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Abstract-Depending on conditions, fluorinated 3-oxoesters in reactions with benzaldehyde affordeither
2-benzylidene-3-fluoroalkyl-3-oxoesters or 3,5-dialkoxycarbonyl-2,6-dihydroxy-2,6-difluoroalkyl-4-phenyl-
tetrahydropyrans. The latter werealso obtained by treating 3-oxoesters with 2-benzylidene-3-oxoesters.
Pentafluorobenzoylacetate with benzaldehyde furnishes 3,5-diethoxycarbonyl-2-pentafluorophenyl-4-phenyl-
7,8,9,10-tetrafluoro-4,5-dihydrobenzo[b]oxacin-6-one.

Reaction of 1,3-dicarbonyl compounds with
aldehydes (Knoevenagel reaction) is extensively used
in organic synthesis for preparation of various com-
pounds[1]. Depending on conditions and structures
of the initial reagents unfluorinated 3-oxoesters in
reaction with aromatic aldehydes furnish either
2-arylmethylene-3-oxoesters, 2-arylmethylenedi(3-
oxoesters), orcyclohexanones [133]. The data on this
type reactions with fluorinated 3-oxoesters is limited
to transformations of trifluoroacetoacetic acid ester
resulting either in 2-arylmethylene-substituted tri-
fluoroacetoacetic acid esters [4] or in 4-aryl-2,6-di-
hydroxy-3, 5-diethoxycarbonyl-2, 6-di(tr ifluoro-
methyl)tetrahydropyrans[5].

In this study, weinvestigated reaction of fluoro-
containing 3-oxoestersIa3i with benzaldehyde under
various conditions.

It was shown that boiling for 638 h of equimolar
amounts of 3-oxoestersIa3g and benzaldehyde in
aprotic solvents (toluene,benzene) in the presence of
piperidine as catalyst with simultaneous azeotropic
distillation of the forming water afforded fluoroalkyl-
containing 2-benzylidene-3-oxoestersIIa 3g in a
limited yield (Scheme 1). The yields of reactionpro-
ducts decrease with the growing length of the chain
in fluoroalkyl substituent.

Compounds IIa 3g were light-yellow oily sub-
stances that were purified by column chromatography
on silica gel (eluent hexane, benzene). Note that elu-
tion with benzene considerably enhanced the yield of
products.
ÄÄÄÄÄÄÄÄÄÄ
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In the IR spectra of compoundsIIa 3g was observ-
ed a shift to lower frequencies by~30 cm31 of absorp-
tion bands corresponding to the ester and keto
carbonyl groups as compared with the values char-
acteristic of the keto form of the initial 3-oxoesters
[6]; this fact was caused bytheir participation in a
long conjugation chain (Table 2).

In compounds IIa 3g Z,E-isomers exist due to
variation in substituents position at a C=Cbond. In
their 1H and 19F spectra appear two sets of signals
indicating that the compounds are present in solutions
as a mixture ofE- andZ-isomers. In the IR spectra of
compoundsIIa 3g all the carbonyl absorption bands
are broadened or sometimes are doubled confirming
the presence of twoisomers.

The ratio of E- and Z-isomers was derived from
the analysis of signals belonging to methine protons
in the 1H NMR spectra. Ineach case one of methine
protons signals looks like a broadened singlet
apparently due to interaction with fluorine atoms of
the fluoroalkyl substituent; this is possible only in the
Z-isomer. Theexistence of such interaction is sug-
gested by the19F NMR spectrum of 2-benzylidene-
substituted trifluoroacetoacetateIIb registered in
CDCl3 with digital resolution0.122 Hz per point. In
the spectrum appears a singlet from trifluoromethyl
group of theE-isomer at 85.99ppm, and adoublet
from this group belonging to theZ-isomer at
90.42 ppm (JF3H 1 Hz).

Besides in [7] was demonstrated that signalsfrom
methine protons ofE-isomers 2-arylmethylene-sub-
stituted acetoacetates appeared downfield with respect
to the corresponding signals ofZ-isomers. This
relation is conserved with the fluoroalkyl-substituted
analogs IIa 3g.
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Scheme 1.

R = Et: RF = HCF2 (a), CF3 (b), H(CF2)2 (c),
H(CF2)4 (d), C6F13 (e); R = Me: RF = H(CF2)2 (f).

The ratio of E- and Z-isomers is individual for
eachcase. It should benoted however that with di-
fluoromethyl and trifluoromethyl substituents in
compoundsIIa, b the content ofZ- andE-isomers is
approximately equal, and with growing length of the
fluoroalkyl substituent (compoundsIIc 3g) the E-iso-
mer becomes prevailing (Table 1).

Under the other conditions, namely, onheating in
ethanol at reflux in the presence ofbases, from the
reaction mixtures of 3-oxoestersIa3c, f, h with
benzaldehyde were isolated compoundsIIIa 3c, f, h.
As catalysts were applied KF andpiperidine, and the
yield with KF were higher.

According to elemental analyses two structures
can be ascribed to compoundsIII with equal
probability: cyclic tetrahydropyran A and open-chain
substituted dialkyl glutarate B. In reaction of tri-
fluoroacetoacetate with benzaldehyde [5] was
separated a substance with a similar value of melting
point as we found for compoundIIIb . To this product
in [5] was ascribed pyran structure basing only on the
IR spectrum. Weapplied to structure determination
of compoundsIIIa 3c, f, h 1H and 19F NMR spectro-
scopy that provide a possibility of deciding between
the presumed structures. In the1H NMR spectra a
single set of proton signals from two ester groups is

Table 1. Ratio of Z- and E-isomers in 2-benzylidene-3-
oxoestersIIa 3g according to NMR spectra recorded in
CDCl3

ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ
Compd.³ RF ³ R ³Z-isomer, %³E-isomer, %

no. ³ ³ ³ ³
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ

IIa ³ HCF2 ³ Et ³ 46 ³ 54
IIb ³ CF3 ³ Et ³ 48 ³ 52
IIc ³ H(CF2)2 ³ Et ³ 39 ³ 61
IIf ³ H(CF2)2 ³ Me ³ 34 ³ 66
IId ³ H(CF2)4 ³ Et ³ 25 ³ 75
IIg ³ C4F9 ³ Me ³ 36 ³ 64
IIe ³ C6F13 ³ Et ³ 29 ³ 71

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄ

observed as is possible only for pyranstructure,
whereas for structure B two sets of signals should
appear.Besides the signalsfrom protons H3, H4, H5

appear asAB2-system that can exist only in pyran
structure when two magnetically-equivalent protons
are coupled with thethird nonequivalentone. In the
19F NMR spectra two equivalent fluoroalkyl groups
give rise to a single set ofsignals, and therewith the
signal from fluorine atomsattached toa-carbon ap-
pears asAB-system. The latterfact is characteristic of
fluoroalkyl group bonded to an asymmetricalcenter.

In the structure of tetrahydropyransIIIa 3c, f, h
are present 4 chiral and 1 pseudochiral centers. There-
fore they can exist as 16stereoisomers. However, the
analysis of NMR spectra shows that in every case
only one diastereomer ispresent, apparently
racemate. The experimentalvalue of coupling con-
stant (12.3312.5 Hz) corresponding to axial-axial
interaction of protons at carbon atoms C3, C4 and C5

[8] indicates equatorial position of phenyl and alkoxy-
carbonyl groups. The position of the fluoroalkyl
substituent can be deduced taking into account the
known fact that the electron-withdrawing fluorinated
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Table 2. Spectral characteristics of compoundsIIa 3g, IIIa 3c,f,h, IV
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compd.
³

IR spectrum,n, cm31 ³ NMR spectrum in CDCl3, d, ppm (J, Hz)
³ ÃÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄno.
³ ³ 1H ³ 19F

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
IIa a ³3040 (C3H stretch), ³Z: 1.26 t (3H, OCH2CHÄÄ3, J 7.2), ³Z: 37.04 d(2F, HCF2, J 53.2)

³1720 (C=O), ³4.35 q (2H, OCHÄÄ2CH3, J 7.2), ³E: 34.23 d(2F, HCF2, J 53.2)
³1690 (CO2Et), ³6.24 t (1H, HCF2, J 53.4), ³
³160031595 (C=C conjug.), ³7.42 m (5H, C6H5), ³
³101031250 (C3F) ³7.96 br.s (1H, CH) ³
³ ³E: 1.29 t (3H, OCH2CHÄÄ3, J 7.2), ³
³ ³4.35 q (2H, OCHÄÄ2CH3, J 7.2), ³
³ ³6.08 t (1H, HCF2, J 53.4), ³
³ ³7.45 m (5H, C6H5), ³
³ ³7.96 s (1H, CH) ³

IIb a ³3050 (C3H stretch), ³Z: 1.29 t (3H, OCH2CHÄÄ3, J 7.2), ³Z: 85.97 s (3F)
³1730 (C=O), ³4.35 q (2H, OCHÄÄ2CH3, J 7.2), ³E: 90.38 s (3F)
³1700 (CO2Et), ³7.47 m (5H, C6H5), ³
³161531570 (C=C conjug.), ³7.81 br.s (1H, CH), ³
³107031300 (CF) ³E: 1.32 t (3H, OCH2CHÄÄ3, J 7.2), ³
³ ³4.33 q (2H, OCHÄÄ2CH3, J 7.2), ³
³ ³7.38 m (5H, C6H5), ³
³ ³7.99 s (1H, CH) ³

IIc a ³3045 (C3H stretch), ³Z: 1.28 t (3H, OCHÄÄ2CH3, J 7.2), ³Z: 23.04 m (2F, HCFÄÄ2CF2,
³1720 (C=O), ³4.35 q (2H, OCH2CHÄÄ3, J 7.2), ³2J 52, 3J 5.5),
³1690 (CO2Et), ³6.23 t.t [1H, H(CF2)2,

2J 52.0, ³41.99 m (2F, HCF2CFÄÄ 2),
³160031570 (C=C conjug.), ³3J 5.5], ³E: 23.8 m (2F, HCFÄÄ 2CF2,
³107031300 (CF) ³7.39 m (5H, C6H5), ³2J 52.0, 3J 5.5),
³ ³7.92 br.s (1H, CH), ³39.40 m (2F, HCF2CFÄÄ2)
³ ³E: 1.35 t (3H, OCHÄÄ2CH3, J 7.2), ³
³ ³4.33 q (2H, OCH2CHÄÄ3, J 7.2), ³
³ ³6.11 t.t [1H, H(CF2)2,

2J 52.0, ³
³ ³3J 5.5], ³
³ ³7.39 m (5H, C6H5), ³
³ ³8.01 s (1H, CH) ³

IId a ³3050 (C3H stretch), ³Z: 1.29 t (3H, OCHÄÄ2CH3, J 7.06), ³Z: 48.21 m (2F, CF2),
³1730 (C=O), ³4.33 q (2H, OCH2CHÄÄ3, J 7.06), ³40.74 m (2F, CF2),
³1700 (CO2Et), ³6.28 t.t [1H, H(CF2)4, 2J 52.0, ³33.11 m (2F, CF2),
³161531570 (C=C conjug), ³3J 5.5], ³24.66 d.m(2F, HCF2, JH3F 52)
³109031280 (CF) ³7.47 m (5H, C6H5), ³E: 45.80 m (2F, CF2),
³ ³7.99 br.s (1H, CH), ³38.73 m (2F, CF2),
³ ³E: 1.32 t (3H, OCHÄÄ2CH3, J 7.06), ³32.51 m (2F, CF2),
³ ³4.35 q (2H, OCH2CHÄÄ3, J 7.06), ³24.66 d.m(2F, HCF2, JH3F 52)
³ ³5.99 t.t [1H, H(CF2)4,

2J 52.0, ³
³ ³3J 5.5], ³
³ ³7.38 m (5H, C6H5), ³
³ ³7.81 s (1H, CH) ³

IIe a ³3030 (C3H stretch), ³Z: 1.29 t (3H, CHÄÄ3CH2, J 7.2), ³Z: 35.05 m (2F, CF2),
³1730 (C=O), ³4.35 q (2H, CH3CHÄÄ2, J 7.2), ³39.05 m (2F, CF2),
³1700 (CO2Et), ³7.54 m (5H, C6H5), ³40.64 m (2F, CF2),
³161031560 (C=C conjug.), ³7.88 br.s (1H, CH), ³40.94 m (2F, CF2),
³109031210 (C3F) ³E: 1.31 t (3H, CHÄÄ3CH2, J 7.2), ³48.52 m (2F, CF2),
³ ³4.33 q (2H, CH3CHÄÄ2, J 7.2), ³81.03 m (3F, CF3)
³ ³7.4 m (5H, C6H5), ³E: 35.68 m (2F, CF2),

ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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Table 2. (Contd.).
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compd.
³

IR spectrum,n, cm31 ³ NMR spectrum in CDCl3, d, ppm (J, Hz)
³ ÃÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

no.
³ ³ 1H ³ 19F

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
IIe a ³ ³8.6 s (1H, CH) ³39.05 m (2F, CF2),

³ ³ ³40.23 m (2F, CF2),
³ ³ ³40.63 m (2F, CF2),
³ ³ ³45.76 m (2F, CF2),
³ ³ ³81.03 m (3F, CF3)³ ³ ³

IIf a ³3075 (C3H stretch), ³Z: 3.85 s (3H, CH3), ³Z: 23.08 m (2F, HCFÄÄ 2CF2,
³1720 (C=O), ³7.46 m (5H, C6H5), ³2J 52.65, 3J 5.5),
³1690 (CO2Me), ³65.28 t.t [1H, H(CF2)2,

2J 52.65, ³41.83 m (2F, HCF2CFÄÄ 2)
³153531600 (C=C conjug.), ³3J 5.5], ³E: 23.77 m (2F, HCFÄÄ 2CF2,
³110031230 (CF) ³7.9 br.s (1H, CH) ³2J 52.65, 3J 5.5),
³ ³E: 3.85 s (3H, CH3), ³39.35 m (2F, HCF2CFÄÄ 2)
³ ³7.39 m (5H, C6H5), ³
³ ³6.09 t.t [1H, H(CF2)2,

2J 52.65, ³
³ ³3J 5.5]; ³
³ ³8.0 s (1H, CH) ³³ ³ ³

IIg a ³3050 (C3H stretch), ³Z: 3.87 s (3H, CH3), ³Z: 36.56 m (2F, CF2),
³1740 (C=O), ³7.48 m (5H, C6H5), ³39.96 m (2F, CF2),
³1710 (CO2Me), ³7.84 s (1H, CH) ³48.25 m (2F, CF2),
³161531565 (C=C conjug.), ³E: 3.87 s (3H, CH3), ³80.88 m (2F, CF3)
³113031290 (CF) ³7.41 m (5H, C6H5), ³E: 36.05 m (2F, CF2),
³ ³8.08 s (1H, CH) ³39.49 m (2F, CF2),
³ ³ ³45.69 m (2F, CF2),
³ ³ ³80.88 m (2F, CF3)³ ³ ³

IIIa b ³3380 (OH), ³0.85 t (3H, OCH2CHÄÄ3, J 7.1), ³28.57 (AB-system, 2F, HCF2,
³1750 (CO2Et), ³3.07 m (3H, H3, H4, H5), ³2JF3F 278, 2JH3F 54.7)
³109031240 (CF) ³3.77 q (2H, OCHÄÄ2CH3, J 7.1), ³
³ ³5.7 t (1H, HCF2, J 54.7), ³
³ ³7.23 s (5H, C6H5) ³³ ³ ³

IIIb b ³3340 (OH), ³0.75 t (3H, OCHÄÄ3, J 7.1), ³79.54 s (3H, CF3)
³1710 (CO2Et), ³3.2934.37 m (3H, H3, H4, H5), ³
³102031220 (CF) ³3.74 q (2H, OCHÄÄ2CH3, J 7.1), ³
³ ³7.29 m (5H, C6H5) ³

IIIc b ³3400 (OH), ³0.72 t (3H, OCH2CHÄÄ 3, J 7.1), ³25.09 d.t (2F, HCFÄÄ2CF2,
³1710 (CO2Et), ³3.36 d (2H, H3, H5, J 12.3), ³2J 51.8, 3J 6.6),
³110531200 (CF) ³4.08 t (1H, H4, J 12.3), ³33.41 (AB-system, 2F,
³ ³3.71 q (2H, OCHÄÄ2CH3, J 7.1), ³HCF2CFÄÄ2,

2J 265.6, 3J 6.6)
³ ³6.52 t.t [2H, 2 H(CF2)2, ³
³ ³2J 51.8, 3J 6.6], ³
³ ³7.28 c (5H, C6H5), ³
³ ³7.47 br.s (2H, 2OH) ³

IIIf ³3490, 3320 (OH), ³3.36 c (3H, OCH3), ³27.02 d.t (2F, HCFÄÄ2CF2,
³1715, 1700 (CO2Me), ³3.50 (AB2-system, 3H, H3, H4, ³2J 52, 3J 6.6),
³111531270 (CF) ³H5, nAB 37.9, JAB 12.5), ³33.44 (AB3system, 2F,
³ ³5.93 s (2H, 2OH), ³HCF2CFÄÄ2,

2J 265.1, 3J 6.6)
³ ³6.13 t.t [H(CF2)2,

2J 52, 3J 6.6], ³
³ ³7.30 br.s (5H, C6H5) ³

ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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Table 2. (Contd.).
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compd.
³

IR spectrum,n, cm31 ³ NMR spectrum in CDCl3, d, ppm (J, Hz)
³ ÃÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

no.
³ ³ 1H ³ 19F

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
IIIh ³3360 (OH), ³0.76 t (3H, OCH2CHÄÄ3, J 7.2), ³35.50 m (2F, CF2),

³1710 (CO2Et), ³3.84 q (2H, OCHÄÄ2CH3, J 7.2), ³41.29 m (4F, 2CF2),
³110031270 (CF) ³3.2234.03 m (3H, H3, H4, H5), ³81.03 m (3F, CF3)
³ ³6.17 s (2H, 2OH), ³
³ ³7.30 s (5H, C6H5) ³

IV b ³1745 (CO2Et), ³1.09, 0.96 2 t (6H, 2OCH2CHÄÄ3, ³23.98320.64 m (2F),
³1710 (CO2Et, C=O), ³J 7.2), ³19.83319.31 m (1F),
³1625 (C=C), ³4.1433.88 2 q (4H, 2OCHÄÄ2CH3, ³16.48315.83 m (1F),
³970 (CF) ³J 7.2), ³12.78312.13 m (1F),
³ ³5.05 (AB3system, 2H, H3, H4, ³8.0437.50 m (1F),
³ ³Dn 29.56, J 11.33), ³5.7535.16 m (1F),
³ ³7.637.28 m (5H, C6H5) ³30.3431.78 m (2F)

ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
a Compounds exist as a mixture ofZ- andE-isomers, the ratio seeTable 1.
b 1H and19F NMR spectra of compounds were recorded inDMSO-d6.

substituent at axial position suffers strong repulsion
from the electron cloud of theaxial hydrogen attached
to C3 or C5 [8]. Consequently the fluoroalkyl substitu-
ent possesses higher conformational energy and there-
fore it with greater probability would occupy the
equatorial position, and the hydroxy group should
obviously take the axialposition.Besides Potapov in
[8, p. 211] gives the conformational energies for
CF3 (8.8 kJ mol31) and OH (2.2 kJ mol31) groups in
substituted cyclohexanes that evidence the prevailing
equatorial orientation of the CF3 substituent (see
figure).

Heterocyclic compoundsIII can be prepared also
from 2-benzylidene-3-oxoestersII . For instance,
boiling in ethanol of 2-benzylidene-3-oxoestersIIa, b
with the corresponding 3-oxoestersIa, b in the
presence of KF furnished tetrahydropyransIIIa, b in
a little higher yields that along the above described
procedure. However ourattempts to prepare unsym-
metrical pyrans by reaction between 3-oxoesters and

2-benzylidene-3-oxoesters with unlike fluoroalkyl
substituents failed for in all cases we obtained
intractable mixtures of compounds.

Somewhat lower values of the stretching vibrations
frequencies of the ester groups in the IR spectra of
compoundsIIIa 3c, f, h as compared with the values
published in [6] are due to the participation of the
groups in the intramolecular hydrogen bonds with the
hydroxy groups (Table 2).

We failed to carry out dehydration of pyransIII
by boiling in toluene in the presence ofp-toluene-
sulfonic acid with azeotropic distillation ofwater.
Apparently the presence of electron-withdrawing
fluoroalkyl substituents and the participation of the
hydroxy groups in the intramolecular hydrogen bonds
stabilize the tetrahydropyran structure of the said
heterocycles and prevent the dehydration.

PentafluorobenzoylacetateIi on boiling in ethanol
with benzaldehyde in the presence of KF affords
compoundIV . In the IR spectrum of the compound
unlike the spectra of pyransIII the absorption band
corresponding to vibration of hydroxy groups is lack-
ing, but instead appears an absorption band at
1625 cm31 characteristic of C=C vibrations. In the
19F NMR spectrum are present the signals from
fluorine atoms of pentafluoro- and tetrafluorobenzene
fragments in 1 : 1ratio. In the 1H NMR spectrum
appears a double set of protons from nonequivalent
ester groups and of two methine protons as
AB-system (J 11.3 Hz).
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Scheme 2.

CompoundIV according to elemental analysis, IR,
1H and 19F NMR spectra may be assigned two struc-
tures: 3,5-diethoxycarbonyl-2-pentafluorophenyl-4-
phenyl-7,8,9,10-tetrafluoro-4,5-dihydrobenzo[b]-
oxacin-6-one (D) or 4,2-(1,3-diethoxycarbonyl-2-
phenyl-1, 3-propylenediyl)-2-pentaflyorophenyl-
5,6,7,8-tetrafluoro-1,3-benzo[d]dioxane(E). The
presumable formation mechanism of compounds D, E
is shown on Scheme 2.Therewith in both cases as
intermediate serves glytarate B that under the reaction
conditions undergoes intramolecular cyclization yield-
ing either heterocycle D (route a) or compound E
(route b via tetrahydropyran A). The cyclization
occurs by intramolecular nucleophilic substitution of
the ortho-fluorine in the pentafluorophenyl substitu-
ent by hydroxygroup, and it isaccompanied by HF
liberation.

Deciding betweenstructures D and E was perform-
ed using13C NMR spectroscopy: in the spectrum of
reaction productIV appeared a signal of carbonyl
group carbon at 190ppm, andthat was possible only
for D structure.

Apparently in the reaction in question as with
fluoroalkyl-substituted 3-oxoesters the primary pro-
duct is glutarate B, but the finally isolated substance
is heterocycleIV that arises as a result of intra-
molecular nucleophilic substitution of theortho-

fluorine in the pentafluorophenyl substituent by
hydroxy group (Scheme 2,route a).

Reactions of 3-oxoesters with benzaldehyde in
anhydrous aprotic solvents (benzene, toluene) result
in 2-benzylidene-3-oxoesters whereas in proton-donor
solvents (alcohols) is favored formation of substituted
pyrans. At boiling in toluene the arising water is
eliminated by azeotropic distillation, and the reaction
stops at the stage of 2-benzylidene-3-oxoester as in
transformations of unfluorinated 3-oxoesters[2]. In
alcoholic medium 2-benzylidene-3-oxoester apparent-
ly adds the second molecule of 3-oxoester affording
as an intermediate 2-benzylidenedi(3-oxoester). The
latter undergoes cyclization into tetrahydropyran at
carbonyl groups attached to the fluorinated substitu-
ents, and one of thecarbonyls preliminary takes up a
molecule of water. Note that formation of pyran
series heterocycles in reactions of fluoroalkyl-contain-
ing 3-oxoesters with benzaldehyde is a specific
feature of these compound compared to unfluorinated
analogs. With the latter depending on the structure of
the acyl substituent the reaction either stopped at
formation of benzylidenedi(3-oxoester)s, or with
acetoacetateoccurred aldol condensation at the methyl
group to afford a substituted cyclohexanone[3]. The
pyrans synthesis from the fluoroalkyl-containing
oxoesters and benzaldehyde is realized due to the
capability of carbonyl groups at fluorinated substitu-
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Table 3. Elemental analyses of compoundsIIa 3g, IIIa 3c, f, h, IV
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compd.
³ Found, % ³

Formula
³ Calculated, %

ÃÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄ
no.

³ C ³ H ³ F ³ ³ C ³ H ³ F
ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄ

IIa ³ 61.27 ³ 4.71 ³ 15.22 ³ C13H12F2O3 ³ 61.42 ³ 4.76 ³ 14.94
IIb ³ 57.11 ³ 4.00 ³ 20.83 ³ C13H11F3O3 ³ 57.36 ³ 4.07 ³ 20.94
IIc ³ 55.29 ³ 4.19 ³ 24.88 ³ C14H12F4O3 ³ 55.27 ³ 3.98 ³ 24.98
IId ³ 47.32 ³ 3.31 ³ 38.00 ³ C16H12F8O3 ³ 47.53 ³ 2.99 ³ 37.60
IIe ³ 41.73 ³ 2.05 ³ 47.00 ³ C18H11F13O3 ³ 41.71 ³ 2.11 ³ 47.02
IIf ³ 54.13 ³ 3.17 ³ 26.59 ³ C13H10O3F4 ³ 53.80 ³ 3.47 ³ 26.19
IIg ³ 44.44 ³ 2.37 ³ 41.90 ³ C15H9F9O3 ³ 44.13 ³ 2.22 ³ 41.89
IIIa ³ 52.03 ³ 5.29 ³ 17.69 ³ C19H22F4O7 ³ 52.05 ³ 5.06 ³ 17.34
IIIb ³ 48.13 ³ 4.27 ³ 24.25 ³ C19H20F6O7 ³ 48.11 ³ 4.25 ³ 24.03
IIIc ³ 46.82 ³ 4.05 ³ 28.30 ³ C21H22F8O7 ³ 46.85 ³ 4.12 ³ 28.23
IIIf ³ 44.98 ³ 3.60 ³ 30.00 ³ C19H18F8O7 ³ 44.72 ³ 3.56 ³ 29.78
IIIh ³ 38.83 ³ 2.62 ³ 44.33 ³ C25H20F18O7 ³ 38.77 ³ 2.60 ³ 44.16
IV ³ 55.16 ³ 2.81 ³ 27.35 ³ C29H17F9O6 ³ 55.07 ³ 2.71 ³ 27.04

ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄ

ent to take up water[9]. The presence in the 3-oxo-
esters of a pentafluorophenyl substituent provides
additional opportunities for transformations, as shows
the example of formation of 3,5-diethoxycarbonyl-2-
pentafluorophenyl-4-phenyl-7,8,9,10-tetrafluoro-4,5-
dihydrobenzo[b]oxacin-6-one.

Thus fluorinated 3-oxoesters in the Knoevenagel
condensation depending on conditions can afford
either acyclic unsaturated ketones or heterocyclic
reaction products.

EXPERIMENTAL

IR spectra were recorded on spectrometer Specord
75IR in the range 40034000 cm31 from mulls in
mineral oil. 1H NMR spectrometers were registered
on spectrometers TeslaBS-567 A andBruker DRX-
400 relative to TMS at operating frequencies 80 and
400 MHz respectively. 19F NMR spectra were
recorded on spectrometer TeslaBS-567 A atoperat-
ing frequency 75 MHz relative to C6F6,

13C NMR
spectra were measured on spectrometer Bruker
DRX-400 (100 MHz, relative to TMS). Elemental
analysis was performed on analyzerCarlo Erba
CHNS-O EA 1108. The IR and NMRspectra are
given in Table 2, the elemental analyses in Table 3.

Ethyl 2-benzylidene-3-oxo-4,4-difluorobutano-
ate (IIa). A mixture of 3-oxoesterIa (3.3 g, 0.02mol)
and of benzaldehyde(2.12 g, 0.02mol) was boiled in
toluene with azeotropic distillation of water for 6 h.
Then toluene was distilled off in a vacuum. On sub-
jecting the residue to column chromatography on

silica gel (eluent benzene) we obtained2.64 g (52%)
of compound IIa as an oily fluid.

Ethyl 2-benzylidene-3-oxo-4,4,4-trifluorobutano-
ate (IIb). In a similar way from 3-oxoesterIb (3.68 g,
0.02 mol) and benzaldehyde(2.12 g, 0.02mol) we
obtained2.94 g (54%) ofcompoundIIb as oily fluid.

Ethyl 2-benzylidene-3-oxo-4,4,5,5-tetrafluoro-
pentanoate (IIc). In a similar way from 3-oxoester
Ic (4.32 g, 0.02mol) and benzaldehyde(2.12 g,
0.02 mol) we obtained3.22 g (53%) ofcompound
IIc as oily fluid.

Ethyl 2-benzylidene-3-oxo-4,4,5,5,6,6,7,7-octa-
fluoroheptanoate (IId). In a similar way from3-oxo-
esterId (6.32 g, 0.02mol) and benzaldehyde(2.12 g,
0.02 mol) we obtained3.23 g (40%) ofcompound
IId as oily fluid.

Ethyl 2-benzylidene-3-oxo-4,4,5,5,6,6,7,7,8,8,9,
9,9-tridecafluorononoate (IIe). In a similar way
from 3-oxoesterIe (8.66 g, 0.02mol) and benz-
aldehyde (2.12 g, 0.02 mol) we obtained4.73 g
(45%) of compoundIIe as oily fluid.

Methyl 2-benzylidene-3-oxo-4,4,5,5-tetrafluoro-
pentanoate (IIf). In a similar way from 3-oxoester
Ib (4.04 g, 0.02mol) and benzaldehyde(2.12 g,
0.02mol) we obtained2.67 g (46%) ofcompoundIIf
as oily fluid.

Methyl 2-benzylidene-3-oxo-4,4,5,5,6,6,7,7,7-
nonafluoroheptanoate (IIg). In a similar way from
3-oxoesterId (6.4 g, 0.02 mol) and benzaldehyde
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(2.12 g, 0.02mol) we obtained2.86 g (40%) of
compound IIg as oily fluid.

2,6-Dihydroxy-2,6-di(difluoromethyl)-3,5-di-
ethoxycarbonyl-4-phenyltetrahydropyran (IIIa).
(a) A mixture of 3-oxoester Ia(16.61 g, 0.1mol),
benzaldehyde(5.31 g, 0.05 mol), andcalcined KF
(1.57 g, 0.027mol) in ethanol (50 ml) was boiled for
638 h. Then the reaction mixture was poured into
100 ml of cold water. Thereaction products were
extracted into ethyl ether (2030 ml). Thecombined
extracts were washed with 40% solution ofNaHCO3
and water. Theether was evaporated under reduced
pressure, and theoily residue solidified. It was
growned into a powder and recrystallized from 50%
aqueous ethanol. We obtained8.77 g (40%) ofcom-
pound IIIa , mp 1283130oC.

(b) Similarly from a mixture of 3-oxoesterIa
(16.61 g, 0.1mol) and of compoundIIa (25.42 g,
0.1 mol) was obtained22.79 g (52%) ofcompounds
IIIa , mp 1283130oC. 2,6-Dihydroxy-2,6-di(tri-
fluoromethyl)-3,5-diethoxycarbonyl-4-phenyltetra-
hydropyran (IIIb). (a) In the same wayfrom 3-oxo-
ester Ib (18.41 g, 0.1 mol), andbenzaldehyde
(5.31 g, 0.05mol) was obtained10.19 g (43%) of
compound IIIb , mp 1153117oC [5]. (b) Similarly
from a mixture of 3-oxoesterIb (18.41 g, 0.1mol)
and of compoundIIb (27.22 g, 0.1mol) was obtained
26.09 g (55%) ofcompoundsIIIb , mp 1153117oC.

2,6-Dihydroxy-2,6-di(1,1,2,2-tetrafluoroethyl)-
3,5-diethoxycarbonyl-4-phenyltetrahydropyran
(IIIc). In the same wayfrom 3-oxoesterIc (21.61 g,
0.1 mol), andbenzaldehyde(5.31 g, 0.05mol) was
obtained9.42 g (35%) ofcompoundIIIc , mp 1253
127oC.

2,6-Dihydroxy-2,6-di(1,1,2,2-tetrafluoroethyl)-
3,5-dimethoxycarbonyl-4-phenyltetrahydropyran
(IIIf). In the same wayfrom 3-oxoesterIf (20.21 g,
0.1 mol), andbenzaldehyde(5.31 g, 0.05mol) was
obtained10.21 g (40%) ofcompoundIIIf , mp 1433
144oC.

2,6-Dihydroxy-2,6-di(nonafluorobutyl)-3,5-di-
ethoxycarbonyl-4-phenyltetrahydropyran (IIIh). In
the same wayfrom 3-oxoesterIh (33.41 g, 0.1 mol),
and benzaldehyde(5.31 g, 0.05mol) was obtained
13.16 g (34%) ofcompoundIIIh , mp 1253127oC.

3,5-Diethoxycarbonyl-2-pentafluorophenyl-4-
phenyl-7,8,9,10-tetrafluoro-4,5-dihydrobenzo[b]-

oxacin-6-one (IV). By a similar procedure from
3-oxoesterIi (28.22 g, 0.1mol) and benzaldehyde
(5.31 g, 0.05 mol) was obtained and isolated by
column chromatography on silica gel (eluent chloro-
form) compoundIV in 12.01 g (38%) yield, mp 1053
106oC. 13C NMR spectrum (DMSO-d6) d, ppm:
13.11 (C8), 13.63 (C11), 45.54 (C4), 60.83 (C3),
61.49 (C7), 62.11 (C10), 128.53 (C14, C16), 128.99
(C13, C17), 131.83 (C2), 138.17 (C12), 146.22 (C1),
163.72 (C6), 166.75 (C9), 190.0 (C5).

REFERENCES

1. Vatsuro,K.V. and Mishchenko,G.L., Imennye reak-
tsii v organicheskoi khimii (Personal Reaction in
Organic Chemistry), Mosocw: Khimiya, 1976.

2. Gardner,P.D. and Brandon, R.L., J. Org. Chem.,
1957, vol. 22, p. 1704.

3. Gnanadickam, C.,Ann. Chim.,1962, vol. 7, no. 113
12, pp. 8263829.

4. Katsuyama, I., Funabiki, K., Matsui, M., Murama-
tsu, H., and Shibata, K.,Chem.Lett., 1996, p. 179.

5. Dey, A.S. andJoullie, M.M., J. Org. Chem.,1965,
vol. 30, no. 9, pp.323733239.

6. Kazitsina, L.A. and Kupletskaya,N.B., Primenenie
UF-, IK-, YaMR- i mass-spektroskopii v organicheskoi
khimii(Application of UV, IR, NMR and Mass Spectro-
scopy in OrganicChemistry), Moscow:Moskovskii
Gos. Univ., 1979.

7. Danion-Bougot, R. andCarrie, R., C.r., 1967,
vol. 264, pp. 4573460; Currie, D.J., Lough, C.E.,
McClusky,F.K., andHolmes,H.L., Canad. J.Chem.,
1969, vol. 47, pp.314733152.

8. Potapov, V.M., Stereokhimiya,Moscow: Khimiya,
1988, p. 211.

9. Pashkevich,K.I. and Saloutin, V.I., Usp. Khim.,
1985, vol. 54, no. 12, p.1997; Pashkevich,K.I., Skrya-
bina, Z.E., andSaloutin,V.I., Izv. Akad.NaukSSSR,
Ser. Khim.,1987, no. 11, pp.252732535; Skryabi-
na, Z.E.,Burgart,Ya.V., andSaloutin,V.I., Zh. Org.
Khim., 1997, vol. 33, no. 9, pp. 4423444; Bur-
gart, Ya.V., Kuzueva,O.G.,Kodess,M.I., and Salou-
tin, V.I., Zh. Org.Khim., 1998, vol. 34, no. 3, pp. 4053
410; Kuzueva,O.G.,Burgart,Ya.V., andSaloutin,V.I.,
Izv. Akad. Nauk, Ser. Khim.,1998, no. 4, pp. 6953
699; Burgart,Y.V., Fokin,A.S., Kuzueva,O.G., Chu-
pakhin, O.N., and Saloutin, V.I., J. Fluor. Chem.,
1998, vol. 92, no. 2, pp. 1013108.


