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Abstract—Depending on conditions, fluorinated 3-oxoesters in reactions with benzaldehyde eifioed
2-benzylidene-3-fluoroalkyl-3-oxoesters or 3,5-dialkoxycarbonyl-2,6-dihydroxy-2,6-difluoroalkyl-4-phenyl-
tetrahydropyrans. The latter wer@so 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 In the IR spectra of compoundk -g was observ-
aldehydes (Knoevenagel reaction) is extensively useed a shift to lower frequencies B0 cni! of absorp-
in organic synthesis for preparation of various comion bands corresponding to the ester and keto
pounds[1]. Depending on conditions and structurescarbonyl groups as compared with the values char-
of the initial reagents unfluorinated 3-oxoesters inacteristic of the keto form of the initial 3-oxoesters
reaction with aromatic aldehydes furnish either[6]; this fact was caused byheir participation in a
2-arylmethylene-3-oxoesters,  2-arylmethylenedi(3{ong conjugation chain (Table 2).
oxoesters), ocyclohexanones [3]. The data on this
type reactions with fluorinated 3-oxoesters is limited
to transformations of trifluoroacetoacetic acid este
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(trifluoro-  compoundsila-g all the carbonyl absorption bands

methyl)tetrahydropyrangs]. are broadened or sometimes are doubled confirming
In this study, weinvestigated reaction of fluoro- the presence of twasomers.

containing 3-oxoesterk-i with benzaldehyde under

various conditions.

In compoundslla-g Z,E-isomers exist due to
variation in substituents position at a C=lédbnd. In
their *H and 'F spectra appear two sets of signals
indicating that the compounds are present in solutions
as a mixture oE- andZ-isomers. In the IR spectra of

The ratio of E- and Z-isomers was derived from
the analysis of signals belonging to methine protons
It was shown that boiling for €8 h of equimolar in the 'H NMR spectra. Ineach case one of methine
amounts of 3-oxoesterta-g and benzaldehyde in protons signals looks like a broadened singlet
aprotic solvents (toluendyenzene) in the presence of apparently due to interaction with fluorine atoms of
piperidine as catalyst with simultaneous azeotropi¢he fluoroalkyl substituent; this is possible only in the
distillation of the forming water afforded fluoroalkyl- Z-isomer. Theexistence of such interaction is sug-
containing 2-benzylidene-3-oxoesterda-g in a gested by the'® NMR spectrum of 2-benzylidene-

limited yield (Scheme 1). The yields of reactipno-  substituted trifluoroacetoacetatéib registered in
ducts decrease with the growing length of the chairfCDCl; with digital resolution0.122 Hz per point. In
in fluoroalkyl substituent. the spectrum appears a singlet from trifluoromethyl
group of theE-isomer at 85.99pm, and adoublet

Compoundslla-g were light-yellow oily sub- from this group belonging to theZ-isomer at
stances that were purified by column chromatograph)éo 42 ppm J 1 Hz)
. F—H .

on silica gel (eluent hexane, benzene). Note that elu-
tion with benzene considerably enhanced the yield of Besides in [7] was demonstrated that sigrfatsn
products. methine protons ofE-isomers 2-arylmethylene-sub-
R — stituted acetoacetates appeared downfield with respect
" The study was carried out under financial support of fus-  t0 the corresponding signals af-isomers. This
sian Foundation for Basic Researdrant no. 00-03-32767a) relation is conserved with the fluoroalkyl-substituted
and INTAS (granyt no.00-711). analogslla-g.
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REACTION OF FLUORO-CONTAINING 3-OXOESTERS WITH BENZALDEHYDE 225

Scheme 1. Table 1. Ratio of Z- and E-isomers in 2-benzylidene-3-
oxoesterslla-g according to NMR spectra recorded in
Toluene, CDCl,
boiling
Ry | OR H | Ph Ph H
0O O Ry OR RF\'X(OR
N H. O Ma-g o O O O
F OR Rg OR VA E
Y. B| B.EIOH,| Y Y
(ONNg] boili 0 |
“H oting ~gO Compd.| R- R |Z-isomer, % E-isomer, %
Ia-h Ia, b no.
EtOH, lla HCF Et 46 54
boilin 2
[ 2oTINE _ OR OR b | CF Et 48 52
0% X0 lic H(CF,), Et 39 61
= ’ If H(CF. Me 34 66
H\O O O/H ( 2)2
R. R Ild H(CF)), Et 25 75
FooE lig C.F, Me 36 64
Illa—c,f, h lle CeFis Et 29 71

R = Et: R = HCF, (a), CF; (b), H(CF), (c),

H(CF,), (d), CF15 (€); R = Me: Re = H(CF,), (f). _ _
(CFa (), CoFss (€) & Re = HCF). () observed as is possible only for pyrasiructure,

whereas for structure B two sets of signals should
appear.Besides the signalsom protons H, H*4, H°
appear asAB,-system that can exist only in pyran
The ratio of E- and Z-isomers is individual for structure when two magnetically-equivalent protons
eachcase. It should beoted however that with di- are coupled with thehird nonequivalenone. In the
fluoromethyl and trifluoromethyl substituents in 1% NMR spectra two equivalent fluoroalkyl groups
compounddla, b the content oZ- andE-isomers is  give rise to a single set afignals, and therewith the
approximately equal, and with growing length of thesignal from fluorine atomsttached tox-carbon ap-
fluoroalkyl substituent (compoundsc -g) the E-iso-  pears asAB-system. The lattefact is characteristic of

C,F, (2): R=Et R, = C,F, (h): B=KF. HN ).

mer becomes prevailing (Table 1). fluoroalkyl group bonded to an asymmetriczgnter.
Under the other conditions, namely, teating in
ethanol at reflux in the presence béses, from the Ph OH Ph R
reaction mixtures of 3-oxoestera-c, f, h with RO.C CO.R Ry K
benzaldehyde were isolated compounida -c, f, h. : " HO X0
As catalysts were applied KF ammdperidine, and the HO O NoH RO,C CO,R
yield with KF were higher. Ry Ry
A B

According to elemental analyses two structures
can be ascribed to compounddl with equal In the structure of tetrahydropyranfa -c, f, h
probability: cyclic tetrahydropyran A and open-chain are present 4 chiral and 1 pseudochiral centers. There-
substituted dialkyl glutarate B. In reaction of tri- fore they can exist as 1€tereocisomers. However, the
fluoroacetoacetate with benzaldehyde [5] wasanalysis of NMR spectra shows that in every case
separated a substance with a similar value of meltingnly one diastereomer ispresent, apparently
point as we found for compouritib . To this product racemate. The experimentahlue of coupling con-
in [5] was ascribed pyran structure basing only on thestant (12.3-12.5 Hz) corresponding to axial-axial
IR spectrum. Weapplied to structure determination interaction of protons at carbon atoms, ©* and C
of compounddlla -c, f, h H and'%F NMR spectro- [8] indicates equatorial position of phenyl and alkoxy-
scopy that provide a possibility of deciding betweencarbonyl groups. The position of the fluoroalkyl
the presumed structures. In thel NMR spectra a substituent can be deduced taking into account the
single set of proton signals from two ester groups iknown fact that the electron-withdrawing fluorinated
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Table 2. Spectral characteristics of compourts-g, llla-c,f,h, IV

NMR spectrum in CDCl| 3, ppm (, Hz)

Compd. IR spectrum,v, cn'
no. 1H 19F
lla® 3040 (GH stretch), Z: 1.26 t (3H, OCHCH,, J 7.2), Z: 37.04 d(2F, HCF, J53.2)
1720 (C=0), 4.35 q (2H, OCHCH,, J 7.2), E: 34.23 d(2F, HCF, J53.2)
1690 (CQEt), 6.24 t (1H, HCE, J 53.4),
1600-1595 (C=C conjug.), |7.42 m (5H, GH.),
1010-1250 (G-F) 7.96 br.s (1H, CH)
E: 1.29 t (3H, OCHCH,, J 7.2),
4.35 q (2H, OCHCH,, J 7.2),
6.08 t (1H, HCE, J 53.4),
7.45 m (5H, GH,),
7.96 s (1H, CH)
lb? 3050 (G-H stretch), Z: 1.29 t (3H, OCHCH,, J 7.2), Z: 85.97 s (3F)
1730 (C=0), 4.35 q (2H, OCHCH,, J 7.2), E: 90.38 s (3F)
1700 (CQEt), 7.47 m (5H, GH,),
1615-1570 (C=C conjug.), |7.81 br.s (1H, CH),
1070-1300 (CF) E: 1.32 t (3H, OCHCH,, J 7.2),
4.33 q (2H, OCHCH,, J 7.2),
7.38 m (5H, GH,),
7.99 s (1H, CH)
lic? 3045 (G-H stretch), Z: 1.28 t (3H, OCHCH,, J 7.2), Z: 23.04 m (2F, HCFECF,,
1720 (C=0), 4.35 g (2H, OCHCH,, J 7.2), ) 52, %) 5.5),
1690 (CQEt), 6.23 t.t [1H, H(CF), 2J 52.0, 41.99 m {F, HCFCF,),
1600-1570 (C=C conjug.), |*J 5.5], E: 23.8 m (2F, HCKCF,
1070-1300 (CF) 7.39 m (5H, GH,), 2] 52.0, % 5.5),
7.92 br.s (1H, CH), 39.40 m (2F, HCFCF,))
E: 1.35 t (3H, OCHCH,, J 7.2),
4.33 q (2H, OCHCH,, J 7.2),
6.11 t.t [1H, H(CR), 2J 52.0,
%) 5.5],
7.39 m (5H, GH,),
8.01 s (1H, CH)
ld? 3050 (G-H stretch), Z: 1.29 t (3H, OCHCH,, J 7.06), Z: 48.21 m (2F, CF),

lle

1730 (C=0),

1700 (CQEv),

1615-1570 (C=C conjug),
1090-1280 (CF)

3030 (GH stretch),

1730 (C=0),

1700 (CQEv),

1610-1560 (C=C conjug.),
1090-1210 (GF)

4.33 q (2H, OCHCH, J 7.06),
6.28 t.t [1H, H(CF), 2J 52.0,
3 5.5],

7.47 m (5H, GHy),

7.99 br.s (1H, CH),

E: 1.32 t (3H, OCHCH, J 7.06),
4.35 q (2H, OCHCH, J 7.06),
5.99 t.t [1H, H(CE), 2J 52.0,
3 5.5],

7.38 m (5H, GHy),

7.81 s (1H, CH)

Z 1.29 t (3H, CHCH, J 7.2),
4.35 q (2H, CHCH,, J 7.2),
7.54 m (5H, GH,),

7.88 br.s (1H, CH),

E: 1.31 t (3H, CHCH, J 7.2),
4.33 q (2H, CHCH,, J 7.2),
7.4 m (5H, GHy),

40.74 m (2F, CF),

33.11 m (2F, CF),

24.66 d.m(2F, HCR, J, - 52)
E: 45.80 m (2F, CF),
38.73 m (2F, CF),

32.51 m (2F, CF),

24.66 d.m(2F, HCR, J, - 52)

Z 35.05 m (2F, CF),
39.05 m (2F, CF),
40.64 m (2F, CF),
40.94 m (2F, CF),
48.52 m (2F, CF),
81.03 m (3F, CF)
E: 35.68 m (2F, CR),
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NMR spectrum in CDCl| 3, ppm (, Hz)

Compd. IR spectrum,v, cnmt
no. 1y 198
lle? 8.6 s (1H, CH) 39.05 m (2F, CR),
40.23 m (2F, CF),
40.63 m (2F, CF),
45.76 m (2F, CF),
81.03 m (3F, CF)
lf 2 3075 (GH stretch), Z: 3.85 s (3H, CH), Z: 23.08 m (2F, HCF,CF,,
1720 (C=0), 7.46 m (5H, GH.), 2 52.65, °J 5.5),
1690 (CQMe), 65.28 t.t [1H, H(CE), %) 52.65, 41.83 m (2F, HCFECF,)
1535-1600 (C=C conjug.), |*J 5.5], E: 23.77 m (2F, HCF,CF,,
1100-1230 (CF) 7.9 br.s (1H, CH) 2 52.65, °J 5.5),
E: 3.85 s (3H, CH), 39.35 m (2F, HCECF,)
7.39 m (5H, GH.),
6.09 t.t [1H, H(CE), 2J 52.65,
%) 5.5];
8.0 s (1H, CH)
lig® 3050 (GH stretch), Z: 3.87 s (3H, CH), Z: 36.56 m (2F, CR),
1740 (C=0), 7.48 m (5H, GH.), 39.96 m (2F, CR),
1710 (CQMe), 7.84 s (1H, CH) 48.25 m (2F, CF),
1615-1565 (C=C conjug.), |E: 3.87 s (3H, CH), 80.88 m (2F, CF)
1130-1290 (CF) 7.41 m (5H, GH.), E: 36.05 m (2F, CF),
8.08 s (1H, CH) 39.49 m (2F, CR),
45.69 m (2F, CF),
80.88 m (2F, CF)
la ® 3380 (OH), 0.85 t (3H, OCHCH,, J 7.1), 28.57 @AB-system, 2F, HCE
1750 (CQE), 3.07 m (3H, H, H* HY, 2. 278, %), 54.7)
1090-1240 (CF) 3.77 q (2H, OCHCH,, J 7.1),
5.7 t (1H, HCE, J 54.7),
7.23 s (5H, GHy)
b ® 3340 (OH), 0.75 t (3H, OCH, J 7.1), 79.54 s (3H, CH
1710 (CQEY), 3.29-4.37 m (3H, H, H' HY,
1020-1220 (CF) 3.74 q (2H, OCHCH,, J 7.1),
7.29 m (5H, GH.)
lic ® 3400 (OH), 0.72 t (3H, OCHCH,, J 7.1), 25.09 d.t (2F, HCECF,,

f

1710 (CQE),
1105-1200 (CF)

3490, 3320 (OH),
1715, 1700 (CQMe),
1115-1270 (CF)

3.36 d (2H, H, H® J 12.3),
4.08 t (1H, H, J 12.3),

3.71 q (2H, OCHCH,, J 7.1),
6.52 t.t [2H, 2 H(CBE),

2] 51.8, %) 6.6],

7.28 ¢ (5H, GH.),

7.47 br.s (2H,20H)

3.36 ¢ (3H, OCH),

3.50 @AB,-system, 3H, B H"
H° vas 37.9, Jg 12.5),

5.93 s (2H, 20H),

6.13 t.t [H(CR), 2J 52, 3] 6.6],
7.30 br.s (5H, GH,)

2) 51.8, %) 6.6),
33.41 AB-system, 2F,
HCF,CF,, 2] 265.6, °J 6.6)

27.02 d.t (2F, HCECF,,
%) 52, %) 6.6),

33.44 QAB-system, 2F,
HCF,CF,, 2] 265.1, %] 6.6)
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NMR spectrum in CDCl| 3, ppm (, Hz)

Compd. IR spectrum,v, cm*
no. 1H 19F
llih 3360 (OH), 0.76 t (3H, OCHCH,, J 7.2), 35.50 m (2F, CF),

1710 (CQEY),
1100-1270 (CF)

3.84 q (2H, OCHCH,, J 7.2),
3.2224.03 m (3H, H, H* HY,

41.29 m (4F, 2CF),
81.03 m (3F, CF)

6.17 s (2H, 20H),
7.30 s (5H, GH.)

V& 1745 (CQE), 1.09, 0.96 2 t (6H, 20CH,CH., 23.98-20.64 m (2F),
1710 (CQEt, C=0), J7.2), 19.83-19.31 m (1F),
1625 (C=C), 4.14-3.88 2 q (4H, 20CH,CH,, 16.48-15.83 m (1F),
970 (CF) J7.2), 12.78-12.13 m (1F),

5.05 (@AB-system, 2H, B H*
Av 29.56,J 11.33),
7.6-7.28 m (5H, GH.)

8.04-7.50 m (1F),
5.755.16 m (1F),
-0.34-1.78 m (2F)

% Compounds exist as a mixture pf andE-isomers, the ratio setable 1.
® 14 and'®F NMR spectra of compounds were recordedidSO-d;.

substituent at axial position suffers strong repulsior2-benzylidene-3-oxoesters with unlike fluoroalkyl
from the electron cloud of thaxial hydrogen attached substituents failed for in all cases we obtained
to C3 or C° [8]. Consequently the fluoroalkyl substitu- intractable mixtures of compounds.

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 axiaposition. Besides Potapov in

Somewhat lower values of the stretching vibrations
frequencies of the ester groups in the IR spectra of
compounddlla -c, f, h as compared with the values
published in [6] are due to the participation of the

[8, p. 211] gives the conformational energies for : : :
1 ~ : groups in the intramolecular hydrogen bonds with the
CF; (8.8 kJ moit) and OH (2.2 kJ mot) groups in hydroxy groups (Table 2).

substituted cyclohexanes that evidence the prevailing _ _
equatorial orientation of the GFsubstituent (see ~ We failed tocarry out dehydration of pyransl
by boiling in toluene in the presence gpftoluene-

figure).

gure) sulfonic acid with azeotropic distillation ofvater.
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.

Pentafluorobenzoylacetate on boiling in ethanol
with benzaldehyde in the presence of KF affords
compoundlV. In the IR spectrum of the compound
unlike the spectra of pyran$l the absorption band
corresponding to vibration of hydroxy groups is lack-

Heterocyclic compound#ll can be prepared also ing, but instead appears an absorption band at
from 2-benzylidene-3-oxoester$l . For instance, 1625 cm! characteristic of C=C vibrations. In the
boiling in ethanol of 2-benzylidene-3-oxoestéis, b 1%F NMR spectrum are present the signals from
with the corresponding 3-oxoestefs, b in the fluorine atoms of pentafluoro- and tetrafluorobenzene
presence of KF furnished tetrahydropyrdtsa, b in  fragments in 1:1ratio. In the 'H NMR spectrum
a little higher yields that along the above describechppears a double set of protons from nonequivalent
procedure. However ouattempts to prepare unsym- ester groups and of two methine protons as
metrical pyrans by reaction between 3-oxoesters anAB-system § 11.3 Hz).
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Scheme 2.
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ComPoundIV according to elemental analysis, IR, fluorine in the pentafluorophenyl substituent by
'H and **F NMR spectra may be assigned two struc-hydroxy group (Scheme 2,route a).
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-pentaflyophenyl-

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
5,6,7,8-tetrafluoro-1,3-benzo[d]dioxane(E). The v ans - At boiling in toluene the arising water is

presumable formation mechanism of compounds D, Ejiminated by azeotropic distillation, and the reaction
is shown on Scheme Zlherewith in both cases as gigns at the stage of 2-benzylidene-3-oxoester as in
intermediate serves glytarate B that under the reactiopsnsformations of unfluorinated 3-oxoestd®. In
conditions undergoes intramolecular cyclization yield-zcoholic medium 2-benzylidene-3-oxoester apparent-
ing either heterocycle D (route &) or compound Ejy adds the second molecule of 3-oxoester affording
(route b via tetrahydropyran A). The cyclization 35 an intermediate 2-benzylidenedi(3-oxoester). The
occurs by intramolecular nucleophilic substitution ofatter undergoes cyclization into tetrahydropyran at
the ortho-fluorine in the pentafluorophenyl substitu- carbonyl groups attached to the fluorinated substitu-
ent by hydroxygroup, and it isaccompanied by HF ents, and one of thearbonyls preliminary takes up a
liberation. molecule of water. Note that formation of pyran
Deciding betweestructures D and E was perform- _series heterocycles jn reactions of quoro_aIkyI-conta_ir_l-
ed using’3C NMR spectroscopy: in the spectrum of INd  3-oxoesters with benzaldehyde is a specific
reaction productlV appeared a signal of carbonyl feature of these compound compared to unfluorinated

T rbon at 1 m. andth ible only analogs. With t_he latter depend_ing on the structure of
?o?ug Cs?rl?gtufet 9ppm, andthat was possible only the acyl substituent the reaction either stopped at

formation of benzylidenedi(3-oxoester)s, or with
Apparently in the reaction in question as with acetoacetateccurred aldol condensation at the methyl
fluoroalkyl-substituted 3-oxoesters the primary pro-group to afford a substituted cyclohexandBé The
duct is glutarate B, but the finally isolated substanceyrans synthesis from the fluoroalkyl-containing
is heterocyclelV that arises as a result of intra- oxoesters and benzaldehyde is realized due to the
molecular nucleophilic substitution of thertho-  capability of carbonyl groups at fluorinated substitu-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 2 2002



230 PRYADEINA et al.

Table 3. Elemental analyses of compounids—g, llla-c, f, h, IV

Found, % Calculated, %
Compd.
no. Formula
C H F C H F

lla 61.27 4.71 15.22 C,H.,F,0;, 61.42 4.76 14.94
Ib 57.11 4.00 20.83 C,H,,F:0, 57.36 4.07 20.94
lic 55.29 4.19 24.88 C,H,F,O, 55.27 3.98 24.98
Iid 47.32 3.31 38.00 C,H1,F:0; 47.53 2.99 37.60
lle 41.73 2.05 47.00 C,gH11F10; 41.71 2.11 47.02
If 54.13 3.17 26.59 C,H.05F, 53.80 3.47 26.19
llg 44 .44 2.37 41.90 C,HoF,0, 4413 2.22 41.89
lla 52.03 5.29 17.69 C,H,,F,0O; 52.05 5.06 17.34
b 48.13 4.27 24.25 C,H,0FO; 48.11 4.25 24.03
llic 46.82 4.05 28.30 C,H,,F:0, 46.85 4.12 28.23
lnif 44 .98 3.60 30.00 C,H15F:0; 44.72 3.56 29.78
lh 38.83 2.62 44.33 C,eH,0F 10 38.77 2.60 44.16
v 55.16 2.81 27.35 CoH,7FO5 55.07 2.71 27.04

ent to take up watef9]. The presence in the 3-oxo- silica gel (eluent benzene) we obtaineéb4 g (52%)
esters of a pentafluorophenyl substituent provide®f compoundlla as an oily fluid.

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.

Ethyl 2-benzylidene-3-0x0-4,4,4-trifluorobutano-
ate (lIb). In a similar way from 3-oxoestdb (3.68 g,
0.02 mol) and benzaldehyd&.12 g, 0.02mol) we

_ _ obtained2.94 g (54%) ofcompoundilb as oily fluid.
Thus fluorinated 3-oxoesters in the Knoevenagel

condensation depending on conditions can afford Ethyl 2-benzylidene-3-oxo-4,4,5,5-tetrafluoro-
either acyclic unsaturated ketones or heterocycli®entanoate (lic). In a similar way from 3-oxoester

reaction products. Ic (4.32 g, 0.02mol) and benzaldehydé¢2.12 g,
0.02 mol) we obtained3.22 g (53%) ofcompound
EXPERIMENTAL llc as oily fluid.

IR spectra were recorded on spectrometer Specor Ethyl 2-benzylidene-3-ox0-4,4,5,5,6,6,7,7-octa-
75IR in the range 4081000 cm® from mulls in fuoroheptanoate (ild). Ina similar way from3-oxo-
mineral oil. 'H NMR spectrometers were registered €stérld (6.32 g, 0.02mol) and benzaldehydg.12 g,
on spectrometers TesBS-567 A andBruker DRX-  0.02 mol) we obtained3.23 g (40%) ofcompound
400 relative to TMS at operating frequencies 80 and!d as oily fluid.

400 MHz respectlvely. F NMR spectra were Ethy' 2-benzy|idene-3-0xo-4,4,5,5,6,6,7,7,8,8,9,
recorded on spectrometer Tesk5-567 A atoperat- g g_trigecafluorononoate (lle). In a similar way
ing frequency 75 MHz relative t0 s “C NMR o 3 ox0esterle (8.66 g, 0.02mol) and benz-

spectra were measured on spectrometer Bruk€flyenvde (2.12 g. 0.02mal) we obtained4.73
DRX-400 (100 MHz, relative to TMS). Elemental (45%)3’ Of(cbmpghnd'”e as)o;f; ehah e

analysis was performed on analyz€arlo Erba
CHNS-O EA 1108. The IR and NMRspectra are Methyl 2-benzylidene-3-oxo0-4,4,5,5-tetrafluoro-
given in Table 2, the elemental analyses in Table 3pentanoate (IIf). In a similar way from 3-oxoester
Ib (4.04 g, 0.02mol) and benzaldehydé2.12 g,
0.02mol) we obtaine®.67 g (46%) ofcompoundIf
as oily fluid.

Ethyl 2-benzylidene-3-o0x0-4,4-difluorobutano-
ate (lla). A mixture of 3-oxoestefa (3.3g, 0.02nol)
and of benzaldehyd@.12 g, 0.02mol) was boiled in
toluene with azeotropic distillation of water for 6 h.  Methyl 2-benzylidene-3-oxo-4,4,5,5,6,6,7,7,7-
Then toluene was distilled off in a vacuum. On sub-nonafluoroheptanoate (llg). In a similar way from
jecting the residue to column chromatography or-oxoesterld (6.4 g, 0.02mol) and benzaldehyde

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 2 2002



REACTION OF FLUORO-CONTAINING 3-OXOESTERS WITH BENZALDEHYDE 231
(2.12 g, 0.02mol) we obtained2.86 g (40%) of
compoundllg as oily fluid.

2,6-Dihydroxy-2,6-di(difluoromethyl)-3,5-di-
ethoxycarbonyl-4-phenyltetrahydropyran (llla).

oxacin-6-one (IV). By a similar procedure from
3-oxoesterli (28.22 g, 0.1mol) and benzaldehyde
(5.31 g, 0.05mol) was obtained and isolated by
column chromatography on silica gel (eluent chloro-
(@) A mixture of 3-oxoester la(16.61 g, Ormol), ~form) compoundV:in 12.01 g (38%) yield, mp 105
benzaldehydg(5.31 g, 0.05 mol), andtalcined KF  106°C. ~C NMR spectrum (DMSGH) 8, ppm:
(1.57 g, 0.027mol) in ethanol (50 ml) was boiled for 13-11 (C), 13.63 (C%), 45.54 (C‘?, 60.83 ©),
6-8 h. Then the reaction mixture was poured into61.49 (g), 62.11 (C°), 128.53 (éz, C'9), 128.99
100 ml of cold water. Thereaction products were (C'% C'), 131.83 (€), 138.17 (C?), 146.22 (C),
extracted into ethyl ether (230 ml). Thecombined 163.72 (C6), 166.75 (3, 190.0 (C).

extracts were washed with 40% solution M&HCO;,
and water. Theether was evaporated under reduced
pressure, and theoily residue solidified. It was
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