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Non-pericyclic cycloaddition of gem-
difluorosubstituted azomethine ylides to the CvO
bond: computational study and synthesis of
fluorinated oxazole derivatives†

Karina R. Gaisina, Alexander F. Khlebnikov * and Mikhail S. Novikov

The cycloaddition of arenecarbaldehydes and α,α,α-trifluoroacetophenones with gem-difluoro-

substituted azomethine ylides, generated from N-benzhydrylideneamines and difluorocarbene, occurs

regioselectively to give, after hydrolysis, oxazolidin-4-ones. The primary cycloadducts of trifluoroaceto-

phenones, 4,4-difluoro-5-trifluoromethyloxazolidine derivatives, are sufficiently stable to be isolated in

reasonable to excellent yields. The results of correlation analysis and DFT calculations reveal a non-

pericyclic step-wise mechanism of the reaction. The replacement of the two geminal hydrogen atoms in

the azomethine ylide intermediate for fluorine atoms results in a dramatic change in the reaction

mechanism from pericyclic to step-wise, proceeding via a zwitterion-like transition state in which no

C–O bonding is observed.

Introduction

The 1,3-dipolar cycloaddition of nitrogen ylides to carbon–
heteroatom multiple bonds is an attractive synthetic approach
to a great variety of five-membered heterocycles.1 This strategy
has usually the advantage of synthetic efficiency, and high
regio- and stereoselectivities. The main features of this type of
pericyclic reaction were formulated by Huisgen.1a,2

Stereoselectivity and stereospecificity of the cycloaddition of
nitrogen ylides to multiple bonds is typical of the reactions
proceeding via a concerted pericyclic mechanism.1–3 This
mechanism is usually characteristic of reactions of azomethine
ylides with multiple carbon–carbon bonds.1,2 A switch from a
concerted to a non-concerted pathway can, however, occur in
the presence of certain combinations of substituents. Thus,
strong electron-withdrawing substituents in dipolarophiles,
like in dialkyl dicyanobutenedioates, can significantly reduce
the barrier for the formation of zwitterionic intermediates in
the reaction with azomethine ylides so that a stepwise cyclo-
addition can become competitive with a concerted cyclo-
addition.4 At the same time, substituents in the azomethine

ylide, that destabilize the positive charge in the intermediate
zwitterion, favour the concerted cycloaddition, even with CvC
dipolarophiles with strong electron-withdrawing substi-
tuents.4b Because of the importance of fluorinated heterocycles
in medicinal chemistry the cycloaddition of azomethine ylides
and dipolarophiles containing fluorine atoms attracts a lot of
attention.5 The introduction of a fluorine atom, the most elec-
tronegative element, into a dipole or dipolarophile can have an
influence on the mechanism of cycloaddition. Earlier it was
found that the 1,3-dipolar cycloaddition of difluoro azo-
methine ylides to fumaronitrile and maleonitrile is stereo-
selective, consistent with a concerted mechanism for the
reaction.6

The cycloaddition of iminiodifluoromethanides to the
CvO double bond of aldehydes and ketones proceeds regio-
selectively but nonstereoselectively to give the corresponding
oxazolidinones after hydrolysis of the unstable intermediate
difluorooxazolidines.7 The reaction of azomethine ylide 2,
generated from ethyl benzhydrylidene glycinate 1, proceeds in
a more complex manner providing aziridines 8 and 10 along
with the expected oxazolidinone 5 (Scheme 1). Aziridine 10 is
the product of ylide 2–ylide 9 isomerization followed by 1,3-
cyclization.8 The formation of aziridine 8 can proceed via zwit-
terion 6, resulting from the nucleophilic addition of ylide 2, to
the carbonyl carbon of benzaldehyde, followed by a 1,5-proto-
tropic shift to give ylide 7, which then undergoes a 1,3-cycliza-
tion. This implies that the formation of oxazolidine 4 can be
the result of a nonconcerted cycloaddition of the fluorinated
ylide to the CvO double bond of benzaldehyde.

†Electronic supplementary information (ESI) available: Spectroscopic data for all
new compounds, competition reaction experiments and computational details.
See DOI: 10.1039/c7ob00521k

St. Petersburg State University, Institute of Chemistry, 7/9 Universitetskaya nab.,

St. Petersburg, 199034 Russia. E-mail: a.khlebnikov@spbu.ru; Fax: +7 812-428-6939;

Tel: +7 812-428-9344

This journal is © The Royal Society of Chemistry 2017 Org. Biomol. Chem., 2017, 15, 4579–4586 | 4579

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
M

ay
 2

01
7.

 D
ow

nl
oa

de
d 

on
 6

/2
7/

20
26

 1
0:

52
:1

5 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

www.rsc.li/obc
http://orcid.org/0000-0002-6100-0309
http://orcid.org/0000-0001-5106-4723
http://crossmark.crossref.org/dialog/?doi=10.1039/c7ob00521k&domain=pdf&date_stamp=2017-05-25
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ob00521k
https://pubs.rsc.org/en/journals/journal/OB
https://pubs.rsc.org/en/journals/journal/OB?issueid=OB015021


Results and discussion

To shed some light on the mechanism of the reaction of imi-
niodifluoromethanides with carbonyl compounds we turned
to the correlation analysis and the quantum-chemical calcu-
lations for cycloadditions of iminiodifluoromethanides 2 and
12 with arenecarbaldehydes. The information on the structure
of the transition state of the cycloaddition of gem-difluorinated
ylide can be retrieved from the ρ value of the Hammett
equation for reactions of a series of arenecarbaldehydes with
ylide 12 derived from imine 11 and difluorocarbenes. We
carried out the reactions of imine 11 with para-substituted
benzaldehydes 3a–e in the presence of a difluorocarbene
source. Heating a mixture of amine 11, aldehyde, dibromodi-
fluoromethane, lead filings and Bu4NBr in dichloromethane at
40 °C under ultrasound irradiation gave a mixture containing
difluorooxazolidines 13. Due to the fast hydrolysis of com-
pounds 13 during the work-up of the reaction mixture, the
difluorooxazolidines could not be isolated. Instead oxazolidi-
nones 14a–e were isolated by column chromatography in
52–73% yield (Table 1).

The obtained relative reaction constants from Hammett
competition reaction experiments for aldehydes 3a–e are listed
in Table 2 (for details see the ESI†) and were used for
a Hammett correlation with σ-constants. A plot of Hammett
σ-values vs. log kR/kH for reactions of aldehydes 3a–e gave a
satisfactory linear correlation: log kR/kH = ρσ = (0.08 ± 0.05) +
(1.56 ± 0.14)σ (R = 0.988, SD = 0.105, N = 5).

A positive ρ value in the Hammett equation indicates an
increase of electron density on the carbon atom of the dipolar-
ophile in the transition state. It can occur either within a step-
wise mechanism of the reaction involving a zwitterion inter-
mediate of type 6 or within an asynchronous concerted cyclo-
addition in which the C–C bond is formed ahead of the C–O
bond. Analysis of the ρ value in the Hammett equation may be
based on a comparison with the corresponding constants of

related reaction series. Unfortunately, not so many studies
deal with a Hammett analysis of the interaction of ylides with
benzaldehydes, and such information related to the reaction
of nitrogen ylides is absent in the literature. Some data were
published for the Wittig reaction of substituted benzaldehydes
with alkylidenetriphenylphosphoranes, for which the corres-
ponding correlation with the σ-values gives a positive ρ value
in the range 0.2–3.2.10 A positive ρ value, 1.6–2.1, in the corres-
ponding Hammett equations was found for Wittig–Horner
reactions of phosphonates and substituted benzaldehydes.11

Substituent effects on the reaction rate of the epoxidation of
benzaldehydes with sulfur ylides, proceeding via a zwitterionic
transition state, were studied, and a Hammett ρ of +2.50 was
found.12 This means that data from relative rates and
Hammett correlation are not enough to make a conclusion
about the mechanism of the cycloaddition. Calculations of
transition states of the reactions of ylide 12 with benzal-
dehydes 3 and ylide 16 with benzaldehyde 3a at the DFT
B3LYP/6-31G(d) level13 using the PCM solvent model14 were
therefore performed. There are four possible ways ylide 12 can
approach the carbonyl group of benzaldehyde 3a (Fig. 1). The
first two approaches involve the formation of the C–C bond
between the carbonyl carbon and CF2-group and lead to the
formation of oxazolidine 13: (1) H of the formyl group syn-
oriented to the N–Me bond of the ylide (exo-approach, TS1)

Scheme 1 Reaction of fluorinated ylide 2 with benzaldehyde.7

Table 1 Synthesis of oxazolidine 14a–e

Entry Ar 3 14, yield, %

1 Ph a a, 64
2 4-MeC6H4 b b, 52
3 4-MeOC6H4 c c, 70
4 4-ClC6H4 d d, 73
5 4-NCC6H4 e e, 72

Table 2 The relative constants for the reactions of aldehydes 3a–e
with azomethine ylide 12 in dichloromethane (DCM) at 40 °C and σ-con-
stants used for Hammett correlation9

Entry Ar 3 kR/kH ± sm σ

1 4-MeOC6H4 c 0.235 ± 0.003 −0.27
2 4-MeC6H4 b 0.481 ± 0.029 −0.17
3 Ph a 1.0 0
4 4-ClC6H4 d 2.23 ± 0.15 0.23
5 4-NCC6H4 e 7.56 ± 0.75 0.66
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and (2) H of the formyl group anti-oriented to the N–Me bond
of the ylide (endo-approach, TS2). The second two approaches
involve the formation of the C–C bond between the carbonyl
carbon and CPh2-group and lead to the formation of oxazoli-
dine 13′: (3) H of the formyl group syn-oriented to the N–Me
bond of the ylide (exo-approach, TS1′) and (4) H of the formyl
group anti-oriented to the N–Me bond of the ylide (endo-
approach, TS2′).

According to the calculations the energies of TS1′ and TS2′
are much higher than the energies of TS1 and TS2. This
ensures the regioselectivity of the reaction with the formation
of oxazolidine 13a as a sole product. The pathway (1) leads
directly to the difluorooxazolidine 13 via the transition state
TS1, and although formation of the new bonds is quite asyn-
chronous (F2C–CvO distance is 2.484 Å and Ph2C–O distance
is 3.674 Å for the reaction of 3a) it is impossible to locate any
minimum on the energy surface that could correspond to a
zwitterion. In contrast, the pathway (2) leads via the transition
state TS2 (CF2–CvO distance is 2.412 Å and Ph2C–O distance
is 3.933 Å) to zwitterion 15 (CF2–CvO distance is 1.625 Å and
Ph2C–O distance is 3.522 Å), and then to difluorooxazolidine
13a via the transition state TS3 (F2C–CvO distance is 1.623 Å
and Ph2C–O distance is 2.958 Å) (Fig. 1). This means that the
pathway (1) gives a cycloaddition product as a result of a con-
certed, non-pericyclic very asynchronous process, whereas the
pathway (2) by a step-wise cycloaddition with the formation of
a zwitterionic intermediate.

The calculations, using dispersion-inclusive functional
wB97XD15 and the MPWB1K functional16 together with the
6-311G(d,p) basis set, which was recently used for study of the
[3 + 2] cycloaddition reaction of nitrones with ketenes,17 were
additionally performed for the reaction of ylide 12 with benz-
aldehyde 3a in order to instill confidence in the calculation
results (Fig. 2). The results obtained show that the change in
the functional and the basis set has little effect on the relative

energies of the transition states TS1 and TS2, and thus does
not affect the conclusions made.

Nevertheless, for all energy profiles presented in Fig. 3–5, in
addition to the calculations performed at the DFT B3LYP/6-
31G(d) level of theory, the single point calculations were also
made at the wB97XD/6-311G(d,p) and MPWB1K/6-311G(d,p)
levels with B3LYP/6-31G(d) optimized geometries. A compari-
son of the experimental relative rate constants of the reactions
of the ylide 12 and substituted benzaldehydes 3a–e with the
corresponding relative free Gibbs energies of the transition
states of TS2 showed that the best correlation is observed for
energies obtained at the B3LYP/6-31G(d) level: ΔG# = 6.6 ± 0.2
− (2.3 ± 0.3)lg kR/kH [R = 0.925, SD = 0.391, N = 5; single point
calculations at the MPWB1K/6-311G(d,p) level with B3LYP/6-
31G(d) optimized geometries]; ΔG# = 3.0 ± 0.1 − (2.5 ± 0.3)
lg kR/kH [R = 0.954, SD = 0.279, N = 5; single point calculations
at the wB97XD/6-311G(d,p) level with B3LYP/6-31G(d)
optimized geometries]; ΔG# = 4.4 ± 0.1 − (2.4 ± 0.2)lg kR/kH

Fig. 1 Energy profiles for the reactions of benzaldehyde 3a with fluori-
nated ylide 12. Relative free Gibbs energies (in kcal mol−1, 298 K, PCM
model for DCM) computed at the DFT B3LYP/6-31G(d) level.

Fig. 2 Energy profiles for the reaction of ylide 12 and benzaldehyde 3a.
Relative free Gibbs energies (in kcal mol−1, 298 K, PCM model for DCM)
computed: black – optimization of geometry at the DFT B3LYP/6-31G(d)
level; green – single point calculation at the DFT B3LYP/6-311G(d,p)
level with B3LYP/6-31G(d) optimized geometries; red – single point cal-
culation at the DFT MPWB1K/6-311G(d,p) level with B3LYP/6-31G(d)
optimized geometries; magenta – optimization of geometry at the DFT
MPWB1K/6-311G(d,p) level; blue – single point calculation at the DFT
wB97XD/6-311G(d,p) level with B3LYP/6-31G(d) optimized geometries.

Fig. 3 Energy profiles for the reaction of ylide 12 and benzaldehydes
3a–e. Relative free Gibbs energies (in kcal mol−1, 298 K, PCM model for
DCM) computed at the DFT B3LYP/6-31G(d).
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[R = 0.976, SD = 0.191, N = 5; at the B3LYP/6-31G(d) level]. The
calculation results obtained at the B3LYP/6-31G(d) level are
presented, therefore, in Fig. 3–5, whereas the results obtained
at other levels can be found in Fig. S3–S5 (ESI).†

The free Gibbs energies of both transition states of the step-
wise mechanism (TS2 by 0.5–1.6 kcal mol−1 and TS3 by
0.8–3.0 kcal mol−1) are lower than the energies of the tran-
sition state (TS1) for a concerted mechanism for all substituted
benzaldehydes 3a–e. The formation of the product therefore
proceeds mostly via the zwitterionic intermediate. In accord-
ance with the experimental data the electron-withdrawing sub-
stituents in the benzene ring of aldehydes 3a–e reduce the bar-
riers for addition of the ylide 12 to the CvO bond, while the
donating substituents increase them.

These data assume that the formation of a complex mixture
of products for the reaction of ylide 2 with benzaldehyde could
really be a result of the non-concertedness of the cycloaddition

of the fluorinated ylide to the CvO bond (Scheme 1). To evalu-
ate the relative energies of the transition states of the reaction
leading to products 5 and 8 we performed DFT calculations of
the transformations of the nearest analogue of 2, the corres-
ponding methyl ester 16 (Fig. 4).

According to the calculation, the barrier for a concerted
cycloaddition of ylide 16 to the CvO bond of benzaldehyde 3a
is higher by 0.7 kcal mol−1 than the barrier for the formation
of the zwitterion 17, the intermediate of the step-wise route to
oxazolidine 18. It is noteworthy that the barrier for the 1,5-pro-
totropic shift in the zwitterion leading to ylide 19, the isomer
of starting ylide 16, is lower than the barrier for cyclization of
the zwitterion to oxazolidine 18 by 1.3 kcal mol−1. This means
that the formation of aziridine 20 can indeed compete with
the formation of oxazolidine 18 due to the preference of the
step-wise addition of the ylide 16 to the CvO bond. Such a
low barrier for the transformation of zwitterion 17 into ylide
19 (3.2 kcal mol−1) is largely due to the influence of the elec-
tron-withdrawing alkoxycarbonyl group.

In fact, the barrier for the transformation of zwitterion 15a
without such an activating group into the corresponding ylide
24 is much higher (TS9, 10.1 kcal mol−1) and that, together with
the low barrier for cyclization of 15a (TS3), is preventing the for-
mation of the corresponding aziridine in this case (Fig. 5).

In order to evaluate how the introduction of fluorine atoms
into the ylidic carbon effects the concertedness of the cyclo-
addition to the CvO bond the calculation of the interaction of
non-fluorinated ylide 21 with benzaldehyde 3a was performed
(Fig. 5). According to calculations the concerted cycloaddition
(TS10) is, in this case, much more preferred than the step-wise
one (TS11, TS12). Moreover, the formation of C–C and C–O
bonds becomes more synchronous (F2C–CvO distance is
2.484 Å and Ph2C–O distance is 3.674 Å (TS1); H2C–CvO dis-
tance is 2.316 Å and Ph2C–O distance is 2.804 Å (TS10)).
Analysis of the isodesmic equations shows that the replace-
ment of both fluorine atoms in ylide 12 with hydrogens (ylide
21) leads to the stabilization of the ylide species (Scheme 2,

Fig. 4 Energy profiles for the transformations of 16. Relative free Gibbs
energies (in kcal mol−1, 298 K, PCM model for DCM) computed at the
DFT B3LYP/6-31G(d) level.

Fig. 5 Energy profiles for the reactions of benzaldehyde 3a with fluori-
nated ylide 12 and non-fluorinated ylide 21. Relative free Gibbs energies
(in kcal mol−1, 298 K, PCM model for DCM) computed at the DFT
B3LYP/6-31G(d) level.

Scheme 2 The isodesmic equations for ylides 12/21, zwitterions
15a/23 and transition states TS1/TS10 and TS2/TS11. Relative free Gibbs
energies (in kcal mol−1, 298 K, PCM model for DCM) computed at the
DFT B3LYP/6-31G(d) level.
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reaction (1)). This can be explained by the strong pyramidaliza-
tion of the NCF2 moiety (pyramidalization angle in ylide 12 is
21.3° versus 1.8° for ylide 21), resulting in the decrease of con-
jugation in the π-system of the fluorinated 1,3-dipole.

The destabilizing effect of fluorine atoms vanishes in tran-
sition state TS1 and becomes a stabilizing effect in TS2 and
even more in zwitterion 15a. Thus, the strong pyramidalization
of the NCF2 moiety of ylide 12, most probably, is the main
cause of the two-stage mechanism of the cycloaddition.

As mentioned above, fluorinated oxazolidines 13 very easily
undergo hydrolysis, losing fluorine. As fluorinated heterocycles
are widely used as drugs, agrochemicals and materials with
special properties18 it would be useful to use the reaction
described above to prepare fluorinated derivatives of oxazoli-
dine of type 13. Some perfluorinated oxazolidines have been
prepared by the electrochemical fluorination of derivatives of
aminosubstituted carboxylic acids in low yield.19 The intra-
molecular cycloaddition of difluorinated azomethine ylides to
an ester carbonyl group gives heterocycles with difluorinated
oxazolidine as a part of the bridged system.1c,20 Analysis of
these data allows us to conclude that strong electron-withdraw-
ing substituents, like the CF3-group, and a substitution pattern
which prevents dehydrofluorination, will stabilise the fluori-
nated oxazolidine. Taking into account the above results,
showing that electron-withdrawing substituents accelerate the
reaction of fluorinated ylides with a carbonyl group, we
decided that CF3-substituted ketones are good starting
materials for the preparation of oxazolidines with fluoro- and
trifluoromethyl-substituents. The experimental results con-
firmed the correctness of our assumptions: 4,4-difluoro-5-tri-
fluoromethyl-substituted oxazolidines were obtained in syn-
thetically significant yields (Table 3). The oxazolidines 28 were,
however, still acid sensitive, therefore to preserve fluorine at
the ring the isolation of the products should be performed

without chromatography on silica. The addition of a catalytic
amount of HCl to the DCM solution of the oxazolidines 28
leads to their quantitative transformation into the corres-
ponding oxazolidinones 29 (Table 3).

It is notable that the formation of aziridine 10 in the reac-
tion of imine 1 with trifluoroacetophenone under difluorocar-
bene generation conditions was not observed. This fact can be
explained by the higher electrophilicity of trifluoroacetophe-
none compared with benzaldehyde, resulting in the inhibition
of the isomerization of ylide 2 to ylide 9. The second compet-
ing pathway of the reaction, a 1,5-prototropic shift in the zwit-
terionic intermediate leading to an aziridine product of type 8,
is not realized as well. This is probably due to the reduced
basicity of the olate oxygen of the corresponding CF3-substi-
tuted zwitterionic intermediate which results in an increase of
the barrier for the 1,5-prototropic shift.

Conclusions

We have shown that the cycloaddition of arenecarbaldehydes
with gem-difluoro-substituted azomethine ylides, generated
from benzhydrylidene amines and difluorocarbenes, occurs
regioselectively to give after hydrolysis oxazolidin-4-ones. The
change of a benzaldehyde for an α,α,α-trifluoroacetophenone
as a dipolarophilic agent results in (a) an increase of the stabi-
lity of the primary difluoropyrrolidine cycloadduct, and (b)
inhibition of the competing 1,5-prototropic shift in the zwitter-
ion intermediate. This allowed the isolation of 4,4-difluoro-5-
trifluoromethylpyrrolidine cycloadducts in reasonable to excel-
lent yields. Correlation analysis and DFT calculations reveal a
non-pericyclic step-wise mechanism of the reaction. The
exchange of the two geminal hydrogen atoms in an azo-
methine ylide intermediate with fluorines results in a dramatic
change in the reaction mechanism from pericyclic to step-
wise, via a zwitterion-like transition state, in which no C–O
bonding is observed.

Experimental
General

Melting points were determined on a hot stage microscope
and are uncorrected. 1H (300 MHz, 400 MHz) and 13C
(75 MHz, 100 MHz) NMR spectra were determined in CDCl3
with a Bruker DPX 300 and a Bruker AVANCE III 400. Chemical
shifts (δ) are reported in parts per million downfield from
tetramethylsilane (TMS δ = 0.00); 1H NMR spectra were cali-
brated according to the residual peak of CDCl3 (1H 7.26 ppm,
13C 77.00 ppm). 19F NMR spectra were recorded at 376 MHz;
chemical shifts are reported in ppm from CFCl3 as an internal
standard. Elemental analysis was performed on a Hewlett-
Packard 185B CHN-analyser. Silica gel Merck 60 was used for
column chromatography. Thin-layer chromatography (TLC)
was conducted on alumina sheets precoated with SiO2

ALUGRAM SIL G/UV254.

Table 3 Synthesis of oxazolidines 28a–d and oxazolidinones 29a–d

Entry R1 R2 Imine 27 28, yield, % 29, yield, %

1 Me Ph 11 a a, 63 a, 89a

2 Me 4-MeC6H4 11 b b, 64 —
3 Me 4-ClC6H4 11 c — b, 55a

4 Bn Ph 25a a c, 58 c, 95a

5 CH2CO2Et Ph 1 a d, 90 —
6 Me Bn 11 d — d, 60b

a After hydrolysis of 28. b Chromatography on silica.
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Calculation details

All calculations were performed with the density functional
method by using the Gaussian 09 suite of programs. Geometry
optimizations of intermediates, transition states,21 reactants,
and products in dichloromethane were performed at the DFT
B3LYP/6-31G(d) level13 using the PCM solvent model.14

Stationary points on the respective potential-energy surfaces
were characterized at the same level of theory by evaluating the
corresponding Hessian indices. Careful verification of the
unique imaginary frequencies for transition states was carried
out to check whether the frequency indeed pertains to the
desired reaction coordinate. Single-point calculations with
B3LYP/6-31G(d) optimized geometries, using dispersion-
inclusive functional wB97XD15 and the MPWB1K16 functional
together with the 6-311G(d,p) basis set were additionally
performed.

A typical experimental procedure for the synthesis of oxazo-
lidinones 14a–e. A flask containing freshly prepared lead
filings (2.08 g, 10 mmol) and dry dichloromethane (25 mL)
was charged with Bu4NBr (6.45 g, 20 mmol),
N-benzhydrylidene-N-methylamine 11 (5 mmol), aldehyde
(10 mmol) and CF2Br2 (4.20 g, 20 mmol). The flask was tightly
stoppered, immersed in an ultrasonic cleaner (160 W) and irra-
diated with ultrasound at 40 °C until the lead was completely
consumed (5–10 h). The solvent was removed under reduced
pressure, and the residue was separated by column chromato-
graphy on silica to afford oxazolidinones 14a–e. Crystalline
products were recrystallised from a mixture of hexane–Et2O.

3-Methyl-2,2,5-triphenyloxazolidin-4-one (14a). Colourless
solid; m.p. 106–108 °C (Et2O/hexane); δH (300 MHz, CDCl3)
2.89 (3H, s), 5.34 (1H, s), 7.36–7.47 (15H, m); δC (75 MHz,
CDCl3) 28.0, 78.4, 97.9, 127.1, 127.3, 128.2, 128.3, 128.4, 128.5,
1290, 129.2, 135.8, 139.36, 139.39, 170.3. Anal. calcd for
C22H19NO2: C, 80.22; H 5.81; N 4.25. Found: C, 80.12; H, 5.77;
N, 4.23.

3-Methyl-2,2-diphenyl-5-(p-tolyl)oxazolidin-4-one (14b).
Colourless solid; m.p. 81–83 °C (Et2O/hexane); δH (300 MHz,
CDCl3) 2.36 (3H, s), 2.87 (3H, s), 5.28 (1H, s), 7.19–7.21 (2H,
m), 7.34–7.44 (12H, m); δC (75 MHz, CDCl3) 21.2, 28.0, 78.4,
97.7, 127.2, 127.3, 128.2, 128.3, 128.4, 129.0, 129.2, 132.8,
138.3, 139.4, 139.5 139.2, 170.5. Anal. calcd for C23H21NO2: C,
80.44; H 6.16; N 4.08. Found: C, 80.39; H, 6.12; N, 4.01.

5-(4-Methoxyphenyl)-3-methyl-2,2-diphenyloxazolidin-4-one
(14c). Colourless solid; m.p. 107–108 °C (Et2O/hexane); δH
(300 MHz, CDCl3) 2.88 (3H, s), 3.81 (3H, s), 5.26 (1H, s),
6.91–6.94 (2H, m), 7.35–7.47 (12H, m); δC (75 MHz, CDCl3)
28.0, 55.3, 78.2, 97.6, 114.0, 127.3, 127.9, 128.2, 128.3, 128.4,
128.8, 120.0, 129.2, 139.4, 139.5, 159.9, 170.6. Anal. calcd for
C23H21NO3: C, 76.86; H 5.89; N 3.90. Found: C, 76.69; H 5.90;
N 3.90.

5-(4-Chlorophenyl)-3-methyl-2,2-diphenyloxazolidin-4-one (14d).
Colourless solid; m.p. 132–134 °C (Et2O/hexane); δH (300 MHz,
CDCl3) 2.87 (3H, s), 5.32 (1H, s), 7.33–7.46 (14H, m); δC
(75 MHz, CDCl3) 28.0, 77.6, 98.1, 127.3, 128.1, 128.2, 128.4,
128.5, 128.6, 129.1, 129.4, 134.3, 139.2, 139.3, 169.8. Anal.

calcd for C22H18ClNO2: C, 72.62; H 4.99; N 3.85. Found: C,
72.92; H 5.04; N 3.84.

4-(3-Methyl-4-oxo-2,2-diphenyloxazolidin-5-yl)benzonitrile (14e).
Colourless solid; m.p. 111–112 °C (Et2O/hexane); δH (300 MHz,
CDCl3) 2.85 (3H, s), 5.41 (1H, s), 7.32–7.35 (2H, m), 7.39–7.49
(8H, m), 7.56–7.59 (2H, m), 7.63–7.66 (2H, m); δC (75 MHz,
CDCl3) 28.1, 77.3, 98.4, 112.0, 118.5, 126.9, 127.3, 128.48,
128.50, 129.3, 129.5, 132.1, 138.8, 139.1, 141.0, 169.0. Anal.
calcd for C23H18N2O2: C, 77.95; H 5.12; N 7.90. Found: C,
78.06; H 5.17; N 7.97.

Synthesis of CF3-substituted oxazolidines 28a–d and oxazoli-
dinones 29a–d. Oxazolidines 28a–d were prepared according to
the method described above except for the work-up procedure.
The reaction mixture was filtered, the filter-cake was washed
with dichloromethane, and the filtrate was washed with 2%
aq. Na2SO4. The solvent was evaporated on a rotary evaporator
and the residue was recrystallised from a mixture of hexane–
Et2O to give oxazolidines 28a–d. Oxazolidinones 29a–d were
obtained from the corresponding oxazolidines 28a–d by
keeping their solutions at room temperature in wet dichloro-
methane containing traces of HCl for 2–10 days or by chrom-
atography on silica.

4,4-Difluoro-3-methyl-2,2,5-triphenyl-5-(trifluoromethyl)oxa-
zolidine (28a). Colourless solid; m.p. 102–103 °C (Et2O/
hexane); δH (300 MHz, CDCl3) 2.48 (3H, t, J 1.7 Hz), 7.11–7.14
(2H, m), 7.24–7.33 (3H, m), 7.43–7.48 (6H, m), 7.52–7.55 (2H,
m), 7.70–7.73 (2H, m); δC (75 MHz, CDCl3) 28.2 (dd, 4, 1 Hz),
85.5 (dq, J 30, 5 Hz), 101.5 (dd, J 5.2, 1.5 Hz), 122.5 (q, J 287
Hz), 124.0 (dd, J 245, 261 Hz), 127.5, 127.5, 127.8, 127.9, 128.5,
128.6, 128.7, 129.3, 131.1, 140.4 (d, J 4.5 Hz), 140.6 (d, J 3.6
Hz). Anal. calcd for C23H18F5NO: C, 65.87; H 4.33; N 3.34.
Found: C, 65.70; H 4.42; N 3.25.

4,4-Difluoro-3-methyl-2,2-diphenyl-5-(p-tolyl)-5-(trifluoromethyl)
oxazolidine (28b). Colourless solid; m.p. 104–105 °C (Et2O/
hexane); δH (300 MHz, CDCl3) 2.42 (3H, s), 2.45 (3H, t, J 1.7
Hz), 7.09–7.12 (2H, m), 7.24–7.29 (5H, m), 7.41–7.43 (2H, m),
7.49–7.52 (2H, m), 7.56–7.59 (2H, m); δC (75 MHz, CDCl3) 21.2,
28.2 (dd, J 1.4, 4.4 Hz), 85.5 (dq, J 5, 30 Hz), 101.4 (dd, J 2, 5
Hz), 122.5 (q, J 287 Hz), 124.1 (dd, J 244, 261 Hz), 127.4,
127.67, 127.73, 128.1, 128.3, 128.5, 128.55, 128.61, 129.8,
130.21, 130.24, 139.2, 140.5 (d, 2.8 Hz) 140.6 (d, 4.5 Hz). Anal.
calcd for C24H20F5NO: C, 66.51; H 4.65; N 3.23. Found: C,
66.40; H 4.68; N 3.12.

3-Benzyl-4,4-difluoro-2,2,5-triphenyl-5-(trifluoromethyl)oxa-
zolidine (28c). Colourless solid; m.p. 120–121 °C (Et2O/
hexane); δH (300 MHz, CDCl3) 4.03 (1H, dd, J 1.7, 15.6 Hz),
4.12 (1H, dd, J 2.6, 15.6 Hz), 7.21–7.41 (16H, m), 7.61–7.63
(5H, m), 7.41–7.43 (4H, m); δC (75 MHz, CDCl3) 47.3 (dd, J 2, 3
Hz), 85.7 (dq, J 5, 31 Hz), 102.3 (dd, J 1, 5 Hz), 122.6 (q, J 288
Hz), 124.5 (dd, J 247, 262 Hz), 127.0, 127.3, 127.5, 127.7, 127.8,
128.2, 128.3, 128.6, 128.73, 128.76, 128.82, 129.2, 130.9, 136.4,
140.8 (d, 4 Hz) 141.1 (d, 3 Hz). Anal. calcd for C29H22F5NO: C,
70.30; H 4.48; N 2.83. Found: C, 70.34; H 4.50; N 2.77.

Ethyl 2-(4,4-difluoro-5-(trifluoromethyl)-2,2,5-triphenyloxazo-
lidin-3-yl)acetate (28d). Colourless solid; m.p. 85–86 °C (Et2O);
δH (400 MHz, CDCl3) 1.20 (3H, t, J 7.2 Hz), 3.60 (1H, dd, 2.0,
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17.4 Hz), 3.72 (1H, dd, 2.9, 17.4 Hz), 3.99–4.14 (2H, m),
7.18–7.66 (15H, m); δC (100 MHz, CDCl3)13.8, 44.0, 61.2, 85.9
(dq, J 7, 31 Hz), 101.6 (d, J 3 Hz), 122.5 (q, 1JCF 288, CF3), 123.5
(dd, 1JCF 250; 259, CF2), 127.4, 127.7, 127.8, 127.9, 128.0,
128.3 (q, J 7 Hz), 128.9, 129.0, 129.2, 130.0, 130.06, 135.5,
140.0 (d, J 4 Hz), 140.9, 168.4. 19F NMR (376 MHz, CDCl3)
δF −69.95 (d, J 184 Hz), −71.36. Anal. calcd for C26H22F5NO3: C
63.54, H 4.51, N 2.85. Found: C, 63.40, H 4.54, N 2.64.

3-Methyl-2,2,5-triphenyl-5-(trifluoromethyl)oxazolidin-4-one
(29a). Colourless solid; m.p. 168–169 °C (Et2O/hexane); δH
(300 MHz, CDCl3) 2.85 (3H, s), 6.98–7.01 (2H, m), 7.11–7.28
(8H, m), 7.46–7.57 (7H, m), 7.52–7.55 (2H, m), 7.70–7.73 (2H,
m); δC (75 MHz, CDCl3) 28.3, 81.5 (q, J 31 Hz), 98.7, 122.5 (q,
J 285 Hz), 126.7 (q, 1 Hz) 127.5, 127.6, 128.0, 128.1, 128.3,
128.9, 129.0, 129.5, 131.2, 138.1, 139.1, 164.9. Anal. calcd for
C23H18F3NO2: C, 69.52; H 4.57; N 3.50. Found: C, 69.66;
H 4.55; N 3.50.

5-(4-Chlorophenyl)-3-methyl-2,2-diphenyl-5-(trifluoromethyl)
oxazolidin-4-one (29b). Colourless solid; m.p. 129–130 °C
(Et2O/hexane); δH (300 MHz, CDCl3) 2.85 (3H, s), 6.99–7.01
(2H, m), 7.11–7.14 (2H, m), 7.18–7.23 (2H, m), 7.27–7.32 (1H,
m), 7.46–7.55 (7H, m); δC (75 MHz, CDCl3) 28.3, 81.1 (q, J 31
Hz), 98.8, 122.3 (q, J 285 Hz), 127.4, 127.9, 128.0, 120.0, 128.2,
128.3, 129.2, 129.6, 129.8, 135.2, 137.8, 139.0, 164.5. Anal.
calcd for C23H17ClF3NO2: C, 63.97; H 3.97; N 3.24. Found: C,
63.95; H 4.06; N 3.24.

Ethyl 2-(4-oxo-2,2,5-triphenyl-5-(trifluoromethyl)oxazolidin-
3-yl)acetate (29c). Colourless solid; m.p. 85–86 °C (Et2O); δH
(400 MHz, CDCl3) 1.03 (3H, t, J 7.2 Hz), 3.67–3.75 (1H, m),
3.80–3.88 (1H, m), 3.83 (1H, d, 17.1 Hz), 4.46 (1H, d, 17.1 Hz),
7.00–7.02 (2H, m), 7.14–7.18 (4H, m), 7.22–7.26 (2H, m),
7.43–7.45 (3H, m), 7.52–7.57 (4H, m); δC (100 MHz, CDCl3)
13.6, 43.3, 61.5, 81.4 (q, J 31 Hz), 98.5, 122.6 (q, J 285 Hz),
126.7, 127.4, 127.7, 127.8, 128.1, 128.2, 129.05, 129.13, 129.6,
130.9, 138.0, 139.5, 165.3, 166.0. 19F NMR (376 MHz, CDCl3) δF
−76.06. Anal. calcd for C26H22F3NO4: C, 66.52; H, 4.72; N, 2.98.
Found: C, 66.42; H, 4.84; N, 3.14.

5-Benzyl-3-methyl-2,2-diphenyl-5-(trifluoromethyl)oxazolidin-4-
one (29d). Colourless solid; m.p. 126–128 °C (Et2O/hexane); δH
(300 MHz, CDCl3) 2.93 (3H, s), 3.22–3.32 (2H, m), 6.75–6.78
(2H, m), 6.99–7.02 (2H, m), 7.12–7.25 (5H, m), 7.32–7.41 (6H,
m); δC (75 MHz, CDCl3) 29.0, 37.0 (q, J 1.2 Hz), 84.1 (q, J 28.2
Hz), 98.9, 123.1 (q, J 287 Hz), 127.2, 127.4, 127.46, 127.48,
128.0, 128.2, 128.3, 128.9, 129.0, 130.8, 133.0, 139.0, 140.2,
165.7. Anal. calcd for C24H20F3NO2: C, 70.06; H 4.90; N 3.40.
Found: C, 69.97; H 4.91; N 3.37.
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