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Synthesis and properties of bicyclic aziridines, derivatives of triacetoneamine

L. A. Krinitskaya

N. N. Semenov Institute of Chemical Physics, Russian Academy of Sciences,
4 ul. Kosygina, 119991 Moscow, Russian Federation.
Fax: +7(495) 938 2484. E-mail: amserebr@sky.chph.ras.ru

Bicyclic aziridines, derivatives of 2,2,6,6-tetramethyl-4-piperidone (triacetoneamine), are
synthesized, which by acids treatment undergo the N—C(1) or N—C(2) bonds cleavage to
form the corresponding pyrrolines, pyrrolidines, and piperidines.

Key words: triacetoneamine, aziridines, ring opening, pyrrolines, pyrrolidines, piperidines.

2,2,6,6-Tetramethyl-4-piperidone (triacetoneamine,
TAA) shows a peculiar chemical reactivity. The absence
of hydrogen atoms in positions 2 and 6 of the ring makes it
possible to oxidize TAA and its derivatives into stable
nitroxyl radicals.!—3 In addition, Me groups in these posi-
tions affect the reactivity of 3- and 5-CH, groups, as well
as of substituents attached to them. For example, halogen
atoms in these positions cannot be substituted by treat-
ment with nucleophilic reagents.4 Instead, the products of
intramolecular nucleophilic substitution reaction emerge.
Thus pyrroline’ and pyrrolidine® derivatives are formed as
a result of the Favorskii rearrangement.

We were first to show the possibility of the intramo-
lecular cyclization of triacetoneamine derivatives with for-
mation of 1-azabicyclo[3.1.0]hexane.”8 The only known
compound of this series, 1-azabicyclo[3.1.0]hexane-5-
carboxylic acid ethyl ester, was synthesized®10 from
1-chloropiperidine-3-carboxylic acid ethyl ester and
MeONa. A base treatment of 1-chloro-, 1-tosyloxy-, and
1-acetoxy-2,2,6,6-tetramethyl-4-piperidones (la—c)
led to 2,2,6,6-tetramethyl-1-azabicyclo[3.1.0]hexan-4-
one (2) (Scheme 1), though the procedure was not de-
scribed in the communication.” The alternative method
for the synthesis of compound 2 by cyclization of
3-bromo-2,2,6,6-tetramethyl-4-piperidone (3a) was given
by us in the communication® (see Scheme 1). In the
present work all the detailed procedures for the synthesis
of ketone 2 are described and the best of them are high-
lighted. In addition, its analogs are also synthesized, as
well as a ring opening process in compounds of this series
by cleavage of the N—C(1) or N—C(2) bonds with for-
mation of the corresponding pyrrolines, pyrrolidines, and
piperidines was studied.

The rate of aziridine 2 formation from compounds
la—c increases with the increase of the leaving group
ability at the N atom of compound 1 (OTs > CI > OAc).
The most pure product 2 was obtained from N-acetoxy
derivative 1c, however, to synthesize aziridine 2 from
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3-bromotriacetoneamine hydrobromide 3 is preparatively
more convenient (the yield was 76%). In this case, a base
(KHCOj; or Et;3N) is necessary for conversion of bromo-
ketone 3 into 3a and further for reaction with the arising
HBr (to avoid side reaction of HBr with aziridine 2). The
use of stronger bases (alkali or alkoxides) causes the
Favorskii rearrangement5: in bromoketone 3 (or 3a).
Aziridine 2 is a liquid stable at room temperature and
during vacuum distillation with b.p. 79 °C (10 Torr) with
good solubility in water and organic solvents. Compound 2
forms crystalline hydrate, relatively stable in solid state
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picrate, oxalate, tosylate, and perchlorate, as well as a
blue complex with copper(i1) acetate.

Similarly, from 3,5-dibromotriacetoneamine 4 or
its hydrobromide in the presence of Et;N was obtained

3-bromo derivative of aziridine 2, compound 5
(Scheme 2).
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Compound 2 can be involved into some reactions char-
acteristic of ketones with the aziridine ring remained in-
tact. Thus it was converted into benzylidene derivative 6,
as well as into alcohol 7 by reduction of the carbonyl
group (Scheme 3).
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However, attempted conversion of aziridine 2 into the
corresponding oxime by reaction with hydroxylamine
failed. Bromination of ketone 2 as well as the Favorskii
rearrangement of bromoketone 5 were also unsuccessful.

It is known!! that aziridine ring can be open by reac-
tion with a large number of acids. Reaction of aqueous
solution of aziridine 2 with perchloric acid leads to pre-
cipitation of its perchlorate, which completely dissolves
in the solution during 24 h. Ketoalcohol 8 was isolated
after neutralization of the solution and its extraction with
ether (Scheme 4).

Reflux of aqueous solution of aziridine 2 with oxalic
acid, through the intermediate formation of compound 8
and its dehydration, produces extremely volatile pyrrolin-
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3-one (9), which can be formed by heating of aziridine 2
at 165—170 °C as well (Scheme 5).
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Compound 9 was converted into oxime 10, which was
also synthesized!? earlier by reflux of aqueous solution of
diketone 11 with a large excess of NH,OH-HCI and
CH;COONa (see Scheme 5).

Benzylidene derivative of ketone 2, compound 6, un-
der perchloric acid treatment undergoes the similar rear-
rangement to give compound 12 (Scheme 6).

Quite the contrary, bromoketone 5 does not undergo
ring contraction under acid treatment, rather changing
into diketone 11 described also earlier!? (Scheme 7).
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In conclusion, hydrolysis of bicyclic ketone 2 and its
benzylidene derivative 6 leads to the products of pyr-
rolidine series, that is, the three-membered ring opening
with a cleavage of the N—C,,., bond takes place. In the
bromoketone 5 case the aziridine ring opening occurs at
the N—Cy bond, producing compound of the piperidine
series.

Experimental

IR spectra were recorded on a Specord M-80 spectrometer,
TH NMR spectra were recorded on a Jeol C-60 HL, Brucker
WP-80-SY, Brucker WH-360, and Brucker WM-400 spectrom-
eters, mass-spectrum was recorded on a Finnigan 4021 in-
strument.

1-Hydroxy-2,2,6,6-tetramethyl-4-piperidone, 13 dibromotri-
acetoneamine hydrobromide,3 2,2,6,6-tetramethylpiperidin-3,4-
dione,!? 1-chloro-2,2,6,6-tetramethyl-4-piperidone (1a),!4 and
2,2,6,6-tetramethyl- 1-tosyloxy-4-piperidone (1b)13 were synthe-
sized by procedures described earlier.

1-Acetoxy-2,2,6,6-tetramethyl-4-piperidone (1c). Tricthyl-
amine (5 mL) and (CH;CO),0 (4 mL) were added to a solution
of 1-hydroxy-2,2,6,6-tetramethyl-4-piperidone hydrochloride
(6.21 g, 0.03 mol) in CHCI; (30 mL) under stirring and cooling
by ice-cold water. The mixture was stirred for 1 h at 20 °C and
left staying for ~14 h. The solvent and excess of the reagents
were removed in vacuo, water (50 mL) was added to the residue,
and the product was extracted with benzene. The extract was
dried with anhydrous MgSO, and the solvent was evaporated
in vacuo. The residue (6.4 g) was recrystallized from hexane.
Acetoxy derivative 1c (5.05 g, 79%) was obtained, m.p.
99—100 °C, after sublimation, 100.5—101 °C. Found (%):
C, 62.01; H, 9.04; N, 6.49. C;;H;(NOj3. Calculated (%):
C,61.93; H, 8.98; N, 6.57. 'H NMR (60 MHz, CDCly), &: 1.17
(s, 12 H, 2,2,6,6-Mey); 2.02 (s, 3 H, OMe); 2.42, 2.62 (both s,
2 H each, 2 CH,).

2,2,6,6-Tetramethyl-1-azabicyclo[3.1.0]hexan-4-one (2).
A (from compound 1a). A solution of KOH (250 g) in water

(1500 mL) was cooled down to —10 °C with an ice—salt mixture
and chlorine gas obtained by a gradual addition of conc. HCI
(800 mL) to potassium permanganate (130 g) was bubbled
through it to produce an aqueous solution of KOCI. This
aq. KOCI (130 mL) was added dropwise to a stirred solution of
triacetoneamine hydrochloride (19.1 g, 0.1 mol) in water
(100 mL) cooled down with an ice—salt mixture. After addition
of entire hypochlorite, the reaction mixture was stirred for 30 min
and extracted with ether, the extract was dried with Na,SO, in
refrigerator. The drying agent was filtered off and the ether
solution was concentrated. Compound 1a (18.8 g, 89%) was
obtained. A solution of KOH (10 g) in EtOH (100 mL) was
added to compound 1a (18.8 g, 99 mmol) under stirring and
cooling with an ice—salt mixture. The reaction mixture was kept
for 3 days at 0 °C, then EtOH was evaporated, and benzene
(100 mL) was added. The precipitate of KCI was filtered off, the
benzene filtrate was concentrated, and the residue was twice
distilled in vacuo. Compound 2 (7.06 g, 46%) was obtained, b.p.
77—78 °C (9 Torr), np2° 1.4675. Found (%): C, 70.64; H, 9.98;
N, 9.18. CoH5NO. Calculated (%): C, 70.55; H, 9.87; N, 9.14.
'TH NMR (360 MHz, C¢Dy), &: 0.95, 1.01, 1.08, 1.11 (all s,
3 Heach, 2,2,6,6-Me,); 1.86, 1.97 (both d, 1 H each, CH,, 2/ =
19 Hz); 2.23 (s, 1 H, CH). 3C NMR (90.6 MHz, C4Dy), &:
17.61, 24.60, 28.78, 33.62 (all q, 2,2,6,6-Mey, '/ = 127.0 Hz);
44.30 (s, C(6)); 49.61 (t, CH,, 'J = 129.4 Hz); 55.12 (d, CH,
17 = 180.7 Hz); 59.14 (s, C(2)); 210.22 (s, CO). IR (CCly),
v/em~L: 1720 (C=0). MS, m/z (I, (%)): 153 [M]* (5)), 138
(15), 110 (9), 98 (9), 97 (24), 96 (17), 70 (14), 69 (100), 55
(13), 41 (7).

B (from compound 1b). A solution of KOH (0.14 g, 2 mmol)
in MeOH (3 mL) was added to a suspension of compound 1b
(0.65 g, 2 mmol) in MeOH (5 mL) under cooling with an
ice—salt mixture. After 30 min the reaction mixture was con-
centrated in vacuo, the product was washed off the precipitate
with ether. The ether extract was concentrated in vacuo. The
product was obtained as a residual oil (0.30 g, 100%). Properties
of the product are identical with those of compound 2 synthe-
sized by method A.

C (from compound 1c¢). Potassium hydroxide (1.4 g, 20 mmol)
was added to a solution of compound 1¢ (4.26 g, 20 mmol) in
MeOH (10 mL). The mixture was refluxed with a reflux con-
denser for 15 min and concentrated in vacuo. Benzene was added
to the residue, precipitate of KCI was filtered off, and benzene
extract was distilled in vacuo. The product (2.90 g, 94%) was
obtained; its properties are identical with those of compound 2
synthesized by method A.

D (from 3-bromo-2,2,6,6-tetramethyl-4-piperidone hydro-
bromide (3)). Triethylamine (46.5 mL, 0.33 mol) was added
dropwise to a stirred and cooled with ice-cold water solution of
compound 3 obtained by the described earlier procedure® by
bromination of triacetoneamine hydrochloride (19.15 g, 0.1 mol)
in CHCl; (50 mL). The mixture was kept for 6 h, then chloro-
form and excess of Et;N were evaporated in vacuo. Benzene was
added to the residue, the precipitate was filtered off and addi-
tionally was washed with benzene. The combined benzene solu-
tions were concentrated in vacuo. Product 2 (11.68 g, 76%) was
obtained; its properties are identical with those of compound 2
synthesized by method A.

3-Bromo-2,2,6,6-tetramethyl-1-azabicyclo[3.1.0]hexan-4-
one (5). Triethylamine (4.2 mL, 30 mmol) was added to a sus-
pension of dibromotriacetoneamine hydrobromide 4 (3.94 g,
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10 mmol) in acetone (20 mL), the mixture was stirred for 6 h at
~20 °C and left in refrigerator for 14 h. Then the mixture was
concentrated to dryness and suspended in ether (20 mL). The
precipitate of NEt;+ HBr was filtered off, washed with ether on
the filter, the combined ether extract was concentrated to dry-
ness. After crystallization from hexane compound 5 was ob-
tained (1.47 g, 64%), m.p. 88—89 °C. Found (%): C, 46.95;
H, 6.23; N, 5.82. CogH4BrNO. Calculated (%): C, 47.11;
H, 6.08; N, 6.04. 'H NMR (400 MHz, C¢Dy), &: 0.90, 0.92,
1.09, 1.52 (all s, 3 H each, 2,2,6,6-Mey); 2.20 (s, 1 H, CH); 4.25
(s, 1 H, CHBr). IR (CCly), v/cm~!: 1765 (C=0).
3-Benzylidene-2,2,6,6-tetramethyl-1-azabicyclo[3.1.0]-
hexan-4-one (6). Potassium hydroxide (0.3 g, 5 mmol) was added
to a solution of compound 2 (0.92 g, 6 mmol) and freshly dis-
tilled benzaldehyde (0.64 g, 6 mmol) in EtOH (10 mL). The
reaction mixture was stirred for 3 days at ~20 °C, then the
solvent was removed in vacuo, ether (10 mL) was added, KOH
was filtered off, and filtrate was concentrated in vacuo. Com-
pound 6 (0.83 g, 57.4%) was obtained, m.p. 88.5—89.5 °C.
Found (%): C, 79.56; H, 8.07; N, 6.11. C;cH;yNO. Calcu-
lated (%): C, 79.66; H, 7.93; N, 5.81. 'H NMR (60 MHz,
CDC1;—CCly), &: 1.29, 1.38, 1.40, 1.51 (all s, 3 H each,
2,2,6,6-Mey); 2.60 (s, CH); 7.34 (m, Ph); 7.38 (s, HC=).
IR (CCly), v/em~!: 3074 (CH=); 1725 (C=0); 1630 (C=C).
4-Hydroxy-2,2,6,6-tetramethyl-1-azabicyclo[3.1.0]hexane
(7). Sodium borohydride (0.08 g, 2.1 mmol) was added to a
solution of compound 2 (0.31 g, 2 mmol) in EtOH (5 mL)
at 0 °C, which was stirred for 1 h. Then the mixture was kept at
~20 °C for 15 h, the solvent was removed in vacuo, and the
product was extracted from the solid residue with benzene. Ben-
zene extract was concentrated in vacuo and the residue was
crystallized from hexane. Compound 7 was obtained (0.31 g,
~100%), m.p. 121—122 °C. Found (%): C, 69.44; H, 10.86;
N, 9.12. CgH;NO. Calculated (%): C, 69.65; H, 11.04; N, 9.03.
'H NMR (360 MHz, C¢Dy), &: 1.05, 1.10, 1.12, 1.48 (all s,
3 H each, 2,2,6,6-Me,); 1.52, 1.83 (both dd, 1 H each, 2 CH,,
2J=13.8 Hz,3J="7.8 Hz); 2.12 (d, 1 H, CH, 3J = 6.3 Hz); 4.65
(ddd, CHOH, 3/ = 6.3 Hz).
2-(2-Hydroxyprop-2-yl)-5,5-dimethyl-3-pyrrolidinone (8).
Perchloric acid (aq. 48%, 1.4 mL) was added dropwise to a
solution of compound 2 (0.61 g, 4 mmol) in water (5 mL)
at 20 °C, during which the precipitate of perchlorate of com-
pound 2 was formed. The reaction mixture was kept at 20 °C for
24 h, during which the precipitate was gradually dissolving. The
solution was neutralized with NH4,OH (1 mL), extracted with
ether, and the extract was dried with anhydrous MgSO,. The
drying agent was filtered off and filtrate was concentrated
in vacuo. Compound 8 was obtained (0.64 g, 94%) as colorless
crystals, m.p. 62.5—63 °C (after crystallization from hexane and
sublimation in vacuo). Found (%): C, 63.20; H, 9.88; N, 8.06.
CyH;NO,. Calculated (%): C, 63.14; H, 10.01; N, 8.18.
'H NMR (80 MHz, CDCls), &: 1.17, 1.21 (both s, 3 H each,
5,5-Me,); 1.24, 1.36 (both s, 3 H each, CMe,); 2.20 (s,
2 H, CH,—C=0); 3.29 (s, 1 H, CH—N). 'H NMR
(CDCI1;—CF;COOH), &: 1.43 (s, 3 H, Me); 1.46 (s, 6 H,
5,5-Me,); 1.75 (s, 3 H, Me); 2.61 (s, 2 H, CH,—C=0); 3.88
(br.s, 1 H, CH—N). IR (CCl,), v/em~!: 3270 (NH); 1730
(C=0); 3430 (OH).
2-Isopropyl-5,5-dimethyl-1-pyrrolin-3-one (9). 4. A solution
of compound 2 (0.31 g, 2 mmol) and oxalic acid (0.32 g,
2.5 mmol) in water (5 mL) was refluxed for 5 h. The solution

was cooled down, NaHCO; (0.5 g, 6 mmol) was added, and the
resulting mixture was extracted with ether. The ether extract was
dried with anhydrous MgSQO,, after which ether was evapo-
rated in vacuo. Compound 9 was obtained (0.32 g, ~100%),
np?0 1.4420. Found (%): C, 70.33; H, 9.77; N, 9.46. CoH,5sNO.
Calculated (%): C, 70.55; H, 9.87; N, 9.14. '"H NMR (80 MHz,
CDCly), 8: 1.14 (d, 2x3 H, CH(CH3),, 3/ = 7.0 Hz); 1.31 (s,
6 H, 5,5-Me,); 2.23 (s, 2 H, CH,—CO); 2.82 (sept, | H,
CH(CHj;),, 3J = 7.0 Hz). IR (CCly), v/ecm~!: 1660 (C=N);
1750 (C=0).

B. Compound 2 (10.7 g, 70 mmol) was placed into a distilla-
tion apparatus and heated up to 175 °C, then the temperature
was gradually raised up to 205 °C. During heating the product
was distilled, which by its refractive index and chromatographic
behaviour was identical with the product of rearrangement of
compound 2 in the presence of oxalic acid.

3-Hydroxyimino-2-isopropyl-5,5-dimethyl-1-pyrroline (10).
Potassium acetate (0.2 g) and hydroxylamine chlorohydrate
(0.14 g) were added to a solution of compound 9 (0.32 g) in
water (10 mL). The mixture was kept for 24 h. The formed
precipitate of oxime was filtered off and dried. Compound 10
(0.12 g, 32%) was obtained. The product can be sublimed at the
temperatures higher 100 °C without melting. Found (%):
C, 64.61; H, 9.58; N, 16.38. CoH(N,0. Calculated (%):
C, 64.27; H, 9.52; N, 16.66.

2,2,6,6-Tetramethylpiperidin-3,4-dione (11). A suspension
of compound 5 (0.16 g, 0.7 mmol) in water (5 mL) was cooled
down with ice-cold water and 48% aq. HCIO, (0.2 mL) was
added to it. The mixture was stirred for 6 h, kept at ~20 °C for
~14 h, neutralized with NaHCO; (0.2 g), and the product was
extracted with ether. The extract was dried with MgSO,, con-
centrated in vacuo, and the residue was sublimed in vacuo. Prod-
uct was obtained (0.071 g, 61%) by all characteristics identical
with compound 11 synthesized by Rassat method.!2

4-Benzylidene-2-(2-hydroxyprop-2-yl)-5,5-dimethyl-3-pyr-
rolidinone (12). Water (2 mL) and 48% aq. HCIO,4 (0.5 mL)
were added to a cooled with ice-cold water solution of benzyl-
ideneketone 6 (0.18 g, 0.75 mmol) in EtOH (5 mL). The mix-
ture was kept at ~20 °C for 24 h, after which EtOH was evapo-
rated in vacuo. Water (5 mL) and NaHCO; (0.25 g) were added
to a stirred residue. The product was extracted with ether, the
extract was dried with MgSO,, ether was evaporated in vacuo,
the residue was washed with hexane, and the hexane solution
was discarded. After washing with hexane the solid product was
remained. After recrystallization from hexane compound 12 was
obtained (0.091 g, 50%), m.p. 85 °C. Found (%): C, 78.91;
H, 8.50; N, 5.38. C;cH,;NO. Calculated (%): C, 79.01; H, 8.64;
N, 5.76. 'TH NMR (60 MHz, CDCIl;—CCl,), §: 1.23, 1.53
(both s, 3 H each, 5,5-Me,); 1.31 (s, 6 H, Me,COH); 3.50 (s,
1 H, CH—N); 7.38 (s, 5 H, Ph); 7.50 (s, 1 H, CH=).
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