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The synthesis of a series of mono- and bis[(N,N-diethylcarboxamido)piperidinoJalkanes, and related compounds is de-

scribed.

A considerable number of piperidinecarboxylic
acid derivatives are known to have significant phar-
macological effects, ranging from local anesthesia
(cocaine) to analeptic activity (coramine). In the
course of an investigation, directed toward the
elucidation of the pharmacodynamic characteristics
of this class of compounds, we have undertaken the
synthesis of a series of piperidinecarboxylic acid de-
rivatives. The first group of these compounds is re-
ported in this communication. Their pharmaco-
logical evaluation is in progress.

EXPERIMENTAL?®

Piperidine-3-carboxylic actd hydrochloride (I) was pre-
pared from nicotinic acid according to the method of Mec-
Elvain and Adams.* The recrystallized product melted at
240.0-242.0°, in accordance with the literature.*

Piperidine-4-carboxylic acid hydrochloride (II) was pre-
pared from isonicotinic acid in the same manner as I. The
recrystallized product melted at 292.0-293.0° with de-
composition, in accordance with the literature.®

1-Methylpiperidine-3-carboxylic acid hydrochloride (I11)
was prepared from I according to the method of Preobras-
chenski and Fisher.® The recrystallized product melted at
176.0-177.0°, in accordance with the literature.®?

1-Methylpiperidine-4-carbozxylic acid hydrochloride (IV)
was prepared from II in the same manner as III. The re-
crystallized product melted at 226.5-228.5°, in accordance
with the literature.®

Piperidine-3-(N ,N-diethylcarbozamide) (V). Pyridine-3-
(N,N-diethylcarboxamide) (100 g., 0.5612 mole) (VI) was
dissolved in 150 ml. of water, and while cooling this solution,
54 ml. of aqueous 38% hydrochloric acid (equivalent to
0.5627 mole of HCIl) was added. The solution was sub-
jected to hydrogenation in the “Parr”’ pressure reaction
apparatus, in the presence of 1.7 g. of platinum oxide
(Adams’ catalyst), at maximum pressures of 50-55 lbs/
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inch?, The reaction went to completion in 34-39 hours.
The platinum oxide was filtered off, the acidic filtrate
neutralized to pH 6.4-6.8, and the water was removed under
reduced pressure (max. pot temp. 50°). An excess of cold
aqueous 409, potassium hydroxide was added to the residue
and the base was extracted with benzene. The combined
benzene extracts were dried over magnesium sulfate, the
solution filtered, the benzene removed, and the residue
fractionated under reduced pressure. The product was ob-
tained in 90-969%, yields. It distilled at 100°/0.30~0.32 mm.;
n 1.4860.

Anal. Cale’d for CigHN:0: C, 65.16; H, 10.94; N, 15.20.
Found: C, 65.28; H, 11.03; N, 15.00.

The aurochloride (Va) was prepared by dissolving 1 g. of V
in water, rendering the solution slightly acid with hydro-
chloric acid, and adding an equivalent quantity of aqueous
109% gold chloride. The crystals, formed overnight under
refrigeration, were recrystallized from aqueous 259 etha-
nol. The derivative melted at 111.5-112.0°.

Anal. Cale’d for CyHauAuCLN:Q: C, 22.91; H, 4.03; Ay,
37.61. Found: C, 23.37; H, 4.04; Au, 37.50.

1-Methyl-3-( N ,N-diethylecarbozamido)pyridinium todide
(VII). Compound VI (71 g., 0.395 mole), and 108.6 g.
(0.765 mole) of methyl iodide were dissolved in 400 ml. of
anhydrous benzene and refluxed for 5 hours. The precipitate
formed during the reaction was filtered off. The air-dried
crude product weighed 119 g. (94% yield). After two re-
crystallizations from an ethanol-ethyl acetate solvent sys-
tem the crystals melted at 129.5-130.5°.

Anal. Cale’d for CyH;IN,O: C, 41.26; H, 5.35; I, 39.64;
N, 8.75. Found: C, 41.36; H, 5.29; 1, 39.4; N, 8.65.

1-Methylpiperidine-3-(N ,N-diethylcarboxvamide)  hydro-
chloride (VIII). Method A. Compound III (20 g., 0.111
mole) was dispersed in 150 ml. of anhydrous benzene, 132 g.
(1.11 moles) of thionyl chloride was added, and the reaction
mixture was heated gradually to and maintained at reflux
temperature for 3 hours. The excess thionyl chloride and
benzene were removed under reduced pressure (max. pot
temp. 40°). The residual thionyl chloride was removed by
azeotropic distillation under reduced pressure with two 100-
ml. portions of anhydrous benzene. To the residue, approxi-
mately 200 ml. of anhydrous benzene was added and, while
maintaining the contents of the reaction vessel at reflux
temperature, 35 g. (0.48 mole) of diethylamine in 150 ml. of
anhydrous benzene was added gradually. The reaction mix-
ture was refluxed for additional 2 hours. Upon cooling, the
reaction mixture was treated with cold aqueous 409
potassium hydroxide, and the benzene layer was removed,
dried over magnesium sulfate, and filtered. The solvent was
removed and the residue was fractionated under reduced
pressure. The product distilled at 94°/0.15 mm.; n3?
1.4752 (10.9 g., 49.5% yield). The base was converted to
the hydrochloride in anhydrous ethyl ether and the salt
was purified by recrystallization from an ethanol-ethyl
acetate solvent system. The hydrochloride melted at 156.8-
158.0°.

Anal. Cale’d for CyHsyCIN:O: C, 56.27; H, 9.87; C],
15.10; N, 11.93. Found: C, 56.04; 1, 9.95; Cl, 15.20; N,
11.4.

Method B. Compound VII (89 g., 0.278 mole) was hy-
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drogenated in an aqueous solution as deseribed in the
preparation of V, using 1.0 g. of the catalyst. The reaction
went to completion in less than 22 hours. The platinum oxide
was filtered off and the water was removed under reduced
pressure. An excess of cold aqueous 409, potassium hy-
droxide was added to the residue and the base was extracted
with benzene. The combined benzene extracts were dried
over magnesium sulfate, the solution was filtered, the
benzene was removed, and the residue was fractionated
under reduced pressure. The hydrochloride was prepared by
the procedure employed in Method A. A total of 41.4 g.
(63.5% yield) of the salt was obtained. The product melted
at 159.0-159.5°. The mixture melting point of the products
prepared by Methods A and B: 158.5-159.4°.

1-Methylpiperidine-4-(N,N-diethylcarbozamide) hydro-
chloride (IX) was prepared from IV by Method A employed
in the synthesis of VIII. The base distilled at 98°/0.50-
0.55 mm.; n% 1.4755 (9.8 g., 44.5% yield). The hydro-
chloride melted at 196.0-196.5°.

Anal. Cale’d for C,Hg,CIN,O: C, 56.27; H, 9.87; Cl,
15.10; N, 11.93. Found: C, 56.28; H, 9.70; Cl, 15.1; N, 11.8.

1-Methyl-1,2,5,6-tetrahydropyridine-3-(N,N-diethylcar-
boxamide) hydrochloride (X). 1-Methyl-1,2,5,6-tetrahydro-
pyridine-3-carboxylic acid was prepared from arecoline ac-
cording to Jahns procedure.® The compound was recrystal-
lized from aqueous 65%, ethanol and melted at 228.0-228.5°,
which appears to be in agreement with the findings of Wohl
and Johnson. To 37 g. (0.232 mole) of the acid, 328 g.
(2.76 moles) of thionyl chloride was added, and the mixture
was heated gradually to reflux temperature and the result-
ing solution was refluxed for 19 minutes. The excess thionyl
chloride was removed under reduced pressure (max. pot
temp. 40°). The residue was dispersed in 400 ml. of an-
hydrous benzene and 107 g. (1.465 moles) of diethylamine
was added gradually to the contents of the reaction vessel.
Then an additional 200 ml. of anhydrous benzene was added
and the mixture was heated at 50-55° for 9 hours, with
vigorous agitation. The resulting slurry was treated with
aqueous saturated sodium carbonate and the base was ex-
tracted with benzene. The combined benzene extracts were
dried over magnesium sulfate, filtered, and the benzene was
removed under reduced pressure. The residue was ex-
tracted with cold, aqueous 109 hydrochloric acid, the acid
solution was rendered alkaline with aqueous saturated
sodium carbonate, and the base was extracted with ethyl
ether. The ether extracts were combined, dried over mag-
nesium sulfate, and the solution was filtered. The ether was
removed on the steam-bath and the residue was fractionated
under reduced pressure. The fraction distilling at 105-106°/
0.08 mm.; n% 1.4915 (32.5 g., 71.5% yield) was identified
as the base of X. The hydrochloride was prepared as de-
scribed in the preparation of VIII, and melted at 195.0-
196.0°.

Anal. Cale'd for CyHnCIN.O: C, 56.74; H, 9.09; CI,
15.28: N, 12.04. Found: C, 56.82; H, 8.92; Cl, 15.46; N,
11.7.

(4 )-2-(N,N-Diethylcarbozamido)-3-benzoxytropane hydro-
chloride (XI). [-3-Benzoxytropane-2-carboxylic acid was
prepared from cocaine according to Einhorn’s procedure.!
The product, crystallized from water, melted at 194-195°;
[«]%8 (in aqueous 509, ethanol) —45.39°.

Anal, Cale’d for CHNO,: C, 66.42; H, 6.62; N, 4.84.
Found: C, 66.20; H, 6.61; N, 4.81.

To 30 g. (0.104 mole) of the acid, 164 g. (1.38 moles) of
thionyl chloride was added. The solution was gradually
heated to 70° and maintained at 70-72° for 10 minutes.
The excess thionyl chloride was removed under reduced
pressure (max. pot temp. 30°). The reddish viscous residue
was dispersed in 400 ml. of anhydrous benzene, and to the
mixture 110 g. (1.5 moles) of diethylamine was added

(9) E. Jahns, Arch. Pharm., 229, 680 (1891).
(10) A. Wohl and A. Johnson, Ber., 40, 4718 (1907).
(11) A. Einhorn, Ber., 21, 48 (1888).
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gradually, while maintaining the reaction temperature below
40°, The slurry-like reaction mixture was stirred vigorously
for an additional hour at 50° and subsequently was refluxed
for 1/, hours. Upon cooling, the reaction mixture was
treated with cold aqueous 259, potassium carbonate and
the base was extracted with benzene. The combined benzene
extracts were dried over magnesium sulfate, filtered, and
the benzene was removed under reduced pressure. The
residue was dissolved in cold aqueous 10%, hydrochloric
acid, treated with charcoal, filtered, and the acid solution
was rendered alkaline with cold aqueous 259, potassium
carbonate and the base was extracted with ethyl ether. The
ether extracts were combined, dried over magnesium sulfate,
filtered, the solvent was removed on the steam-bath, and
the residue was fractionated under reduced pressure. The
fraction distilling at 132-134°/0.25 mm.; n'3 1.5118 (3.6 g.)
was identified as 2-(N,N-diethylcarboxamido)tropidine
(XII). The aurochloride (XIIs) was prepared as described
in the preparation of Va and the product was recrystallized
from aqueous 959, ethanol. The derivative melted at
178.5-180.0°.

Anal. Cale’d for CisHyAuCLN,0: C, 27.76; H, 4.12; Au,
35.06; N, 4.98. Found: C, 27.90; H, 4.17; Ay, 34.8; N, 4.84.

The fraction distilling at 192-198°/0.08-0.10 mm. (2.6 g.)
was identified as the base of XI. The hydrochloride was
prepared as described in the preparation of VIII. The
salt melted at 224-226°; [a]5 +41.2° (in aqueous 509,
ethanol).!? In the course of this work XI was obtained in a
maximum yield of 19.7%,.

Anal. Calc’d for ConngINzOzt C, 6306, H, 767, Cl,
9.31; N, 7.36. Found: C, 62.72; H, 7.63; Cl, 9.17; N, 7.1.

The aurochloride (XIa) was prepared as described in the
preparation of XIIa. The derivative melted at 160.5~
161.0°,

Anal. Calc’d fOI‘ ConngUChNgOa; C, 35.09, H, 4.27,
Au, 28.81; N, 4.09. Found: C, 35.16; H, 4.45; Au, 28.80;
N, 3.84.

1-Propylpiperidine-3-( N,N-diethylcarboxamide) hydro-
bromide (XIII). Compound VI (36 g., 0.202 mole) and 74 g.
(0.601 mole) of 1-bromopropane were refluxed for a total of
27 hours. The excess of 1-bromopropane was removed under
reduced pressure (max. pot temp. 50°). The residue was
dissolved in 230 ml. of aqueous 429, ethanol, and the solu-
tion was filtered and hydrogenated as described in the
preparation of V, using 1.0 g. of the catalyst. The reaction
went to completion in 41/, hours. The platinum oxide was
filtered off and the solvents were removed under reduced
pressure. The residual moisture was removed by azeotropie
distillation under reduced pressure with anhydrous benzene
(max. pot temp. 50°). The product was purified by recrys-
tallization from the ethanol-ethyl acetate solvent system.

(12) Lieberman and Giesel!3 advanced the theory that
the [-3-hydroxytropane-2-carboxylic acid (I-ecgonine) deriva-
tives are transformed partially into the corresponding d-
configurations, upon exposure to hot aqueous hydrochloric
acid. Einhorn and Marquardt, who reported the base-
catalyzed transformation of optical properties in l-ecgonine
derivatives in an earlier communication,’ do not share this
belief,® and feel that the change in the optical activity of
these moieties was affected by their subsequent exposure to
alkali in the course of Lieberman and Giesel’s procedure.!4
It should be noted that F. Hoffmann-La Roche reported”
the preparation of l-benzoylecgonyl chloride, using con-
siderably less thionyl chloride and lower reaction tempera~
tures than we did. The nature of the change in the optical
activity will be further investigated.

(13) G. Lieberman and F. Giesel, Ber., 23, 508 (1890).

(14) G. Lieberman and F. Giesel, Ber., 21, 3196 (1888).

(15) A. Einhorn and A. Marquardt, Ber., 23, 468 (1890).

(16) A. Einhorn and A. Marquardt, Ber., 23, 981 (1890).

(17) F. Hoffmann-La Roche and Co., Swiss Patent
111,994; September 16, 1925.
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The white erystals (33.2 g., 53.5%, yield) melted at 151.0-
152.1°.

Anal. Cale’'d for C;3Hy»BrN.O: C, 50.81; H, 8.86; Br,
26.01; N, 9.12. Found: C, 50.89; H, 8.91; Br, 26.1; N, 9.14.

1-Butylpiperidine-3-( N,N-diethylcarboramide) hydro-
bromide (XIV). Compound VI (18 g., 0.101 mole) and 99 g.
(0.721 mole) of 1-bromobutane were heated on the steam-
bath for a total of 221/, hours. The excess of 1-bromobutane
was removed under reduced pressure (max. pot temp. 50°).
The residue was dissolved in 250 ml. of aqueous 489, etha-
nol, and the solution was filtered and hydrogenated as de-
scribed in the preparation of V, using 1.0 g. of the catalyst.
The reaction went to completion in 11/; hours. The product
was isolated and purified as described in the preparation of
XIII. The white crystals (9 g., 27.8% yield) melted at
172.0-174.0°.

Anal. Cale'd for CiHeBrN,O: C, 52.33; H, 9.10; Br,
24.88; N, 8.72. Found: C, 52.45; H, 9.15; Br, 24.8; N, 8.45.

1-Amylpiperidine-3-(N,N-diethylcarbozamide) hydro-
bromide (XV). A mixture of 36 g. (0.202 mole) of VI and
101.6 g. (0.672 mole) of 1-bromopentane was heated on the
steam-bath for a total of 36 hours. Upon cooling, the super-
natant liquid was decanted from the semisolid material
formed in the course of the reaction. The latter was
washed with anhydrous ether and the residual ether was re-
moved under reduced pressure. The reaction product was
dissolved in water, and the solution was filtered and hydro-
genated as before, using 1.7 g. of the catalyst. The reaction
went to completion in 6-8 hours. The product was iso-
lated and purified as described in the preparation of XIII
(crude yield: 62.3 g., 92%). The white crystals melted at
186.0-187.3°.

Anal. Cale’d for C:HuBrN,O: C, 53.72; H, 9.32; Br,
23.83; N, 8.36. Found: C, 53.90; H, 9.37; Br, 23.76; N, 8.25.

Spiro[3-(N,N-diethylcarbozamido)piperidine-1,1'-pyr-

rolidinium Jbromide (XVI), Compound V (23 g., 0.125 mole)
and 6.7 g. (0.031 mole) of 1,4-dibromobutane were refluxed
in 200 ml. of anhydrous benzene for 16 hours. The white
crystalline precipitate formed during the reaction was filtered
off (3.8 g., 39.69, yield). The product was purified by
crystallization from an ethanol-ethyl acetate solvent sys-
tem. The white crystals melted at 173.0-174.0°.

Anal. Cale’d for CiHyBrN,0O: C, 52.66; H, 8.53; Br,
25.03; N, 8.78. Found: C, 52.81; H, 8.66; Br, 24.9; N, 8.7.

1,1’-Spiro-3-(N,N-diethylcarborxamido)bipiperidinium

bromide (XVII). Compound V (12 g., 0.065 mole) and 4 g.
(0.0174 mole) of 1,5-dibromopentane were refluxed in 400
ml. of anhydrous benzene for 5 hours. The white crystals
formed during the reaction were filtered off (5.4 g., 93%
vield). The product was purified by crystallization from
benzene-ethanol. The white crystals melted at 197.0-198.0°.

Anal. Cale'd for CisHaBrN0: C, 54.06; H, 877; N,
8.41; Br, 23.98. Found: C, 54.02; H, 8.76; N, 8.35; Br,
24.1.

1,3-Bis [3-(N,N-diethylcarbozamido)piperidinolpropane di-
hydrochloride (XVIII). A mixture of 37 g. (0.201 mole) of
V and 10.1 g. (0.05 mole) of 1,3-dibromopropane were re-
fluxed in 250 ml. of anhydrous benzene for 3 hours. The
benzene was removed under reduced pressure (max. pot
temp. 50°). The residue was treated with cold aqueous 40%
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potassium hydroxide and the base was extracted with ben-
zene. The combined benzene extracts were dried over mag-
nesium sulfate, filtered, and the benzene was removed and
the residue was fractionated under reduced pressure. The
fraction distilling at 249-251°/0.85-0.90 mm.; n% 1.4994
(12.7 g., 62% yield) was identified as the base of XVIII,
The hydrochloride was prepared as described in the
preparation of VIII. The salt melted at 263.0-264.0°.

Anal. Cale’d for CpHuCLNLO,: C, 57.36; H, 9.63; Cl,
14.73; N, 11.64. Found: C, 57.24; H, 9.58; Cl, 14.5; N, 11.6.

1,4-Bis[3-(N,N-diethylcarboxamido)pyridinium Jbutane di-
bromide (XIX). Compound VI (18 g., 0.101 mole) and 10.8
g. (0.05 mole) of 1,4-dibromobutane were refluxed in 200
ml. of anhydrous benzene for a total of 501/, hours. Upon
cooling, the supernatant benzene layer was decanted from
the amorphous solid formed in the course of the reaction
and the latter was purified by crystallization from ethanol-
ethyl acetate. The white crystals (4.8 g., 16.89%, yield)
melted at 196.0-198.0°.

Anal, Cale’d for CoHieBraN.O.: C, 50.36; H, 6.34; Br,
27.93; N, 9.79. Found: C, 50.26; H, 6.20; Br, 27.9; H, 9.64.

1,4-Bis[3-(N,N-diethylcarboxamido)piperidino Jbuiane di-
hydrochloride (XX). Crude XIX, prepared from 35.7 g.
(0.20 mole) of VI and 21.6 g. (0.10 mole) of 1,4-dibromobu-
tane, was dissolved in aqueous 14-15% ethanol, and the
solution was filtered and hydrogenated as described in the
preparation of V, using 1.0 g. of the catalyst. Hydrogen ab-
sorption ceased after 3 hours. The platinum oxide was
filtered off and the solvents were removed under reduced
pressure (max. pot temp. 50°). The residue was treated with
cold aqueous 409, potassium hydroxide and the base was
extracted with benzene. The combined benzene extracts
were dried over magnesium sulfate, the solution was filtered,
and the benzene was removed under reduced pressure. The
residue was dissolved in anhydrous ethyl ether, converted
to the hydrochloride, and the crude XX was purified by
crystallization from ethanol-ethyl acetate. A total of 4.8 g.
(9.7% yield) of the hydrochloride was obtained. The white
crystals melted at 275.0-275.5°.

Anal. Cale’d for CoHyxCLNQ,: C, 58.15; H, 9.76; Ci,
14.31; N, 11.31. Found: C, 57.97; H, 9.76; Cl, 14.25; N,
11.1.

1,6-Bis[3-(N,N-diethylcarbozamido)piperidino lpentane di-
hydrochloride (XXI). A mixture of 54 g. (0.303 mole) of VI
and 35 g. (0.152 mole) of 1,5-dibromopentane was refluxed
in 300 ml. of anhydrous benzene for a total of 30 hours.
The solvent was removed under reduced pressure (max. pot
temp. 50°), the residue was dissolved in water, and the solu-
tion was filtered and hydrogenated in two portions as de-
scribed in the preparation of V, using in each instance 2 g.
of the catalyst. The base of XXI was isolated as described in
Method B employed in the synthesis of VIII. It distilled at
259-263°/0.10-0.15 mm.; n%: 1.4085 (20.6 g., 26.6% vield).
The hydrochloride was prepared as described in the prepa-
ration of VIII. The salt melted at 247.0-250.0°.

Anal. Cale'd for CpHxCLN,O,: C, 58.93; H, 9.89; Cl,
13.92; N, 10.99. Found: C, 58.71; H, 9.87; Cl, 13.75; N,
10.8.
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