substituted 2,3-Dimethyl-3-arylpiperidines

Crystn

Compd Mp, “°C  solvent? Formula®
a-le HCI 221-222 E C,.H,.CINO
s-le-HCI 187-188 E-A-ET C,.H.CINO
w-2e-HCI 240-241 E-ET C,,H..CINO
3-2¢ HCl 238-239 E-ET C.H.,. CINO
a-1£HC 201-202 E-ET C,,H.,CINO
g-1f-HCI 195-196 E-ET C,;H,,CINO
a-2£- HCl 205-206 E-ET C,.H..CINO
3-2f-HCl 239-240 E-ET C,;H,,CINO
o-3a- HCI 217-218 E-ET C..H.,CINO
8-3a-HCl 272-273 E-ET C,,H,,CINO
«-3b-HCI 187-188 E-ET C..H.,CINO
3-3b-HCI 250-251 E-ET  C,.H,,CINO
a-db 133-134 ET-PE  C,,H,NO
a-4b-HBr 160-162 E C,.H,BrNO
«-3¢:(COOH), 214-215 95%E  C,H,NO,
2-3¢-HCI 205-206 E-ET C.H, CINO
a-de 150-151 ET-H  C,H,NO
a-4c-HCL 286-237 E-ET C, H..CINO
a-3d-HCI 210-211 E-ET C,,H.,CINO
a-4d-HCI 293-224 E-ET C,.H..CINO
-3¢ HCI 209-210 E-ET C, H..CINO
a-de HCI 272-274 E C,.H,.CINO
a-de-HBr 264-265 95%E  C,,H..BrNO
~-3f-HCI 209-210 E-ET C,H,CINO
4-3t-HCI 230-231 E-ET C,.H,.CINO
a-4f HCl 931-232 E-ET C,.H,,CINO
o-4f HBr 247-248 E C,.H.,BrNO
a-3g 59-62 ET-H  C, H.NO,
3-3g ¢ C,H,,NO,

¢ E, EtOH; A, Me,CO; ET, Et,0; H, hexzane; PE, petro-
leum ether (bp 30-50 °C). ? All compounds provided
satisfactory analyses for C, H, and N. ¢ This compound
was an oil, bp 140-145 "C (0.05 mm) (short path).

inereasing concentration of MeOH from 1 to 5% as the elution
systenl. Column effluent fractions were checked by TLC [AL,O5
G Merck, Et,0-MeOH (9:1)] and spots detected by spraying with
Dragendorff’s reagent. 'The 3-3a isomer was the faster running
compuonent (8, R; 0.59; «¢, R; 0.47).° The separated bases were
characterized as hydrochlorides (T'able II1). The approximate
¢/ 3 ratio of the total mixture was 6:1.

N-Methyl Derivatives a- and 5-3b. A mixture of 1 g (ca.
5 mmol) of w-3a, 3 ml. of HCOOH, and 2.4 ml. of 40% of HCHO
was refluxed for 6 h. 'I'he mixture was made alkaline with 20%
NaOH and extracted with Et,0. The ethereal extract was dried
(Na,S0,) and evaporated and the oily residue was distilled in a
ball tube oven [bp 95-105 °C (0.3 mn)] to give 0.90 g (85%) of
w-3b which was couverted to the hydrochloride, 3-3b was prepared
inn a sinmilar manner and yield from 100 mg of 3-3a (Table III).

N-Phenethyl Derivatives «- and 8-3¢. A mixture of 2.19
g (10 mniob) of «-3a, 2.10 g (11.3 mmol) of 2-phenylethyl bromide,
and 2 g of KyCOyin 25 mL of KtOH was heated under reflux for
48 h. The solvent was evaporated under vacuuin and the residue
partitioned between HyO and Et,0. Evaporation of the solvent
left a residue which was characterized as the oxalate (yield 82%).
d-3¢ was prepared in a similar maimer fromn 200 mng of 3-3a and
crystallized as the hydrochloride {Table III).

N-Allyl Derivative «-3d. A mixture of 2.19 g (10 mmol) of
re-3a, 1.1 mL (12,7 mmol) of allyl bromide, 2 g of K,COj, and 25
ml. of EtOH was refluxed for 48 h and evaporated to dryness in
vacuo, The residue was partitioned between H,0 and Et,0, and
the ethereal extract was dried (Na,S0,) and evaporated to give
1.61 g (62%) of «-3d which was characterized as the hydrochloride
(Table 11II).

N-Cyclopropylmethyl Derivatives a- and 3-le, a-3e. To
a solution of the corresponding secondary amine (2.5 g) in 10 mL
of dry CgHg and 2 mL of pyridine, 2 g of cyclopropylearbonyl
chloride was added. After standing overnight at room tem-
perature, the inixture was partitioned between H,0 and C¢Hs.
The organic layer was washed with 10% NaHCO;, dried (Na,SO,),
and evaporated. The residue was dissolved in dry Et,0 and added
dropwise to a stirred suspension of LiAlH, (2 g) in 30 mL of dry
Ft,0 cooled at 5 °C. After the addition, the mixture was refluxed
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for 1 h, ice cooled, carefully decomposed with 4 mL of H,0O
followed by 2 mL of 8% NaOH, and filtered from the inorganic
salts. The Et,0 solution was dried (Na;SO,) and evaporated. The
oily base was characterized as the hydrochloride (yield 85-90%)
(Table III).

N-(3,3-Dimethyl)allyl Derivatives a- and 8-1f, a- and 8-3f.
A mixture of 2 g (ca. 10 mmol) of the corresponding secondary
amine, 2.3 mL (20.4 mmol) of 1-chloro-2-methyl-2-butene, 2 g of
KyCOj3, and 25 mL of EtOH was refluxed for 4 days {TLC
monitoring, Al,O3; G Merck, petroleum ether-Et,0 (2:1)] and
evaporated to dryness in vacuo. The residue was distributed
between H,O and Et,0. The ethereal extract was dried (Na,SO,)
and evaporated. The oily residue was characterized as the hy-
drochloride (yield 80-85%) (Table III).

N-Acetyl Derivatives a- and 8-3g. A mixture of «-3a (400
mg, ca. 2 mmol) in 12 mL of dry C¢gHg, 0.3 mL of pyridine, and
0.6 mL of acetyl chloride was left overnight at room temperature.
The excess of chloride was decomposed with water and the organic
layer separated, washed with 10% NaHCO; and dried (Na,SO,).
Evaporation under vacuum afforded an oil which slowly solidified.
The solid was crystallized to yield white crystals (350 mg, 73%).
B-3g was prepared similarly as a clear oil starting from 100 mg
of 3-3a (Table III).

O-Demethyl Derivatives a-4b, a-4¢, and a-4d. A solution
of 2 g of the corresponding methoxyphenyl derivative in 10 mL
of 48% HBr was refluxed for 1 h under nitrogen. The cooled
solution was made alkaline with aqueous 10% NaHCO; and
extracted with Et,0 or CHCl;. The organic layer was dried
(Nay,SO,) and evaporated, and the base was converted to the HCL
or HBr salts (yields 55-60%) (Table III).

O-Demethyl Derivatives a- and 8-2e, a- and §8-2f, a-4e, and
a-4f. To a stirred solution of the corresponding methoxyphenyl
derivative (2.5 g, 8-9 mmol) in 15 mL of CH,Cl, cooled at —-60
°C was added a solution of BBr3 (1.90 mL, 20 mmol) in 10 mL
of CH,Cl, cooled at the same temperature. After stirring at 60
°C for 1 h and at room temperature for 30 min, the mixture was
cooled again at —60 °C, the boron—ether complex decomposed with
MeOH, and the solvent evaporated under vacuum. The crude
gummy solid was triturated with Et;0, the Et,0 decanted, and
the solid dissolved in hot EtOH and allowed to cool, affording
1.7-1.8 g (ca. 55%) of pink crystals of the corresponding phenolic
derivative as hydrobromide. The hydrobromide was dissolved
in water, made alkaline with NH,OH, extracted with Et,0, and
dried (Na,SO,). Evaporation afforded the oily base which was
converted to the HCI or HBr salts (Table III).
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The a-methylene lactones 9, 12, 21, and 24 were prepared by a mild, convenient a-methylenation process using the
a-ethyloxalyl derivatives in nonoptimized yields ranging from 23 to 90%. The rates of reaction of these and several
other lactones with cysteine at pH 7.4 and their KB toxicities were measured. These studies showed that neither
the strained trans-fused a-methylene lactone 12 nor the hydroxy-a-methylene lactones 5 and 6 reacted with cysteine
with rates comparable to elephantopin. Based on these limited studies, the rate of cysteine addition appears to
be relatively insensitive to changes in strain energy and neighboring groups. In addition, the rate constant for reaction

with cysteine did not correlate with cytotoxicity.

A number of sesquiterpene lactones or ketones con-
taining an enone system have cytotoxic and, in some cases,
significant antitumor activity."? The activity of these
compounds apparently derives from their chemical re-
activity which primarily involves the conjugate addition
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of various nucleophilic thiols resulting in alkylation.
Compounds which contain the a-methylene y-lactone or
2-cyclopentenone groups have demonstrated reactivity
with thiol-rich enzymes, including phosphofructokinase®
and glycogen synthetase,* and with simple model thiols
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