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CF3-enones showed a different reactivity in amination
reactions with nosyloxycarbamates. 4-Oxazolines or vinyl
carbamates were obtained as unique products depending on
the nature of double-bond substituents and on the choice of
carbamates and bases. Starting fromtrans-trifluoroacetyl
olefins carrying a heterocyclic residue or thep-methoxyphe-
nyl group on the double bond, a rare loss of CF3CO was
observed when the aminations were performed under het-
erogeneous conditions using CaO as the base.

In recent years, fluorocarbon chemistry has attracted an
increased interest due to the fundamental effect of fluorine
substituents on the structure, bonding and reactivity of organic
molecules.1

Recently, we reported the electron-withdrawing influence of
the trifluoromethyl group on the reactivity of different substi-
tuted olefins toward alkyl nosyloxycarbamates (NsONHCO2R)
used as aminating agents in the presence of inorganic or organic
bases. Simple changes of the olefin backbone and/or the reaction
conditions led to different amination products, such as aziridines,
â-amino esters, and vinyl carbamates.2

Thus, we decided to study the role of the trifluoroacetyl group
on the amination reaction outcome of suitable alkenes, by using
NsONHCO2R as aminating agents.

We started from commercial fluorinated products1, 2, and3
(nonfluorinated analogue of1). We tested two different alkyl
nosyloxycarbamates, namely NsONHCO2Et (4)3 and NsON-

HCO2-t-Bu (5),4 as aminating agents using CaO as the inorganic
base in CH2Cl2. The results are depicted in Table 1.

As shown in Table 1, acyl olefin3 gives the expected
correspondingtrans-aziridine 9 by an aza-MIRC (Michael-
initiated ring closure) reaction,5 as confirmed by the typical
aziridine1H NMR signals atδ 3.33 and 3.66. On the contrary,
fluorinated olefins1 and 2 give 5-trifluoromethyl-substituted
2,3-dihydrooxazoles (4-oxazolines)6, 7, and8 probably through
a domino reaction involving a fast rearrangement of unstable
2-trifluoroacetyl aziridinesI (Scheme 1).6 The presence of
singlet signals atδ 6.67-6.92 in the1H NMR of 6-8 confirms
the structure of the 4-oxazoline ring.

UnfluorinatedR,â-enones were already reported by us to give
the corresponding acyl aziridines as the only products under
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TABLE 1. Reactivity of Alkyl Nosyloxycarbamates toward Enones
1-3

a Substrate/CaO/NsONHCO2R. b Yields after chromatographic purifica-
tion. c Performed without solvent.
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the same amination reaction conditions.7 On the other hand,
we obtained the formation of analogous 4-oxazolines even by
direct amination of 2-alkylidene-3-oxo nitriles with nosyloxy-
carbamates, and we observed the importance of the geminal
position of the cyano group with respect to the oxo group on
the reaction outcome.8 The results reported in Table 1 show
the same fundamental role for the COCF3 group as the single
substituent of the double carbon-carbon bond.

To gain more insights, we decided to synthesizetrans-
trifluoroacetyl olefins carrying different aryl groups on carbon
4. Starting from2, we followed literature procedures.9 The
results of amination reactions performed with NsONHCO2Et
in the presence of CaO and CH2Cl2 are reported in Table 2.

Unexpectedly, olefins10-13 gave unfluorinated vinyl car-
bamates. The trifluoroacetyl group seems to behave like a good
leaving group, and thetrans diastereomer was obtained as the
major product in all cases. During these reactions, we observed
the loss of CF3CO group. While the stability of [CF3CO]+ group
in gas phase has been reported,10 to the best of our knowledge
reactions involving the loss of CF3CO are rarely reported in
the literature.11-14

Aminations of trifluoromethyl enoates by a formal insertion
reaction of (ethoxycarbonyl)nitrene (NCO2Et) to give the

corresponding unsaturated amination products were already
reported by us.2b However, by using CaO as the inorganic base
these last products were obtained in low yields, while the
expected aziridines were the main amination products. On the
contrary, insertion products could be obtained as the main
product (aziridine/vinyl carbamate) 7:93) when DABCO was
used as the deprotonating reagent. Finally, starting from the same
substrates, the aziridines were synthesized as unique products
in the presence of NaH.

On the basis of our previous experience, we decided to
investigate the amination of10 and 12 by changing both
carbamate and base. The results are reported in Scheme 2.

The amination reactions oftrans-trifluoroacetyl olefins10
and 12 carried out with 4 under different heterogeneous
conditions (NaH/THF) gave18 or 19 as the only products. On
the other hand, the use of homogeneous reaction conditions
(DABCO/CH2Cl2) gave trifluoroacetyl vinyl carbamates20
(67%) and21 (49%) by a known C-H insertion reaction of
:NCO2Et.15 The formation of these last compounds supports the
involvement of NCO2Et as the aminating species in the reactions
performed on substrates reported in Table 2. As a confirmation
of this hypothesis, NsONHCO2-t-Bu16 does not give any
amination products when CaO or DABCO was used as base.

Some considerations are possible from analysis of the reported
data. At first, as shown in Scheme 1, the choice of inorganic
bases was fundamental to obtainN,O-heterocyclic compounds
starting from substrates10 and 12. As we reported before,2b

NaH is known to promote the aza-MIRC reaction, giving
heterocyclic compounds. Moreover, the choice of carbamate was
crucial to obtain products derived from nitrene attack.

Second, the reaction outcome seems to be influenced also
by the nature of the aryl group present on the olefinic bond. In
fact, the presence of a heteroaromatic residue and of the
p-methoxy group on the phenyl ring could favor the positive
charge delocalization on the aryl group, making the olefins10-
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SCHEME 1. Domino Reactions Involving Unstable
Aziridines I

TABLE 2. Reaction of trans-Trifluoroacetyl Olefins with
NsONHCO2Et in the Presence of CaO

entry olefin Y
molar
ratioa

time
(h)

product
(trans/cis)

yieldb

(%)

1 10 2-thienyl 1:3:2 3 14 (85/15)c 65
2 11 3-thienyl 1:3:2 3 15 (91/9)c 51
3 12 2-furyl 1:3:2 3 16 (89/11)c 45
4 13 p-MeO-C6H4 1:3:2 3 17 (95/5)d 72

a Substrate/CaO/NsONHCO2Et. b Total yields after chromatographic
purification. c Calculated by HPLC analyses performed on the crude mixture.
d Calculated by GC/MS and1H NMR analyses performed on the crude
mixture. Thecis isomer was not isolated.

SCHEME 2. Different Reactivity of trans-Trifluoroacetyl
Olefins in Amination Reactions
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13 worst Michael acceptors and consequently the aza-MIRC
reaction does not occur.

Finally, to explain the difference between amination products
obtained using CaO and DABCO with NsONHCO2Et, it is
possible to propose two different amination paths (Scheme 3).

While under homogeneous conditions it is more probable that
trifluoroacetyl vinyl carbamates20 and 21 were formed by a
direct insertion reaction on a vinylic C-H bond, as supported
by the formation of a single isomer with plausibleZ configu-
ration, in the presence of CaO an electrophilic attack on carbon
3 could explain the formation of thecis/transmixture of vinyl
carbamates14-17, even through a tetrahedral reaction inter-
mediate, that we were not able to detect in the reaction mixture.

In conclusion, trifluoroacetyl alkenes behave very interest-
ingly in amination reactions with nosyloxycarbamates giving
different and even unexpected valuable products. Slight changes

in the substrate structures as well as in the always mild reaction
conditions allow us to control the reaction outcome.

Experimental Section

General Procedure for Amination Reactions.To a stirred
solution of 1 mmol of substrate (1-13) in CH2Cl2 or THF (2 mL/
mmol) were added CaO, NaH, or DABCO and NsONHCO2Et (4)
or NsONHCO2-t-Bu (5) portionwise during 1 h and in the molar
ratios reported in Table 1 and in Table 2 for the reactions performed
in CH2Cl2/CaO. The molar ratios (substrate/base/NsONHCO2Et)
were 1:2:1.5 with NaH and 1:3:2 with DABCO. The reaction was
monitored by TLC or GC, and then, after filtration, the solvent
was evaporated under reduced pressure. Products were purified by
flash chromatography using hexane/ethyl acetate) 90:10 for
compounds6-8, 18, and 19, hexane/ethyl acetate) 80:20 for
compounds9, and14-17, and hexane/ethyl acetate) 75:25 for
compounds20 and21 as eluents, respectively.
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SCHEME 3. Different Amination Paths in the Presence of
DABCO or CaO
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