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Abstract

A simple one-step synthesis of a new class of fluorinated heterocycles, 4-fluoro-3-oxazolines, from diarylmethanimines, trifluoro-
acetophenones and CF2Br2 is described. The reaction proceeds via the sequential formation of difluorocarbene and a gem-difluorosub-
stituted NH-azomethine ylide, followed by 1,3-dipolar cycloaddition with a ketone.
� 2007 Elsevier Ltd. All rights reserved.
1,3-Dipolar cycloaddition of azomethine ylides with
compounds containing carbon–carbon and carbon–oxygen
multiple bonds is an attractive synthetic approach to
pyrrole and oxazole derivatives. Such a strategy has the
advantage of synthetic efficiency and high regio- and stereo-
selectivity. Most syntheses have been realized using N-
substituted azomethine ylides, resulting in the formation
of N-aryl or N-alkyl heterocycles.1 For the synthesis of
N-unsubstituted azaheterocycles via 1,3-dipolar cycloaddi-
tion, NH-azomethine ylides2 or the so-called N-metallated
azomethine ylides1c,3 can be used. Furthermore, N-unsub-
stituted azomethine ylides with good leaving groups (CN,
OTMS, STMS, SCH3, SSnBu3, etc.) are nitrile ylide equiv-
alents4 and can be used for the preparation of pyrroline,5

oxazoline,6 and other heterocycles.7

The known methods for the generation of NH-azo-
methine ylides involve desilylation of nitrogen-containing
silanes,2b ring opening of aziridines,8 prototropy of azo-
methines,2a,c,d 1,2- and 1,4-silatropy of a-silylimines
and a-silylamides, respectively,5a,9 1,4-stannotropy of N-
(stannylmethyl)thioamides,10 decarboxylation of a-amino
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acids,11 and condensation of aldehydes with N-unsubsti-
tuted a-amino acids,12 making it possible to introduce
CO2R, CN, NRR0, and @NR functional groups into the
target heterocycles. C-Halogen-substituted NH-azome-
thine ylides are unknown though the corresponding N-
substituted iminium ylides are widely used for the synthesis
of halogenated, and in particular, fluorinated heterocycles.13

In this work, we report the first example of the genera-
tion of gem-difluorosubstituted NH-azomethine ylides,
their trapping by 1,3-dipolar cycloaddition with trifluoro-
acetophones and their utilization for the synthesis of a
new class of fluorinated heterocycles-4-fluoro-3-oxazolines.

The only method for the generation of fluorinated azo-
methine ylides is the reaction of fluoro- and difluoro-
carbenes with compounds containing C@N bonds.13a

Difluorocarbene was generated in situ by the reduction
of dibromodifluoromethane with lead in the presence of
tetrabutylammonium bromide.13b To form gem-difluoro-
substituted NH-azomethine ylides, we used diphenyl-
methanimine 1a as the starting imine, and a,a,a-
trifluoroacetophenone 2a was used for trapping dipole
4a. Stirring a mixture of imine 1a, a,a,a-trifluoroacetophe-
none, CF2Br2, lead filings, and Bu4NBr in dichloromethane
in the ratio 1:1:1:1:1:120 for 42 h gave rise to fluoro-oxaz-
oline 3a in 15% yield after chromatographic purification
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Scheme 1. The reaction of diphenylmethanimine 1a with difluorocarbene.
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(Scheme 1).14 This three-component reaction proceeds via
two reactive intermediates—difluorocarbene and the
gem-difluorosubstituted NH-ylide 4a. The NH-ylide then
participates in a 1,3-dipolar cycloaddition to give an inter-
mediate, which undergoes dehydrofluorination.
Fig. 1. X-ray structure

Table 1
Optimization of the reaction conditions for the synthesis of oxazoline 3a from

Entry Imine
(mmol)

Pb
(mmol)

Bu4NBr
(mmol)

CF2Br2

(mmol)
PhC(O)CF
(mmol)

1 6 6 6 6 6
2 2 6 6 6 6
3 4 12 12 12 10
4 1 3 3 3 3
5 1 3 3 3 6

Reaction conditions: A: (lead/ultrasound irradiation); B: (active lead/magnetic
ultrasound irradiation).
The structure of compound 3a was determined from IR,
1H, 13C, and 19F NMR spectra, and confirmed by single
crystal X-ray data (Fig. 1).15

The second product of the reaction was the unstable diflu-
oroimine 5a, formation of which was detected by chromato-
graphic and NMR methods. This compound easily
hydrolyses but it is possible to isolate it by flash chromato-
graphy on silica with 10% of benzophenone. The difluoro-
methyl group of difluoroimine 5a was apparent in the 1H
NMR spectrum as a triplet at d 6.35 (1JHF 70.6 Hz). The trip-
let signal for the carbon of this fragment in the 13C NMR
spectrum was found at d 115.2 (1JHF 232 Hz). The triplet
at d 176.7 (1JHF 15.7 Hz) was attributed to the imine func-
tion. Difluoroimine 5a is the product of a formal 1,2-H-shift
in azomethine ylide 4a. To improve the yield of oxazoline 3a

and to diminish the formation of by-product 5a we per-
formed the reaction of imine 1a with difluorocarbene under
different conditions, varying the concentrations of reagents,
their ratio, and dispersiveness of lead (lead filings or active
pyrophoric lead). The optimization of conditions and the
results are summarized in Table 1. The best yield of oxazo-
line 3a was obtained with the molar ratio of reagents
Ph2C@NH:CF2Br2:Pb:Bu4NBr:PhCOCF3:CH2Cl2 equal
of compound 3a.

diphenylmethanimine 1a and trifluoroacetophenone 2a

3 CH2Cl2
(mL)

Generation of
CF2

Reaction time
(h)

Yield of 3a

(%)

25 A 42 15
10 A 6 66
20 B 18 38
3 A 168 50
3 C 120 37

stirring without ultrasound irradiation); C: (lead/magnetic stirring without
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Scheme 2. The synthesis of fluorooxazolines 3a–i.

Table 2
Preparation of fluoro-oxazolines 3a–i

Imine R1 R1 Ketone R3 Oxazoline Yield (%)

1a H H 2a H 3a 66
1b 4-Cl 4-Cl 2a H 3b 61
1c 4-Cl 4-CN 2a H 3c 10a

1d 4-CF3 4-CF3 2a H 3d 12
1e 3-CF3 3-CF3 2a H 3e 38
1a H H 2b 4-CH3 3f 63
1a H H 2c 4-Cl 3g 54
1a H H 2d 4-F 3h 76
1a H H 2e 3-CF3 3i 74

a Mixture of stereoisomers.
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to 1:3:3:3:3:78 with ultrasonication of the reaction mixture
at 40 �C (entry 2). The use of active lead did not increase
the yield of the desired product in contrast to the results
obtained earlier for N-substituted imines.13b With optimized
conditions in hand, we synthesized oxazolines 3b–i starting
from substituted diarylmethanimines 1b–e and acetophe-
nones 2b–e (Scheme 2 and Table 2).14

The decrease in yield of oxazolidines having electron-
withdrawing substituents on the phenyl rings is probably
accounted for by the increase of the acidity of ylides 4

derived from imines 1c–e and this increase of acidity
KOH

DMSO

O

H
N O

CF3Ph

Ph

Ph

O

N F

CF3Ph

Ph

Ph

O

N OMe

CF3Ph

Ph

Ph

MeONa

MeOH

HN O

O

N

CF3Ph

Ph

Ph

N
O

8

Et3N, DMSO
O

N NH

CF3Ar

Ph

Ph
H2N CO2Me HCl

CO2Me

3a

6 7

9

Scheme 3. The reactions of fluoro-oxazoline 3a with O- and N-
nucleophiles.
facilitates isomerization of the ylides to the corresponding
difluoroimines 5.

It was found that fluorooxazolines 3 were stable under
acidic conditions. For example, compound 3f did not
decompose in refluxing conc. hydrochloric acid over 8 h.
At the same time, the fluorine can be easily replaced via
reaction with nucleophilic reagents (Scheme 3). Treatment
of oxazoline 3a with potassium hydroxide in DMSO gave
rise to lactam 6 in 91% yield. Methoxy-derivative 7 was
obtained as a product of the reaction of oxazoline 3a with
sodium methoxide in methanol in 94% yield. N-Nucleo-
philes easily react with compound 3a at room temperature.
Treatment of oxazoline 3a with morpholine for 2 days gave
rise to compound 8 in 76% yield. Compound 9 was
obtained in 88% yield via reaction of oxazoline 3a with
methyl glycinate hydrochloride in a mixture of Et3N and
DMSO.

In summary, a simple one-step synthesis of a new class
of fluorinated heterocycles, 4-fluoro-3-oxazolines, from
diarylmethanimines, trifluoroacetophenones, and CF2Br2

is described. This three-component reaction proceeds via
two reactive intermediates—difluorocarbene and a gem-
difluorosubstituted NH-azomethine ylide. Besides the main
reaction—cycloaddition with the C=O bond—gem-di-
fluorosubstituted NH-ylides undergo a formal 1,2-H-shift
with the formation of N-(difluoromethyl)diarylmethani-
mines. This isomerization explains the decrease in yield of
oxazolidines from imines which contain strong electron-
withdrawing substituents on the phenyl rings.
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