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Sonication facilitates the synthesis and accelerates the yields of 4-sub-
stituted 2,2,6,6-tetramethylpiperidinyloxyls. This effect is highly pronoun-
ced on the substrates with a long lipophilic chain in position 4. The influence
of solvent and temperature on the yield of the reaction has been studied.
H,O, oxidation of the piperidine derivatives promoted by ultrasonic
irradiation has been successful also without catalyst.

O6paboTka ynbTpa3BykOM oOJierdyaeT CHHTE3 H YCKOPSET BBIXOIBI 4-
-3aMeIlEeHHBIX-2,2,6,6-TeTpaMe THIIMUIEPHINHUIIOKCIIIOB. JTOT 3bdekT
HauboJsiee APKO BBHIPAXEH IJIs CyOCTPATOB C JUIMHHOH JTMIIOPUIBHOHA IENBIO
B nosoxedud 4. M3ydyeHo BiMsiHHE pACTBOPUTENS M TEMIIEPATYypPhbl Ha BbI-
xof peakuud. OKHC/IEHHE MUIMEPHIHHOBBIX MPOU3BOIHBIX MEPEKHUCBHIO BO-
I0poJa, MPOMOTHPOBAHHOE YJIbTPa3BYKOM, YCIIELIHO IPOXOIHIIO U Oe3 Ka-
Tanu3aTopa.

Nitroxyl radicals of sterically hindered secondary amines (stable compounds
atroom temperature) are a representative group of compounds which have been
intensively studied [1—6]. N-Oxyl radicals of sterically hindered piperidines,
pyrrolidines, and isoindolines are used as spin labels in the study of different
biochemical processes in living organisms or model systems [7]. They are com-
monly prepared by the oxidation of the corresponding secondary amines with
30 % H,0, (without solvent), using Na,WO, as catalyst, at room temperature
[3—8]. Sometimes NaHCO, can be used as a catalyst [9, 10]. Peroxy acids
[11—13], Ag,O [14], PbO, [15], ozone [16], dibenzoyl peroxide [17, 18] or
di(zert-butyl) peroxide [19] can be used as oxidizing agents instead of H,0,.

The H,0, oxidation of sterically hindered secondary amines was in some
cases rather slow, also producing low yields of N-oxyl radicals. As it was found
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[20] that ultrasound accelerates the reaction course of different chemical reac-
tions, the aim of this work was to study the influence of ultrasound on the H,0,
oxidation of sterically hindered piperidines.

The influence of ultrasound on H,O, oxidation of 2,2,6,6-tetramethyl-4-
-piperidinol (/) or 2,2,6,6-tetramethyl-4-piperidinone (//) (low molecular mass,
water insoluble compounds) has not been observed. The reaction was reason-
ably fast without using ultrasound.
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Piperidines with a long lipophilic chain and higher molecular mass are more
sensitive to sonication, i.e. (2,2,6,6-tetramethyl-4-piperidyl)-4-octyloxybenz-
amide (/1I) or bis(2,2,6,6-tetramethyl-4-piperidyl) esters of sebacic acid (/V) are
almost unreactive without ultrasound (Table 1). The highest acceleration due to
the ultrasound was observed in the case of oxidation of 2,2,6,6-tetramethyl-4-
-stearoyloxypiperidine (¥). This reaction was therefore studied in most detail
(Table 2).

As it is shown in Table 2, ultrasound accelerates the oxidation of 2,2,6,6-tet-
ramethyl-4-stearoyloxypiperidine. This effect was most pronounced when the
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Table 1

Results of oxidation of 4-substituted 2,2,6,6-tetramethy!piperidines by H,0, with Na,WO, catalyst
and sonication

Product Reaction time Bath temperature/°C Solvent % N-oxyl
la 30min 22 — 89
Ia 120 min 22 — 80
Ia* 30 min 22 i 50
lla 30 min 50 — 65
Ila* 30 min 50 — 70
Ila 20h 50 C,H,OH 22
1Va 13h 50 C,H;OH 37

* Without ultrasound.

Table 2

Results of oxidation of 2,2,6,6-tetramethyl-4-stearoyloxypiperidine (V) by H,0, with Na,WO,
catalyst and sonication for 20 h

Experiment Solvent 6/°C % N-oxyl
1 CH,0H 50 78
2 CH,OH* 50 4
3 CH,0H 22 25
4 CH,0OH" 22 0
5 CH,CH,0H 50 84
6 CH,CN 50 43
7 CH,COOH"* 50 28
8 DMF¢ 50 27
9 CH,CH,0OH" 50 31

10 CH,CH,0OH* 50 8

a) Without ultrasound; b) when the reaction was over, the mixture was neutralized with K,CO,
and the organic material was extracted into ether; ¢) when the reaction was over, the mixture was
poured into water, saturated with K,CO; and the organic material was extracted into ether;
d) reaction without Na,WO, as a catalyst; e) reaction in the presence of Na,CO,.

oxidation was carried out at lower temperature (22 °C). Under similar reaction
conditions at 50°C approximately twice the yield of N-oxyl radicals was ob-
tained.

From the described results it is evident that ultrasound, catalyst, and tem-
perature have beneficial effects on the course of the reaction (experiments 2, 5,
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9). The effect of ultrasound is obviously due to accurate mixing and ho-
mogenization of the reaction mixture, while higher temperature increases the
solubility of the starting lipophilic amine (experiments 2, 4). Therefore the
solvent also must play an important role in these reactions, the best yield results
being obtained in ethanol (84 %) and the lowest in acetic acid (28 %). Provision-
al experiments prove that Na,WO, decomposes H,0,. From the results of
experiment 9 (without Na,WO,) it follows that ultrasound also has the same
effect. The question as to what extent ultrasound promotes the decomposition
of H,0, or whether it somehow activates the metallic catalyst, will be the subject
of a later investigation.

Oxylation of 2,2,6,6-tetramethyl-4-stearoyloxypiperidine in an oxygen or
argon atmosphere shows that the presence of the gas has no essential influence
on the reaction course. The yields from these experiments are similar and 15 %
lower than the yields of the experiments carried out in air.

Experimental

Ultrasound was generated by a 4dm® ultrasonic cleaning bath Tesla UC002 BM 1
(20kHz, 160 W).

Concentrations of N-oxyl radicals of compounds /a and //a were determined by UV
spectroscopy (calibration curve), of compounds //la, IVa, and Va by ESR spectroscopy.
A calibration graph has been made by quantitative evaluation of the ESR signal (deter-
mination of intensity of the second peak of the triplet signal ay = 1.6 mT, g = 2.0057) of
benzene solution of 2,2,6,6-tetramethyl-4-stearoyloxypiperidinyl-1-oxyl (Fig. 1). The
changes in intensity of ESR signals Algsz were measured on an ESR Spectrometer Bruker
SRL-200 in the range x with 100 kHz modulation. UV spectra were measured on a
Specord UV VIS instrument at A,,, = 237nm (compound //a) and at A,,, = 243nm
(compound /a).

Starting compounds /, I/, and IV were prepared by the known methods (1, 3].
(2,2,6,6-Tetramethyl-4-piperidyl)-4-octyloxybenzamide (/1) was prepared in 33 % yield
by the reaction of 4-amino-2,2,6,6-tetramethylpiperidine with 4-octyloxybenzoyl

160 T T T
120 - =
E | .
~x 80 -
& '
w = g =2.0057
40 | - Fig. 1. ESR signal of 2,2,6,6-tetramethyl-4-
| Tmr i -stearoyloxypiperidine-N-oxyl in benzene
. , . B solution at 23°C, and dependence of signal
i -5 -6 log lc/(mol dm™3)) intensity on the concentration.
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chloride in anhydrous pyridine. After crystallization from hexane compound II1
(m.p. = 85.5—87.5°C) was obtained. For C,;H,N,O, (M, = 388.64) w,(found):
74.33% C, 10.66 % H, 7.21 % N; w;(calc.): 74.17 % C, 10.43 % H, 7.21 % N.

2,2,6,6-Tetramethyl-4-stearoyloxypiperidine (V) (m.p. = 43.5—45.5°C after recrys-
tallization from acetone) was prepared in 15 % yield by the reaction of 2,2,6,6-tet-
ramethyl-4-piperidinol and stearoyl chloride in anhydrous pyridine. For C,;Hs;NO,
(M, = 423.79) wy(found): 76.06% C, 13.41% H, 3.28% N; w(calc.): 76.51%C,
12.63 % H, 3.30 % N.

Preparation of 4-hydroxy-2,2,6,6-tetramethylpiperidinyloxyl (la)

A mixture of 7 (0.5g; 0.3 mmol), Na,WO, - 2H,0 (0.05g; 0.15mmol), Chelaton 3*
(0.05 g; 0.15mmol), H,0 (3 cm?), and 30 % H,0, (1 cm®) in a 50 cm® Erlenmeyer flask was
immersed in the ultrasonic cleaning bath and was sonicated. After the appropriate time
the mixture was saturated with K,CO, and the product was extracted into ether. After
evaporation of the ether the content of N-oxyl radical in the residue was determined by
UV spectroscopy (Table 1). The product (m.p. = 72—73 °C) was isolated by chromato-
graphy and crystallization (silica, benzene as eluent; benzene—petroleum ether for
crystallization). For CyH;sNO, (M, = 172.26) w(found): 62.77%C, 10.74% H,
8.02 % N; wj(calc.): 62.75% C, 10.55% H, 8.17 % N.

Preparation of 2,2,6,6-tetramethyl-4-oxopiperidinyloxyl (Ila)

Procedure as for Ja: reaction mixture: /7 (0.5g; 3 mmol), Na,WQO,-2H,0 (0.02g;
0.06 mmol), Chelaton 3 (0.02g; 0.06 mmol), H,O (5cm®), and 30 % H,0, (1 cm®). The
physical constants of //a are in agreement with the literature data [10].

Preparation of 2,2,6,6-tetramethyl-4-stearoyloxypiperidinyloxyl (Va)

To ¥ (1.0 g; 2.4 mmol) in 40 cm® of the appropriate solvent in an 100 cm® Erlenmeyer
flask was added Na,WO, - 2H,0 (0.05 g; 0.15 mmol), Chelaton 3 (0.05 g; 0.14 mmol), and
30 % H,0, (3cm’). The flask was immersed into an ultrasonic cleaning bath and soni-
cated. After 20 h the solvent was removed, the residue was dissolved in benzene and the
content of N-oxyl radical was determined by ESR (Table 2). The product (m.p. = 49
—52°C) was isolated by chromatography and crystallization. For C,;H;,NO,
(M, = 438.8) wi(found): 76.80%C, 12.45%H, 3.40% N; w(calc.): 76.70% C,
12.39% H, 3.31 % N.

* Chelaton 3 — disodium salt of ethylenediaminetetraacetic acid.
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Preparation of 2,2,6,6-tetramethyl-4-(4-octyloxybenzamide) pipe-
ridinyloxyl (1lla)

Procedure as for Va; reaction mixture: I/ (0.2 g; 0.5 mmol), Na,WO, - 2H,0 (0.05g;
0.15 mmol), Chelaton 3 (0.05 g; 0.14 mmol), and 30 % H,0, (4cm?®) in 10 cm’® of ethanol.
Product /Ila (m.p. = 82.5—84.5°C) was obtained after recrystallization from benzene
—petroleum ether. For C,HyN,O; (M, = 403.62) wi(found): 70.90 % C, 9.92 % H,
6.60 % N; wi(calc.): 71.41 % C, 9.77% H, 6.94 % N.

Preparation of 2,2,6,6,2',2',6' ,6'-octamethyl-4,4’-sebacoyldioxy-
dipiperidinyloxyl (IVa)

Procedure as for Va, reaction mixture: IV (0.5g; 1 mmol), Na,WO,-2H,O (0.04 g;
0.12 mmol), Chelaton 3 (0.04 g; 0.1 mmol), and 30 % H,O, (1 cm?) in 20 cm® of ethanol.
Product IVa (m.p. = 120—124°C) was obtained after recrystallization from benzene
—petroleum ether. For C;3HN,O, (M, = 510.74) wi(found): 65.49 % C, 10.24 % H,
5.43 % N; wycalc.): 65.84 % C, 9.88 % H, 5.49 % N.
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