August, 1971]

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, voL. 44, 2207—2210 (1971)

2207

Studies on Stable Free Radicals. V"
Reactivity of a Stable Free Radical, 2,2,6,6-Tetramethyl-4-oxopiperidine-1-oxyl

Takao Yosuioka, Susumu HicasHipa, Syoji MormMura, and Keisuke MURAYAMA
Central Research Laboratories, Sankyo Co., Ltd., Shinagawa-ku, Tokyo
(Received February 22, 1971)
A stable N-oxyl radical, 2,2,6,6-tetramethyl-4-oxopiperidine-1-oxyl (I), afforded 1-hydroxy-2,2,6,6-tetra-
methyl-3-(2,2,6,6-tetramethyl-4-oxopiperidinoxy)-4-oxopiperidine (IX) by hydrogen-abstraction followed by the

coupling reaction of the N-oxyl radical I with the C radical III derived from I.

The product IX was charac-

terized as the monoacetate (X), monobenzoate (XI), urethane (XII), semicarbazone (XIII), triol (XIV), tri-

acetate (XV), and a new N-oxyl radical (XVTI).

It has been confirmed that i) the extremely stable N-oxyl radical

abstracts the a-methylene-hydrogen of the ketone which affords a thermodynamically stable conjugated ketone,
i) radical I acts as a scavenger toward a C-radical intermediate and iii) the decomposition of radical I proceeds

via the C-radical to give phorone (V).

Recently, the fact that 2,2,6,6-tetramethyl-4-oxo-
piperidine-1-oxyl (I) and its analogs are extremely
stable free radicals?) has been established by the elegant
studies of Rozantzev and his co-workers.?®) In spite
of the stabilization of radical I, it was found that these
radicals still have the ability to act as a hydrogen ab-
stracting agent,® an oxdizing agent,3% and a radical
scavenger.3d-8) In addition, we found that the N-
oxyl I decomposed to give the corresponding hydroxyl-
amine IT and phorone (V) by heating, but did not de-
compose by the action of light.?®). The probable
mechanism for the decomposition of radical I is shown

in Chart 1. The free radical intermediate I1I, which
0 0 0 0
Lk G =L+ L
NSy N N
0- 0- OH 0-
(n (" (1) cm)
0 0
-x
(1n— fN\)\———»m = r\)\ + NO
0
(v)
(1v)
Chart 1

1) Part IV. Ref. 3g.
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and M. B. Neiman, ibid., 6, 601 (1965). c) V. V. Gur’yanova,
B. M. Kovarskaya, L. A. Krinitskaya, M. B. Neiman, and E. G.
Rozantzev, Vysokomolekul Soedin, 7, 1515 (1965). d) E. G. Ro-
zantzev and V. A. Golubev, Izv. Akad. Nauk SSSR, Ser. Khim, 1966,
891. e) K. Murayama, S. Morimura, and T. Yoshioka, This
Bulletin, 42, 1640 (1969). f) K. Murayama and T. Yoshioka,
ibid., 42, 1942 (1969). g) K. Murayama and T. Yoshioka, ibid.,
42, 2307 (1969).

4) a) C. M. Poleos, N. M. Karayannis, and M. M. Labes,
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would be generated by the abstraction of an a-methyl-
ene ketone hydrogen by another radical I (=1I"), was
proposed.®® This mechanism was supported by the
fact that the original radical I trapped intermediate
III to give the coupling reaction product, 1-hydroxy-
2,2,6,6-tetramethyl - 3 - (2,2,6,6 -tetramethyl - 4 - oxopipe-
ridinoxy)-4-oxopiperidine (IX) (Chart II).

Results and Discussion

When crystals of 2,2,6,6-tetramethyl-4-oxopiperi-
dine-1-oxyl (I) were allowed to stand at room tem-
perature for six months, the paramagnetic substance
liquefied with subsequent formation of a grey precipitate
(mp 139—140°C) which was shown to be diamagnetic
by an ESR technique. Further, this product IX
could be isolated as a by-product, when the N-oxyl I
was prepared from the corresponding hindered amine®
at temperatures 50—60°C. Elemental analysis, mo-
lecular weight determination and mass spectral data
gave the formula C,;gH,;,N,O, which corresponded to
an O,0 coupled dimer (VII) or an aldol conden-
sation product (VIII). Structures VII and VIII
were eliminated for the following reasons. In the IR
spectrum, this product had a carbonyl band at 1720
cm—1 and a hydroxy band at 3360 cm~!. In the
NMR (7)(100 Mc, in CDCl,), it had a broad singlet
at 5.25—5.60 (1H), a doublet at 5.74 (1H, J=1.5
Hz), a doublet at 7.12 (1H, J=12.0 Hz), a doublet
of doublets at 7.61 (1H, J=12.0 Hz, 1.5 Hz), a broad
apparent triplet due to an AA'BB’ system (4H, J=
ca. 15 Hz), and five singlets due to unequivalent methyl
proton signals 8.65, 8.70, 8.72, 8.76 and 8.81 (24 H).
From these spectral data, the structure of the prod-
uct, C;3H,,N,0,, was assigned to be 1-hydroxy-2,2,6,6-
tetramethyl-3-(2,2,6,6-tetramethyl - 4 - oxopiperidinoxy)-
4-oxopiperidine (IX). The product IX was treated
with acetic anhydride, benzoic anhydride, phenyl
isocyanate, semicarbazide or sodium borohydride to
give a monoacetate (X), a monobenzoate (XI), an
urethane (XII), a disemicarbazone (XIII) or a triol
(XIV),9 respectively (Chart II). The derivatives
X, XI and XII had no hydroxy band in the IR spectra.
On exposure to air, triol XIV changed into 2,2,6,6-tetra-

5) a) F. Francis, J. Chem. Soc., 1927, 2897. b) D. Mackay
and W. A. Waters, ibid., C, 1966, 813. c) K. Murayama, S.
Morimura, O. Amakasu, T. Toda, and E. Yamao, Nippon Kagaku
Zasshi, 90, 296 (1969).
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methyl - 3 - (2,2,6,6-tetramethyl - 4 - oxopiperidinoxy) - 4-
oxopiperidine-1-oxyl (XVI). When the new N-
oxyl radical XVI was hydrogenated in the presence
of the Adams catalyst in acetic anhydride solution, the
corresponding triacetate (XV),® which was identical
with triacetate derived from triol XIV, was obtained in
good yield. These chemical reactivities corresponded

6) a) No antipode of triol XIV or triacetare XV was found.
b) We were unable to establish the relative configuration of
triol XIV and triacetate XV since the reductive cleavage of the
C-N bond in XIV and XV to the corresponding 3,4-diol(triol
XVII), which would be characterized as the acetonide, was un-
successful using sodium borohydride or hydrogen in the presence
of the Adams catalyst.
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Further, the magnitude of the chemical shift and the coupling
constant in the proton magnetic resonance was unreliable for con-
figurational study because of the absence of the antipode of triol
X1V and triacetate XV, and of the uncertainty in the conformation
of the heterocyclic(piperidine) ring: the magnitude of the
coupling constant (JHdHc=2.7 Hz) eliminated the trans XVg,.
However, the trans XVeo and the cis XV,o (or XVe,) were un-
distinguishable by the coupling constant.
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to the properties of the assigned structure IX.

Thus we confirmed that i) the extremely stable N-
oxyl radical I abstracted the a-methylene-hydrogen
of the ketone which could give a thermodynamically
stable conjugated ketone®, ii) the radical I trapped a
C-radical intermediate such as III, and iii) the de-
composition of the radical I proceeded via the C-radical
such as IIT to give phorone (V).

Experimental

All the melting points were uncorrected.

Unless otherwise stated, the IR spectra were determined
by means of Nujol mull, and the molecular weight was
determined by V. O. P. method. Mass spectra were ob-
tained using a JEOL-JMS-OIS mass spectrometer.

7 - Hydroxy - 2,2,6,6 - tetramethyl - 3 - (2,2,6,6 - tetramethyl - 4 - oxo-
piperidinoxy ) -4-oxopiperidine (1X). a) From the N-Oxyl
I: When 1kg of the crystals of 2,2,6,6-tetramethyl-4-oxo-
piperidine-1-oxyl (I)3:5 was allowed-to stand for six months
at room temperature, the crystals liquefied and then gave
rise to ca. 100 g of a grey precipitate. The precipitate was
filtered and washed with cold ether three times. The crude
product was recrystallized from benzene to afford colorless
prisms, mp 139—149°C (decomp.). The prisms were dried
at 80°C for 3 hr under diminished pressure to give an analy-
tically pure sample. Found: G, 63.43; H, 9.39; N, 8.339%,;
MW, 361.4 (in acetone). Calcd for C;gH;,N,0,: G, 63.50;
H, 9.47; N, 8.239%; MW, 340.5. IR (cm™): w»,_, 3360,
c=0 1720. NMR(7)(in CDCl,;)(100 Mc): a broad singlet
at 5.25—5.60 (1H), a doublet at 5.74 (1H, J=1.5Hz), a
doublet at 7.12 (1H, J/=12.0 Hz), a doublet of doublets at
7.61 (IH, j=12.0Hz, 1.5 Hz), a broad apparent triplet
due to an AA’BB’ system (4H, J=ca. 15 Hz) and five singlets
due to unequivalent methyl proton signals at 8.65, 8.70, 8.72,
8.76 and 8.81 (24H).

b) From  2,2,6,6-Tetramethyl-4-oxopiperidine® :  2,2,6,6-
Tetramethyl-4-oxopiperidine was oxidized with a 33%, aque-
ous hydrogen peroxide solution at 50—60°C in the presence
of EDTA and sodium tungstate. The reaction mixture was
then saturated with potassium carbonate, and extracted with
benzene. The benzene layer was washed with water satu-
rated with sodium chloride and dried with potassium carbon-
ate, and then the benzene solution was concentrated under
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diminished pressure. The crude crystals, which separated
from the reaction mixture, were filtered and washed with
cold ether. The crude product was recrystallized from
benzene to give an analytically pure sample, mp 139—140°C
(decomp.), which was identical with the sample obtained
by the above procedure a).

Monoacetate (X) of the Hydroxypiperidone I1X. A solution
of 0.5 g (1.47x 10-2 mol) of IX in 1.5 m! of acetic anhydride
was allowed to stand at room temperature for 18 hr. Evap-
oration of the solvent in vacuo gave an oily product. After
the crude oil, dissolved with petroleum ether, was treated
with active charcoal, pure crystals (0.4g, 71.5%) were
gradually obtained on concentration of the solution, and
were recrystallized from petroleum ether three times to
give an analytically pure sample, mp 89—90°C. Found:
C, 62.90; H, 9.00; N, 7.33%; MW, 396.6 (in CHCI,), 376
(in CCly). Caled for C,H,N,O;: C, 62.83; H, 8.98;
N, 7.35%; MW, 382.49. IR (cm) (Grating): no vo_g;
vg=0 1767, 1745, 1722; (in CCl,): 1785, 1745, 1725.

Monobenzoate (XI) of the Hydroxypiperidone IX. Into
a mixture of 1.5 g (4.42x 103 mol) of IX, 2.0 g (8.85x 102
mol) of benzoic anhydride and 2.0g (1.45% 10-2 mol) of
potassium carbonate in 4.0 m/ of benzene was added slowly
and dropwise 0.1 g of water with vigorous stirring at room
temperature. Stirring was continued for 24 hr at room
temperature after the evolution of carbon dioxide had ceased.
The benzene layer was separated and washed with 5%, aque-
ous solution of potassium carbonate and dried with potassium
carbonate. The crude oil, obtained by evaporation of
benzene in vacuo, solidified upon being scratched in a small
amount of petroleum ether, (1.65g, 84.5%). The crude
crystals were dissolved in a small amount of benzene followed
by addition of petroleum ether to give an analytically pure
sample, mp 153.5-154.5°C. Found: G, 67.77; H, 8.15;

N, 6.079%. Calcd for C,;H;N,O;: C, 67.57; H, 8.16;
N, 6.30%. IR (cm™): no »o_g; vo=o0 1747, 1725.
Urethane (XII) of the Hydroxypiperidone IX. The

ketone IX, 1.0g (2.94x10-3mol) exothermally dissolved
at once in 0.6g (5.04x10-3mol) of pheny isocyanate,
and the crude solid which separated was washed with petro-
leum ether, (1.3g, 96.5%). An analytically pure sample
was obtained by recrystallization from 959, ethanol, mp
147—148°C (decomp.). Found: C, 65.53; H, 8.18; N,
9.04%, MW, 488.5 (in acetone). Calcd for C,;H,,N,
O;: G, 65.36; H, 8.13; N, 9.15%; MW, 459. IR(cm™1):
vy—u 3290; vg_o 1745, 1722.

Disemicarbazone  (XIII) of the Hydroxypiperidone IX.
Into a mixture of 0.34 g(1.00x 10-3mol) of IX and 0.3 g
(3.66x 1073 mol) of sodium acetate in 4 m!/ of water was
added gradually 0.3g (2.70x10-3mol) of semicarbazide
hydrochloride with stirring for 3 hr at room temperature.
The ketone IX dissolved and gave the crystals of the semicar-
bazone (0.35g, 77.2%). An analytically pure sample
was obtained by recrystallization from ethanol, mp 136°C
(decomp.). Found: G, 52.79; H, 8.52; N, 24.39%,. Calcd
for G, H;NgO,: C, 52.84; H, 842; N, 24.659%,. IR
(em™1): wo_y 3460; wy-y 3350, 3270; vo.o 1678.

1,4 - Dihydroxy - 2,2,6,6 - tetramethyl - 3 - (4 - hydroxy - 2,2,6,6 -
tetramethylpiperidinoxy) piperidine  (=triol) (XIV). a)
From the Hydroxypiperidone IX: Into a solution of 1.0 g (2.94 x
10-3mol) of ketone IX in 20 m/ of methanol was added
ten 0.1 g portions (2.64%x10-2mol) of sodium borohydride
under a nitrogen atmosphere for 5 hr at room temperature;
then was added a solution of 0.5 g of ammonium chloride
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in 5ml of water at 5°C. The solution was evaporated in
vacuo to give a residue. The triol XIV was carefully ex-
tracted with absolute ethanol from the residue under nitrogen
and obtained as an unstable crude product (0.75g, 75%),
which was recrystallized from methanol to give an ana-
lytically pure sample mp 168—171°C (decomp.).®®) Found:
G, 63.07; H, 10.42; N, 8279%. Calcd for C;sH;sN,O,:
G, 62.77; H, 10.53; N, 8.13%. MS: M+, mfe 343. IR
(cm=1): wo_g 3350; vo-o 1055.

b)  From 2,2,6,6-tetramethyl-3-(2,2,6,6-tetramethyl-4-hydroxy-
piperidinoxy) - 4 - hydroxypiperidine-1-oxyl ~ (=the diol-N-oxyl)
(XVI): A solution of 0.1 g(2.94%x 104 mol) of the diol-
N-oxyl XVI in 6 m/ of methanol was shaken with hydrogen
for 5 hr in the presence of the Adams catalyst until the yellow
color disappeared. The catalyst was filtered off and the
filtrate was evaporated under reduced pressure. After the
residue was dissolved into a small amount of ether without
exposure to air, the ethereal solution was diluted with petro-
leum ether. Gradually the unstable triol XIV crystallized,
(84 mg, 849%), mp 167—171°C.®»

1,4 - Diacetoxy - 2,2,6,6 - tetramethyl - 3 -(4-acetoxy - 2,2,6,6 -
tetramethylpiperidinoxy) piperidine (= triacetate) (XV). a)
From the Diol-N-oxyl XVI: The diol-N-oxyl XVI, 2.0g
(5.82x 10~ mol), was dissolved in 60 m/ of acetic anhydride
and hydrogenated at room temperature for 5 hr in the pres-
ence of the Adams catalyst, until the yellow coloration of XVI
disappeared. The catalyst was filtered off and 60 m! of pyri-
dine was added into the filtrate. The reaction mixture was
allowed to stand at room temperature for 24 hr. The sol-
vent was then evaporated under reduced pressure. The
crude oil obtained was dissolved in benzene, and the benzene
layer was washed with a saturated aqueous solution of sodium
bicarbonate. After the benzene was evaporated in vacuo,
the residue solidified upon being scratched in a small amount
of petroleum ether (2.2g, 81.5%). The crude product
obtained was recrystallized from petroleum benzine to af-
ford an analytically pure sample, mp 173°C. Found: G,
61.50; H, 8.86; N, 5.96%,. Calcd for C,H,,N,0,: C,
61.25; H, 9.00; N, 5.95%. MS: Mt mfe 470. IR (cm™1):
vg=o0 1772, 1740. NMR(z)(in C;D;N, 100 Mc)®: a
doublet of doublets of doublets at 4.46 (1 Hc, Jgemp=3.3
Hz, Jucga=3.0Hz, and Jgegp=2.7 Hz), a triplet of tri-
plets at 4.90 (1 Hc, Jue'mar=11.0 Hz, Jgc'm'=5.0 Hz),
a doublet at 5.93 (1 Hd, Jpsu.=2.7 Hz), doublets of doublets
at 7.74 (le, JHbHa=15.5 HZ, JHbHc=3-5 HZ) and at
8.19 (1 Ha, Juuur=15.5Hz, Jy,u.=3.0 Hz), three singlets
due to acetyl protons at 7.81 (3H), 7.97 (3H) and 8.01 (3H),
and seven singlets due to methyl protons at 8.47 (3H), 8.52
(3H), 8.69 (3H), 8.77 (3H), 8.83 (6H), 8.87 (3H) and 8.92
(3H). Signals due to Ha’ and Hb’ overlapped with those
due to the methyl protons and Ha at 8.5—8.1.

b) From the Triol XIV: A solution of 2.0g (5.82x10-3
mol) of the triol XIV in 6 m!/ of acetic anhydride and 6 ml
of pyridine was allowed to stand for 24 hr at room temper-
ature. When the solvent was evaporated under reduced
pressure, the crude product obtained was dissolved into ben-
zene. The benzene layer was washed with a saturated
aqueous solution of sodium bicarbonate. After the benzene
was evaporated in vacuo, the residue solidified upon being
scratched in a small amount of petroleum ether, (2.2 g,
81.89%,), which was identical with the sample obtained by the
above procedure @) (from XVI).

2,2,6,6- Tetramethyl - 3 - (2,2,6,6 - tetramethyl - 4 - hydroxypiperidi-
noxy) -4-hydroxypiperidine-1-oxyl (=diol-N-oxyl) (XVI). a)
From the Hydroxypiperidone IX: Into a solution of 0.6 g

7) O. Exner and B. Kani¢, Collection Czech. Chem. C
25, 2530 (1960).

8) The crystals turned yellow on exposure to air.
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(1.77x 103 mol) of IX in 20 m! of methanol was added six
100 mg portions (1.58x 102 mol) of sodium borohydride
in the presence of oxygen (air) at room temperature. After
additional stirring for 10 hr, a solution of 0.3 g of ammonium
chloride in 5 m/ of water was added into the mixture at 5°C.
The solvents (methanol and water) were evaporated in vacuo.
Extraction of N-oxyl XVI with absolute ethanol from the
reaction mixture followed by evaporation in vacuo gave yellow
paramagnetic crystals, (0.47 g, 78%,), which was dissolved
in a small amount of methanol and diluted with petroleum
ether to give an analytically pure sample, mp 183—184°C
(decomp.). Found: C, 63.07; H, 10.09; N, 8.21%; MW,
383.6 (in acetone). Calced for C;gH3N,O,;: C, 62.91; H,
10.28; N, 8.17%; MW, 343. MS: Mt m/e 343.258 (Calcd
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343.259). IR (em™Y): wo_y 3400; »c-o 1040.

b) From the triol XIV: When a solution of triol XIV
in methanol was treated under an oxygen (air) atmosphere,
the solution turned yellow. After the solution was allowed
to stand at room temperature for two days, evaporation of
methanol gave vyellow crystals. The crude crystals were
recrystallized from ether to give an analytically pure sample,
mp 183—184°C (decomp.), which was identical with the
sample obtained by the above procedure @) (Ifrom IX).

Thanks are due to Mr. H. Kuwano for 100 Mc-
NMR, Mr. T. Kinoshita for mass spectrometry, Mr.
H. Horiuchi and Mr. T. Kanai for their technical
assistance.






