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SYNTHESIS OF SOME FLUROPHENYL
4-OXOCYCLOPENTANE[d]ISOXAZOLINES AND THEIR DIOXOLANE DERIVATIVES

A number of new fluorophenyl 4-oxocyclopentane[d]isoxazolines and their dioxolane derivatives
has been synthesized. The obtained substances are of the interest as the perspective biologically active
compounds as well as the intermediates in total synthesis of fluorinated prostaglandin analogues.

Introduction. Various cyclic B-di- and pB-
triketones are of interest as multifunctional com-
pounds, while many of them show various biologi-
cal activities [1-3]. The fluorine containing ana-
logs of natural compounds are of particular impor-
tance [4-6], since the replacement of hydrogen
atoms by fluorine due to the similarity of their
sizes does not significantly change the steric struc-
ture of molecules [7]. |. In the case of biologically
active compounds this causes their complementar-
ity with receptors, thus providing retention or en-
hancement of the biological properties of fluori-
nated analogs [1, 7]. As a rule their chemical and
metabolic stability also increases. Therefore the
development of the synthetic scheme for prepara-
tion of new analogs of cyclic B-triketones with
fluorine containing side acyl chain is very actual.

The aim of this work is to realize the scheme of
synthesis of cyclic B-triketone analogs precursors
with fluorine containing acyl side chain as syn-
thons for the preparation of new fluorinated prosta-
noids [8, 9].

Main part. Within nitrile oxide approach new
fluorine containing 3-aryl-4-oxocyclopentane-[d]iso-
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xazolines have been obtained at the first step of
this work via 1,3-dipolar cycloaddition reaction of
unsaturated dipolarophiles and the corresponding
nitrile oxides. There was used as dipolarophile
2-cyclopentenone which being synthesized in pre-
parative amounts from dicyclopentadiene.

Hydroximoyl chlorides 3 a, b (Scheme 1) were
used as nitrile oxides precursors. In this connec-
tion, oximes 2 _a, b were synthesized from 2-
fluoro- or 4- fluorobenzaldehyde 1 a, b via the in-
teraction of fluorine containing aromatic aldehydes
with hydroxylamine hydrochloride (Scheme 1).

In the reaction conditions of 1,3-dipolar cyclo-
addition, hydroximoyl chlorides 3 a, b were con-
verted by action of triethylamine to nitrile oxides
4 a, b, which were trapped in situ by 2-cyclopen-
tenone (Scheme 2).

Cycloaddition reaction was carried out at room
temperature, the products were isolated by column
chromatography on silica gel (eluent: ether — light
petroleum). As a result 4-0x0-3-(0-fluorophenyl)-
440r 4-oxo-3-(n-fluorophenyl)-cyclopent[d]-isoxa-
zolines 5 a, b were isolated, the yield being 58.1
and 40.0%, respectively (Table).
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Yields and physical properties of fluorine-containing condensed cyclopentane[d]isoxazolines
and their dioxolane derivatives

Compound Structural formula Mqlecular Empirical Yield, % M.p., C°
number weight, M formula
Sa
219.21 CoHoFNO, 58.1 84-87
Sb
219.21 C,H0(FNO, 40.0 134-137
6a
263.26 C14H14FNO; 30.0 114-117
6b
263.26 Ci4H4FNO; 50.5 115-118

The structure of the obtained products has been
confirmed with the aid of modern physical-
chemical methods of organic compounds analysis.
The most characteristic signals for proof of the
prepared isoxazoline 5 a structure (Fig. 1) in the 'H
NMR spectrum are those of H-8 and H-12 (PG
numeration of atoms is used to facilitate the spec-
tral characteristics comparison).

Thus, the proton H-8 signal appears at 4.34
ppm as doublet with a spin-spin coupling constant

J = 8.7 Hz. The signal as doublet of doublets in the
5.56 ppm region (J; = 8.7; J, = 5.2 Hz) corre-
sponds to proton H-12. Chemical shifts and multi-
plicity of signals in "H NMR spectrum confirm the
proposed structure 5 a.

Thus, the shift of H-12 signal to a weaker field
compared with H-8 signal is due to the more sig-
nificant discreening influence of the isoxazoline
oxygen atom than that of the cyclopentane car-
bonyl group.

8,0 7,5 7,0 6,5 6,0 5,5

5,0 4,5 4,0 3,5 3,0 2,5

Fig. 1. "H NMR spectrum of 4-oxo-3-(2-fluorophenyl)cyclopenta[d]isoxazoline
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Spin-spin coupling constant value (SSCC) of
H-8 and H-12 (J; = 8.7 Hz) is in accordance with
the cis-location of the corresponding protons,
which confirms the stereospecificity of the 1,3-di-
polar cycloaddition reaction proceeding via con-
certed mechanism.

The 'H NMR spectrum of compound 5 b con-
tains similar protons signals corresponding to all
the fragments present in the formula 5b.

The assignment of all signals to appropriate C-
atoms of the proposed structure has been accom-
plished for the *C NMR spectra of the synthesized
condensed isoxazolines 5.

The reaction was shown to proceed with a high
regio- and stereoselectivity, i.e. the formation of
neither regioisomeric nor stereoisomeric products
was observed. This was confirmed by the absence
of characteristic signals for these isomers in the 'H
NMR spectrum, recorded for the crude product
after the initial treatment of the reaction mixture
before chromatographic separation. Obviously, the
major factor for the determining of high regiose-
lectivity of dipolar cycloaddition reaction is elec-
tronic one, particularly when the posessing an in-
creased electron density oxygen atom of nitrile
oxide dipole forms bond with the most electron-
dificient B-carbon atom of C=C bond of dipolaro-
phile which is o, B-unsaturated ketone.

Cis-stereochemistry of cycloaddition products
are in good accordance with data obtained by con-
sideration of the isoxazolines stereochemical mod-
els having been created using the CS ChemDraw
3D program, for example for compounds S a and 6
a (see Fig. 2 and 3).

In the developed synthetic scheme for prepara-
tion of new analogues of bioactive cyclic B-triketo-
nes with fluorine containing side acyl chain the
transformation of isoxazoline precursors to target
synthons is accomplished by heterocycle reductive
cleavage [10—12]. However, ithe realization of iso-
xazoline cycle latent bifunctionality in condensed
isoxazolines containing keto group did not give the
target acylcyclopentane derivatives, but led to the
formation of complex mixture of unidentified pro-
ducts. In this regard, carbonyl group protection as
ketal was undertaken for 4-oxocyclopentane[d]iso-
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xazolines before the reductive cleavage of isoxa-
zoline cycle.

Fig. 2. Ball-and-stick model
of 3-(2-fluorophenyl)cyclopent-5-en[d]isoxazoline

Fig. 3. Ball-and-stick model
of 3-(2-fluorophenyl)-4,4-
ethylenedioxycyclopenta[d]isoxazoline

Reaction of ketone with ethylene glycol in the
presence of N-toluenesulfonic acid was carried out
in a flask fitted with a Dean - Stark trap and reflux
condenser to remove water released in the course of
the reaction in order to accomplish the equilibrium
shift (Scheme 3). The synthesis was terminated when
water stopped to gather in the trap. Following aque-
ous treatment and column chromatography gave the
corresponding ethylene ketals 6 along with the con-
version of unreacted ketone 5, the products yields
being from moderate to good (Table). Thus, for the
reaction of 3-(n-fluorophenyl)-4-oxocyclopentane[d]-
isoxazoline, the product was obtained as crystals with
50.5% yield. The corresponding ethylene ketal was
preparared from 3-(0-fluorophenyl)-4oxocyclopen-
tane[d]isoxazoline with 30.0% yield (Table).
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The structure of the obtained products was con-
firmed by means of '"H NMR and *C NMR spec-
troscopy.

Proton signals of the ethylene ketal group
which are chemically nonequivalent for the com-
pounds with substituted aromatic radicals appear in
the 'H NMR spectrum of the product 6a (Fig. 4).

Isoxazoline H-8 and H-12 protons of ketal 6a
(Fig. 4) are observed as doublet of doublets at 4.10
and 5.26 ppm, respectively, whereas in the initial
ketone these are observed at 4.34 and 5.56 ppm
region, i.e. the two signals are shifted to a stronger
field compared with the position of these protons
signals in '"H NMR spectrum of the ketone.

Interestingly, that all protons of cyclopentane
ring appear as separate signals in the 3-(2-fluoro-
phenyl)-4.4-ethylenedioxy-cyclopentane-[d]isoxa-
zoline '"H NMR spectrum (Fig. 4). Complete as-
signment of these signals has been proved with the
help of double resonance experiments. Thus, the
suppression of H-12 signal at 5.26 ppm region as
well as that of H-11 at 2.00-2.09 ppm region caused
simplification of the H-8 signal which from a dou-
blet of doublets transformed to a doublet with SSCC
2.7 Hz. Furthemore, by suppression of the H-11
signal (2.00-2.09 ppm) the H-12 signal was trans-
formed to a doublet with J = 9.1 Hz which corre-
sponds to its SSC with the H-8 and is characteristic
for the relative Cis-location of these protons. The
multiplicity of other protons at C-10 and C-11 posi-
tions also changed. Thus, the signal at 1.76 ppm
region from a doublet of doublets became a doublet
with J = 11.7 Hz, i.e. SSCC equal to 6.7 Hz disap-
peared, and this couldn't correlated with the C-11
protons geminal constant. Consequently, this signal
corresponds to one of the protons at C-10.

Thus, the complete assignment of all signals in
the '"H NMR spectrum to all protons present in
proposed structural formula of ketal 6a has been
accomplished.

Similar signals are observed in the 'H NMR
spectrum of 3-(4-flurophenyl)-4.4-ethylenedioxy-
cyclopentane[d]isoxazoline, while the H-8 signal

(3.99 ppm) shifts to a stronger field by 0.11 ppm
compared with O-isomer (4.10 ppm). Obviously
this is due to a more significant discreening influ-
ence on the H-8 chemical shift of fluorine atom as
an electron-acceptor substituent in the O-position
rather than in the n-position of the benzene ring of
the molecule.

Experimental part. 'H and "C NMR spectra
of substances solutions in CDCl; containing
HMDS as an internal standard have been recorded
with Bruker AVANCE spectrometer (400 MHz).
The reaction courses was monitored by thin-layer
chromatography (TLC) on silica gel plates Kiesel-
gel 60 Fpsq (Merck), the eluent being ether — light
petroleum, developer: iodine or 4% KMnO, solu-
tion. The used solvents were purified according to
standard procedures [13].

The following atom numeration was used for
discussion of spectral data:

2-fluoro- and 4-fluorobenzaldehyde synthe-
sis. 10.1 g (0.15 mol) of hydroxylamine hydrochlo-
ride solution in water (30 ml) was added to a
stirred solution of 4-flurobenzaldehyde (15.0 g,
0.120 mol) in ethanol (30 ml) with cooling. Then
60 g of ice and 6.0 g (0.15 mol) of sodium hydrox-
ide were added to the reaction mixture. The tem-
perature of the reaction mixture was raised to am-
bient temperature and the mixture being stirred for
additional 4 hours. Then solvent was removed on a
rotary evaporator, the residue was extracted with
ether (3x30 ml). The combined organic layers were
dried on anhydrous sodium sulfate. After separa-
tion of the drying agent ether was evaporated on
the rotary evaporator. The precipitated crystals
were filtered and washed with water.

4,5 4,0 3,5 3,0 2,5 2,0 1,5

8,0 7,5 7,0 6,5 6,0 5,5 5,0

Fig. 4. PMR spectrum of 3-(2fluorophenyl)-4.4-ethylenedioxycyclopent[d]isoxazoline
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Thus oxime of 4-fluorobenzaldehyde (15.22 g,
91%) was obtained. M.p. 87-90 °C.

Similarly, from 2-fluorobenzaldehyde (15.0 g)
oxime of 2-fluorobenzaldehyde (14.84 g, 89%)
was obtained, M.p. 69-71 °C.

Synthesis of 2-fluoro and 4-fluoro-N-hydro-
xibenzimidoyl chlorides. N-chlorosuccinimide
(9.75 g (0.073 mol) was added in small portions
to a stirred solution of the corresponding aldo-
xime (10 g, 0.073 mol) in freshly distilled chloro-
form (155 ml) at room temperature. The reaction
proceeded during 24 hours at ambient tempera-
ture, and for 2 more hours — at 50 °C. The course
of the reaction was monitored by thin layer chro-
matography.

Then water (20 ml) was added to reaction mix-
ture followed by separation of the organic layer
which was dried over anhydrous sodium sulfate.
The evaporation of solvent on a rotary evaporator
under reduced pressure gave corresponding 2-fluo-
rophenyl- or 4-fluorophenyl- derivatives, the yield
being 13.24 g or 16.15 g, respectively. According to
TLC the products were clean enough for further use.

Synthesis of 3-aryl-4-oxocyclopentane[d]-
isoxazolines. Solutions of triethylamine (8.6 ml,
0.062 mol) in ether (30 ml) and of the corre-
sponding hydroximoyl chloride (10.69 g, 0.062
mol) in ether (30 ml) were added simultaneously
dropwise from two dropping funnels to a stirred
solution of cyclopent-2-enone (5.1 g, 0.062 mol)
in of diethyl ether (30 ml). The reaction mixture
was stirred at room temperature until disappear-
ance of hydroximoyl chloride (TLC analysis).
Then the precipitate was filtered out and washed
with diethyl ether. Ether filtrate was removed un-
der reduced pressure. The product was isolated
from the resulted residue by column chromatog-
raphy on silica gel using eluent with gradually
increasing polarity (ether — hexane).

4-0x0-3-(2fluorophenyl)cyclopent-[d]isoxazo-
line was obtained as crystals (58.1% yield). M.p.
84-87 °C.

'H NMR spectrum (CDCl;), 8, ppm (J, Hz):
7.77 dt (1H, H,-6'; 3, =7.4; J, = 1.5); 7.37-7.42 m
(1H; Hy-4"; 31 = 7.9; J, = 5.1), 7.10-7.20 m (2H;
H,-3'+ H,-5";, J=17.7); 5,56 dd (1H, H-12 J, = 8.7;
J, =5.2); 434 %(IH, H-8; J = 8.7); 2.40-2.54 m
(2H, H*-10 + H*-11; J; = 9.1; J, = 5.3); 2.30-2.41
m (2H, H?-10 + H? -11, J, = 6.8; J,=5.9; J; = 2.3).

C NMR spectrum (CDCL3), 8, ppm (J, Hz):
20991 (C = 0); 160.33 (J = 255; C-F); 150.17
(J=4; C=N); 131.91 (3 =9; C-4"); 130.02 (J = 3,
C-6"); 124.20 (J = 4; C-5"); 116.42 (J = 22; C-3");
115,92 (J = 12; C-1"), 85.61 (C-12); 60,83 (J =4,
C-8), 35.29 (C-10), 27.60 (C-11).

4-0x0-3(4-fluorophenyl)-cyclopent[d]-isoxa-
zoline was obtained as crystals (40.0% yield). M.p. =
=134-137 °C.

'H NMR spectrum (CDCl;), 8, ppm (J, Hz):
7.83 m (2H; H,-2'+ H,-6'"; J = 8.8); 7.05 m (2H;
H,-3'+ H,-5'; J = 8.8); 5.52 dd (1H, H-12, J;, =
8.6; J, =5.1); 4.08 q (1H, H-8; J = 8.6); 2.44-2.56
m (2H, H*-10 + H*-11; J; = 9.0; J, = 3.3); 2.30—
240 m (1H, H® -11, J = 8.4); 2.21-2.28 m (1H,
HP-10; J,=5.4; 1, = 4.1).

C NMR spectrum (CDCls), 3, ppm (J, Hz):
210.18 (C = 0); 163.66 (J = 255; C-F); 152.17 (C
=N); 129.59 (J=8; C-2'+ C-0"); 124,23 (J=4, C-
1'); 115.59 (3 =22; C-3' + C-5"), 85.97 (C-12),
60.04 (C-8), 35.30 (C-10), 27.57 (C-11).

Ethyleneketal protection of 3-aryl-substitu-
ted 4-oxocyclopent[d]isoxazolines. A mixture
consisting from 3-aryl-substituted 4-oxocyclo-
pent[d]isoxazoline (2.06 g , 9.4 mmol), of freshly
distilled ethyleneglycol (97 ml), of benzene (171
ml) and catalytic amount of n-toluene sulphonic
acid was refluxed using Dean-Stark trap until wa-
ter stopped to gather in the trap. Then water was
separated, the activated molecular sieves were
added into Dean - Stark trap and the reaction mix-
ture was keeping to reflux for additional 3 days.
After these the reaction mixture was washed with
brine. The organic layer was separated and the aque-
ous one was extracted with benzene (5 x 50 ml). The
combined organic layers were dried over anhy-
drous sodium sulphate, the solvent was removed
on rotary evaporator. The obtained oily crude pro-
duct was purified by column chromatography on
silica gel (eluent: ether — hexane).

3-(2-fluorophenyl)-4.4-ethylenedioxy-cyclo-
penta[d]isoxazoline was obtained as crystals
(30.0% yield). M.p. 114-117 °C.

'H NMR spectrum (CDCl;), 8, ppm (J, Hz):
7.78 gm (1H; H,-6'; 3, = 7.7; J, = 1.8); 7.35 m
(1H, Hy4'; 31 =7.3; 3, = 1.8); 7.16 gm (1H, H,-5";
J1=7.6;3,=1.0);7.07m (1H; H,-3"; J, =8.3; ), =
1.0); 5.26 dd (1H, H-12,3,=9.1; J, =4.7); 4.10 dd
(1H, H-8, J; = 9.1; J, = 3.2); 3.904.00 m (2H,
Hetilenket)a 367 m (IH, Hetilenket; \] = 68), 354 m
(1H, Hegitenker; J1 = 6.8); 2,15 dd (1H, H*-11; J, =
13.8; J, = 7.3); 2,00-2,09 m (1H, H®-11; J, = 13.8;
J, =6.5; 3, =4.8); 1.90 td (1H, H*-10; J, = 12.8;
J,=7.4); 1.76 dd (1H, H®-10; J, = 12.8; J, = 6.7).

C NMR spectrum (CDCls), 3, ppm (J, Hz):
159.93 (J = 255; C-F); 152.85 (3 = 2; C=N);
130.86 (J = 9; C-4); 129.43 (3 =4, C-6); 124.30
J=3;C-5; 118.80 (3= 12; C-1"); 118.48 (C-9);
115.66 (J = 22; C-3"), 86.70 (C-12), 64.29 + 65.24
(Ceitenker); 60.08 (J = 6; C-8), 33.02 (C-10), 30.56
(C-1D).

3-(4-fluorophenyl)-4.4-ethylenedioxy-cyclo-
penta[d]isoxazoline was obtained as crystals (50.5%
yield). M.p. = 115-118°C.

'H NMR spectrum (CDCl;), 8, ppm (J, Hz):
7.65 m (2H; H,-2'+ H,-6'; J; = 9.0; J, = 5.4; J; =
2.1), 7.05 td (2H, H,-3'+ Hy-5" 31 = 9.0; J, = 2.1);
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524m(1H, H-12,J,=9.0; J,=6.8; ;3 =4.7; J, =
1.9); 3,99 m (1H, Hegitenket, J = 6.5); 3.87-3.94 m
(2H7 H-8 + Hetilenket; 'Jl = 92, \]2 = 67, 'J3 = 15)5
374 m (lH, Hetilenket; J] = 134, Jz = 75, J3 = 65),
358 m (lH, Hetilenket; J] = 142, Jz = 75, J3 = 65),
2.04-2.18 m (2H; H*-11 + H®-11; J, = 13.9; J, =
6.7; J; = 4.9); 1.86-1.94 m (1H, H*-10; J, = 12.8;
J,=10.5; J; = 7.6); 1.76-1.82 m (1H, H"-10; J, =
12.8; 3, =10.5; 3 =6.1).

C NMR spectrum (CDCL3), 8, ppm (J, Hz):
163.24 (J = 255; C-F), 155.15 (C = N), 128.91
J=9,C2+ + C-6", 126.62 (J=4, C-1"), 118.29
(C-9), 11531 (3 = 22, C-3'+ C-5"), 86.92 (C-12),
60.37 + 64.91 (Ceitenker), 59.31 (C-8), 33.66 (C-10),
30.23 (C-11).

Conclusion. The isoxazolines synthesis has
been shown to proceeded with high regio- and ste-
reoselectivity.

The transformation of the prepared isoxazolines
into fluorine containing cyclic B-triketones analo-
gues is possible by reductive cleavage of the isoxa-
zoline heterocycle.

The synthesized compounds are precursors of
fluorine containing triacylmethane analogues as
well as a convenient intermediates in the synthesis
of fluorinated prostanoids and other complex natu-
ral compounds and their bioactive analogues.
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