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Isomerization and 1,3-dipolar cycloaddition
of gem-difluorinated NH-azomethine ylides
in the reaction of difluorocarbene with diarylmethanimines*
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Reaction of difluorocarbene with diarylmethanimines leads to the formation of
gem-difluorinated NH-azomethine ylides, two types of competing transformations
of which are found to be characteristic: a formal 1,2-H shift into N-(difluoromethyl)imines
and 1,3-dipolar cycloaddition to electron-deficient multiple bonds. o,o,o-Trifluoroaceto-
phenones are efficient dipolar traps for difluoro NH-ylides, the addition of which to the dipole
proceeds regioselectively with the formation of 4-fluoro-2,5-dihydrooxazoles. According to the
quantum-chemical calculations by the DFT B3LYP/6-31G* method, 1,3-dipolar cycloaddi-
tion of difluorinated NH-azomethine ylides to a C=0 bond with the formation of 4-fluoro
derivatives of oxazole has lower barrier of activation than the reaction, leading to another
regioisomer; the formal 1,2-H shift in the ylide occurs intermolecularly with participation of an
imine, a precursor of the ylide.
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Reactions of 1,3-dipolar cycloaddition of azomethine
ylides to multiple bonds are the basis of important syn-
thetic method for the preparation of five-membered ni-
trogen heterocycles.®> NH-Azomethine ylides,*—¢ as well
as so called N-metallated azomethine ylides, turned out
to be efficient building blocks for the synthesis of
N-unsubstituted heterocyclic systems. Additional oppor-
tunities for the application of these 1,3-dipoles are opened
by the presence of a leaving group in them (CN, OTMS,
SMe), which transforms them into synthetic equivalents
of nitrile ylides, synthons for the preparation of
derivatives of 1-pyrroline,® 2-oxazoline,? and other
compounds.!® Known methods for the generation of
NH-ylides include desilylation of nitrogen-containing
silanes,3 thermolysis of aziridines,!! prototropy of azo-
methines,>7-12 1 2- and 1,4-silatropy of a-silylimines and
-amides, respectively,'3=15 | 4-stannotropy of N-(stannyl-
methyl)-thioamides,'® decarboxylation of o-amino acids,!’
and condensation of an aldehyde with N-unsubstituted
o-amino acid.!'®1 These methods allow one to generate

* For preliminary communication, see. Refs 1 and 2.
** Institut fiir anorganische Chemie, Georg-August-Universitat
Gottingen, D-37077 Gaottingen, 4 Tammannstrasse, Germany.

ylides and, consequently, to obtain target heterocycles
with such functional groups as CO,R, CN, NRR", and =NR.
For the synthesis of halo-containing NH-heterocycles, halo-
genated NH-ylides would have been used, however, meth-
ods for the generation of such intermediates have not
been known until recently.!2 We have developed a method
for the generation of gem-difluorinated NH-azomethine
ylides, experimental and theoretical investigations of their
chemical properties have been carried out, and potenti-
alities of their application for the synthesis of 4-fluoro-
3-oxazoline derivatives have been demonstrated.
Reaction of fluoro carbenes with compounds, con-
taining a C=N bond, is the only method for the genera-
tion of unstable fluorinated azomethine ylides, which can
be successfully trapped only by means of 1,3-dipolar
cycloaddition.2—27 Cycloaddition of gem-difluorinated
azomethine ylides is a final step in the domino-process,
including in situ generation of difluorocarbene (by the
reduction of CF,Br, with lead in the presence of Bu,NBr)
and its addition to a substrate, containing a C=N bond,
with the formation of an ylide.20-23—27 According to the
standard procedure, gem-difluorinated azomethine ylide
is generated by the stirring or ultrasonic irradiation at
35—40 °C of a mixture of azomethine, CF,Br,, Pb,
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Bu,NBr, and dipolarophile in anhydrous dichloromethane.?8
For the trapping of formed nucleophilic 1,3-dipoles,
highly active dipolarophiles, for example, dimethyl
acetylenedicarboxylate (DMAD), are the most efficient.
However, when carbene methods for the generation of
azomethine ylides are used, the possibility of application
of DMAD is determined by the nucleophilicity of a pre-
cursor of azomethine ylide, the corresponding imine.
Thus, if for the fixing of difluoroylides from N-aryl-sub-
stituted imines, due to their relatively low nucleophilic-
ity, DMAD can be used, then in case of more nucleo-
philic N-alkyl-substituted imines, the yields of cycloadducts
become extremely low.?8 As it turned out, N-unsubstituted
imines, diarylmethanimines, react with DMAD so fast
that difluorocarbene cannot compete with it and difluoro
ylide cannot be generated under given conditions. For the
trapping of difluoro ylides, substituted at the nitrogen
atom, less electrophilic dipolarophiles can be used (for
example, methyl methacrylate), which, however, should
be taken in a large excess.?’

Taking into account the fact that methyl methacrylate
does not show high activity toward NH-imines and its
excess does not prevent generation and reactions of
difluorocarbene, we attempted to use it for the trapping of
difluoro-NH-azomethine ylide (1a), which is forming
from benzophenone imine (2a) and difluorocarbene. The
reaction of imine 2a, CF,Br,, Pb, and Bu,NBr in the
presence of 5 equiv. of methyl methacrylate under ultra-
sonic irradiation resulted in a mixture, which consisted
only of benzophenone and N-(benzhydrylidene)difluoro-
methylamine 3a (Scheme 1). After chromatographic pu-
rification on SiO, imine 3a was isolated in 9% yield (with
10% of admixture of benzophenone), which was identi-
fied by '"H and *C NMR spectra.

Obviously, imine 3a is the product of a formal 1,2-H
shift in ylide 1a. In fact, the GLC data show that analo-
gous reaction, carried out in the absence of methyl meth-
acrylate, gave similar result. The product of cycloaddition
of intermediate NH-ylide 1a to methyl methacrylate, viz.,
difluoropyrrolidine 4, as well as the product of its hydroly-

sis, the corresponding lactam, have not been found in the
reaction mixture. This attests the fact that isomerization
of'ylide 1a into imine 3a proceeds faster, than cycloaddition
of ylide 1a to the double bond of methyl methacrylate.

1,3-Dipolar cycloaddition of ylide 1a was successful
when carbonyl compounds were used as the dipolarophiles.
Only ketones can be used as the C=0 dipolarophiles for
the interception of NH-ylide 1a, since aldehydes such as
acetaldehyde and benzaldehyde, which most often are
used as the traps for various 1,3-dipoles, react rather fast
with the ylide precursor, imine la. At the same time,
many ketones do not have enough electrophilicity for the
efficient interception of difluoroazomethine ylides.3® Cal-
culation of the global electrophilicity indexes o for a num-
ber of ketones and methyl methacrylate as the standard
inactive dipolarophile according to the scheme,3! which
is used for the evaluation of activity of dienophiles and
dipolarophiles,3? gave for acetone, methyl methacrylate,
acetophenone, and fluorenone the following values w = 0.94,
1.36, 1.59, and 2.25 eV, respectively. The latter ketone,
which has the global electrophilicity index considerably
higher than that for methyl methacrylate and has insig-
nificant steric requirement to nucleophilic attack, was
tested by us as a potential dipole trap for NH-ylide 1a.

The reaction of imine 2a with difluorocarbene in the
presence of 3 equiv. of fluorenone led to fluorooxazoline 5,
which was isolated by column chromatography in 21% yield
(Scheme 2).

o,o,0-Trifluoroacetophenone 6a (global index
o= 2.25 ¢V, as for fluorenone) is also active toward ylide
1a. The reaction of CF,Br,, lead, imine 2a, and oo, 0-tri-
fluoroacetophenone 6a (taken in equimolar amounts) in
the presence of Bu,NBr after chromatography of the re-
action mixture resulted in the formation of fluorooxazoline
7a in 15% yield (Scheme 3, Table 1). According to GLC
and TLC data, benzophenone difluoromethylimine 3a
and benzophenone were found in the reaction mixture in
addition to oxazoline 7a.

Fluorooxazolines 5 and 7a are representatives of a
new class of fluorine-containing heterocycles, therefore,
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optimization of conditions for their synthesis has been
undertaken.

Effects of such factors as concentration and ratio of
reagents and presence or absence of ultrasonic irradiation
on the yield of compound 7a have been studied. The
reaction was also carried out in various temperature re-
gimes with the use of both active lead (Pb*)?8 and com-
mon lead metal. It was found that the yield of oxazoline
7a strongly depends on the ratio of reagents. The highest
yield (66%) was reached in the experiment with the use
of three-fold excess of dipolarophile at 30—40 °C under
ultrasonic irradiation. The exchange of common lead
metal for the active lead, obtained by the reduction of

Table 1. Reaction of difluorocarbene with imines in the presence
of trifluoroacetophenones

Imine R! RZ Ketone R3 Oxazoline Yield (%)
1a H H 6a H Ta 66
1b 4-C1 4-C1 6a H 7b 61
1c 4-CI 4-CN 6a H Tc 10*
1d  4CF; 4CF; 6a H 7d 12
le  3-CF, 3-CF; 6a H 7e 38
1a H H 6b 4-Me 7f 63
la H H 6¢ 4-Cl 7g 54
la H H 6d 4-F Th 76
la H H 6e 3-CF;3 7i 74

* A mixture of stereoisomers.

CF,Br, ﬁ» R2 O O—F—F
uyNBr

R3

Ta—i

lead acetate with sodium borohydride in aqueous acetic
acid does not result in an increase in the yield of oxazoline.
The reaction time varies from several hours to a week or
more depending on the concentration of the reagents. An
increase in the reaction time is observed when very con-
centrated solutions were used, which, apparently, is caused
by the increase in viscosity of the reaction mixture. A
decrease in temperature from 40 to 20 °C leads to an
increase in the reaction time without change in the
product yield.

An additional experiment has been carried out, in
which difluorocarbene was generated by the reduction of
CF,Br, with a zinc dust, however, the yield of fluoro-
oxazoline 7a in this case turned out to be lower, 37%.

In conclusion, the use of lead filings and the following
ratio of the reagents: imine : Pb : Bu,NBr : CF,Br, :
PhCOCF;=1:3:3:3:3in 5 mL of dichloromethane
per 1 mmol of imine at 30—40 °C and ultrasonic irradia-
tion are the optimal conditions for the synthesis of
fluorooxazoline 7a. These conditions were used for the
reactions of difluorocarbene with a number of the ring
substituted diarylmethanimines 2b—e in the presence of
unsubstituted trifluoroacetophenone 6a and for the reac-
tion of unsubstituted diphenylmethanimine 2a in the pres-
ence of a number of substituted trifluoroacetophenones
6b—e. The yields of fluorooxazolines 7b—i are given in
Table 1. The corresponding benzophenone was formed as
the by-product in all the cases.
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Fig. 1. General view of molecule 7g.

Structures of obtained fluorooxazolines 7a—i were es-
tablished by '"H, 3*C NMR and IR spectroscopy and con-
firmed by the elemental analysis data. There are no sig-
nals of nonaromatic protons in the 'H NMR spectra,
whereas 3C NMR spectra contain signals coming from
the substituted fluorooxazoline fragment: a multiplet sig-
nal of C(5) atom in the region &, 82.2—85.5, a dublet
signal of C(2) atom at 3. 106.4—108.1, a quartet of dublets
corresponding to the CF, group at 5. 120.1—122.4, and a
dublet signal of C(4) atom at 5. 157.9—160.8. In the IR
spectrum, a band of the stretching vibrations of the C=N
bond in the region 1720—1735 cm™! is present.33

In addition, the structures of compounds were con-
firmed by the results of X-ray analysis performed for fluo-
ride 7g (Fig. 1).

We showed that fluorine atom in fluorooxazolines 7a—i
can be easily substituted for other functional groups by
the action of nucleophilic reagents. Thus, treatment of
fluorooxazoline 7a with equimolar amount of KOH in
DMSO leads to lactam 8 in 91% yield (Scheme 4).

The stirring of fluorooxazoline 7a and equimolar
amount of sodium methoxide in methanol for 1 day gives
methoxy derivative 9 in 89% yield. The keeping of
fluorooxazoline 7a in morpholine for 2 days leads to the
product of substitution of the fluorine, viz., morpholine
derivative 10, in 76% vyield, whereas the stirring of a
mixture of fluorooxazoline 7a and equimolar amounts of
methyl glycinate hydrochloride and triethylamine in
DMSO for 2 days gives methyl ester of N-heteryl-substi-
tuted glycine 11 in 88% yield.

Despite the readiness of the formal substitution of
fluorine atom for nucleophiles, fluorooxazoline 7a is stable
against acidic reagents: it does not undergo decomposi-
tion under reflux in concentrated HCI for 8 h.

Thus, the experimental results allow one to conclude
that the gem-difluorinated NH-azomethine ylides can be
generated by the reaction of difluorocarbene with diaryl-
methanimines. One of prospective synthetic applications
ofthese 1,3-dipoles is a preparation of 4-fluoro-3-oxazoline
derivatives by the reaction of lead, CF,Br,, diaryl-
methanimine, and trifluoromethylketone. As it could be
seen from Table 1, the yields of oxazolines with electron-
withdrawing substituents in the aryl rings of the imine are
considerably low. In addition, gas chromatographic analy-
sis of the reaction mixtures showed that in all the cases,
the corresponding benzophenone N-difluoromethylimine
3a—e is formed, the content of which increases in the
reaction of imines 2c—e with electron-withdrawing sub-
stituents. This allows one to suggest that a decrease in the

Scheme 4
3
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yield of oxazolines 7 is caused by the competing isomer-
ization of ylide 1 into imine 3. Obviously, the increase of
NH-acidity of ylides 1c—e, caused by the CF, and CN
substituents, should facilitate transformation 1 — 3. In
this connection, clarification of the mechanism of ylide
isomerization, which can proceed either as the intramo-
lecular transfer of hydrogen atom or as the intermolecular
process with participation of the starting imine, is very
important for the practical application of proposed method
for the synthesis of fluorooxazolines.

To obtain information on the mechanism of isomer-
ization and evaluate kinetic stability of difluorinated
NH-ylides 1, we have undertaken a theoretical investiga-
tion of isomerization and cycloaddition reactions for
the simplest NH-ylide H,C=N(H)*—(CF,)~ (1f) by the
B3LYP/6-31G* method.

Two mechanisms for isomerization of ylide 1f into
imine 3f can be suggested: an intramolecular transfer of
the hydrogen atom and an intermolecular transfer of the
proton with participation of imine 2f (Scheme 5).

According to the calculation, the intramolecular trans-
fer of the hydrogen atom in ylide 1f can take place via
transition state TS1 (Fig. 2) with free energy of activation
30.0 kcal mol~! (Fig. 3). However, as it could be seen
from the diagram (see Fig. 3), there exists the more favor-
able intramolecular process for ylide 1f: the 1,3-cycliza-
tion into aziridine, the activation barrier to which is con-
siderably low and is equal to 20.6 kcal mol~! (TS5). At the
same time, even this value of AG” is too high for such a
reaction of difluoroazomethine ylides to take place. In
fact, examples of 1,3-cyclization of gem-difluorinated
azomethine ylides into the corresponding aziridines are
not known.20-23—27 Since the reaction of formation of ylide

from imine and difluorocarbene is reversible,3* difluoroylides
dissociate to imine and difluorocarbene in the absence of
possibility to react with relatively low barrier of activation
(for example, in some cycloaddition reactions). As the
calculation (see Fig. 3) showed, the activation barrier to
dissociation of unsubstituted difluoroylide 2f (TS4) is
equal to 9.4 kcal mol~!. Difluorocarbene under these con-
ditions is gradually consumed in the reactions with the
lower barriers, for example, in the dimerization reaction
leading to the formation of tetrafluoroethylene.35—37

An intermolecular proton transfer with participation
of starting imine 2f is energetically more favorable. It
proceeds stepwise via intermediate 12 (see Fig. 2): (1) the
deprotonation of ylide with imine with activation barrier
of 16.8 kcal mol~! (TS2), leading to the formation of ion
pair 12, (2) the proton transfer to the CF, group (TS3)
with the barrier of activation of 4.0 kcal mol~! (Fig. 4).

To compare barriers of activation of isomerization and
dissociation reactions of ylide 1f with barrier of activation
of its cycloaddition to the C=0 bond of a carbonyl com-
pound, a model reaction of ylide 1f with acetone has been
also calculated (Scheme 6).

A calculated barrier of activation to the cycloaddition
reaction of ylide 1f to the C=0 bond of acetone, which
leads to 4,4- and 2,2-difluoro-5,5-dimethyloxazolidines,
is equal to 10.0 (TS6) and 14.7 kcal mol~! (TS7), respec-
tively (Fig. 5).

Thus, the obtained experimental data on the cycload-
dition reaction of ylides 1a—e to ketones, in which only
one oxazoline regioisomer was obtained, completely agrees
with the calculated results predicting the formation of the
4-fluorooxazoline derivatives. The isomerization of ylide
1f into imine 3f has higher barrier and can proceed only

Scheme 5
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Fig. 2. Calculated geometric parameters of transition states TS1—TS7 and intermediate 12.
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AG/kcal mol~!

—20

S
T T T
°
o
-
+ =
o %
S
°
(=]
[ g
(=)}
; n
®~o
—
&
(=]
(=2}
N
(=]

—40
o ®
3f
Fig. 4. Energy profile of intermolecular isomerization of ylide 1f.
AG/kcal mol~!
TS6
TS5 ® ®y
P, P
\ 100 / ‘14.7
0 0 @ L 2
1f + Me,C=0
56.7
—20 | 62.0
—40 |
° o
3
H N F [ 2 ®
HX F ||-|
o Me H N F
Me H 7<|:
Me 0

Me

Fig. 5. Energy profiles of cycloaddition reactions of ylide 1f to
acetone.

with participation of starting imine le through the inter-
mediate formation of an ion pair. In another words, for
the selected model system (H,C=N(H)*—(CF,~ +
H,C=NH + Me,CO), the reaction of 1,3-dipolar cy-
cloaddition of the ylide to the carbonyl group is more
favorable than its isomerization into difluoromethylimine.
When we take the real objects, viz., ylides 1a—e and ke-
tones 5, containing bulky substituents both in the ylide
and in the dipolarophile, this difference in energies, ap-
parently, can diminish, since additional steric interac-
tions should facilitate an increase in the barrier to cy-
cloaddition to a greater extent than in the barrier to inter-
molecular proton transfer.

Obtained experimental and calculated data allow one
to conclude that gem-difluorinated NH-azomethine ylides,
formed from diarylmethanimines and difluorocarbene, can
undergo two types of transformations, isomerization into
N-(difluoromethyl)imines and 1,3-dipolar cycloaddition
to electron-deficient multiple bonds. o,o,c-Trifluoro-
acetophenones are efficient dipole traps for the carbene-
generated difluorinated NH-ylides, an addition of which
to the dipole proceeds with complete regioselectivity to
form 4-fluoro-2,5-dihydrooxazoles. A formal 1,2-H shift
of gem-difluorinated NH-azomethine ylides is a compet-
ing to the cycloaddition direction of the reaction, which
occurs with participation of a precursor of the ylide,
diarylmethanimine, through the deprotonation—proto-
nation. 4-Fluoro-2,5-dihydrooxazoles, the products of
multicomponent reaction of dibromodifluoromethane,
lead, diarylmethanimine, and trifluoroacetophenone, eas-
ily react with O- and N-nucleophiles (hydroxides and
alkoxides of alkali metals, primary and secondary amines)
to substitute the fluorine atom.

Experimental

Melting points of substances were determined on a Boetius
heating apparatus, and uncorrected values are given. 'H and
13C NMR spectra were recorded on a Bruker DPX-300
spectrometer ('H, 300 MHz; 13C, 75 MHz), 'F NMR spectra
(235.3 MHz) were recorded on a Bruker Avance DRX-250
spectrometer. Elemental analysis was performed on a HP-185B
CHN-analyzer. Reaction progress was monitored by TLC on
ALUGRAM SIL G/UV,, plates. Gas-chromatographic analysis
was carried out with the use of 1.8 m column with 5% SE-30/
Diatomit C phase, the gradient temperature was ramped from
80 to 280 °C, at a rate of 16 °C min~!. X-Ray analysis for
compound 7g was performed on a STOE IPDS II difractometer
(graphite monochromator, A\(Mo-Ka) = 0.71073 A, temperature
133(2) K, 6/26 scanning technique). Merck 60/200 silica gel
was used for the separation of reaction mixtures by column
chromatography. Tetrabutylammonium bromide was dried in a
desiccator over P,0Os.

Quantum-chemical calculations were performed with the
use of the Gaussian 03 program package.3® Optimization of the
geometry of reagents, products, intermediates, and transition
states was performed by the B3LYP/6-31G* method. Frequency
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analysis of all the transition states showed that in their vibrational
spectra, only one normal vibration with imaginary frequency is
present. The location of transition states in the same with reagents
and products energy profile was traced through by the internal
reaction coordinate (IRC).3?

Starting imines 2a—e were synthesized according to the
procedure described earlier.4?

Reaction of diarylmethanimines with difluorocarbene (general
procedure). Lead filings (1.243 g, 6 mmol), diphenylmethanimine
(0.362 g, 2 mmol), tetrabutylammonium bromide (1.932 g,
6 mmol), dibromodifluoromethane (0.55 mL, 6 mmol), and
anhydrous dichloromethane (10 mL) were placed in a round-
bottom flask. If the reaction was carried out in the presence of
dipolarophiles, either methyl methacrylate (5 equiv.) or aryl
trifluoromethyl ketone or fluorenone (3 equiv.) were added to
the mixture. The flask was corked in such a way that the system
could have held some excess pressure, and it was placed into an
ultrasonic bath (160 W). The processing was carried out at 30—40 °C
and continued until all the lead metal was consumed. Dichloro-
methane was removed, the residue was separated by column
chromatography on silica gel (eluent hexane—diethyl ether).
Crystalline products were recrystallized from hexane or from
hexane—diethyl ether.

N-(Diphenylmethylene)difluoromethanamine (3a). Compound
3a (0.042 g, 9%) was obtained from imine 2a (0.362 g, 2 mmol)
according to the general procedure with addition of methyl
methacrylate (1.0 g, 10 mmol) as a colorless liquid. "H NMR
(CDCL,), 8:6.35(t, L H, CHF,, J; = 70.5 Hz); 7.28—7.85 (m,
8 H, Ph) 13CNMR(CDCI) a 1152(t CHEF,, /. cp=231.8 Ha),
127.9, 128.1, 128.4, 129. 7 129.9, 134.0, 137 3 (Ar), 176.7 (t,
CPh,, 3J. = 15.7 Hz). According to the 'H NMR data, the
product contams ~10% of benzophenone.

4-Fluoro-2,2-diphenyl-2,5-dihydro-9 " H-spiro[ 1,3-oxazole-
5,9 -fluorene] (5). Compound 5 (0.161 g, 21%) was obtained
from imine 2a (0.362 g, 2 mmol) and fluorenone according to
the general procedure, m.p. 82—84 °C (from hexane). Found (%):
C, 82.74; H, 4.81; N, 3.46. C,,H,;FNO. Calculated (%):
C, 82.85; H, 4.63; N, 3.58. IR (CHCl,), v/em™: 1725 (C=N).
'H NMR (CDCly), &: 7.01—7.91 (m 18 H, Ar). 3C NMR
(CDCl ), 6: 89.7 (d C(5), 2J CF = = 38.4 Hz), 105.8 (d, C(2),

J —21 .6 Hz), 120.3, 125.2, 125.8, 1280 128.3, 128.4, 130.5,
140 7 141.4, 144.7 (Ar), 166.7 (d, C(4), ! =294.3 Hz).
4-Fluoro-2,2,5-triphenyl-5- (trlﬂuoromethyl)-l,5-dihydr0-
1,3-oxazole (7a). Compound 7a (0.515 g, 66%) was obtained
from imine 2a (0.362 g, 2 mmol) and trifluoroacetophenone 6a
according to the general procedure. Physical and spectroscopic
characteristics and X-ray data for compound 7a are given in Ref. 1.

Compound 7a (0.288 g, 37%) was also obtained by similar
procedure from imine 2a (0.362 g, 2 mmol) with the use of zinc
dust (0.39 g, 6 mmol) instead of lead (the reaction time was 150 h).

2,2-Bis(4-chlorophenyl)-4-fluoro-5-phenyl-5-(tri-

fluoromethyl)-2,5-dihydro-1,3-oxazole (7b). Compound 7b
(0.551 g, 61%) was obtained from imine 2b (0.5 g, 2 mmol) and
trifluoroacetophenone 6a according to the general procedure as
colorless glass-like substance. IR (CCl,), v/em™ L 1730 (C=N).
'H NMR (CDCl,), &: 7.22— 772 (m, 13 H, Ar). ’C NMR
(CDC13) 5:82.2 (qumt C(5), Jc = 32.8 Hz), 106.6 (d, C(2),
3 cp=21.4Hz), 120.1 (d.q, CF,, I F—2866Hz 37 F—SOHZ),
126 2, 127.1, 128.5, 128.6, 128 8 130.1, 131.3, 134 5, 134.6,
139.1, 140.4, 140.8 (Ar), 160.4 (d, C(4), ) F = 299.8 Hz).
According to the '"H NMR data, the product contains ~5% of
the corresponding benzophenone.

4-[2-(4-Chlorophenyl)-4-fluoro-5-phenyl-5-(tri-
fluoromethyl)-2,5-dihydro-1,3-oxazol-2-yl]benzonitrile (7c).
Compound 7c¢ (0.089 g, 10%) was obtained from imine 2¢
(0.481 g, 2 mmol) and trifluoroacetophenone 6a according to the
general procedure as a colorless oily mixture of stereoisomers in
ratio 2: 1. "H NMR (CDCl,), §: 7.23—7.79 (m, Ar). *C NMR
(CDCly), & of major isomer: 85.3 (m, C(5)), 106.21 (d, C(2),
3J = 21.6 Hz), 118 2 (CN), 122.4 (m, CF;,), 126.1—146.1
(Ar) 160.7 (d, C(4), 'J. .=299.9 Hz). 3C NMR (CDCly), s of
minor isomer: 85.3 (m, C(S)) 106.18 (d, C(2), 3J =21.3 Hz),
118 1 (CN), 122.4 (m, CF;,), 126.1—146.4 (Ar), 160 7 (d, C(4),
=299.9 Hz). Accordmg to the '"H NMR data, the product
contams ~5% of the corresponding benzophenone.
4-Fluoro-5-phenyl-5-(trifluoromethyl)-2,2-bis(4-tri-
fluoromethylphenyl)-2,5-dihydro-1,3-oxazole (7d). Compound 7d
(0.120 g, 12%) was obtained from imine 2d (0.634 g, 2 mmol)
and trifluoroacetophenone 6a according to the general procedure,
m.p. 88—89 °C (from hexane). Found (%): C, 55.12; H, 2.83;
N, 2.46. C,,H;F,(NO. Calculated (%): C, 55.29; H, 2.51;
N, 2.69. lR(KBr),v/cm 111725 (C=N). '"H NMR (CDCl,), &
7.39—7.85 (m, 13 H, Ar). 3C NMR (CDC13) 5. 85.4 (qumt
C(5), 2J CE= =33.0 Hz) 106.4 (d, C(2), 3J CF= =21.4 Hz), 121.9
(q.d, CF,, . = 286.5 Hz, J . = 49 Hz), 123.7 (q,
CF;,, J = 273 1 Hz), 123.8 (q, CF J = 272.6 Hz),
125 3—125 7 (m) 126.0, 126.1 (m), 127 7 (m) 128.9, 130.5,
130.8 (q, Ar =32.6 Hz), 144.9, 145.2 (Ar), 160.8 (d, C(4),
e g = 300. 6 Hz) 9F NMR (CDCl,), external standard C(F,
8822(q,F C(@4), FF—32HZ) 86.6 (d, CF, J, =3.2 Hz),
99.3 (CF,), 99.4 (CF, ).
4-Fluoro-5- phenyl 5-(trifluoromethyl)-2,2-bis(3-tri-
fluoromethylphenyl)-2,5-dihydro-1,3-oxazole (7¢). Compound 7e
(0.395 g, 38%) was obtained from imine 2e (0.634 g, 2 mmol)
and trifluoroacetophenone 6a according to the general procedure,
m.p. 79—80 °C (from hexane). Found (%): C, 55.09; H, 2.72;
N, 2.94. C,,H;F (NO. Calculated (%): C, 55.29; H, 2.51;
N, 2.69. IR (KBr) v/em™": 1725 (C=N). 'H NMR (CDCly), &:
7.39—8.13 (m, 13 H, Ar). >*C NMR (CDCly), &: 85.5 (qumt
C(5), ¥ p = 32.7 Hz), 106.3 (d, c@), 3o p=21.4 Hz), 121.9
(q.d, CF ‘JCF 286.4 Hz, JCF = 4.9 Hz), 123.5 (q,
CF,, JCF = 274.2 Hz), 123.6 (q, CF JCF = 272.6 Hz),
122 3—142 9 (Ar), 160.9 (d, C(4), 'J.. . = 300.9 Hz).
4-Fluoro-5-(4- methylphenyl) 2 2-diphenyl-5-(tri-
fluoromethyl)-2,5-dihydro-1,3-oxazole (7f). Compound 7f (0.503 g,
63%) was obtained from imine 2a (0.362 g, 2 mmol) and ketone
6b according to the general procedure, m.p. 86—87 °C (from
hexane). Found (%): C, 69.20; H, 4.26; N, 3.48. C,;H,,F,NO.
Calculated (%): C, 69.17; H, 4.29; N, 3.51. IR (KBr), v/cm_l.
1720 (C=N). 'H NMR (CDCl,), 8:2.37 (s, 3 H, Me); 7.19—7.71
(m 14 H, Ar). *C NMR (CDC13) 3:21.0 (CH,), 85.0 (q.d, C(5),
=34.0 Hz, 2/ =325 Hz), 107.5 (d, C(2), *J = 21.3 Hz),
1223(dq,CF J F—2869Hz 4 F—47Hz) 125 8,125.9,
126.3 m, 128. 1 (q, CF_41HZ) 1282 129.3, 139.9, 141.9,
142.4 (Ar), 160.4 (d, C(4), V. . = 298.6 Hz).
5-(4-Chlorophenyl)-4- fluoro-2,2-diphenyl-S-(triquoro-
methyl)-2,5-dihydro-1,3-oxazole (7g). Compound 7g (0.279 g, 54%)
was obtained from imine 2a (0.22 g, 1.23 mmol) and ketone 6¢
according to the general procedure, m.p. 81—82 °C (from
hexane —diethyl ether). Found (%): C, 62.89; H, 3.52; N, 3.22.
C,,H,CIF,NO. Calculated (%): C, 62.94; H, 3.36; N, 3.34.
IR (KBr) v/cm‘1 1725 (C=N). '"H NMR (CDCl,), & 7.28—7.71
(m 14 H, Ar). 13CNMR(CDCI) 3 845(qd C(5), J- =345 Hz,
=329 Hz), 107.8 (d, C(2), =210 Hz), 120 1 (q.d, CF,,
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e p = 2869 Hz, ¥ = 4.9 Hz), 125.7, 125.8, 127.8, 128.3,
128.4, 128.9, 129.5, 129.6, 136.2, 141.5, 142.0 (Ar), 159.4 (d,
C(4), IJC’F =298.6 Hz). ’F NMR (CDCl,), external standard
C¢Fq, 8:79.5 (q, FC(4), JF,F = 3.2 Hz); 86.6 (d, CF;, JF,F =32
Hz). X-ray results: C,,H ,CIF,NO, M 419.79, a crystal
system is monoclinic, a space group is P 1 21/c 1 (No. 14),
a = 9.5109(10) A, b = 21.8761(19) A, ¢ = 9.9407(10) A,
o =90.00°, B = 117.352(8)°, y=90°, V= 1837.04(30) A3, Z=4,
dy.=1518¢ cm™3, 1.86—24.75°, 7804 reflections, 2945 from
them were independent ones (R, = 0.0343), 2474 reflections
were with 7 2 26(/), R, = 0.0282 (I > 20(])), R,; = 0.0358,
wR, = 0.0742. Complete crystallographic data as the CIF file
were deposited with the Cambridge structural database (CCDC
No. 674678).%**
4-Fluoro-5-(4-fluorophenyl)-2,2-diphenyl-5-(tri-
fluoromethyl)-2,5-dihydro-1,3-oxazole (7h). Compound 7h
(0.613 g, 76%) was obtained from imine 2a (0.362 g, 2 mmol) and
ketone 6d according to the general procedure, m.p. 73—74 °C
(from hexane). Found (%): C, 65.47; H, 3.62; N, 3.43. C,H ,FsNO.
Calculated (%): C, 65.51; H, 3.50; N, 3.47. IR (KBr), v/cm™":
1720 (C=N). '"H NMR (CDCly), & 7.07—7.80 (m, 14 H,
Ar). 3C NMR (CDCl,), & 84.5 (q.d, C(5), %/ = 34.7 Hz,
2J. ¢ =33.0 Hz), 107.7 (d, C(2), *J . = 21.1 Hz), 115.6, 115.9
(Ar), 122.1 (q.d, CFy, ' . = 286.6 Hz, %/ . = 4.5 Hz), 125.8,
126.9, 128.3, 128.4, 128.6, 141.6, 142.2 (Ar), 159.7 (d, C(4),
e p=298.6 Hz), 163.5 (d, Ar, 'J.. = 249.3 Hz).
4-Fluoro-2,2-diphenyl-5- (trifluoromethyl)-5-[3-(tri-fluoro-
methyl)phenyl]-2,5-dihydro-1,3-oxazole (7i). Compound 7i
(0.666 g, 74%) was obtained from imine 2a (0.362 g, 2 mmol) and
ketone 6e according to the general procedure, m.p. 62—63 °C
(from hexane). IR (CCl,), v/em™': 1735 (C=N). '"H NMR
(CDCly), 8: 7.31—7.98 (m, 14 H, Ar). >*C NMR (CDCl,), &:
84.5 (q.d, C(5), 2. = 34.7 Hz, 2J. = 33.0 Hz), 108.1
(d, CQ2), ¥ =207 Hz), 122.0 (q.d, CF;, ' . = 286.6 Hz,
“Jo ¢ =4.7Hz), 123.6 (q, CF;, |, . = 272.5 Hz), 123.8, 125.7,
125.8, 126.7 (q, 3JC r= 3.7 Hz), 128.3, 128.4, 129.3, 129.5 (m),
131.4 (q, 2JC e 32.9 Hz), 132.1, 132.2, 133.1 (m), 141.4, 142.0
(An), 159.2 (d, C(4), . . = 298.4 Hz).
2,2,5-Triphenyl-5-(trifluoromethyl)oxazolidin-4-one (8).
Potassium hydroxide (0.165 g, 3 mmol) was added to a solution
of oxazoline 7a (0.15 g, 0.39 mmol) in DMSO (10 mL) and the
mixture was stirred for 24 h at ~20 °C. The reaction mixture was
poured in 5% aqueous HCI (50 mL), the product was extracted
with diethyl ether (2S20 mL), the ethereal layer was washed
with water and dried with Na,SO,. The solvent was distilled
off and after recrystallization of the residue, compound 8
(0.137 g, 91%) was obtained, m.p. 153—154 °C (from diethyl
ether). Found (%): C, 69.08; H, 4.13; N, 3.58. C22H16F[%N02'
Calculated (%): C, 68.93; H, 4.21; N, 3.65. IR (CCl,), v/em™": 3420
(N—H), 1720 (C=0). '"H NMR (CDCl,), &: 7.21—7.75 (m, 15 H,
Ph); 10.09 (s, I H, NH). '*C NMR (CDCLy), &: 82.1 (q, C(5),
2JC’F =30.7 Hz), 95.5 (C(2)), 122.4 (q, CF,, IJC’F =284.6 Hz),
125.7, 126.2, 126.8, 127.9, 128.2, 128.4, 128.6, 128.7, 129.3,
131.4, 141.4, 141.9 (Ph), 168.0 (C(4)).
4-Methoxy-2,2,5-triphenyl-5-(trifluoromethyl)-2,5-dihydro-
1,3-oxazole (9). Oxazoline 7a (0.14 g, 0.36 mmol) was dissolved
in MeOH (7 mL), MeONa (0.1 g, 1.85 mmol) was added and

*** A copy can be ordered at: CCDC, 12 Union Road, Cam-
bridge CB2 1EZ, UK (e-mail: deposit@ccdc.cam.ac.uk, http://
www.ccdc.cam.ac.uk/deposit).

the mixture was kept for 24 h at ~20 °C. The needle-like crystals
formed were filtered off and dried in air. The filtrate was poured
in water and extracted with diethyl ether. The ethereal layer was
washed with water and after diethyl ether was removed,
additional portion of crystalline product was obtained. The total
yield of compound 9 after recrystallization from methanol was
140 mg (94%). Physical and spectroscopic data for compound 9
are given in Ref. 1.

2,2,5-Triphenyl-4-[5-(trifluoromethyl)-2,5-dihydro- 1,3-oxazol-
4-yl]lmorpholine (10). Oxazoline 7a (0.05 g, 0.13 mmol) was
dissolved in morpholine (0.87 g, 10 mmol) and the mixture
was kept for 48 h at ~20 °C. Water (2 mL) was added to the
reaction mixture and it was kept for additional 3 days at ~20 °C.
A precipitate formed was filtered off, dried in vacuo (0.05 Torr)
and after recrystallization from hexane—diethyl ether, compound
10 (44 mg, 76%) was obtained. Physical and spectroscopic data
for compound 10 are given in Ref. 1.

Methyl 2-[2,2,5-triphenyl-5-(trifluoromethyl)-2,5-dihydro-
1,3-oxazol-4-ylamino]acetate (11). Methyl glycinate hydro-
chloride (0.047 g, 0.38 mmol) and triethylamine (0.076 g,
0.75 mmol) were added to a solution of oxazoline 7a (0.145 g,
0.38 mmol) in a mixture of DMSO (4 mL) and diethyl ether
(0.5 mL), the mixture was stirred for 1 week at ~20 °C. Then
the reaction mixture was poured in water and extracted with
diethyl ether (2S20 mL), the solvent was removed and after
recrystallization, compound 11 (0.15 g, 88%) was obtained,
m.p. 174—175 °C (from hexane—diethyl ether). Found (%):
C, 65.96; H, 4.65; N, 6.17. C,;H, F;N,0,. Calculated (%):
C, 66.07; H, 4.66; N, 6.16. 'H NMR (CDCl,), & 3.79 (3 H,
Me); 4.30 (m, 2 H, CH,); 5.08 (br.s, 1 H, NH); 7.19—7.65 (m,
15 H, Ph). 3C NMR (CDCL,), &: 44.9 (CH,), 52.3 (CH,),
89.4 (q, C(9), 2JC r = 29.3 Hz), 111.5 (C(2)), 123. 9 (q, CF;,,
‘JC’F = 286.9 Hz), 125.9, 126.1, 127.0, 127.2, 127.3, 127.7,
127.8,128.4,129.2, 133.4, 144.7, 144.9 (Ph), 155.8 (C(4)), 170.2
(C=0).
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