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INTRODUCTION Since their discovery in 1900, fulvenes and their
analogues have collected considerable attention
The 1,3-dipolar cycloaddition reaction is among from scientists and industry because of their
the most outstanding method in organic unusual features in the fields of organic
chemistry field (1-3). It involves several dipoles chemistry, medicinal chemistry, and materials
and alkenes to prepare heterocycles in one step science (11-20). Fulvenes have found common
(4). The common application of 1,3-dipolar use as building blocks in the preparation of
reactions in organic synthesis was first natural products such as hinesol, capnellene,
established by the systematic investigations by silphinene, hirsutene and viburtinal. They are
Huisgen (5). At the same time, the new notion traditionally prepared by the condensation
of  conservation of orbital symmetry, reaction of cyclopentadienes with aldehyde or
investigated by Woodward and Hoffmann, ketones, a preparation procedure which is
appeared in the literature (6, 7). Woodward and typically limited by the availability of the
Hoffmann’s paper was a cornerstone for the cyclopentadienes, obtained from multistep
understanding of the mechanism of decided 1,3- reactions in which regio-selectivity and
dipolar cycloaddition chemistry. On the basis of substituted group tolerance are often main
the concept their work have further contributed difficulties.
to our comprehension and ability to foresee the
reactivity and regioselectivity of 1,3-dipolar Cycloadditions of fulvenes (e.g., [4+3], [2+2],
cycloaddition reactions (8-10). [4+2], [2+4], [6+4], [6+2], [6+3] (21-23))

provide multiple and powerful procedures to
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multifarious heterocyclic systems and natural
products.

In our times, cancer has increasingly become
the first reason of death over the world and
seriously affecting the health of humans for a
long time. All efforts have been made to find
some drugs against cancer cell in the last decade
as a result of research in molecular biology
leading to the development of anticancer drugs
capable of targeting the cancer cells with
minimum side effects. Natural products have
noticeably promoted to the development of a
great number of potent anticancer agents.
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Nearly 50% of all anticancer drugs verified
internationally are either natural products or
natural product analogues and were prepared on
the basis of the knowledge acquired from small
or macromolecules existing in nature (24).

In the last decade, several azole analogues have
attracted huge attention in the field of
anticancer drug investigation (25, 26). Among
them, isoxazoline derivatives are an important
class of five membered heterocyclic rings that
exhibited promising biological activities. The
common chemical formula of isoxazoline ring is
shown in Figure 1.

Figure 1: Chemical structure of isoxazoline.

There is too many biologically active isoxazoline
derivative examples in the literature. For
example,
dihydroquinazolinone

3,5-diaryl-isoxazoline-attached 2,3-
hybrid

(27) 1 and

arylisoxazoline containing anthranilic diamide
derivatives 2 (28), (Figure 2) are natural
products which have got anticancer agent
potential.
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Figure 2: Chemical structures of 2,3-dihydroquinazolinone hybrid 1 and anthranilic diamide
derivatives 2.

And also the other example of isoxazoline
derivative is (+)-subereamolline A 3. It shows
inhibition to the migration and invasion of
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metastatic human breast cancer cells at the
minimum dosage level (29) (Figure 3).
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Figure 3: Chemical structures of (+)-subereamolline A.

Dibenzo[b,f]azepine-tethered isoxazoline
analogues 4 (30) that show anticancer activity

with an
(Figure 4).

improved pharmacokinetics profile
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Figure 4: Chemical structures of dibenzo[b,flazepinetethered isoxazoline analogues.

Because of these reasons, the preparation of
isoxazoline heterocycles continues to attract the
considerable attention of synthetic organic and
medicinal scientists. Viewing the importance of
natural products as well as isoxazoline
containing pharmacophore in the field of cancer
research, I am focused on synthesis fulvene
derivatives which have got isoxazoline
heterocycles showing anticancer activity.

EXPERIMENTAL

Materials and Methods

All reactants and reagents were commercially
available and used without further purification.
Thin-layer chromatography (TLC) on silica gel
GF 254 was used to control reaction progress. A
Gallenkamp digital thermometer was used to
determine melting points of all solid compounds.
IR spectra were recorded on a Perkin ElImer FT-
IR spectrometer. 'H and '3C NMR spectra were
obtained with a Bruker Avance III-500 MHz NMR
system. Chemical shifts were reported in parts
per million (ppm) with respect to internal
standard TMS. Peak multiplicities are designated
by the following abbreviations: s, singlet; d,
doublet; dd, double doublet; t, triplet; dt, double
triplet; m, multiplet; br, broad. Mass spectral
studies were performed on an Agilent
6890N/5973 GC/IMSD system.
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Synthesis and Characterization

Procedure for the synthesis of (Cyclopenta-2,4-
dienylidenemethylene)dibenzene 1(31): NaOMe
(540 mg, 10 mmol), ethanol (10 mL), and
benzophenone (1.86 g, 10 mmol) were added to
a reaction flask. Cyclopentadiene (1.6 mL, 20
mmol) was added to the reaction flask, giving a
red solution. After stirring for 7 days, the orange
crude solid was filtered and rinsed with 5 mL of
ethanol. The crude product was refluxed in 10
mL of methanol for 1 h. After cooling to the room
temperature, the solid was filtered, rinsed with
7,5 mL of methanol, and dried in under reduced
pressure for 24 h to give the product as an range
solid 136.18 g (86.2%). MS (GC-MS): CigHia,
m/z 230.3 (M*).

Procedure for the synthesis of 2-(cyclopenta-
2,4-dien-1-ylidenemethyl)-1,4-

dimethoxybenzene 2 (32): 0.330 g (5 mmol) of
freshly distilled cyclopentadiene was dissolved 5
mL of methanol, then 0.213 g (3 mmol) of
pyrrolidine was added to the reaction mixture.
Then, 0332 g of (2 mmol) 2,5-
dimethoxybenzaldehyde was added slowly to
the reaction flask. The solution was stirred under
nitrogen atmosphere at room temperature for 6
h. 0.18 g of glacial acetic acid was added to the
reaction mixture. The mixture was diluted with
20 mL of diethyl ether, the layers were
separated, and the organic layer was washed
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with water (2 x 15 mL). The organic phase was
dried over Na,SO., filtered and concentrated.
The red oil was obtained after purification with
column chromatography on silica gel. Yield:
%78. 'H NMR (500 MHz, CDCl3): & = 3.81 (s,
30CHs3), 3.83 (s, 30CH3), 6.38-6.35 (m, 1=CH),
6.54-6.51 (m, 1=CH), 6.66-6.65 (t, J=3.19,
2=CH), 6.93-6.82 (m, 2CH), 7.18-7.14 (d, J=
2.87, 1CH), 7.53 (s, 1CH) ppm. MS (GC-MS):
Ci14H140> m/z 214 (M+).

General procedure for the synthesis of oxime
derivatives 3-5: Oxime derivatives were
prepared with an aldehyde, hydroxylamine
hydrochloride, and sodium carbonate in ethyl
alcohol at room temperature with the known
procedure (50-51). A solution of hydroxylamine
hydrochloride (0.417 g, 6 mmol) in water (0.5
mL) and a solution of Na;COs in water (1.5 mL)
were added drop wise to the solution of an
aldehyde (2 mmol) in EtOH (1.5 mL),
respectively. Resulting solid was filtered and
purified by recrystallization from alcohol. Oxime
derivatives (3-5) were obtained in almost
quantitative yields.

4-Chlorobenzaldehyde oxime 3 (33): White
solid, yield 100%, m.p. 92-94°C, Rf: 0.52 (1:2
ethyl acetate/n-hexane), FT-IR (ATR) 3301
(OH), 1589 (C=N), 1496 (C-N), 971 (C-H), 694
(C-Cl) cm™, GC-MS (EI), m/z (%): 155 (M*:,
99), 139 (100), 136 (82), 111 (73), 75 (70).

4-Bromobenzaldehyde oxime 4 (33): Yellow
solid, yield 100%, m.p. 106-108°C Rf: 0.45 (1:2
ethyl acetate/n-hexane), FT-IR (ATR) 3310
(OH), 1590 (C=N), 1470 (C-N), 960 (C-H), cm~
1 GC-MS (EI), m/z (%): 200 (M*., 70), 185
(30), 92 (40), 155 (70), 74 (100).

2,4-Dimethoxybenzaldehyde oxime 5 (34):
White solid, Yield 94%, m.p. 103-105°C, FT-IR
(KBr pellet) 2944, 1610, 1504, 1466, 1414,
1270, 1206, 1112, 1026, 922, 832 cm™!, 'TH NMR
(CDCl3, 500 MHz) 8 7.73 (1H, s, CH=N-OH), 7.0
(1H, d, J = 8.5 Hz, Ar-H), 6.03 (1H, s Ar-H),
6.06 (1H, d, J = 8.5 Hz, Ar-H), 3.6 (6H, s,
2X0OCH3) ppm, calcd for [CoH11NO3] C 59.66 H
6.11 N 7.70%, found C 60.01 H 6.19%.

General procedure for the synthesis of
compound 6-9: The (cyclopenta-2,4-
dienylidenemethylene)dibenzene 1 (0.203 g, 1
mmol) and compound 3-4 (p-
chlorobenzaldehyde oxime or p-
bromobenzaldehyde oxime, respectively) (1
mmol) were dissolved in CHyCl, (8 mL). A
solution of NaOCI (1.2 mL) was added slowly to
the reaction mixture at 0 °C. The reaction
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mixture was stirred at 0 °C overnight. The
progress of the reaction was monitored using
TLC. After completion of the reaction, the
mixture was extracted with CHCl, (3x10 mL).
The organic phase was dried over MgSO.,
filtered, and concentrated under reduced
pressure. The crude product was purified by
column chromatography.

3-(4-Chlorophenyl)-6-(diphenylmethylene)-
6,6a-dihydro-3aH-cyclopenta[d]isoxazole 6:
White solid, Yield 52%, m.p. 204-207 °C, FT-IR
(ATR) 3055 (Aromatic CH), 2952 (Aliphatic CH),
1595 (Aromatic C=C), 1179 (C-0), 1090 (C-N),
828, 827, 700, 677. *H NMR (CDCl3, 500 MHz) &
7.64 (d, J= 6.8 Hz, 2H, Ar-H), 7.42 (d, J= 6.8
Hz, 2H, Ar-H), 7.34 (d, J= 8.8 Hz, 2H, Ar-H),
7.23-7.31 (m, 6H, Ar-H), 7.15 (d, J= 8.8 Hz, 2H,
Ar-H), 6.37 (dd, J= 5.8; 1.9 Hz, 1H, =CH), 6.00
(dd, J= 5.8; 1.9 Hz, 1H =CH), 5.33 (d, J= 7.8
Hz, 1H, CH), 4.62 (dt, J= 7.8; 4.8 Hz, 1H, CH)
ppm. 13C NMR (CDCls3, 125 MHz) d 155.7 (Cq),
141.9 (Cq), 141.5 (Cq), 140.8 (2xCq), 136.3
(2xCq), 134.5 (2xCAr), 131.3 (2xCAr), 130.3
(2xCAr), 130.2 (CAr), 129.4 (CAr), 128.3 (CAr),
128.20 (2xCAr), 128.18 (CAr), 128.11 (2xCAr),
128.07 (CAr), 127.8 (CAr), 86.2 (0O-CH), 58.9
(C-CH) ppm. MS (GC-MS): Cy5H18CINO, m/z 383
(M*).

3-(4-Chlorophenyl)-4-(diphenylmethylene)-
4,6a-dihydro-3aH-cyclopenta[d]isoxazole 7:
White solid, Yield 24%, m.p. 160-162°C, FT-IR
(ATR) 3071 and 3021 (Aromatic CH), 2938 and
2850 (Aliphatic CH), 1583 (Aromatic C=QC),
1488, 1442, 1287 (C-0), 1087 (C-N), 828, 830,
698, 680. 'H NMR (CDCl;, 500 MHz) 7.15-7.23
(m, 6H, Ar-H), 6.87-6.93 (m, 6H, Ar-H), 6.70
(d, J= 8.8 Hz, 2H, Ar-H), 6.49 (d, J= 5.8 Hz, 1H,
=CH), 6.05 (dd, J= 5.8; 1.9 Hz, 1H, =CH), 5.84
(dd, J=7.8; 1.9 Hz, 1H CH), 5.31 (d, J= 7.8 Hz,
1H, CH) ppm. 13C NMR (CDCls, 125 MHz) & 157.0
(Cqg), 141.2 (Cq), 140.8 (Cq), 140.7 (Cq), 137.9
(Cq), 137.5 (2xCq), 135.4 (2xCAr), 133.8
(2xCAr), 133.5 (2xCAr), 129.1 (2xCAr), 128.8
(CAr), 127.8 (2xCAr), 127.4 (CAr), 127.3 (CAr),
127.1 (CAr), 126.9 (CAr), 126.5 (CAr), 87.1 (O-
CH), 52.8 (C-CH) ppm. MS (GC-MS):
C5H18CINO, m/z 383 (M*).

3-(4-Bromophenyl)-6-(diphenylmethylene)-

6,6a-dihydro-3aH-cyclopenta[d]isoxazole 8:
White solid, Yield 53%, m.p. 124-128°C, FT-IR
(ATR) 3050 and 3021 (Aromatic CH), 2962
(Aliphatic CH), 1595 (Aromatic C=C), 1158 (C-
0), 1088 (C-N), 830, 825, 700, 675. *H NMR
(CDCl3, 500 MHz) & 7.62 (d, J= 6.9 Hz, 2H, Ar-
H), 7.45 (d, J= 6.9 Hz, 2H, Ar-H), 7.32 (d, J=
8.8 Hz, 2H, Ar-H), 7.20-7.27 (m, 6H, Ar-H),
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7.12 (d, J= 8.8 Hz, 2H, Ar-H), 6.35 (dd, J= 5.9;
2.0 Hz, 1H, =CH), 6.00 (dd, J= 5.9; 2.0 Hz, 1H
=CH), 5.30 (d, J= 7.9 Hz, 1H, CH), 4.58 (dt, J=
7.9; 4.7 Hz, 1H, CH) ppm. 13C NMR (CDCls, 125
MHz) & 156.7 (Cq), 141.8 (Cq), 140.7 (2xCq),
139.9 (Cq), 136.1 (2xCq), 134.0 (2xCAr), 131.5
(2xCAr), 130.3 (CAr), 130.2 (2xCAr), 130.0
(CAr), 128.7 (CAr), 128.3 (CAr), 128.2 (CAr),
128.1 (2xCAr), 128.0 (CAr), 127.5 (2xCAr),
86.0 (O-CH), 57.7 (C-CH) ppm. MS (GC-MS):
CasH1sBrNO, m/z 427 (M*).

3-(4-Bromophenyl)-4-(diphenylmethylene)-
4,6a-dihydro-3aH-cyclopenta[d]isoxazole 9:
White solid, Yield 18%, m.p. 190-192°C, FT-IR
(ATR) 3051 and 3021 (Aromatic CH), 2940 and
2848 (Aliphatic CH), 1580 (Aromatic C=0Q),
1480, 1440, 1285 (C-0), 1076 (C-N), 832, 830,
705, 695. 'H NMR (CDCls, 500 MHz) 7.21-7.29
(m, 6H, Ar-H), 6.90-6.96 (m, 6H, Ar-H), 6.75
(d, 3= 8.9 Hz, 2H, Ar-H), 6.42 (d, J= 5.8 Hz, 1H,
=CH), 6.10 (dd, J=5.8; 1.7 Hz, 1H, =CH), 5.80
(dd, 3= 8.1; 1.7 Hz, 1H CH), 5.28 (d, J= 8.1 Hz,
1H, CH) ppm. 3C NMR (CDClIs, 125 MHz) 5 157.0
(Cqg), 141.2 (2xCq), 140.8 (Cq), 137.9 (Cq),
137.5 (Cqg), 136.0 (Cq), 135.4 (2xCAr), 133.8
(2xCAr), 133.5 (2xCAr), 129.1 (CAr), 128.8
(2xCAr), 127.8 (2xCAr), 127.4 (CAr), 127.3
(CAr), 127.1 (CAr), 126.9 (CAr), 126.5 (CAr),
87.1 (O-CH), 52.8 (C-CH) ppm. MS (GC-MS):
CstwBFNO, m/z 427 (M+).

Procedure for the synthesis of compound 10:
The 2-(cyclopenta-2,4-dien-1-ylidenemethyl)-
1,4-dimethoxybenzene 2 (0.214 g, 1 mmol) and
2,4-dimethoxybenzaldehyde oxime (0.181 g, 1
mmol) was dissolved in CHxCl; (1 mL). A
solution of NaOCI (1.2 mL) was added slowly to
the reaction flask at 0 °C. The reaction mixture
was stirred at 0 °C overnight. The progress of
the reaction was monitored using TLC. After
completion of the reaction, the mixture was
extracted with CHCl; (3x10 mL). The organic
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phase was dried over Na,SO., filtered, and
concentrated. The crude product purified by
column chromatography.

(E)-6-(2,5-Dimethoxybenzylidene)-3-(2,5-
dimethoxyphenyl)-6,6a-dihydro-3aH-
cyclopenta[d]isoxazole 10: White solid, Yield
25%, m.p. 174-176°C, FT-IR (ATR) 3071 and
3021 (Aromatic CH), 2927 (Aliphatic CH), 1493,
1316, 1287 (C-0), 1087 (C-N), 873 cm. H
NMR (CDCls, 500 MHz) 7.32 (d, J= 8.9 Hz, 1H,
Ar-H), 6.80-6.95 (m, 5H, Ar-H), 6.60 (s, 1H,
=CH), 6.10 (dd, J= 5.8; 1.7 Hz, 1H, =CH), 5.65
(dd, J= 5.8; 1.7 Hz, 1H, =CH), 5.20 (d, J= 8.1
Hz, 1H, CH), 4.62 (m, 1H, CH) 3.40 (s, 6H,
OCHs), 3.38 (s, 6H, OCHs3) ppm. 13C NMR
(CDCl3, 125 MHz) & 153.0 (Cq), 152.6 (Cq),
152.4 (Cq), 151.8 (Cqg), 151.5 (Cq), 151.3,
140.1, 131.2, 124.6, 118.2 (CAr), 117.6 (CAr),
115.9 (Cq), 115.4 (CAr), 115.2 (CAr), 114.5
(CAr), 114.3 (CAr), 111.5 (CAr), 68.3 (0O-CH),
56.2 (OCHj3), 55.8 (2xOCH3), 55.7 (OCH3), 42.9
(C-CH) ppm. MS (GC-MS): Cz3H23NOs, m/z 393
(M%)

RESULT AND DISCUSSION

The present paper shows my work employing
the reaction of various oxime derivatives that
are reacted with fulvene derivatives in the
presence of NaOCI.

My first key intermediate was the (cyclopenta-
2,4-dienylidenemethylene)dibenzene 1 which
was easily prepared from benzophenone and
cyclopentadiene (36). It was recrystallized from
hot ethanol and characterized by recording its
spectral data. My other key intermediate was
the 2-(cyclopenta-2,4-dien-1-ylidenemethyl)-
1,4-dimethoxybenzene 2 which was easily
obtained with a known procedure (32) (Scheme
1). It was purified with column chromatography.
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Scheme 1: Synthesis of fulvene derivatives 1-2

My goal is to prepare new fulvene derivatives the reaction of aromatic aldehyde with hydroxyl
with isoxazoline group. Because of this synthetic amine hydrochloride in the presence of a base
strategy, I firstly synthesized oxime derivatives like sodium carbonate. They were obtained in
3-5 with known procedure (33, 34) (Scheme 2). almost quantitative yields with Na,COs.
Usually, oxime derivatives can be prepared by
_OH
~ NH,OH.HCI, Na;CO; N !
CH,Cly/H,0 |
A 2~ >
R rt. R
3-5
OCH,4

clI” : - i
Br HsCO

Scheme 2: Synthesis of oxime derivatives 3-5.
yields. Both NMR spectra of compound 6 and 7

Compound 1 and p-chlorobenzaldehyde oxime 3 consistent with assigned structures.

were stirred at 0 °C in dichloromethane. Adding

NaOCl to the reaction mixture afforded The 'H NMR spectrum of compound 6 revealed
compound 6 and compound 7 (Scheme 3) which signals at 7.64, 7.42, 7.34, 7.23 and 7.15 ppm
were identified on the basis of their spectral due to the presence of fourteen aromatic
analyses. In fact, increasing the reaction protons. The analysis of the 13C NMR spectrum
temperature from 20 °C in dichloromethane up revealed that the signal of the alifatic carbons
to 40 °C results in a significant lowering of the appeared at 6 58.9 ppm.
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Scheme 3: Syntheses of compounds 6-7.

The 'H and 13C NMR spectrum of compound 7 Compound 7’s yield was lower than that of
showed the similar results and confirmed the compound 6 yield because of the steric
structure of compound 7. The 'H and 13C NMR hindrance.

spectrum of compound 6 and 7 proved the the
occurrence  of 1,3-dipolar cycloaddition.

Scheme 4: Synthesis of compound 8-9.

The 1 H and !3C NMR spectral data were also of compound 8, except two upfield signals of a
similar to those of compound 8, apart from an CH carbons at 57.7.

additional CH at 5.30 and 4.58, an extra

aromatic doublet signals at 7.62 and 7.45, and Indeed, there was no inconsistency between the
a lack of a cyclopentadiene two =CH protons. proposed structure 9 and the spectral data.
The 13C NMR spectrum was also similar to that Compound 9’s yield was lower than compound

8’s yield because of the steric hindrance.

H,CO

O CH3

| Syt Naocl

H OCHj3 +
O CH,Cl,
H,CO

OCH;

Scheme 5: Synthesis of compound 10.
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Finally, we could obtain the desired compound
10 by the reaction of compound 2 with oxime
derivative 5 in dichloromethane in the presence
of a small amount of NaOCl. The spectral
features of the fulvene analog 10 agree with the
structure of the product as summarized in the
Experimental Section. As was expected, no
significant change was observed at the oxime
aromatic ring signals. The 'H NMR spectrum of
compound 10 revealed 2 single signals at 3.40
and 3.38 ppm due to the presence of four
methoxy groups. And also the 13C NMR spectrum
of compound 10 revealed signals at 56.2, 55.8
and 55.7 due to the methoxy group. Single
crystals of the products could not be obtained
from any organic solvents, thus no definite
structures can be described.

CONCLUSION

In conclusion, I designed and synthesized new
fulvene derivatives containing isoxazoline ring
as possible anti-cancer agents. I characterized
all of the new molecules with 1H NMR, 13C NMR,
FTIR and GC-MS spectral data. Compound 9
yield was lower than compound 8 yield because
of the steric hindrance. Compound 6 and 7
obtained together with the 52% and 24%,
respectively.

Further work toward exploring anticancer
activity of all newly synthesized compounds with
MTT essay will be forthcoming.
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