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ELECTROLYTIC REDUCTION OF QUATERNARY SALTS
OF SOME ALCOHOLS OF THE PYRIDINE SERIES,
OF CORRESPONDING ALKYLPYRIDlNES AND ALKENYLPYRIDINES*
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The electrolytic reductions of rnethomethylsulfates or methiodides of dimethylpyridylmethunols.
isopropylpyridines, Isopropenylpyridines, 1-(2-pyridyl)-l-cyclopentanol, 1-(4-pyridyl)- l-cyclopen­
tanol, 2-cyclopentylpyridine and -l-cyclopentylpyridine alford the corresponding l-rnethyl­
-Csalkylpiperidine and 1-methyl-C-alkyI-3-piperideine. On electrolytic reduction of methomethyl­
sulfate of dimerhyl-S-pyridylmethanol or dlrncthyl-d-pyridylmcthanol I-methyl-3-isopropylidene­
piperidine or l-methyI-4-isopropenylpiperidine arc also formed.

In connection with the study of mixed electrolytic reductions of quaternary pyri­
dinium salts with ketones! we considered it useful to investigate electrolytic reductions
of quaternary salts of some alcohols of the pyridine series and of quaternary salts of
corresponding alkylpyridines, or alkenylpyridines. On electrolytic reduction of di­
methy l-Z-pyridylmethanol methiodide (Ia) and 2-isopropylpyridine methomethyl­
sulfate (Ib) on lead electrodes in dilute sulfuric acid a mixture of two substances
was obtained in which we demonstrated the presence of l-methyl-z-isopropylpiperi­
dine (IVb) and l-methyl-6-isopropyl-3-piperideine (Vb). The electrolytic reduction
of 1-(2-pyridyl)-1-cyclopentanol methomethylsulfate (Ie) and methornethylsulfare
of 2-cyclopentylpyridine (ld) took place in a similar manner under formation
of the piperidine derivative IVd and the piperideine derivative Vd. Electrolytic re­
ductions of methomethylsulfates of dimethyl-4-pyridylmethanol (IIIa) and 4-isopro­
pylpyridine (IlIb), 1-(4-pyridyl)-1-cyclopentanol methiodide (IIlc) and 4-cyclopentyl­
pyridine methiodide (lIld) afforded mixtures of derivatives of l-methylpiperidine
(IXb or IXd, resp.) and l-methyl-3-piperideine tx» or Xd, resp.). The same products
as those obtained by electrolytic reduction of the quaternary salts of Llla, and lIIb
were also obtained by electroreduction of methomethylsulfate of 4-isopropenylpyri­
dine (IIIe). Electrolytic reduction of methomethylsulfates of dimethyl-3-pyridyl­
methanol (lIa) and 3-isopropenylpyridine (lIe) gave a mixture of l-methyl-3-iso­
propylpiperidine (Vlb), l-methyl-5-isopropyl-3-piperideine (VlIb), l-methyl-Jdso-
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Elec:trplytidReduction of Quaternary Salts 599

pr{)pyl-J~piperideine (VIIIb) and Lmethyl-Lisopropylldenepiperidine (VIg). A similar
re~uctiollofmethomethylsulfateof 3-isopropylpyridine (Ilb) gave a mixture of VIb,
VIJhand VIII b,.· as expected.

l-Methyl-6~cyclopentyl-3-piperideine (Vd) was also prepared by reduction of 2­
_cycIopentylpyridine methiodide (Id) with sodium borohydride. Its hydrogenation
gavel-methyl-2-cyclopentylpiperidine (IVd). In a similar manner we also prepared
~-l11ethy1-4-cyclopentyl-3-piperideine (Xd), l-methy1-4-cyclopentylpiperidine (IXd)
and l-methyl-d-isopropylpiperidine (IXb). On reduction of 3-isopropylpyridine
lllethi6dide (IIb)with lithium aluminum hydride we obtained a mixture of piperideines
Y{lpand VlIIb from which the required l-methyl-Sdsopropyl-Lpiperideine (VIIb)
was isolated by gas chromatography.

I-JvIethyl-3-isopropenylpiperidine (VIe) and I-methyl-3~isopropylidenepiperidine

(VIg), as well as l-methyl-a-isopropenylpiperidine (IXe) and l-methyl-d-isopropy-
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600 Ferles, Kocian, Lebl, Levy, Radt ;

lidenepiperidine (IXg) were prepared from corresponding tertiary alcohols VIa
or IXa, resp., with thionyl chloride and subsequent dehydrohalogenation. The
required alcohols VIa, lXa were obtained from the correspondingpyridylmethyl­
methanol by its conversion to methiodide, its reduction with sodium borohydride
and subsequent hydrogenation.

EXPERIMENTAL

Gas chromatography was carried out on a Chrom II apparatus (column length 170 ern, diameter
0·6 ern, 20% Tridox on porovina, carrier gas nitrogen). Preparative gas chromatography was
carried out on a non-commercial instrumerrr'. lH-NMR spectra were measured on a Varian
XL~100-]5 instrument at 100·1 MHz in deuteriochloroform; temperature 37D C, The IR spectra
were measuredwith a Perkin-Elmer Model 325 spectrophotometer. The temperature data are
not corrected.

Electrolytic Reduction of Dimethyl-a-pyrldylmethanol Methomethylsulfate (lIla)

A solution of 25'3 g (0'1 mol) of the quaternary salt (prepared by refluxing a rnethanolic solution
of dimethyl-a-pyridylrnethanol'' with dimethyl sulfate) in 200 ml of a 20% sulfuric acid was
reduced on lead electrodes with a 32 Ah current (8 A/h). The catholyte was alkalized
and steam distilled. Working up of the distillate gave 7 g (49'9%) of product, b.p, 66-68"CI
130 Torr, which according to gas chromatography and comparison with standards represents
a mixture of t-methyl-a-isopropylplperidine (see below), l-methyl-4-isopropyl-J-piperideine4 and
l-metbvl-a-isopropenvlpiperidine, Electroreduction of the remaining quaternary salts was
carried out in a similar manner. The results and the characteristics of the products are listed in
Table 1.

I-Methyl-4-isopropyl piperidine (IXb)

A solution of 2 g of l-methyl-4-isopropyl-3-piperideine4 in 150 ml of methanol was hydrogenated
on 0·1 g of Adams catalyst. When the consumption of hydrogen ceased (J50 ml instead of the
calculated 320 ml)platinum was filtered off and a base was isolated from the filtrate which boiled
at 73°c/25 Torr. For C9H 1 9N (141'J) calculated: 76·53% C, 13'56% H, 9'91% N; found: 76'70% C.
13·78% H, 10·28% N.

Reduction of 3-Isopropylpyridine Methiodide (lIb) with Lithium Aluminum Hydride

3-Isopropylpyridine rnethiodide'' (3Dg, 0·115 mol) was added to a mixture of 180 ml of diethyl
ether and 9 g lithium aluminum hydride and the mixture was refluxed under stirring for II hours.
It was then decomposed with dilute hydrochloric acid, the ethereal layer was separated, the
aqueous layer alkalized and steam distilled. Working up of the distillate gave 9'8 g (65%) of
a mixture boiling at 47-51"CjI4 Torr, containing 77% of l-methyl-3-isopropyl-J-piperideine 5

and 23% of l-methyl-5-isopropyl-3-piperideine (see below). The last product was isolated by
GLC, b.p, 1410Cj760 Torr. For C9H17N (139'2) calculated: 77'63% C, 12'31% H, 10·06% N;
found; 77'75'}' C, 12'48% H, 9'86% N. 1 H-NMR spectrum (p.p.rn.): C(CH 3)z 0'91 and 0·93
(two doublets, 7 Hz), N~CH3 2·32 (s), CH= 5·70 (rn), (CH3hCI:! 1'60 (m); corresponds to
VIlb.
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Electrolytic Reduction of Quaternary Salts 601

Reduction of 2-Cyclopentylpyridine Methiodide (ld) with Sodium Borohydride

A solution of the quaternary salt (7 g) obtained by refluxing of a methanolic solution of 2-cyclo­
pentylpyridine ' with methyl iodide in 15 ml of water was mixed with a solution of sodium
hydroxide (I g) in water (15 rnl) and sodium borohydride (I g) in 7 ml of water and the mixture
was steam distilled. Working up of the distillate gave 2·7 g (67%) of a yellow liquid, b.p. 95°C/
/10 Torr, which is according to GLC a mixture of three compounds identified as 2-cyclopentyl­
pyridine7 (9%), I-methyl-2-cycIopentyI-3-piperideine (31%), and l-methyl-ti-cyclnpentyl-S>
-piperideine (60%).

I-Methyl-2-cyc!opelllyl-3-piperideine, b.p, S2°C/IO Torr. For C II H 19N (165'3) calculated:
79'94% C, 11'59% H, 8'47/~ N; found: 79·97% C, 1l·85% H, 8'32% N. I H-NMR spectrum
(p.p.rn.): N-CH3 2-40 (s), N-C!:!-z-CH2 2'58-2,74 (m), N-CH 2'80~3'0 (m), CH=
5,50-5,70 (m) and 5,75-5'95 em), CH 2-C= 1'95-2,2 em), other 1,15-1'85.

I-Methyl-6-cyclopelllyl-3-piperideine, b.p. 87"C/I0 Torr. For C I IH 19N (165'3) calculated:
79'94% C, 11·59% H, 8'47% N; found: 80'11% C, 11'82% H, S·50% N. IH-NMR spectrum
(p.p.rn.): N-CH3 2'36 (s), N-CH 3'12-3,25 em), CH= 5'50-5'90 (rn), N-C!:h-CH2
1,90-2,60 (rn), other 1'1-2,68.

TABLE I

Review of Electrolytic Reductions

Quaternary salt Piperidine, % (ref.) 3-Piperideine,% (ref.)

1(1 (X=l) IVb 66 (6) Vb 34 (6)

Ib (X= OS03CI-13) IVb 53 (6) Vb 47 (6)

Ie (X=l) IVd 63" Vel 37°

Id (X=1) IVd 83" Vel 17"

IJa (X=OS03 CH3) IVb 51 (6) VIJb 9"·b

IJb (X=OS03 CH3) Vlb 69 (6) VIJb 13·5"·c

lle (X= OS03CH3) VIh 34 (6) VIIh 17",d

IlIa (X=OS03 CH3) IXh 4·5" Xb 32·5 (4Y

lIlb (X= OS03CH3) IXb 36" Xb 64 (4)

llIc (X=l) IXd 25" Xd 75"

IIld (X=I) IXd 16" Xd 84"

lIIe (X=OS03CH3) IXb 34" Xb 66 (4)

lllf (X=l) IXd 19" Xd 81"

"This paper, for properties see Experimental; b VIg 32", VIlIb 8 (ref. 5); c VIIIb 17·5 (ref. 5);

d Vig 44u, VIlIb 5 (rer. 5); c IXe 63".
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1-Methyl-z-cyclopentylpiperidinc (IVd)

A solution of o·g g of a mixture of bases, obtained by reduction of 2-cyclopentylpyridine methio­
dide with sodium borohydride, in 13 ml of acetic acid was hydrogenated on 13 mg of Adams
catalyst. The conventional work-up of the mixture gave 0·62 g of product, b.p. 95-97°ejI2 Torr,
which contained 58% of the required compound and 42% of 2-cyclopentylpiperidinel

. This
mixture was refiuxed with 2 ml of formic acid and 1 ml of 40% formaldehyde for 7 hours. The
conventional work-up gave, 0'41 g of pure product. b.p. 102°Cj18 Torr. For ell H2 1N (167'3)
calculated: 79'02% C, 12'66% H, 8'32% N; found: 79·09% C, 12'73% H, 8'30% N. Compounds
Xd andIXd were prepared in a similar manner.

I-Mefhyl-4-cyclopellfyl-3-piperideine (Xd), b.p. 91°Cjl0 Torr. For C llH1 9N (165'3) cal­
culated: 79·94% C, 11'59% H, 8·47% N; found: 79'95% C, 11'61% H, 8'39% N. IH"NMR
spectrum (p.p.rn.): N-CH3 2-43 (s), N-CH2 (t; 6 Hz), N-CH2- C= 2'83-2'97 (m), CH=
5,33-5'46 (rn), CH 2- C= 2'0-2,26 (rn), 1,20-1'90.

I-Mefhyl-4-cyc!opetltylpiperidine (IXd), b.p, 96°CjlO Torr. For C II H2 1N (167'3) calculated:
79·02% C, 12066% H, 8'32% N; found: 79'15% c. 12068% H, 8·26% N.

Dehydration of 1-Methyl-4-( l-hydroxy-z-propyljpiperidine (/Xa)

Thionyl chloride (3,64 g, i.e. 0·03 mol) in diethyl ether (20 ml) was added to a solution of I Xa
(rer. 8 ) (3'92 g, 0'025 mol) in diethyl ether (110 ml) and the mixture stirred at room temperature
for 20 minutes. After decomposition with 5 ml of water 10 ml of a 40% sodium hydroxide solution
were added and the mixture extracted with diethyJ ether. The solvent was distilled off, leaving
a mixture of substances, b.p. 68-71°Cjl0Torr (2·18 g, 63%). Using GLC (preheater 140°C,
column 120aC; flow 150 ml of nitrogen/min) the following compounds were isolated:

l-Mefhyl-4-isopl'opellylpiperidine (IXe), b.p. 60·5 - 61'5°Cjl0 Torr (57%). For C9H11N (139'2)
calculated: 77'63% C, 12'30% H, 10·06% N; found: 77'50% C, 12·49% H, 10'02% N. IR spectrum:
(values of characteristic bands only): l'(=C-H) 890 vs, v(C=C} 1644 s, v(=CH2 }as 3075 m
(in em-i). IH-NMR spectrum (p.p.m.): CH 3-N 1·07 (5), CH.-N 1-64-1'94 (m), CH 2=
3·55 (rn), other 0'62.

I-Methyl-4-isopropy/idellepiperidille (IX g), b.p. 66- 67'5°Cjl0 Torr (43%). For C9H17N
(139'2) calculated: 77'63% C, 12·30% H, 10'06% N; found: 77'79% e, 12·43% H, 10'26% N.
IH-NMR spectrum (p.p.rn.): CH 3-C 1'55 (5), CH3-N 2·17 (5), other 2·25.

1-Methyl-3-(I-hydroxy-2-propyl)piperidine (VIa)

A solution of 127 g of methyl iodide in 60 ml of methanol was added to a solution of 54·3 g of
3-pyridyldimethylmethanoJ9 in 125 ml of methanol and the mixture refluxed for 22 hours. After
evaporation 105'4 g (92%) of crude methiodide of 3-pyridyldimethylmethanol were obtained,
which was dissolved in 260 ml of water and additioned with 16·5 g of sodium hydroxide dissolved
in 260 ml of water and a solution of 16·5 g of sodium borohydride in 130 ml of water. The mixture
was stirred under a reflux condenser at room temperature for one hour, then extracted with
chloroform,-and the extract dried over potassium carbonate. After evaporation of the solvent
42·7 g (76%) of a mixture of reduced amino alcohols were obtained, b.p. 106-109"C/11 Torr,
which was hydrogenated in 600 ml of ethanol on 1·2Bg of Adams catalyst. From the hydrogena­
tion experiment 33·4 g (77%) of VIa were obtained, b.p. 10G-I0BOC!12 Torr. The product was
purified by GLC (preheater 150aC, column 130°C, flow of nitrogen 200 rnl/rnin): b.p, 107 to
108°C/14 Torr, m.p, 39-40·5°C. For C9H l 9NO (157'25) calculated: 68'74~/~ C, 12'18% H,
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8'91% N; found: 68·69% C, 12'28% H, 8'82~~ N. I H-NMR spectrum (p.p.m.): CH3-C 1'12 (s),
CH 3-N 2-23 (5), N-C!:!cCHa-CH2 2-62-2-86 (rn), N-C!:!eCHa-CI-I 2-86-3'08 (rn),
other 1·35- 2,03.

Dehydration of I-Methyl-3-(I-hydroxy-2-propyl}piperidine (VIa)

The reaction was carried out analogously as dehydration of IX(I. A mixture of substances with
b.p. 78-94°C/IOTorr (65% yield) was thus obtained which was submitted to GLC (preheater
I55aC, column l30DC, nitrogen flow 135 ml/rnin) to give: .

I-Methyl-3-isopropcllylpiperidille (Vie), b.p, 78-79°Cjl0 Torr (69~~). For C9H17N (139'2)
calculated: 77'63% C, 12'30% H, IO'06~~ N: found: 77'50% C, 12·45% H, 9'96% N. 1H-NMR
spectrum (p.p.m.): CH 3-C 1·70 (bs), CH 3-N 2·23 (s), CHe-N 2,65-3,10 (rn), CH2= 4'68 (rn),

other 1,55- 2·55.

]-Mefltyl-3-isopropylidellepiperidil1e (VIg), b.p, 85-86°C/1O Torr (31%). For C9H 17 N (139'2)
calculated: 77·63% C, 12·30% H, 10·06% N: found: 77-38% C, 12'25% H, 10'30~~ N. IH-NMR
spectrum (p.p.rn.): CH 3- C 1·65 (5) and 1·66 (s), CH 3-N 2'24 (5), CH2-C!:!eHa-N 2,6- 2·8
(rn), =CH2-N 2·90 (rn), other 1,80-2,52.

The analyses were carried out in the analytical laboratories of our Department (head Dr L. He­
Iesict and the measurement of I H-NMR spectra was carried out under tire dir'ectloll of Dr P. Trska.
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