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ABSTRACT: The effect of solvent polarity on absorption spectra of a series of bifuran
carbonitriles and their corresponding carboxamidine hydrochloride salts was
investigated. Synthesis of the new thienylbifuran-5-carbonitrile 5 was described through
a Stille coupling reaction of the precursor 5'-bromo-[2,2'-bifuran]-5-carbonitrile with 2-
tri-n-butylstannylthiophene. Cationic thienylbifuran carboxamidine compound 6 was
prepared on treatment its corresponding carbonitrile compound 5 with lithium bis-
trimethylsilylamide, followed by de-protection step and subsequent hydrochloride salt
formation. The relationship between aryl-2,2'-bifuran structure feature and their
corresponding absorption in the UV-visible region was studied. The absorption maxima
of the tested aryl-2,2'-bifuran derivatives showed that Amax Of the amidine derivatives
shifted to higher wavelength than their corresponding carbonitrile derivatives.

Keywords: 2,2'-bifuran-5-carbonitriles, Stille reaction, 2,2'-bifuran-5-amidines, UV/Vis absorption,

solvent effect
1. Introduction

There are many different types of chalco-
phenes. Chalcophenes are classified into:
mono-, bi- and oligo-chalcophenes. Bi- as well
as oligo-chalcophenes play an important role as
advanced materials. These compounds have
been incorporated into numerous fields and
applications. They can be used as organic
semiconductors and radioactive materials due
to their luminescent properties [1]. Bifuran and
their analogues are important synthetic
precursor for biologically active molecules [2-
6]. These types of compounds have significant
use in solvatochromic, photosensitizing and
photovoltaic cells applications [7-9]. The idea
depends on the presence of donor- (m-Spacer)-
acceptor in conjugation with each other
consequently [10,11]. These compounds bear
cyano group which act as electron withdrawing
acceptor, electron donating groups representing
in substituents such as (OCHgs, Cl) and suitable
n-spacer that support the enhancement of
intramolecular charge transfer characteristics
and hence, enlargement of the dipole moment
[12]. In this paper, we report the effect of
different solvents (polar and non-polar
solvents) on the UV —visible study of bi- and
oligo-chalcophene derivatives. In specific, 5’-

aryl-2,2’-bifuran-5-carbonitriles  and  their

corresponding carboxamidine derivatives.
2. Experimental
2.1. General:

Melting points were measured in degree
centigrade on Gallenkamp apparatus and are
uncorrected. The ultraviolet-visible absorption
spectra were measured on a Schimadzu 1700
spectrophotometer in the region of 200-600
nm. The infrared spectra (KBr) were explored
on Thermo Scientific Nicolet iS10 FTIR
spectrometer. *"H NMR spectra were measured
in DMSO-dg as a solvent at 500 MHz on
JEOL’s spectrometer. Perkin-Elmer 2400
analyzer has been used to determine the
elemental analyses. 5’-Aryl-2,2’-bifuran
derivatives la-d and 2a-d have been prepared
as recently reported [13].

2.2. Preparation of 5'-(thiophen-2-yl)-[2,2'-
bifuran]-5-carbonitrile (5).

To a stirred mixture of bromobifuran
derivative 4 (1.19 g, 5 mmol), tetrakis-
(triphenylphosphine) palladium (100 mg) in 25
mL toluene was added 2-tri-n-butylstannyl-
thiophene (2.06 g, 5.5 mmol). The reaction

Mans J Chem Vol. (43).2019

32



mixture was heated at reflux for 12 hrs. Where
after, the reaction mixture was extracted with
ethyl acetate (200 mL, 3x). The organic layer
was re-extracted with 5 mL concentrated
ammonia, dried, and then evaporated to dryness
under reduced pressure to furnish the desired
thienylbifuran compound 5 in 72% vyield as
yellow solid, m.p. = 119-120 °C, R = 0.58,
petroleum ether (60-80 °C)/EtOAc (9:1). IR
(KBr) vicm™; 3108 (CH, stretch), 2220 (CN,
stretch), 1624, 1570, 1536 (C=C, stretch). ‘H-
NMR (DMSO-dg); 8/ppm = 6.96 (d, J = 3.5 Hz,
1H), 7.01 (d, J = 4.0 Hz, 1H), 7.13 (d, J = 3.5
Hz, 1H), 7.14-7.16 (m, 1H), 7.51 (d, J = 3.5 Hz,
1H), 7.62 (d, J =4 Hz, 1H), 7.72 (d, J = 3.5 Hz,
1H). MS (EI) m/e (rel.int); 241 (M", 100).
Anal. Calcd. for Ci3H;NO,S (241.26): C,
64.72; H, 2.92; N, 5.81 Found: C, 64.60; H,
2.98; N, 5.70%.

2.3. Preparation of 5'-(thiophen-2-yl)-[2,2"-
bifuran]-5-carboxamidine hydrochloride salt
(6).

5'-(thiophen-2-yl)-[2,2'-bifuran]-5-
carbonitrile (5) (241 mg, 1 mmol) was allowed
to react with lithium bis-trimethylsilylamide
(IM solution in THF, 6 mL) with stirring for
overnight. After which, ethanolic-HCI (gas)
solution (10 mL, 1.25 M) was added dropwise
with cooling, until a precipitate was formed.
The reaction mixture was left to stir at ambient
temperature for 6 hr; where after the resultant
solid was collected through filtration after it
was diluted with ether. The crude solid of
thienylbifuran monoamidine derivative was
neutralized with 1N NaOH followed by
filtration. Finally, the thienylbifuran mono-
amidine free base was stirred in ethanolic-
HCl(gas) solution for overnight, the solid
formed was triturated with ether and filtered off
to furnish the target compound 5'-(thiophen-2-
yl)-[2,2'-bifuran]-5-carboxamidine
hydrochloride salt (6) in 63% vyield as a
yellowish-brown solid, m.p. 210-211 °C. IR
(KBr) vicm™; 3378, 3270 (NH, stretch), 3079
(CH, stretch), 1655, 1569, 1531 (C=C, stretch)
cm™. 'H-NMR (DMSO-ds); 8/ppm = 7.06.-7.08
(m, 1H), 7.10-7.12 (m, 3H), 7.31-7.33 (m, 2H),
8.01 (d, J = 4.0 Hz, 1H), 9.22 (s, 2H, D,0
exchangeable), 9.56 (s, 2H, DO
exchangeable). MS (El) m/e (rel.int.); 258 (M",
19), 259 (M* +1, 53), 241 (M" -NHjs, 3), 57

(100) Anal. Calcd. for C13H10N2028-1.OHC|
(294.75): C, 52.97; H, 3.76; N, 9.50 Found: C,
52.68; H, 3.84; N, 9.39%.

3. Results and discussion

Preparation of aryl-2,2'-bifuran derivatives
la-d and 2a-d (Figure 1) was recently
described on treatment of 5'-bromo-[2,2'-
bifuran]-5-carbonitrile with the appropriate
arylboronic acids employing a Suzuki coupling
conditions [13].

T T
R e 2a-d HsM
1,2a; R=H b; R =0OCH;
c; R=ClI d; R=F
Figure 1: 5'-Aryl-2,2'-bifuran-5-carboxamidine
derivatives that have been subjected for UV-visible
studies

Preparation  of  5'-(thiophen-2-yl)-[2,2'-
bifuran]-5-carboxamidine hydrochloride salt (6)
(Figure 2) starts with preparation of the
corresponding thienylbifuran derivative 5 via
treatment of bifuran carbonitrile derivative 4
with 2-tri-n-butylstannylthiophene (3)
employing a Stille cross-coupling conditions.
After which, thienylbifuran carbonitrile 5 was
treated with lithium bis-trimethylsilylamide,
then de-protection with hydrogen chloride and
subsequent neutralization with NaOH. Thienyl-
bifuran-5-carboxamidine hydrochloride salt
was prepared by treatment of its monoamidine
free base with hydrogen chloride in ethanol.

Structure determination of the newly synth-
esized thienylbifuran carbonitrile 5 was assured
from its spectral and elemental analyses. IR
spectrum of compound 5 indicated that
appearance of nitrile group with stretching
vibration at v’ 2220 cm™. *H NMR spectrum of
the mononitrile 5 displayed six small doublet
signals (each signal integrated for one proton)
at é/ppm 6.96, 7.01, 7.13, 7.51, 7.62, 7.72,
respectively, in addition to one multiplet signal
at &/ppm 7.14-7.16 (1H). Furthermore, mass
spectrum of mononitrile 5 gave a peak
corresponding for its molecular ion peak (M¥)
at m/z 241. Structure determination of the
newly synthesized thienylbifuran carboxa-
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amidine hydrochloride salt 6 was assured from
its spectral and elemental analyses. IR spectrum
of monoamidine 6 indicated disappearance of
the nitrile group and appearance of new peaks
corresponding for N-H stretching vibrations at
v’ 3378 and 3270 cm™. *H NMR spectrum of
monoamidine 6 showed two singlet signals at &
9.22 (2H) and 9.56 (2H) characteristic to the
cationic amidine group and were deuterium
exchangeable, one doublet signal integrated for
one proton at & 8.01 ppm, in addition to three
multiplet signals integrated for six protons. In
addition, mass spectrum and fragmentation
pattern of compound 6 gave a peak of its
molecular ion peak (M*) at m/z 258, and m/z
peak at 241 corresponding for a fragment that
produced from loss a molecule of ammonia.

O/%

1- LIN(TMS),
2- Ethanolic HCI

R

B JH
SnBu3 Toluene

4

S 0 NH,

6 HN
Figure (2): Synthesis of 5'-(thiophen-2-yl)-
[2,2'-bifuran]-5-carboxamidine hydrochloride
salt.3.1.

The solvent effect on theUVvisibleabsorption
spectra

The study of solvent effect on the electronic
spectra of aryl-2,2'-bifuran derivatives in the
UV-visible region was investigated using
different solvents with different polarities. The
wavelength at maximum absorption (Amax) Of
the studied aryl-2,2'-bifuran derivatives were
determined in four different solvents with
various polarities (ethanol, dimethylformamide,
1,4-dioxane, and methylene chloride), the effect
of different solvents with different substituents
(H, OCHs;, CIl, F) of aryl-2,2-bifuran

derivatives can be briefly introduced in the
following points:

e The change of solvent from ethanol,
DMF, methylene chloride and dioxane did not
bring remarkable change in the absorption Anyax
values of the tested 5'-aryl-2,2'-bifuran-5-
carbonitrile derivatives la-d and 5. Whereas,
the absorptions of 5'-aryl-2,2'-bifuran-5-
carboxamidine salts 2a-d and 6 in DMF
announced higher wavelengths than the other
solvents.

e The introduction of chlorine or fluorine
substituent at the benzene ring of the studied 5'-
aryl-2,2'-bifuran-5-carbonitriles 1c and 1d did
not cause remarkable change in the absorption
Amax Values. In all used solvents, the absorption
maxima announced a narrow range of Amax
values (338-346 nm).

e The introduction of methoxy group at
the phenyl ring of the tested 5'-aryl-2,2'-
bifuran-5-carbonitrile derivative 1b provided
absorption maxima very close to that observed
by the 5'-thienyl-2,2'-bifuran-5-carbonitrile
derivative 5 with wavelengths range from 348
to 352 nm.

e  From table (2) it was observed that the
carboxamidine compounds 2a-d and 6
exhibited higher absorption wavelengths Amax
than their corresponding nitrile compounds la-
d and 5.

e The replacement of benzene ring by
thiophene as shown in compounds 5 and 6
(Tables 1 and 2) on the m-conjugated bridge
shifted the absorption maxima to higher
wavelengths (bathochromic shift).

e The increase of aromatic character when
benzene ring replaced by the thiophene
heterocycle may be attributed to the
bathochromic effect that resulted from the
enhanced m-overlap between bifuran and
thiophene units.

Table (1): UV-visible absorption wavelength (Amax, NnmM) for the 5’-aryl-2,2'-bifuran-5-carbonitrile

derivatives la-d and 5.

Cpd No EtOH DMF CH,CI, Dioxane
la 340 214 344 258 342 224 | 342 242
1b 348 260 350 258 352 234 | 348 238
1c 342 252 346 260 346 298 | 344 244
1d 338 248 342 258 342 234 | 340 296

5 350 258 352 274 354 260 | 350 260
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Table (2): UV-visible absorption wavelength (Anax, NM) for the new 5'-aryl-2,2'-bifuran-5-
carboxamidine derivatives 2a-d and 6.

Cpd No. EtOH DMF CH,CI, Dioxane
2a 352 222 392 326 388 240 350 264
2b 378 356 396 344 380 240 376 346
2c 372 352 388 340 374 352 372 350
2d 356 220 384 340 388 352 352 194
6 374 206 378 270 360 230 374 258

4. References: 7. A.M. Dappour, M.A. Taha, M.A. Ismail

1. M.A. Ismail, DW. Boykin and C.E. and AA. Abdel-shafi.
Stephens(2006).. An efficient synthesis of (2019).Solvatochromic behavior of D- n-
5,5'-diaryl-2,2'-bichalcophenes. Tetrahed. A bithiophene carbonitrile derivatives. J.
Lett., 47, 795-797 Mol. Liq., 286,

2.  M.A. Ismail, M.M. Youssef, R.K. Arafa, 8. A.A. Abdel-Shafi, A.M. Fathi, M.A.
S.S. Al-Shihry and W.M. EI-Sayed. Ismail, D.W. Boykin. (2017).
(2017).Synthesis and antiproliferative Antiprotozoal agents as water soluble
activity of monocationic arylthiophene singlet oxygen photo-sensitizers:
derivatives. Eur. J. Med. Chem., 126, 789- Imidazo[1,2-a] pyridine and 5,6,7,8-
798 tetrahydroimidazo[1,2-a]pyridine

3. M.M. Youssef, R.K. Arafa and M.A. derivatives. J. Lumin. 181, 164-170
Ismail. (2016). Synthesis, antimicrobial 9. A.A. Abdel-Shafi, M.A. Ismail, S.S. Al-
and  anti-proliferative  activities  of Shihry. (2016).Effect of solvent and
substituted phenylfuranylnicotinamidines. encapsulation in [B-cyclodextrin on the
Drug Design, Develop. Therapy, 10, photophysical ~ properties of  4-[5-
1133-1146 (thiophen-2-yl)furan-2-yl] benzamidine. J.

4. J.K. Thuita, K.K. Wolf, G.A. Murilla, Q. Photochem. Photobiol. A: Chem. 316, 52-
Liu, J.N. Mutuku, Y. Chen, A.S. Bridges, 61
R.E. Mdachi, M.A. Ismail, S. Ching, D.W.  10. J. Wang, X. Zahan and Y. Lin. (2016).
Boykin, J.E. Hall, R.R. Tidwell, M.F. Influence of thiophene moiety on the
Paine, R. Brun and M.Z. Wang. (2013). excited state properties of push pull
Safety, Pharmacokinetic, and Efficacy chromophores. J. Phys. Chem., 120,
Studies of Oral DB868 in a First Stage 13922-13930
Vervet Monkey Model of Human African  11. Y. Dong, A. Bolduc, N.M. Gregor and
Trypanosomiasis. PLOS Negl. Tropical W.G. skene. Push-pull Amino
Diseases, 7, €2230 (2011).bithiophenes highly fluorescent

5.  A.M. Mathis, A.S. Bridges, M.A. Ismail, stable fluorophores. Org. Lett., 13, 1844-
A.  Kumar, I. Francesconi, M. 1847
Anbazhagan, Q. Hu, F.A. Tanious, T. 12. S. Chung, M. Rumi, V. Alain, S. Barlow,
Wenzler, J. Saulter, D.W. Wilson, R.Brun, JW. Perry and S.R.  Marder.
D.W. Boykin, R.R. Tidwell, and J.E. Hall. (2005).Strong, low energy two-photon
Diphenyl furans and aza analogs: absorption in extended amine terminated
(2007).Effects of structural modification cyano substituted pheny-lene vinylene
on in-vitro activityy, DNA binding, oligomers. J. Am. Chem. Soc., 127,
accumulation  and  distribu-tion  in 10844-10845
trypanosomes. Antimicrob. Agents  13. M.A. Ismail, A. Negm, R.K. Arafa, E.
Chemotherapy, 51, 2801-2810 Abdel-Latif and W.M. EIl-Sayed. (2019).

6. M.A. Ismail, R. Brun, J.D. Easterbrook, Anti-cancer activity, dual
F.A. Tanious, D.W. Wilson and D.W. prooxidant/antioxidant effect and
Boykin. (2003).Synthesis and apoptosis induction profile of new

antiprotozoal activity of aza-analogues of
furamidine. J Med Chem., 46, 4761-4769

bichalcophene-5-carboxamidines. Eur. J.
Med. Chem., 169, 76-88

Mans J Chem Vol. (43).2019

35



