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One-pot aziridinations were obtained starting from substi-
tuted 2,2,2-trifluoroethyl â-dicarbonyl compounds with nosy-
loxycarbamates in the presence of an excess of CaO as base.
The unexpected ring closure reaction takes place at room
temperature, leading to the N-protected R-trifluoromethyl
aziridines with good yields. The reaction pathway seems to
be influenced by the choice of the base.

The presence of fluorine in organic molecules is often
associated with unusual reactivity, because of differences
between physical and chemical properties of fluorinated
compounds and their hydrogen analogues.1

The influence of fluorine on the stability and properties
of organic compounds is well-known. Moreover, the
incorporation of a fluorinated moiety into organic mol-
ecules frequently leads to novel applications in various
fields.2 Therefore, a wide variety of methods have been
developed for the preparation of various types of fluorine-
incorporated compounds.3 Among the latter, organic
molecules containing a nitrogen in the R- and/or â-posi-
tion with respect to the carboxylic group have recently
been recognized as attractive starting materials for
obtaining biologically active substances such as enzyme
inhibitors or peptide isosteres.4

Recently, we reported the synthesis of R-trifluorometh-
yl â-amino esters and 2-(trifluoromethyl)aziridine-1,2-
dicarboxylates by amination reactions of 2-(trifluorome-
thyl)acrylates with ethyl nosyloxycarbamate (NsONHCO2-
Et, Ns ) 4-nitrophenylsulfonyl).5

Continuing our studies on the use of this carbamate
to synthesize fluorinated amino compounds, we seren-
dipitously found that aziridine 6a6 can also be obtained
by a one-pot reaction starting directly from 2, a precursor
of alkene 1,7 in the presence of CaO at room temperature
(Scheme 1).

Being interested in this unexpected result, we at first
attempted the same reaction in the presence of different
bases. Et3N in homogeneous conditions gave a more
complex reaction mixture, whereas other inorganic bases
we previously used, such as Cs2CO3, K2CO3,8 or NaH,6
failed to give the expected product. Only LiOH9 gives
aziridine 6a, but in lower yields. These results suggest a
possible role for the metal in the carbon-nitrogen bond
formation reaction.10

Then, we decided to extend aziridination reactions to
other analogous substrates by using different alkyl
nosyloxycarbamates in the presence of CaO. The results
are reported in Table 1.

As shown by the results, changing the leaving groups
(Y) in the starting malonate or acetoacetate substrate
does not seem to greatly influence the reaction outcome,
but interesting changes are seen with the choice of
nosyloxycarbamate. In fact, tert-butyl nosyloxycarbamate
(NsONHBoc) did not lead to the aziridine, which instead
was obtained in good yield starting from alkene 16 by aza-
MIRC (Michael-initiated ring closure)11 reaction. This last
observation suggests that alkene 1 is not an intermediate
in aminations of substituted 2,2,2-trifluoroethyl â-dicar-
bonyl compounds 2-5. According to this hypothesis,
unreacted 2 was quantitatively recovered after being
stirred for 48 h in CH2Cl2 in the presence of CaO.

Finally, by comparing reactivity with respect to 1,6 we
found that the synthesis of aziridines 6a-d from sub-
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strates 2-4 required a greater excess of reagents,
especially of base.

It is probable that the aminating species involved in
these aziridination reactions are the nitrenes generated
by R-elimination of the corresponding carbamates.8,12 The
intermediacy of the same nitrenes was recently proposed
by us to explain the synthesis of vinyl carbamates
obtained in amination reactions of EWG-substituted

R-trifluoromethyl enoates,6 and by other authors in the
elegant synthesis of a marine natural product.13 The
unreactivity of NsONHBoc is also in agreement with the
nitrene hypothesis because, as is known, this carbamate
undergoes a very fast Lossen-type transposition after
deprotonation, leading to the corresponding isocyanate.14

As is known, â-dicarbonyl compounds react with elec-
trophilic reagents in the same15 or in analogous condi-
tions.14b,16 Moreover, the aminated intermediate of hy-
droxy malonate 417 could behave like â-amino alcohols,
common precursors of aziridines.18,19 Furthermore, it is
reported that the nucleophilic substitution of the hy-
droxyl group in the CF3-CH(OH) unit can be easily
obtained only in intramolecular substitutions.20

Therefore, in the reactions reported here, the formation
of the aziridine ring could be explained by electrophilic
amination of the enolates of compounds 2-5, followed
by a ring closure reaction. To test the importance of the
CF3 group, we tried the synthesis of the same nonfluori-
nated substrates, but all our attempts to isolate the
products failed.21

In a further attempt, we performed the reaction of
NsONHCO2Et and CaO with diethyl 2-(4-benzylpiper-
azin-1-yl)-3-(trifluoromethyl)succinate 8, an isomer of
substrate 2.

As expected,22 8 did not give the corresponding aziri-
dine 9, obtained with the same reagents but starting from
alkene 106 (Scheme 2).
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unreacted 8 and diethyl hydrazine-1,2-dicarboxylate
(EtO2CNH-NHCO2Et), a product commonly detected in
reactions involving ethoxycarbonylnitrene (NCO2Et).12

(12) Lwowski, W.; Maricich, T. J. J. Am. Chem. Soc. 1965, 87, 3630-
3637.
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SCHEME 1. Direct Aziridination of 2

TABLE 1. One-Pot Aziridination of 2,2,2-Trifluoroethyl
â-Dicarbonyl Compounds

a Substrate:CaO:NsONH-Z. b Starting from a diastereomeric
mixture of 5 (dr ) 57/43), we obtained aziridines 7a with a dr )
75/25, as determined on the crude mixture by 19F NMR spectra
and by analytical HPLC data (eluent, hexane/ethyl acetate ) 90:
10).

SCHEME 2. Attempted Aziridination of Diethyl
2-(4-Benzylpiperazin-1-yl)-3-
(trifluoromethyl)succinate
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In conclusion, unexpected behavior of these reported
2,2,2-trifluoroethyl compounds confirms the surprises
that can emerge when studying fluorinated compound
reactivity in simple reactions.23 Furthermore, nosyloxy-
carbamates also continue to show an unforeseen reactiv-
ity often dependent on reaction partners and conditions.

Experimental Section

Synthesis of Diethyl {[2,2,2-Trifluoro-1-(morpholin-4-
yl)]ethyl}malonate (3). According to the reported procedure,7
to a solution of [2,2,2-trifluoro-1-(morpholin-4-yl)]ethanol24 (0.37
g, 2 mmol) and diethyl malonate (0.16 g, 1 mmol) in THF (2
mL) was added t-BuOK (0.02 g, 0.2 mmol) at room temperature,
and then the reaction mixture was heated to 80 °C for 24 h.
After being cooled, the crude mixture was evaporated and
purified by flash chromatography (hexane/ethyl acetate ) 90:
10); 3 was recovered as pure product in 64% yield.

3: colorless oil; IR 1748, 1734 cm-1; 1H NMR δ 1.22 (t, J )
7.2 Hz, 3 H), 1.24 (t, J ) 7.2 Hz, 3 H), 2.60-2.68 (m, 2 H), 2.86-
2.96 (m, 2 H), 3.45-3.58 (m, 4 H), 3.76 (d, J ) 11.1 Hz, 1 H),
3.84-3.95 (m, 1 H), 4.12-4.23 (m, 4 H); 13C NMR δ 13.1, 14.3,
50.1, 52.3, 62.0, 62.1, 64.6 (q, JCF ) 26.0 Hz), 67.5, 125.7 (q, JCF
) 291.0 Hz), 165.5, 166.5; 19F NMR δ -67.8 (d, JHF ) 8.9 Hz);
GC/MS 327 (M+, 4), 258 (14), 169 (10), 168 (100), 167 (13), 140
(12), 124 (18), 86 (26); HR-MS (ES Q-TOF) (m/z) [M + Na]+ calcd
for C13H20F3NNaO5 350.1191, found 350.1185.

Synthesis of Diethyl [(2,2,2-Trifluoro-1-hydroxy)ethyl]-
malonate (4). To a stirred solution of trifluoroacetaldehyde
methyl hemiacetal (0.13 g, 1.0 mmol) and diethyl malonate (0.16
g, 1.0 mmol) in CH2Cl2 (3 mL/mmol) was added DABCO (0.03
g, 0.25 mmol). After 24 h, the crude mixture was evaporated
and purified by flash chromatography (hexane/ethyl acetate )
95:5); 4 was recovered as pure product in 52% yield. 4 was also
found as byproduct (31% yield) during the synthesis of 1 (see
Supporting Information).

4: colorless oil; IR 3476 (br), 1750, 1734 cm-1; 1H NMR δ 1.30
(t, J ) 7.2 Hz, 3 H), 1.31 (t, J ) 7.2 Hz, 3 H), 3.71 (d, J ) 4.2
Hz, 1 H), 4.23-4.33 (m, 4 H), 4.56 (d, J ) 9.0 Hz, 1 H), 4.61-
4.68 (m, 1 H); 13C NMR δ 13.9, 14.0, 50.5, 62.6, 62.7, 70.0 (q,
JCF ) 32.3 Hz), 123.9 (q, JCF ) 281.8 Hz), 165.4, 167.8; 19F NMR
δ -78.9 (d, JHF ) 5.9 Hz); GC/MS 259 (M+ + 1, <1), 213 (33),
189 (28), 185 (30), 169 (11), 165 (12), 160 (33), 157 (10), 143 (11),
141 (16), 133 (15), 123 (100), 117 (40), 115 (41), 89 (37), 88 (10),
87 (23), 86 (10), 71 (59), 69 (30), 45 (17), 43 (24), 42 (11); HR-
MS (ES Q-TOF) (m/z) [M + Na]+ calcd for C9H13F3NaO5
281.0613, found 281.0618.

Synthesis of Ethyl 2-Acetyl-4,4,4-trifluoro-3-(morpholin-
4-yl)butanoate (5). Starting from ethyl acetoacetate and ac-
cording to the procedure for the synthesis of 3, we obtained 5 as
a mixture of diastereomers (dr ) 57/43, determined by 19F NMR)
in 58% yield, after purification by flash chromatography (hexane/
ethyl acetate ) 85:15).

5: colorless oil; IR 1740, 1719 cm-1; 1H NMR δ 1.22 (t, J )
7.2 Hz, major), 1.26 (t, J ) 7.2 Hz, 3 H), 2.21 (s, major), 2.23 (s,
3 H), 2.60-2.69 (m, 2 H), 2.83-2.94 (m, 2 H), 3.43-3.58 (m, 4
H), 3.78 (d, J ) 11.4 Hz, major), 4.01 (d, J ) 11.1 Hz, 1 H),
3.88-3.97 (m, 1 H), 4.13-4.23 (m, 4 H); 13C NMR δ 13.8, 14.1,

26.7, 29.8, 49.9, 50.1, 59.5 (q, JCF ) 1.1 Hz), 59.6, 62.0, 62.2,
63.9 (q, JCF ) 26.0 Hz), 64.6 (q, JCF ) 26.1 Hz), 67.4, 67.6, 125.8
(q, JCF ) 291.0 Hz), 126.0 (q, JCF ) 291.6 Hz), 165.6, 166.5, 197.7,
198.1; 19F NMR δ -67.6 (d, JHF ) 6.2 Hz, major), -67.3 (d, JHF
) 5.9 Hz); GC/MS 297 (M+, 4), 258 (14), 169 (10), 168 (100), 167
(13), 140 (12), 124 (18), 86 (26); HR-MS (ES Q-TOF) (m/z) [M +
Na]+ calcd for C12H18F3NNaO4 320.1086, found 320.1083.

General Procedure for the Synthesis of Aziridines 6a-d
and 7a. To a stirred solution of 1 mmol of substrate (2-5) in
CH2Cl2 (2 mL/mmol) were added CaO and NsONH-Z portionwise
during the times and in the molar ratios reported in Table 1.
The reaction was monitored by TLC or GC; then the mixture
was quickly filtered through a 3 in. plug of silica gel (hexane/
ethyl acetate ) 95:5), and the solvents were evaporated under
reduced pressure. Products were purified by flash chromatog-
raphy (hexane/ethyl acetate ) 80:20). 6a-d were reported
before.6

Diethyl 2-Acetyl-3-(trifluoromethyl)aziridine-1,2-dicar-
boxylate (7a): dr ) 75/25; colorless oil; IR 1751, 1736, 1716
cm-1; 1H NMR δ 1.23-1.31 (m, 6 H), 2.38 (s, major), 2.49 (s, 3
H), 3.69-3.75 (m, 1 H), 4.14-4.30 (m, 4 H); 13C NMR δ 13.7,
13.8, 13.9, 14.0, 27.8, 27.9, 45.2 (q, JCF ) 41.8 Hz), 60.4, 61.1,
63.9, 64.0, 64.9, 121.2 (q, JCF ) 275.4 Hz), 153.5, 157.0, 163.6,
165.7, 194.4; 19F NMR δ -70.1 (major), -70.4; GC/MS 297 (M+,
6), 196 (17), 184 (17), 156 (68), 154 (12), 152 (15), 110 (100), 43
(44); HR-MS (ES Q-TOF) (m/z) [M + Na]+ calcd for C11H14F3-
NNaO5 320.0722, found 320.0729.

Synthesis of Diethyl 2-(4-Benzylpiperazin-1-yl)-3-(tri-
fluoromethyl)succinate 8. To a stirred solution of diethyl
2-(trifluoromethyl)maleate 10 (0.24 g, 1 mmol) in 5 mL of Et2O
at room temperature was added 1-benzylpiperazine (0.19 g, 1.1
mmol); after 1.5 h the mixture was filtered through a 3 in. plug
of silica gel (hexane/ethyl acetate ) 90:10). After evaporation of
solvents under reduced pressure, 8 was purified by precipitation
from pentane (dr ) 58/42 determined by 19F NMR).

8: white foam; IR 1735 cm-1; 1H NMR δ 1.24-1.31 (m, 6 H),
2.30-2.52 (m, 6 H), 2.72-2.86 (m, 2 H), 3.45 (s), 3.48 (s, major,
2 H), 3.62-3.74 (m), 3.82-3.93 (m, major, 1 H), 3.74 (d, J )
12.0 Hz, major), 3.97 (d, J ) 11.7 Hz, 1 H), 4.15-4.30 (m, 4 H),
7.27-7.31 (m, 5 H); 13C NMR δ 13.7, 14.1, 14.2, 14.3, 49.4 (q,
JCF ) 25.8 Hz), 49.6 (br), 51.4 (q, JCF ) 26.6 Hz), 53.2, 53.3,
61.0, 61.1, 61.7, 62.0, 62.8, 62.9, 64.1 (q, JCF ) 2.6 Hz), 65.0,
123.7 (q, JCF ) 280.8 Hz), 123.8 (q, JCF ) 281.0 Hz), 126.9, 127.0,
128.1, 129.0, 129.1, 137.7, 138.0, 165.0 (q, JCF ) 3.5 Hz), 166.2
(q, JCF ) 3.2 Hz), 166.8, 168.8; 19F NMR δ -66.4 (d, JHF ) 9.0
Hz, major), -64.5 (d, JHF ) 9.0 Hz); GC/MS (major) 416 (M+,
14), 344 (12), 343 (60), 261 (11), 252 (11), 175 (26), 146 (11), 132
(14), 91 (100); HR-MS (ES Q-TOF) calcd for C20H27F3N2NaO4-
439.1821, found 439.1817.
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