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Abstract

As a part of the research on the improvement of an alternative to conventional photodynamic therapy by light-induced formation of inter-
calators, we synthesized a series of novel heterocyclic compounds and their acyclic precursors. We now report details about their synthesis/
characterization in respect to their potential of photoinduced cyclization, interactions with DNA and inhibition of the tumor cell growth in vitro.
Among studied compounds only amidino-furyl-substituted phenyl acrylates were efficiently converted to the corresponding naphthofuranes,
while their thiophene analogues, all non-charged derivatives and amidino-phenyl-substituted analogues didn’t show acceptable photoconversion.
The significantly stronger antiproliferative activity of cyclic analogues could be correlated to the property of these molecules to intercalate into
DNA. The acyclic molecules did not show any interaction with DNA, correlating with the inferior biological activity, except for one cyano-

bearing molecule.
© 2006 Elsevier SAS. All rights reserved.
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1. Introduction

The discovery of new compounds with antitumoral activity
has become one of the most important goals in medicinal
chemistry. One of the most often used classes of chemothera-
peutic agents in cancer therapy comprises molecules that inter-
act with DNA, such as groove binders, DNA alkylating sub-
stances and intercalators. Moreover, the study of the exact
mechanisms of action of these agents, as well as, DNA damage
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response of the tumor cells are of high interest for medicinal
chemists and molecular biologists. For example, the intercala-
tion of planar aromatic molecules into the DNA double helix
and poisoning of DNA topoisomerases | and/or II are consid-
ered to be important in the therapeutic action of many antitu-
mor agents [1,2]. The best examples are anthracyclines (e.g.
doxorubicin), anthracenediones (e. g. mitoxantrone), some ac-
ridines (e.g. acridine-4-carboxamide) and ellipticines [3].

In our previous paper [4] we reported about the photoin-
duced switch of DNA/RNA inactive amidino-substituted 3-(2-
furyl)-2-phenyl-acrylate into a classical intercalator as amidino-
substituted naphthofuran carboxylate. Acyclic precursors, as
well as cyclized compounds were also tested for the antiproli-
ferative effect on a panel of six human cell lines, five of which
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were derived from five cancer types. The observed results
clearly demonstrate one order of magnitude superior action of
cyclic compound to its acyclic precursor. These experiments
present the conceptual basis for development of new photoin-
duced anticancer therapy based on the photochemical transfor-
mation on a non intercalating molecule into the intercalating
one, opposed the conventional photodynamic therapy, as a no-
vel approach to selective antitumor therapy.

Searching for another planar condensed heterocyclic com-
pounds, related to naphthofurans, naphthothiophenes, thieno-
benzofurans and benzodithiophenes which could serve as
DNA intercalators and, as a consequence, could exert antitu-
mor activity, we have prepared a new group of cyano- and
amidino-substituted naphtho[2,1-b]furans (6a, 6b, 7b, 8a),
naphtho[2,1-b]thiophenes (6¢, 7a), benzothienofurans (1la,
12a, 12b, 15 and 16) and benzodithiophenes (11b, 12¢) from
the corresponding acyclic precursors, of cyano- or amidino-
substituted-furyl-phenyl-acrylates, thienyl-phenyl-acrylates,
furyl-thienyl acrylates and dithienyl-acrylates (2a, 2b, 3a, 3b,
3¢, 4a, 4b, 4c, 5a, 5b, 5c, 10a, 10b and 14).

The constant and growing interest in the development of
new efficient and general synthetic methods for the preparation
of fused heterocyclic systems involving furan and thiophene
subunits is justified by their well-established valuable physio-
logical and pharmacological properties [5]; however, there is
little new literature data describing the synthesis and biological
activity of these systems [1,6]. Recent technical applications of
polysubstituted benzofurans and benzothiophenes, including
numerous fluorescent dyes used as retrograde tracers, and
Ca** and Mg*" fluorescent indicator conjugates, etc. [5] in-
crease their significance. The biological activity of many are-
nofurane derivatives was improved by addition of positively
charged aliphatic substituents. For example, amidine-substi-
tuted heterocycles based on furan moiety have shown a number
of intriguing modes of biological activity, like antimicrobial
[7], hallucinogenic agents [8], and some furamidines were
found to be active against diverse, highly infectious parasites
[9]; the best being selected for currently undergoing phase 11
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clinical trials [10]. The results suggest that the presence of ami-
dine terminal groups plays a role in facilitating nuclear accu-
mulation into cells, probably as a result of nucleic acid binding
[11]. For example, series of pyrrolo[2,1-c][1,4]benzodiazepine
amidines has been evaluated for in vitro DNA binding through
thermal denaturation studies. Some of these compounds cause
a significant increase in melting of calf thymus DNA [12]. In-
hibition of tumor growth and polyamine uptake by tetracyclic
amidines were described [13]. DNA binding properties and cy-
totoxic activity of novel aromatic amidines in cultured human
skin fibroblasts were examined [14]. The synthesis and antitu-
mor evaluation of some new substituted amidino benzimidazo-
lyl naphtho[2,1-b]furan carboxylates was described recently
[15].

In this paper we present the synthesis of a number of new
acyclic substances, describe their potential of photoinduced
conversion into condensed heterocyclic compounds under bio-
logically relevant conditions, the study of their interactions
with DNA and tested their antitumor activity on several human
tumor cell lines.

2. Results and discussion
2.1. Chemistry

All compounds (2a-16) shown in the Figs. 1-3 were pre-
pared according to the Schemes 1-3. Acyclic cyano com-
pounds (2a and 2b) were prepared by aldol condensation from

R4 2 xRz Rq “2 x Ry
X / s X S
H  COOCHs H  COOGaHs

10a Ry, R,=CN, X=0

11a Ry, Rp=CN, X=0
10b Ry=H, Ry=CN, X=8

11b R4=H, Ry=CN, X=S

12a Ry=iso-pr-am, Rg=iso-pr-am, X=0
12b Ry=morph-amd, Rz=morph-am.,X=0
12c R4=H, Ry=iso-pr-am, X=8

Fig. 2. Substituted thieno[3,2-e]benzo[b]furans, thieno[2,3-e]benzo[b]thio-
phenes and their acyclic precursors (10a—b, 11a-b, 12a—c).
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Fig. 1. Substituted naphtho[2,1-b]furans, naphtho[2,1-b]thiophenes and their acyclic precursors (2a—b, 3a—c, 4a—c, 5a—c, 6a—b, 7a-b, 8).
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Scheme 1. Synthesis of cyano- and amidino-substituted derivatives of naphtho[2,1-b]furans, naphtho[2, 1-b]thiophenes and their acyclic precursors.
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Fig. 3. Substituted thieno[2,3-e]benzo[b]furans and their acyclic precursors (14,
15, 16).

cyanophenylacetic acid and corresponding heterocyclic alde-
hydes in the yield about 30%, while compounds 3a, 3b, 3c,
10 and 14 were prepared from corresponding aldehydes (1a,
1b, 1c, 9a, 9b and 13) [16-18] in the reaction with hydroxyla-
monium hydrochloride in the yield from about 50-70%. Novel
isopropylamidino-substituted acyclic compounds (4a, 4c, 5a,

5¢) were prepared in the Pinner reaction [19] from cyano-deri-
vatives 2a, 2b, 3a, 3b and isopropylamine in the second phase
of the reaction, while morpholino-substituted amidines 4b, Sb
were prepared in the same manner in the reaction with morpho-
linoamine.

Cyclized amidino-substituted naphthofurans (6a and 6b)
were prepared in the photochemical dehydrocyclization reac-
tion in ethanol and water from 5a and Sb in the yields about
35%, while 4a, 4b, 4c and Sc didn’t give corresponding photo-
chemical cyclic product. Isopropylamidino-substituted
naphthofuran (8) was prepared in Pinner reaction from corre-
sponding dicyano-naphthofuran (7b) in the yields about 10—
20%. Cyano-substituted cyclized derivatives (7a ,7b),(Fig. 1),
as well as 11a, 11b and 15 (Figs. 2 and 3), were prepared in the
photochemical dehydrocyclization reaction from corresponding
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cyano-substituted acyclic compounds (3b, 3¢, 10a, 10b and
14) in the toluene solution and in the yields about 40-70%.
Finally, isopropyl- and morpholino-substituted amidino-thie-
no-benzofurans (12a and 12b) and benzo-dithiophene deriva-
tive 12¢ were prepared from 11a and 11b in the Pinner reac-
tion. Compound 16 was prepared in the same reaction from 15.

It is very important to mention that only amidino-com-
pounds 5a and 5b from the furan series bearing the amidino-
substituent on the position 5 of the furan ring are successfully
photochemically cyclized into the corresponding cyclic ami-
dines 6a and 6b. The reaction was introduced in ethanol, as
well as, in water, with or without the bubbling of air through
the solution. The time of the cyclization (about one hour) and
the yields in both cases were the same. All other furan acyclic
compounds with the amidino-substituent on the benzene nuclei
couldn’t be photochemically cyclized at any conditions, while
all amidino-substituted acyclic thiophene compounds decom-
posed in attempt of photochemical reaction. Acyclic neutral
cyano-compounds were photochemically cyclized successfully
into the cyclic compounds in toluene solution.

2.2. Spectroscopic properties

The UV-vis spectra of all studied compounds didn’t show
any pH dependent changes in the physiologically relevant
range (pH =3.5-8.0), which is also in agreement with the
pK, values of ~8-9 reported for aromatic amidines [20]. There-
fore, we have performed our studies at pH = 7. Stock solutions
of positively charged compounds (5a, 6a—b, 12a, 16) were pre-
pared in water, while stock solutions of cyano-substituted com-
pounds (2a-b, 3a—c, 10a, 14) due to their low solubility in
water were prepared in DMSO. Before experiment respective
aliquots were added to the aqueous buffer, partial volume of
DMSO in water not exceeding 0.1%. We were not able to
study compounds (7a-b, 11a, 15) because of their insolubility
in water. Stock solutions (both aqueous and DMSO) of all stu-
died compounds were stable over long period.

Absorbancies of aqueous solutions of compounds are pro-
portional to their concentrations up to 6 x 10> mol dm > (2a—
b, 3a—c, 10a, 14), 8 x 10> mol dm > (5a, 6a-b, 12a), 2 x 10™*
(16) mol dm™, indicating that there is no significant intermo-
lecular stacking which should give rise to hypochromicity ef-
fects. Obtained electronic absorption data are presented in the
Section 4.

2.2.1. Interactions of cyano (2a-b, 3a—c, 10a, 14) and amidino
(5a-b) acyclic derivatives and their cyclic analogues (6a—b
12a, 16) with double stranded ct-DNA

The UV—vis titrations of buffered aqueous solutions of com-
pounds 6b, 12a and 16 (¢ = 10" mol dm>) with ¢z-DNA re-
sulted by significant batochromic (Al.x = 1-9 nm) and hypo-
chromic effects (30-50%) in the range of A > 300 nm at which
ct-DNA does not absorb light. The appearance of isosbestic
points in all UV—-vis titrations at A > 300 nm strongly supported
the presence of only two spectroscopically active species,
namely the free compounds (6b, 12a, 16) and only one type
of the complex with ct-DNA (Fig. 4).

Binding constants (K;) and ratios » calculated according to
the Scatchard equation [21] from titrations of 6b, 12a and 16
with c-DNA (logK, =4.6-5.3; n=0.2) were found to be in
good agreement with values previously reported for their close
analogue 6a [4] and also are in accordance with values ob-
tained for a number of heteroaromatic molecules, which bind
to ds-DNA by intercalation [2].

Thermal denaturation experiments have shown that addition
of cyclic amidino derivatives 6b, 12a and 16 weakly stabilized
the double helix of c¢t-DNA at all examined ratios
"[compound]/[c&-DNA] — 0.1-0.3 at hlghest ATm(IZa) =40 OC, all
values comparable with previously obtained for 6a [4]. Ther-
mal denaturation transitions were monophasic, pointing toward
only one dominant binding mode.

Titrations of buffered aqueous solutions of acyclic deriva-
tives 2a-b, 3a—c, 10a and 14 with c¢#~-DNA didn’t yield any
measurable changes in the UV—vis spectra of studied com-
pounds. In line with that, addition of same series of compounds
didn’t result in measurable stabilization of cz~-DNA double he-
lix in the thermal denaturation experiments even at the ratio
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Fig. 4. UV—-vis spectral changes 12a (¢ =8. 7 x 10~ mol dm™>); upon the addition of cz- DNA at pH = 7, (buffer sodium cacodylate, /= 0.05 mol dm ).

Flcompound}[c-DNA] = 0.3 (compounds in excess over the interca-
lation binding sites). All aforementioned suggested that studied
acyclic derivatives do not bind to the c#~-DNA, what is in ac-
cordance with previously presented results for analogous 5a
[4].

The above presented results support main idea presented for
5a—6a system, former (acyclic) compound showing no interac-
tions with ds-DNA, while latter (cyclic) compound forming
stable, intercalative complex with ds-polynucleotides [4].

2.3. Biological results

Compounds 1¢-16 were tested for their potential antiproli-
ferative effect on a panel of 6 human cell lines, five of which
derived from five cancer types: HelLa (cervical carcinoma),
MCF-7 (breast carcinoma), SW 620 (colon carcinoma), MiaPa-
Ca-2 (pancreatic carcinoma), Hep-2 (laryngeal carcinoma) and
WI 38 (diploid fibroblasts).

All tested compounds showed a certain antiproliferative ef-
fect (Tables 1a and 1b). The compounds could be divided, for
comparison reasons, into two major subclasses: positively
charged molecules (compounds 4, 5, 6, 8, 12 and 16) and neu-
tral molecules (1, 2, 3, 7, 10, 11, 14 and 15). The ICs, values
showing the cell growth inhibiting activity of positively
charged compounds (Table 1a) reveal that among these mole-
cules the “acyclic” ones in general demonstrate significantly
lower effect (Fig. 5a) than their cyclic analogues (Fig. 5b).
Within the cyclic analogues the activity of mono-substituted
isopropylamidino derivatives (6a, 16) show more pronounced
inhibitory effect (within a micromolar range) than the morpho-
linoamindino-substituted one (6b), most likely due to the steric
hindrances of positive charge by more bulky substituent of the
latter. This difference is not observed for their bis-substituted
analogues (8, 12a, b).

On the other hand, regarding the series of neutral molecules
direct comparison of cyclic and acyclic analogues is not suita-
ble because of rather low water solubility of the former mole-
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Table la
In vitro growth inhibition of tumor cells and normal human fibroblasts (WI 38) by positively charged molecules and reference compounds cisplatin, doxorubicin and
etoposide
ICso" (MM)
Compound Cell lines
Hep-2 HeLa MiaPaCa-2 SW 620 MCEF-7 WI 38

4a >100 >100 > 100 > 100 69 +22 83 +46
4b 71+37 >100 89+0.5 > 100 78 £29 53+27
4c 43 £26 52+ 10 70+ 8 76 £ 26 73 +35 37+35
5a 43+3 78 £21 53+09 60 +£27 43 +10 50+7
5b 61 £32 85+ 18 >100 > 100 75+26 > 100
5¢ 53+6 >100 79 £26 >100 >100 56 39
6a 4.6+0.7 5+0.008 6+£0.3 5+0.7 4+£0.2 7+2
6b 39+15 31+14 41+5 16 £22 44 £ 17 41+9
8 54+11 33+9 20+7 36+0.7 31+9 38+2
12a 6+3 3+£1.5 43+0.3 4+£2 T+1 5+£3
12b 7+1 8+3 11+£3 6+3 19+ 17 20+ 14
16 19+11 11+0.1 29+1 22+16 39+10 40+ 1
Cis" 2£03 3£0.6 5+2 442 12£6 19+20
Dox" 0.04 +£0.01 0.04 +£0.01 0.02 +0.01 0.02 +£0.02 0.04 +£0.01 0.1 +0.01
Eto” N.T. 3+1 154+ 14 20+34 50+30 N.T.

# 1Csp: the concentration that causes a 50% reduction of the cell growth.

® Cis: cisplatin; Dox: doxorubicin; Eto: etoposide.

¢ N.T.: not tested.
Table 1b
In vitro growth inhibition of tumor cells and normal human fibroblasts (WI 38) by neutral molecules

ICs0" (UM)
Compound Cell lines
Hep-2 HeLa MiaPaCa-2 SW 620 MCEF-7 WI 38

1c 62+16 44+ 4 35+7 T+2 33£5 43+£2
2a 96 + 60 73+£36 >100 >100 31+44 50 +£20
2b 91 +£21 68+ 12 33+47 68 +8 67+7 46+ 6
3a 64 +30 60+5 62+4 66+ 12 >100 >100
3b 71+£19 87+ 10 79+8 >100 83+2 >100
3¢ 78 £21 62+18 46+ 12 48 £ 14 57 +£25 32+16
7a° 241 0.6=0.1 18£12 > 100 >100 20+ 6
10a 4+£3 6+1 6+2 6+2 2345 43+23
10b 74 +£8 54+ 24 74 £10 78 £23 8612 >100
11a° >100 > 100 > 100 > 100 >100 >100
11p° 97+ 19 17+ 12 13+10 4+£0.5 > 100 6+4
14 81+1 39+1 43+ 6 52+ 14 86+17 > 100
15° 8+ 1 6+0.3 57+5 71+£17 >100 922 +17

# 1Csq: the concentration that causes a 50% reduction of the cell growth.
® Because of low water solubility, the suspensions were used.

cules, which is possibly the reason of a relatively low biologi-
cal activity (7a—b, 11a-b and 15). Nevertheless, rather pro-
nounced and selective activity of cyano-substituted 7a and 15
was observed, especially on HelLa and Hep-2 cell lines
(Fig. 5c, d), regardless of low water solubility, which actually
point to even lower inhibitory concentrations sufficient for the
growth inhibition of these two cell lines and their extreme cell-
type selectivity. Moreover, similar selective effect towards
HeLa and Hep-2 cells was reported by Jarak et al. [22] using
carboxanilides bearing cyano substituent either on anilide or
benzothiophene part of the molecule, as well as “acyclic” cya-
no derivatives of thiophene-2-carboxamides [23]. Unfortu-
nately, the reason for this interesting selectivity on HeLa and
Hep-2 cell lines are not completely clear and further studies
aimed to provide the indication of what genetic and/or structur-
al background is responsible for this motivating correlation are
underway. What is known so far is that these two cell lines

have similar genetic backgrounds, both having human papillo-
ma virus (HPV) type 18 DNA integrated into their genomes.
Since it is known that the high-risk HPV E6 and E7 genes are
major viral oncogenes, responsible for the initiation of tumor-
igenesis (e.g. cervical carcinoma) [24], it could be possible that
these compounds specifically inhibit the E6/E7 expression.
Namely, repression of E6 and E7 expression results in acquisi-
tion of the senescent phenotype and in the rescue of functional
p53 and p105R® pathways; therefore, therapies directed against
either viral protein may be beneficial [25].

Interestingly, the acyclic cyano-substituted neutral mole-
cules (10a, b) (Fig. 5e, f), show pronounced and selective ac-
tivity; 10a being an order of magnitude more active than 10b,
most probably due to two cyano-substituents. However, both
molecules do not interact with DNA (Section 2.2.1.), and the
target(s) of cyano-substituted heteroaromatic systems are not
apparent, neither is the mechanism of antiproliferative action.
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Fig. 5. Dose-response profiles for the representative acyclic (Sb, A; 10a, E; 10b, F) and cyclic compounds (6a, B; 7a, C; 15, D) tested on various human cell lines in
vitro. The cells were treated with the compounds at different concentrations, and percentage of growth (PG) was calculated. Each point represents a mean value of

four parallel samples in three individual experiments.

Nevertheless, comparable interesting in vitro activity of cyano-
substituted heteroaromatic system was reported by Bénéteau et
al. [26], indicating together with our observations that cyano-
substituted heteroaromatic systems and their correlation with
the potential biomolecular targets are of highest interest for
more detailed systematic investigations.

3. Conclusions

The main aim of the presented study was to convert acyclic
derivatives into their cyclic analogues by photodehydrocycliza-
tion in aqueous, biologically relevant conditions, which could
serve as DNA intercalators and efficient possible antitumor
substances. Among all studied compounds only amidino-fur-
yl-substituted phenyl acrylates were efficiently converted to
the corresponding naphthofuranes. The replacement of furan
by thiophene moiety did not enable the photochemical reac-
tion, pointing to the high sensitivity of photodehydrocycliza-
tion on the electronic properties of starting material. Also,
changing the position of the amidino substituent from furyl to

phenyl moiety inhibited aforementioned photochemical reac-
tion. Although the study of furo-thiophene series was initiated
with the same idea, the preparation of amidino-substituted
acyclic-precursors was possible, but the pure product could
not be obtained, thus not allowing the study of the photoin-
duced dehydrocyclization in water.

In conclusion, here presented synthetic part of the research
clearly leads to the amidine substituted furyl-phenyl acrylate
system as only efficient in photoinduced dehydrocyclization
in water. Studies of new systems capable of undergoing photo-
induced dehydrocyclizations in water and by visible light irra-
diation, for in vivo application are necessary.

Apparently the significantly stronger antiproliferative activ-
ity of cyclic, positively charged analogues (ICsy concentrations
are within a micromolar range) is to be correlated to the prop-
erty of these molecules to intercalate into DNA. Although the
cyclic neutral molecules could not be adequately tested on
DNA binding due to their low solubility in water, cyano-sub-
stituted 7a and 15 compounds show intriguing strong and se-
lective antiproliferative activity on tumor cell lines. On the
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other hand, the acyclic, either positively charged or neutral mo-
lecules, except 10a, did not show any interaction with DNA,
correlating with the inferior biological activity.

4. Experimental protocols
4.1. Chemistry

Melting points were determined on a Kofler hot stage mi-
croscope and are uncorrected. IR spectra were recorded on a
Nicolet Magna 760 spectrophotometer in KBr discs. 'H and '°C
NMR spectra were recorded on either a Varian Gemini 300 or
a Bruker Avance DPX 300 i 500 spectrometer using TMS as
an internal standard in DMSO-ds. Elemental analysis for car-
bon, hydrogen and nitrogen were performed on a Perkin-Elmer
2400 elemental analyzer. Where analyses are indicated only as
symbols of elements, analytical results obtained are within
0.4% of the theoretical value. Irradiation was performed at
room temperature with a water cooled immersion well fitted
with a 400 W high pressure mercury arc lamp using Pyrex
filter. All compounds were routinely checked by TLC with
Merck silica gel 60F-254 glass plates.

4.1.1. Methyl-E-3-(5-formyl-2-furyl)-2-phenylacrylate (1a)

Corresponding methyl-£-3-(2-furyl)-2-phenylacrylate was
formylated by Vilsmeier formylation. Phosphorus oxychloride
(22.8 ml, 250 mmol) was added drop-wise with cooling to
DMF (20 ml, 250 mmol). The reaction mixture was stirred
for 0.5 h by cooling on ice, the apparatus being protected with
a calcium chloride tube. A solution of methyl-£-3-(2-furyl)-2-
phenylacrylate (13g, 57 mmol) in DMF (10 ml) was added
drop-wise to the mixture. After the addition was completed,
the mixture was stirred for 1 h at room temperature, then
heated at 90 °C for 3 h, cooled and poured onto crushed ice
and made weakly alkaline with sodium carbonate solution, and
left over-night on ice. The solid was filtered off, washed with
water and recrystallized from methanol. Orange crystals 12.2 g
(83.5%) are obtained, m.p. 102-104 °C (Ref. [18a], m.p.
103-105 °C). IR (KBr) (vma/cm '):1710, 1665, 1630; 'H
NMR (300 MHz, DMSO) 3&: 9.57 (s, 1H, CHO), 7.65 (s, 1H,
H;), 7.50-7.17 (m, 5H), 7.00 (d, J+ 3 =3.5 Hz, 1H), 5.76 (d,
J3y +=3.5 Hz, 1H), 3.78 (s, OCHj;, 3H).

4.1.2. Methyl-E-3-(5-formyl-2-thienyl)-2-phenylacrylate (1b)

Compound 1b was prepared using the method described for
preparation of compound 1la, from phosphorus oxychloride
(36.8 ml, 0.21 mol), DMF (42 ml, 0.21 mol) and methyl-£-3-
(2-thienyl)-2-phenylacrylate (21 g, 86 mmol) in DMF (10 ml).
Orange crystals 20.3 g (87%) are obtained, mp 121-122 °C
(Ref. [18b], m.p. 120-121 °C). IR (KBr) (vmax/cm '): 1700,
1660, 1610; 'H NMR (300 MHz, DMSO) 8: 9.79 (s, CHO,
1H), 8.09 (s, Hs, 1H), 7.88 (d, J, 3 =4.1 Hz, 1H), 7.64-7.47
(m, 3H), 7.49 (d, J3 ,»=4.1 Hz, 1H), 7.29-7.19 (m, 2H) 3.75
(s, OCH3;, 3H).

4.1.3. Ethyl-E-3-(5-formyl-2-furyl)-2-(4-cyano)-phenylacrylate
(¢

Compound 1c¢ was prepared using the method described for
preparation of compound 1a, from phosphorus oxychloride
(1.38 ml, 8 mmol), DMF (1.2 ml, 6 mmol) and methyl-E-3-
(2-furyl)-2-(4-cyano)-phenylacrylate (3.45 mmol) in DMF
(10 ml). Orange crystals 0.168 g (53%) are obtained, m.p.
111-113 °C; IR (KBr) (omax/cm'): 2230, 1716, 1687, 1606;
"H NMR (500 MHz, DMSO) &: 9.46 (s, 1H) 7.9 (d, J3u =
J5",6":7-5 HZ, 2H), 7.70 (S, H3, IH), 7.50 (d, JZH’3:J6"’5"
=7.5 Hz, 2H), 742 (d, J,3»=3.7 Hz, 1H), 6.46 (d, Js o
=3.7 Hz, 1H) 4.21 (q, J=7.1 Hz, COOCH,CH3;, 2H), 1.22
(t, J=7.1 Hz, COOCH,CH;, 3H); *C NMR (125 MHz;
DMSO) 6:179.3, 166.0, 154.4, 153.3, 140.8, 133.2, 133.2
(20), 131.1 (2C), 127.3, 124.1, 119.6, 118.8, 62.2, 14.8; ele-
mental analysis calcd (%) for C;¢H;;O4N: C 69.15; H 4.41; N
4.75; found C 68.9; H; 4.52; N 4.91.

4.1.4. Ethyl-E-3-(2-furyl)-2-(4-cyano)-phenylacrylate (2a)

Ethyl ester of p-cyano phenylacetic acid (5.00 g, 26 mmol)
and furfural (2.998 g, 31.2 mmol) in a mixture of triethylamine
(4.2 ml) and acetic acid anhydride (4.2 ml) were refluxed for
3 hours. After the reaction was completed, the mixture was
cooled, acidified with hydrochloric acid and extracted with
ether. The organic layer was washed with water and dried over
anhydrous MgSO, and evaporated in vacuum. The dark resi-
due was recrystallized from petrol ether and gave yellow crys-
tals (3.170 g, 45.6%), m.p. 125-127 °C. IR (KBr) (0mayx/cm ')
2229, 1693, 1621, 1604; 'H NMR (300 MHz DMSO) &: 7.88
(dd, J3n pn=Jsn g =8.1 Hz, J3n s» = 1.5 Hz, 2H), 7.68 (d, J5 »
=1.8 Hz, 1H), 7.66 (s, 1H3), 7.46 (dd, Jo» 3» = Jgn s» = 8.1 Hz,
Jy» e =1.5 Hz, 2H), 6.52 (dd, J,3=3.3 Hz; J,»=1.8 Hz,
1H), 6.44 (d, J3,»=3.3 Hz, 1H), 4.17 (q, J=7.1 Hz, COO
CH,CHs, 2H), 1.24 (t, J=7.1 Hz, COOCH,CH;, 3H); "*C
NMR (300 MHz DMSO) &: 165.77, 149.54, 146.26, 141.01,
132.01, 130.72, 127.30, 126.63, 118.82, 117.367, 112.63,
110.55, 60.95, 14.05; eclemental analysis caled (%) for
Ci6Hi3NO3: C 71.91; H 4.87; N 4.71; found C 71.99; H
4.90; N 5.13.

4.1.5. Ethyl-E-3-(2-thienyl)-2-(4-cyano)-phenylacrylate (2b)

The compound 2b was prepared in a manner similar to the
preparation of 2a, from ethyl ester of p-cyano phenylacetic
acid (5.00 g, 26 mmol) and 2-thiophene aldehyde (2.998 g,
31.2 mmol) in a mixture of triethylamine (4.2 ml) and acetic
acid anhydride (4.2 ml). Yellow crystals (3.170 g, 15%) were
obtained; m.p. 134-135 °C; IR (KBr) (Vmax/cm 1)z 2223, 1703,
1621, 1602; 'H NMR (300 MHz DMSO) &: 8.07 (s, 1H;), 7.93
(dd, J3n pn=Js0 g =8.5 Hz, J3n sn = 1.4 Hz, 2H), 7.59 (d, J3 »
=5.1 Hz, 1H), 7.50-7.46 (m, 2Hpy, 1Hgiopn), 7.06 (dd, T 5
=3.6 Hz, J,y5=5.1 Hz, 1H), 4.18 (q, J=7.1 Hz, COO
CH,CH,, 2H) 1.20 (t, J,=7.1 Hz, COOCH,CH;, 3H); "*C
NMR (300 MHz DMSO) &: 165.7, 140.5, 137.02, 1354,
133.9, 132.8 (2C), 132.3, 131.2 (2C), 127.3, 127.1, 118.7,
111.2, 60.8, 14.0; elemental analysis caled (%) for
C,6H130,SN: C 67.84; H 4.59; N 4.95; found C 67.80; 4.61;
N 5.02.
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4.1.6. Methyl-E-3-(5-cyano-2-furyl)-2-phenylacrylate (3a)

Compound 1a (2.00 g, 8.33 mmol) and hydroxyl ammo-
nium hydrochloride (0.995g, 14.3 mmol) were heated in pyri-
dine (6 ml) at 60 °C for 30 min, then acetic anhydride (4 ml)
was successively added at a temperature not exceeding 95 °C,
which was being kept for additional 2 h. The mixture was
cooled to 20 °C