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A series of N-substituted 3,5-dimethyl-4-piperidones has been prepared.

Aryllithium addition gave

piperidinols which were esterified and tested for analgesic activity.

The relatively high analgesic activity of «- and g-
prodine (I) and trimeperidine (II)? prompted us to
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undertake the synthesis of compounds of the type V, by
the following well-established route.?—*
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An initial attempt to prepare N-phenethyl-3,5-di-
methyl-4-piperidone from phenethylamine and two
molecules of methyl methacrylate, according to pre-
viously reported procedures,®—? was unsuccessful; only
(8-carbomethoxy-n-propyl)phenethylamine could be
isolated in the initial condensation reaction. At
length, a route previously described by Mannich and
Schumann,® was successfully adapted for the prepara-
tion of several 3,5-dimethyl-4-piperidones.
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Reduction of N-phenethyl-3,5-dimethyl-4-piperidone
(ITI, R = C¢H;CH,CH,) with sodium and ethanol
gave one 4-piperidinol, while reaction with aluminum
isopropoxide in 2-propanol gave the isomeric com-
pound; this result confirms Mannich’s® original ¢is as-
signment to the methyl groups. An alternative pro-
cedure for the synthesis of 1,3,5-trimethyl-4-piperidone
was reported after the completion of this work.?

Tertiary alcohols of the type IV were prepared, in
35-75% viclds, by aryllithium additions to the cor-
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responding piperidones, but in each case only one isomer
was isolated. The infrared spectra of the noncrystal-
line residues showed carbonyl and hydroxyl absorption,
indicating that they were mixtures of unreacted piperi-
done and piperidinol; the latter was possibly more of
the isomer already isolated or perhaps the other
isomer.® A consideration of steric and thermodynamic
factors operating during the attack of an aryllithium on
piperidones of the type II1 led us to assign a trans aryl-
nethyl configuration to the piperidinols reported in
this paper (Iig. 1). This assignment has been con-
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Figure 1.

firmed, in the case of 4-phenyl-1,3,5-trimethyl-4-piper-
idinol, by Sorokin on the basis of esterification studies.
Debenzylation of N-benzyl-3,5-dimethyl-4-phenyl-4-
piperidinol, in the presence of hydrogen and palladium
on charcoal, gave 3,5-dimethyl-4-phenyl-4-piperidinol;
alkylation of this compound with phenethyl bromide
gave a product identical with that obtained by phenyl-
lithium addition to N-phenethyl-3,5-dimethyl-4-piperi-
done.

The piperidinols were esterified by refluxing with an
acid anhydride in pyridine; the low yields (<409,) ob-
tained can be attributed to the highly hindered position
occupied by the hydroxyl group. In an attempt to
esterify 4-(2-furyl}-3,5-dimethyl-N-phenethyl-4-piperi-
dinol, usingaceticanhydride in pyridine, only 4-(2-furyl)-
3,5-dimethyl-N-phenethyl-1,2,3,6 - tetrahydropyridine
could be isolated. The facile elimination of water
from 4-(2-furyl)-N-phenethyl-4-piperidinols under these
conditions has been attributed to the electron-releasing
properties of the furyl group.®

Although it has been found possible to eliminate one
molecule of water from 4-aryl-4-piperidinols by re-
fluxing with a mixture of acetic and aqueous hydro-
chloric acids,' those reported in this study, with one
exception, prove refractory to this treatment. 4-(2-
Fruryl)-3,5-dimethyl-N-phenethyl-4-piperidinol ~ gave
4-(2-furyl)-3,5-dimethyl- N -phenethyl-1,2 3,6-tetra~

(8) Since the completion of this work Sorokin? reported the isolation of
three isomeric piperidinols, designated o, 8, and «, from the reaction of
phenyllithium with 1,3,5-trimethyl-4-piperidone. The e-isomer, which ac-
counted for 87%; of the total yield, had the same melting point as that ob-
tained in this investigation,
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TasLe 1
N-SUBSTITUTED 3,5-DIMETHYLPIPERIDINES
CH,
R.
Ri—
Rs
CH,
Caled., % Found, %
Neut. Neut.
Ri Ra Rs M.p., °C, Formula (o] H N equiv, C H N equiv,

CsHsCH:CHa OH CsHs 277.5-278.5 CaHaNO-HCL 72.9 8.2 4.0 346 72.4 8.1 3.9 346
CsHsCH:CHa2 OCOCH; CeHs 222-223 CoHzsNO2- HCI 71.2 7.8 3.5 388 70.7 7.4 3.5 392
CsHsCH:CH: OCOC:Hs CeHs 235-236 CuHuNO:-HC1 71,7 8.0 3.5 402 71.4 7.8 3.7 408
CeHsCH:CH2 OH 0-CH3CeH4 252-253 C2H»uNO-HCI 73.4 8.4 3.9 360 73.0 8.0 3.8 363
CsHsCHCH: OCOCH; 0-CH3C¢Ha 195.5-196.5 CyuyHuNO:-HCl  71.7 8.4 3.5 402 70.1 7.4 3.1 402
CsHsCH:CH: OH 2-Furyl 244, 5-245 CisHasNO:-HC1  67.9 7.6 4.2 336 67.4 7.6 4.0 339
CeHsCH:CH: (isomer A) OH H 192~193 CisH2NO:2-HCl 66.8 9.0 5.2 270 66.6 8.7 5.1 270
CsHsCH:CH: (isomer B) OH H 200-200.5 C1HuNO;-HCI 66.8 9.0 5.2 270 66.6 8.7 5.8 269
CsHsCH:2 OH CeHs 277-278 CxoHxNO-HCI 72.4 7.9 4.2 332 72.4 7.6 4.0 333
H oHn CsHs 284-285 CusHisNO-HC1 64.6 8.3 5.8 242 65.0 8.4 5.5 243
CHa OoH CeHs 129-130¢ CuHaNO 76.7 9.7 6.4 219 76.8 9.9 6.3 220
CHa OCOCH; CeHs 225-226 Ci1sHsNO2z- HCL 64.5 8.1 4.7 298 64.1 8.0 4.5 300
CH: OCOC:Hs CsHs 172-173 CuHaNO:2- HCI 65.5 8.4 4.5 312 64.9 8.4 4.4 316

¢ Lit.” m.p. 131.5-132.0°.

hydropyridine, identical with that isolated in the esteri-
fication experiments. Furthermore, despite the suc-
cessful dehydration of 2,6-dimethyl-1-phenyl-1-cyclo-
hexanol and 2,6-dimethyl-1-0-tolyl-1-cyclohexanol by
heating with anhydrous oxalic acid,!* 3,5-dimethyl-N-
phenethyl-4-phenyl-4-piperidinol was unaffected by
this reagent. Treatment of the same compound with
85%, v./v. sulfuric acid for 30 min. resulted in degrada-
tion of the molecule, giving an unidentified neutral
solid.

The 4-piperidinols and their esters were subjected to
a pharmacological screening. Although 4-(2-furyl)-
3,5-dimethyl-N-phenethyl-4-piperidinol had an anal-
gesic activity one-fifth that of pethidine when assayed
by the hot plate method,!? all other compounds were
found to be inactive. This is in marked contrast to the
high analgesic activities reported by Nazarov?® for the
1,2,5- and 1,2,3-trimethyl-4-phenyl-4-propionoxypiperi-
dines. However, Sorokin’ also reported that the a-
and pg-isomers (cis Me-Me) of 1,3,5-trimethyl-4-phenyl-
4-propionoxypiperidine were inactive, although the
y-isomer (trans Me—Me) was as potent as trimeperidine
itself. The inactivity of these ¢is isomers may be due
to the equatorial methyl groups hindering the forma-
tion of a drug-receptor complex.

Experimental

Melting points were taken in a glass capillary and are un-
corrected for stem exposure. Equivalent weights of the bases,
and their picrates, were determined by titration with 0.02 N
perchloric acid in acetic acid, with oracet blue B as indicator.
Titrations of the salts were carried out in the same solvent, in
the presence of mercuric acetate.’* Microanalyses were carried
out by Mr. G. 8. Crouch of the School of Pharmacy, University
of London, and Drs. G. Weiler and F. B. Strauss of the Micro-
analytical Laboratory, Oxford, England. Ultraviolet absorp-
tion spectra were determined using the Beckman DK-2 spectro-
photometer.

3,5-Dimethyl-N-phenethyl-4-~piperidone Hydrobromide.—

(11) R. B. Carlin and H. P, Landerl, J. Am. Chem. Soc., 75, 3969 (1953).

(12) N. B. Eddy and D. Leimbach, J. Pharmacol. Exptl. Therap., 107,
385 (1853).

(13) I. N. Nazarov, Izbrannye Tr., I. N. Nazarov, Akad. Nauk SSSE,
588 (1961); Chem. Abstr., 56, 8682 (1962).

(14) C. W. Pifer and E. G. Wollish, J. Am. Pharm. Assoc., Sct. Ed., 40, 609
(1951).

Diethyl «,a’-dimethylacetonedicarboxylate’® (198.0 g.) was
added, over a period of 10 min., to a mixture of phenethylamine
(104.0 g.), concentrated HCI (73.0 ml.), and aqueous formalde-
hyde (409, w./v.) (160.0 ml.). The stirred reaction mixture was
heated on an oil bath at 60° for 3 hr., allowed to stand at room
temperature for 48 hr., and extracted with ether (200 ml.).
The aqueous solution was made alkaline with solid KOH and
extracted with three 200-ml. portions of ether. The combined
ethereal extracts were dried (Na.S0,), and the solvent was re-
moved by distillation under reduced pressure to give a viscous
amber oil (205.0 g.). Hydrochloric acid (209, w./v.) (656 ml.)
was added, the mixture refluxed for 24 hr., and then was con-
centrated to 300 ml. by distillation under reduced pressure. The
acidic solution was made alkaline by the addition of solid NaOH
and extracted with three 200-ml. portions of ether. The com-
bined ethereal extracts were dried (Na,804) and evaporated to
give a viscous dark brown oil (133.0 g.). After acidifying with
aqueous HBr (609, w./v.) (76.0 ml.), the solution was evaporated
to dryness and the residue was crystallized from ethanol-ether
to give colorless needles (35.0 g.), m.p. 192~-192.5°.

Anal. Caled. for CH:BrNO: C, 57.7; H, 7.1; N, 4.5;
neut. equiv., 312, Found: C, 57.2; H, 6.9; N, 4.5; neut.
equiv., 312.

1,3,5-Trimethyl-4-piperidone was prepared in a similar manner
and was isolated as a mobile colorless oil, b.p. 79° (12 mm.).

Anal. Caled. for CgHiNO: neut. equiv., 141. Found:
neut. equiv., 141,

The hydrochloride (from ethanol-ether) had m.p. 230.5-
231.5° (lit. m.p. 235°,6 219-220°7).

N-Benzyl-3,5-dimethyl-4-piperidone, also prepared in a similar
manner, was isolated as a viscous pale yellow oil, b.p. 136-140°
(0.3 mm. ), n%p 1.5328.

Anal. Caled. for C, HygNO: neut. equiv., 217. Found: neut.
equiv., 220.

The picrate (from ethanol) had m.p. 206.5-207.5°.

Anal. Caled. for CiHxN,O: C, 53.8; H, 5.0; N, 12.6;
neut. equiv., 446. Found: C, 53.8; H, 4.9; N, 12.2; neut.
equiv., 446.

3,5-Dimethyl-N-phenethyl-4-piperidinol (Isomer A) Hydro-
chloride.—A solution of 3,5-dimethyl-N-phenethyl-4-piperidone
(10.7 g.) in a mixture of toluene (20 ml.) and ethanol (13.3 ml.)
was added over a period of 15 min. to sodium (5.3 g.) in toluene
(10 ml.). The solution was refluxed for 17 hr., cooled, water
(20 ml.) was added, and the aqueous layer was separated and
extracted with toluene. The combined toluene solutions were
dried (Na.SO,) and the solvent was removed by distillation under
reduced pressure. The residue obtained was dissolved in
ethanolic HC1 (109, w./v.) and stored at —5°. The solid which
separated was crystallized from ethanol-ether to give isomer A
hydrochloride (6.7 g.), m.p. 192-193°. Exhaustive examination
of the mother liquors failed to indicate the presence of another
isomer.,

(15) G. Schroeter, Chem. Ber., 49, 2697 (1916).
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3,5-Dimethyl-N-phenethyl-4-piperidinol (Isomer B) Hydro-
chloride.~—3,5-Dimethyl-N-phenethyl-4-piperidone (6.7 g.) was
added dropwise to a suspension of aluminum isopropoxide (18.8
g.) in 2-propanol (134 ml.) and the reaction mixture was heated on
a steam bath.,  During this time, slow distillation of the solvent
and the acetone produced oceurred.  After 6 hr. the distillate
gave no cloudiness with acetone test reagent.'®  The bulk of the
solvent was removed by distitlation under reduced pressure,
and the residue was acidified with acetic acid (25 mb). On
making alkaline with concentruted NHyOH solution, extraction
with ether gave, after drying (Nu.®0),), a residue (6.0 g.) which
was dissolved in ethanolic HCL (10, w./v.). The solid which
separated was fractionally crvstallized to give isomer B hydro-
chloride, ni.p. 200-200.5° (4.2 g.J, as colorless prismatic cryvstals.
No other isomeric products could be isolated from this reaction
and a mixture melting point of isomers A and B showed u marked
depression.

General Method for the Preparation of Tertiary Alcohols
(IV).1"—The piperidone (1 mole ) was added dropwise, with stirring,
to o cooled solution of the arvllithium in ether, prepared from
lithium (3.0 g.-atoms) and an arvl bromide (1.5 moles).®  The
mixture was stirred for 5 hr. at room temperature and then
added to crushed ice and excess acetic acid.  The solid which
separated on cooling to —~3° wus washed with ether, the base
was liberated with strong aqueous ammonia and extracted with
ether.  After drving (Na,S0,), the solvent was removed and the
residue was treated with ethanolic HC1 (109, w.;v.). The solid
which separated on cooling to —35° was recrystallized from
ethanol-ether. In no case was more than one isonmeric product
isolated.

3,5-Dimethyl-4-phenyl-4-piperidinol Hydrochloride.—A solu-
tion of N-benzyl-3,5-dimethvl-4-piperidinol hydrochloride (11.3
g.) in ethanol (100 ml.) was shaken with hydrogen at room
temperature and atmospheric pressure in the presence of 10,
palladium on charcoal (1.2 g.). After 8 hr. the theoretical
wimount of hydrogen had been absorbed, the mixture was filtered,
and the filtrate was evaporated to dryness under reduced pressure.
The residual solid (7.0 g.) was crystallized from ethanol-ether to
give colorless prismatic erystals, m.p. 284-285° (4.5 g.).

3,5-Dimethyl-N-phenethyl-4-phenyl-4-piperidinol Hydrochlo-~
ride.—A mixture of sodium bicarbonate (4.2 g.), phenethyl bro-
mide (3.4 g.), 3,5-dimethyl-4-phenvl-4-piperidinol (3.4 g.), and
chloroform (45 ml.) was stirred and refluxed for 43 hr.  The solid

16) A. L. Vogel, “A Textbook of Practicul Orgunic Chemistry,” Loug-
mans, Green and Co., London, 1957, p. 884.

(17) The analytical data for these compounds will be found in Table 1.

(18) 2-Furyllithium, which cannot be prepared by this method, was ob-
tained by adding furan (redistilled) to an equimolar proportion of phenyl-
lithium in ether, followed by refluxing for 2 hr.
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wus filtered off and washed with three 10-ml. portions of chloro-
form. The combined chloroform extracts were washed with
three 10-ml. portions of water and added to crushed ice (5.0 g )
and concentrated HCL (1.5 ml). On cooling the mixture, a
solid (4.0 g.) separaied and was crystallized from ethanol-ether

to give colorless prismatic crystals, mop. 277.5-2785°, unde-
pressed on admixture with the piperidinol prepared above,
General Method for the Preparation of Esters (V).'" A mix-

ture of the piperidinel (1.0 g.), acid anhydride (1.5 ml.}, and pyri-
dine (1.5 ml.) was refluxed for 3 hr. and the solvent wus remove:{
by distillation under reduced pressure. The residue was dis-
solved in ethanolic HCL (1077 w./v.) and the solid, which sepa-
rated on coolingjwas crystallized from ethanol-ether.
4-(2.Furyl)-3,5-dimethyi-N-phenethyl-1,2,3,6-tetrahydro-
pyridine. A.—1-(2-Furyl)-3,5-dimethyl-N-phenethyl-4-piperidi-
nol (2.0 g.) was reflused for 1 hr. with concentrated HCL (7.0
ml.) and acetic acid (17.0 mbL), the solvent was removed by dis-
tillation under redaced pressure, and the residue was dissolved
i ethanol.  No ervstals separated on storage in the refrigerator.
The free base (obtained by treatment with excess concentrated
NHOH followed by extraction with ether) was purified by pus-
sage over alumina {50 g.) (Peter Spence Tyvpe H) in petroleum
ether (b.p. 60-50°j.  The residue (0.5 g.), obtained from the
first 40 ml. of eluent, was treated with ethanolic HC1 and gave

colorless prismatic crystals, mup. 216-218°, AP0" 957 mp (e
13,9701

Anal. Caled. for CyHyCINO: C, 71.9; H, 7.6: N, 4.4; neut.
equiv., 318, TFound: ¢, 72.3: H, 7.8; N, 4.5: neut. equiv.,
326.

B.——4-(2-I'uryl)-3,5-dimethyl-N-phenethyl-4-piperidinol
(2.0 g.) was refluxed for 3 hr. with pyridine (3 ml.) and acetic
anhydride (3 ml.), the solvent was removed by distillation under
reduced pressure, and the residue was dissolved in ethanolic
HCI (106¢ w./v.). The solid which separated was recrystallized
from ethanol-ether to give colorless prismatic cryvstals (1.1 g.),
m.p. 218-219°, undepressed on admixture with a sample pre-
pared by A.

With the exception of 4-(2-furvl)-3,3-dimethyl-N-phenethyl-
4-piperidinol (vide supraj, it was found impossible to effect the
elimination of water from the 4-aryl-4-piperidinols described in
this investigation by refluxing with acetiec and hydrochlorie
acids.  In two further experiments 3,5-dimethyl-N-phenethyl-
4-phenyl-4-piperidinol was heated with anhydrous oxalictt
acid but was recovered unchanged, while refluxing with 8577
v./v. H.80, for 30 min. resulted in degradation of the molecule.
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