July, 1963

added to a solution of 7.1 g. of sodium in 150 ml. of ethanol. To
the mixture was added a solution of 60 g. of 2-bromo-2-ethyl-
butyramide® in 100 ml. of ethanol and the reaction mixture re-
fluxed for 16 hr. under nitrogen. The precipitated sodium
bromide was filtered off and the solvent renioved in vacuo. The
residue was dissolved in 300 ml. of acetone, filtered from addi-
tional sodium bromide, and the filtrate evaporated to dryness.
The residue was recrystallized from petroleum ether, yielding 27
g. (54%,) of 2-ethyl-2-ethylmereaptobutyranide, melting at 54—
35°.

Sulfones (Table IV).—The preparation of 2-ethyl-2-ethylsul-
fonylbutyramide (4) is described as a representative example.
2-Ethyl-2-ethylmercaptobutyramide (27 g.) was dissolved in 100
nil. of a mixture of acetic acid-acetic anhydride (5:1). To the

(8) G. Tuchs, Argew. Chem., 17, 1505 (10014).
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ice-cooled solution was added, in portions, 40 ml. of 307; hy-
drogen peroxide. After the addition was ccmipleted, the mixture
was kept in the cooling bath for 3 hr. and then at room tempera-
ture for 3 days. The solvent was removed tn vacuo, and the resi-
due treated repeatedly by dissolving in benzene and removing
the solvent in vacuo. Recrystallization from benzene—petroleum
ether yielded 20.4 g. (649) of 2-ethyl-2-ethylsulfonylbutyramide,
nielting at 99-100°.
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A number of N-(piperidinoalkyl) anilides have been prepared and tested for analgesic activity.

One of these

compounds, 1-[2-( N-phenylpropionamidoethyl)] -4-phenyl-4-piperidinol, was approximately fifty times as potent

as nieperidine.

One of the unsuccessful methods tried for the syn-
thesis of 1-(2-anilinoethyl)-4-phenyl-4-propionoxypip-
eridine, a potent analgesic,! was a preferential O-acyla-
tion of 1-(2-anilinoethyl)-4-phenyl-4-piperidinol dihy-
drochloride using propionic anhydride as the acylating
agent. The crystalline product, isolated in low yield,
was found to be a mixture of N-[2-(4-phenyl-1,2,3,6-
tetrahydropyridino)ethyl J-propionanilide (I, n = 2,
R = C,H;s) and N-[2-(4-hydroxy-4-phenylpiperidino)-
ethyl]-propionanilide (II, n = 2, R = CyHs). Pure
samples of each of these compounds were prepared and
tested for analgesic activity, but only II (n = 2, R =
C.H;) proved to be a potent analgesic, having about
50 times the activity of meperidine.
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On the basis of these observations, it seemed desir-
able to prepare additional compounds based on struc-
tures I and II in which n and R were varied, and sat-
urated analogs of I, quaternaries, O-acyl derivatives,
3-methyl derivatives, and compounds in which the
anilide benzene ring was substituted. Melting points
and analytical data for the compounds prepared are
listed in Table I.

Most of the compounds of series I and II were pre-
pared by N-alkylation of either 4-phenyl-1,2 3,6-tetra-
hydropyridine, 4-phenyl-4-piperidinol, or 3-methyl-4-
phenyl-4-piperidinol! with the appropriate anilino-

(1) P. M. Carabateas and L. Grumbach, J. Med. Pharm. Chem., 8, 913
(1962).

Several others also possessed strong analgesic activity.

alkyl bromide followed by acylation with the ap-
propriate acid chloride or anhydride. A m-hydroxy-
anilide, 1-[2-N-(3-hydroxyphenyl)propionamidoethyl]-
4-phenyl-4-piperidinol, was prepared from m-benzyl-
oxyaniline as described in the Experimental section.

All modifications of structure IT (n = 2, R = C.Hj)
decreased activity. Saturation of the A3 double bond
was the only modification which appreciably increased
activity in structure I (n = 2, R = C,Hs).

It is of interest to note that N (1-methyl-2-piperidino-
ethyl)propionanilide, reported? while this work was in
progress, possessed about !/y of the activity of II
(72 = 2, R = CgHs).

Experimental?

1-(2-Anilinoethy!)-4-phenyl-4-piperidinol.—A mixture of 4-
phenyl-4-piperidinol* (26.6 g., 0.15 mole), 2-anilinoethyl bromide
hydrobromide® (47.8 g., 0.17 mole), 60 ml. of triethylaniine, and
300 ml. of chloroform was refluxed for 24 hr., cooled and washed
well with water. The chloroform solution was dried over sodium
sulfate and concentrated to a red oil which completely crystallized
after standing for 1 week. It was recrystallized from cyclohex-
ane using decolorizing charcoal; m.p. 101-103°, 26 g. (58.50,).

A small portion was converted to the dihydrochloride and re-
crystallized from ethanol-ether; nrp. 158.6-160.4°.

Anal. Caled. for Cy¢HxN,O0:-2HCL: Cl, 10.2; O, 4.33.
Found: Cl, 19.15; O, 4.37.

1-(3-Anilinopropyl)-4-phenyl-4-piperidinol.—This  compound
was prepared by the procedure described for 1-(2-anilinoethyl}-4-
phenyl-4-piperidinol, using 3-anilinopropylbromide hydrobro-
mide,® m.p. 91-93°, vield 65%.

(2) W. B. Wright, H. A. Brabander, and R. A. Hardy, Jr., J. Am. Chem.
Soc.. 81, 1518 (1959).

(3) All melting points were taken in a modified Hershberg apparatus and
are corrected.

(4) C. J. 8chmidle and R. C. Mansfield, J. Am. Chem. Soc., T8, 1702
(1956).

(3) W. M. Pearlman, 16id., 70, 871 (1948).

(6) B. Elpern, P. M. Carabateas, and L. Gruwvbach, J. Org. Chen 26,
4728 (1961).
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+ Analgesic potency was determined by the Bass, Vanderbrook modification” of the D" Amour, Sinith” rat thermal stimulus methd,

" No response at threshald levels tested. ¢ W,

B. Bass and M. J. Vanderbrook. .J. Av1. Pharwi. Assoe., Sei. Ed..

41, 560 (19521 7|,

I D'Amour and D. L. Smith, .J. Pharmacol. Exptl. Therap., 72, 7419410
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Anal. Caled. for CoHyuNLO: N, 0.03. Found: N, 8.92,

1-[2-(N-Phenylbutyramidoethyl)] -4-phenyl-4-piperidinol Hy-
drochloride.—A solution af butyryt chloride (1.06 g.. 0.02 mole:
in 5 mk of chloroform was added during 5 min. to a solution of 1-
t2-anilinoethyl-4-phenyl-4-piperidinol (2.96 g., 0.01 mole} in 10
al. of chloroform.  After standing for 1 hr., the solution was con-
centrated te an oil. Trituration with ether produced a white
solid which was recrystallized from methanol-ethyl acetate sev-
cral times to vield 2.7 g. of product. The ather N-acyl deriva-
tives were similarly prepared.

1-[2-( -Phenylprop10nam1doethy1)] -4-phenyl-4-piperidinol
Methochloride.—A solution of 1-[2-(N-phenvlpropionamido-
ethy1] -4-phenyl-4-piperidinol (8.9 g., 0.03 mole) in 25 ml. of hot
avcetonitrile waus treated with 4 ml. of methyliodide. After stand-
ing overnight, the solution was concentrated to an oil.  The ail
was dissolved in methanol and passed through a column of IRA-
100 ton exchange resin.  The eluate was concentrated to a semi-
solid which, «m trituration with acetone, gave a white solid.
T'his was recrystallized from isopropyl aleohol-ether to give 3.0
g. of product.

1-[2-(N-Phenylacetamidoethy!j] -4-phenyl-4-acetoxypiperidine
hydrochloride.—-Crude  1-{2-anilinoethyl-4-phenyl-4-piperidinol
ifrom 17.7 g 0.1 mole, of 4-phenyl-4-piperidinol and 28.1 g
[0.1 mole] of 2-anilinoethyl bromide hydrobromide) was treated
with 50 ml. of acetic anhydride, swvarmed on the stean: bath for 5
lir. and allowed to stand overnight. The red solution was con-
centrated to an oil 7n racuo, dissolved in ether and filtered to re-
move cloudiness.  Iithereal hydrogen chloride was added and the
resulting gum triturated with ether to produce a white solid which
was recrystallized several times from methanol-ethyl acetate to
give 17.2 g, of product.

The N,O-dipropiony! ccmpound was 1;11 pared in the siane way.
m-Benzyloxy a-chloreacetanilide.—A solution of m-benzyloxy-
aniline’ (99.6 ¢., 0.5 mole) in 300 ml. of ethylene dichloride was
cooled 1o 0° i an iee-salt bath and a solution of chloroacetyl
chloride (67.6 g.. 0.6 mdale) i 100 ml. ethyvlene dichlaride added
over 0.5 hr. with vigarous stirring at less than 10°. A solutivm
of 104 sodium hvdroxide was added as necessary to keep the
aixture hasie.  The mixture turned to o white semisolid which
was collected, washed with water and dissolved in 1500 ml. of hot
benzene. The water laver was separated and the benzene layver
coneentrated to a volume of about 7530 nmil.  “I'ne solufion was ti-
tered and diluted with hexane. The white solid which erystal-
lized had nup. 123--123.5°, vield 124.0 g. ¢90.5¢«.
Anal, Caled. for CpHuCINO.:  Cl 12,83,
13.20.
N-{4-Hydroxy-4-phenylpiperidinoacety!,-m-benzyloxyaniline.
—A mixture of 4-phenyl-4-piperidinol (26.6 g., 0.15 mmole), m-hen-
zyloxyv-a-chloroacetanilide (41.6 g., 0.15 mole), sodiun carbonate
(20 g., 0.188 molel, and 200 ml. of toluene was stirred and refluxed
for 24 hr.  The mixture was filtered hot and the filtrate allowed
to ecwol. The product was recrystallized from toluene-hexane:;
n.p. 152-153°, vield 58.5 g. (94.3;1.
Anal. Caled. for C.eHgN-O C, 74.96:
Found: C, 75.08; H. (6.59; N, 6.47.
1-{2-(3-Benzyloxyphenylamino)ethyl) -4-phenyl-4-piperidinol.
—Solid  N-(4-hvdroxy-4-phenylpiperidinoacetyl)-m-benzyloxy-
aniline (53.2 g., 0.128 mole} was added in portions to a slurry of
lithium aluminum hydride (12.1 g., 0.32 mole) in 500 ml. of tetra-
hvdrofuran. The mixture was stirred at reflux for 18 hr.  After
cooling, it was decomposed by eautious addition of 12 ml. af
Y7) A. A. Morton and W. R. Slaunwhite, J. Biol. Chem., 179, 264 (19491,

Found: (1,

H, 6.78; N, 6.73.
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water, followed by 150 ml. of a saturated solution of potassium
sodiumn tartarate. The slurry was filtered and the filtrate concen-
trated to an oil which was dried by azeotropic distillation with
benzene. The crude product weighed 51.4 g. (1009,) and was
used without further purification in the following step.
1-[{2-N-(3-Benzyloxypheny!)propionamidoethy!] -4-phenyl-4-

piperidinol.—A solution of crude 1-[2-(3-benzyloxyphenylamino)-
ethvl]-4-phenyl-4-piperidinol (51.4 g., 0.128 mole) in 100 ml. of
chloroformi was treated with propionyl chloride (11.9 g., 0.128
nmole:. After stunding for 3 hr., the solution was concentrated
to an oil (56.2 g., 85.7¢% ) which could not be obtained crystalline,
either as the free base or s a salt. It wus used directly in the
next step.

1-[2-N-(3-Hydroxypheny!)propionamidoethyl] -4-pheny!-4-pi-
peridinol Hydrochloride.—A solution of crude 1-[2-N-(3-benzyl-
oxyvphenylipropionaniidoethyi]-4-phenyl-4-piperidinol (56.2 g,
0.123 mole) in 700 ml. of absolute ethanol was hydrogenated at
111 kg./em.? and 27°, using 6 g. of 109, palladium-charcoal.
After 6.75 hr., 809, of the theoretical amount of hydrogen had
been absorbed. The catalyst was removed by filtration and the
filtrate concentrated to about 100 nil. The solution was made
strongly basie with 359, sodium hvdroxide and extracted with
ether to remove non-phenolic material. The aqueous solution
was brought to about pH S by the slow addition of acetic acid
and the precipitated oil was extracted with ether. The ether
extracts deposited a crystalline solid after standing for 1 hr.
The solid was converted to the hydrochloride by stirring with
ethereal hydrogen chloride. Recrystallization from methanol-
ethyl acetate gave 12.4 g. (24.9*7) of product, m.p. 215.8-
217.8°.

4-Phenyl-1-[2-(N-phenylpropionamidoethy!)]-1,2,3,6-tetrahy-
dropyridine Hydrochloride.—A mixture of 4-phenyl-1,2,3,6-tetra-
hydropyridine? (63.6 g., 0.4 mmole), 2-anilinoethy! bromide hydro-

XTIII.
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bromide (112 g., 0.4 mole), 500 ml. of chloroform, and 60 ml. of
triethylamine was refluxed for 24 hr.  Propionic anhydride (150
ml.) was added and the mixture allowed to stand overnight.
Methanol (150 ml.) was added and the solution concentrated to an
oil which was made basic with 359 sodium hydroxide. The oil
was extracted with benzene, washed with water, and concentrated.
The oil was dissolved in ether, filtered to remove some insoluble
material, and concentrated again to an oil which was distilled
through a short path column. The fraction boiling at 190-200°
(0.3 mm1.) was collected, dissolved in ether, and treated with ethe-
real hydrogen chloride. The resulting gum vielded a solid on trit-
uration with ether. The solid was recrystallized from methanol-
ethyl acetate to give 27 g. of product. The methochloride of
this compound was prepared as described for the methochloride
of the analogous piperidinol.

4-Phenyl-1-[2-(N-phenylpropionamidoethyl))piperidine  Hy-
drochloride.—A solution of 4-phenyl-1-[2-(N-phenylpropion-
amidoethyl)]-1,2,3,6-tetrahydropyridine hydrochloride (4.7 g.,
0.0126 mole) in 100 ml. of ethanol was hyvdrogenated at 3.5 kg./
¢m.?2in a Parr apparatus using 150 mg. of platinun: oxide as cata-
lyst.  The theoretical amount of hydrogen was absorbed in 15
min. The catalyst was removed by filtration and the filtrate
concentrated to about 25 ml.  Crystals were deposited on stand-
ing for a short time. After recrystallization from ethanol-ether,
2.9 g. of product was obtained.

Acknowledgments.—We are greatly indebted to
Messrs. M. E. Auerbach, K. D. Fleischer, and staff
for the chemical analyses, to Dr. . C. Nachod and staff
for spectral data, and to Mrs. A. Pierson and Mrs, H.
Lawyer for technical assistaiice in the pharmacological
evaluations.

Investigations in Heterocycles.

XII1.

Structure-Activity Relationships of

Heterocyclic Compounds with Potent Analgetic Effects

(FEORGE DESTEVENS, ANGELA HanaMaxpaRris, PaTricia STrRacHAN, ELLEN DoONGGHUE,
Lovis DorFmaX, axp CHARLES F. HUEBNER

Research Department, CIBA Pharmaceutical Company, Division of CIBA Corporation, Swnmit, New Jersey

Received February 7, 1963

A variety of tetralin, chromane, and thiachromane compounds structurally related to propoxyphene have been

prepared, and the structure—activity relationship has been discussed.
moiety markedly enhances the analgetic activity in this group of compounds.

It has been observed that the 2-picolyl
Some stereochemical considera-

tions have been deduced by means of cliemical and spectral data.

As part of a continuing program directed toward the
preparation of clinically effective analgetic agents, we
wish to outline a phase of work carried out in our
Laboratories which has led to some highly active com-
pounds.

Since d-propoxyphene! (I) was reported to be a
clinically useful analgetic without possessing appreci-

G
©\ /CH\CH/N(CHa)z
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able addiction liability, it was of interest to prepare

some heterocyclic analogs of I, as well as cyclic analogs
containing hetero atoms. This could be done in two

(1) A. Pohland, H. R. Sullivan, and R. E. McMzahon. J. Am. Crem. Soc.,
79, 1442 (1957).

ways; namely, replacing at least one of the phenyl
groups with a heterocycle (e.q., pyridyl) or preparing
cyclic analogs of I in the chromane and thiachromane
series. It is also conceivable that a compound incor-
porating a combination of these ideas could also he
prepared.

The initial phase of the study involved the prepara-
tion of a pyridyl analog (II) of I. Thus, 3-dimethyl-
amino-1-(2-pyridyl)-1-propanone was allowed to react

_ CH;
\NJ CH: N(CHy). ©\ CH N(CHy)
C_ CH, =\__C. CH;
CoH5CH, OCOC,H; C}}J 0COC:H,
II
II1

with benzylmagnesium chloride to form a tertiary
aleohol which was esterified with propionic anliydride



