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ELECTROCHEMICAL SYNTHESIS OF 2,2,6,6-TETRAMETHYLPIPERIDINE 

E. Sh. Kagan, I. A. Avrutskaya, S. V. Kondrashov, 
V. T. Novikov, M. Ya. Fioshin, and V. A. Smirnov 
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A preparative method for the production ofi2,2,6,6-tetramethylpiperidine based on 
the electrochemical reduction of 4-oxo-2,2,6,6-tettamethylpiperidine in 30% sul- 
furic acid on cadmium or lead electrodes was developed. 

2,2,6,6-Tetramethylpiperidine (I) is used for the synthesis of the medicinal prepara- 
tion pempidine [i] and the corresponding nitroxyl radical, which is widely used asia spin 
probe [2], for the stabilization of polymers [3, 4], and for the inhibition of radical poly- 
merization [4, 5]. 

The known method for the preparation of 2,2,6,6-tetramethylpiperidine (1), which is 
based on the reduction of 4-oxo-2,2-6,6-tetramethylpiperidine (II) (triacetonamine) with hy- 
drazine, is rather complex, and this limits its use [i]. 

We have established that two compounds viz, 2,2,6,6-tetramethylpiperidine (I) and 4- 
hydroxy-2,2,6,6-tetramethylpiperidine (III), are simultaneously formed in the electrochemi- 
cal reduction of triacetoneamine in an acidic medium on cathodes with high hydrogen overvolt- 
ages (cadmium and lead): 

0 OH & & ~ % ~ c . ~  -'-~ ~% c.~-~-:2"L ~% c.~ 
Ha H CII~ CH a ~{ -CH~ CH~ I~ "CHa 

I I I  I l l  

Compound III is an important intermediate in the synthesis of stabilizers for polymeric mate- 
rials [4, 6]. 

The ratio of the products of electrochemical reduction of triacetonamine concentration 
stantially on its concentration and the amount of free sulfuric acid in the electrolyte. 
When the electrolysis is carried out in 30% sulfuric acid at a triacetonamine concentration 
of 0.65 mole/liter, the yield of 2,2,6,6-tetramethylpiperidine (I) exceeds 65%, and the 
yield of 4-hydroxy-2,2,6,6-tetramethylpiperidine (III) is 20%. When the triacetonamine con- 
centration is increased to 1.3 moles~liter, the yield of alcohol IIl increases to 25-27%, and 
the yield of 2,2,6,6-tetramethylpiperidine (I) decreases correspondingly. 

Alcohol III was obtained in virtually quantitative yield by the electrochemical reduc- 
tion of triacetonamine in an alkaline medium (4% sodium hydroxide solution at a triaceton- 
amine coneentration of 0.25 mole/liter [7]: 

No substantial effect on the yields of the reaction products was observed when the tem- 
perature was varied from 25 to 65~ and the current density was varied from 0.05 to 0.01 A/ 
cm 2 . 

The separation of I and IIl does not present any difficulties and can be achieved by 
removal of I from nonvolatile alcohol III by distillation. 
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The method for the preparation of 2,2,6,6-tetramethylpiperidine described in this paper 
is simpler and more efficient than the known method for its synthesis [I] and is the first 
example of the preparative electrochemical reduction of a piperidone to the corresponding 
piperidine. 

EXPERIMENTAL 

Triacetonamine produced by the All-Union Scientific-Research Institute of Glass Fibers 
in Kalinin (TU 6-06-32-323-79; this product contained 97.9% of the principal substance and 
had mp 36~ was used. Thin-layer chromatography (TLC) was carried out on activity II alumi- 
num oxide with elution by chloroform--ethanol (15:1) and development with iodine vapors. The 
IR spectra were recorded with a Specord 75 IR spectrometer. 

2,2,6,6-Tetramethylpiperidine (I) and 4-Hydroxy-2,2,6,6-tetramethylpiperidine (III) m A) 
The synthesis was carried out in the diaphragm electrolyzer described in [8]. The cathode 
was prepared from analytical-grade cadmium. Prior to electrolysis, the cathode was treated 
for 3-5 min in 10-12% sulfuric acid, washed with water, purified with soda crystals, and 
washed again with water. The cathode space of the electrolyzer was charged with 300 ml of 
30% sulfuric acid and 31.1 g (0.2 mole) of triacetonamine. The anode space was filled with 
30% sulfuric acid. The electrolysis was carried out at a current strength of 15 A (at a cur- 
rent density of 0.ii A/cm 2) at 25-30~ with stirring. The electrolysis time was 3-4 h [the 
end of the reaction was determined from the disappearance of the triacetonamine, which was 
determined by means of TLC (Rf 0.83)]. At the end of the electrolysis, the colorless and 
transparent catholyte was neutralized with 40% sodium hydroxide solution to pH i0. The solu- 
tion was extracted while still warm (30-40~ with chloroform (four 150-ml portions)~ the ex- 
tract was dried with anhydrous sodium sulfate, and the solvent was removed with a water bath. 
The residue was subjected to vacuum distillation. The fraction with bp 40-43~ (3 mm), which 
was identified as 2,2,6,6-tetramethylpiperidine, was collected to give 18.7 g (66.1%) of a 
product with n~ ~ 1.4458 (according to the data in [i], this compound was obtained in 51% yield 
and had bp 151-155~ and n~ ~ 1.4455). The IR spectra of a sample of I and a genuine sample 
[i] were identical. Alcohol III, with mp 131-133~ (from n-heptane), the yield of which was 
6.3 g (20%), remained in the distilling flask after removal of I by distillation. According 
to the data in [9], III had mp 131-133~ No melting-point depression was observed for a mix- 

ture of III and a genuine sample [9]. 

B) Electrolysis of a solution of 31.1 g (0.2 mole) of triacetonamine in 150 ml of 30% 
sulfuric acid by method A gave 7.84 g (27.7%) of I and 17.2 g (54.6%) of III. 

C) The cathode was prepared from C-O grade lead. Prior to electrolysis, the cathode 
was treated for 5 min in 10% nitric acid, washed with tap water, purified with soda crystals, 
and washed with distilled water. Electrolysis of a solution of 31.1 g (0.2 mole) of triace- 
tonamine~in 300 ml of 30% sulfuric acid by method A gave 16.8 g (60%) of I and 3.12 g (9~ 

of III. 
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