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Extended πππππ-conjugated Chromophores based on Pyrilium
Core Linked to Guiazulenyl Vinyl Moieties
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Novel pyrylium perchlorates featuring guaiazulen-ylvinyl substituents have been synthesized and fully
characterized. Careful selection of the reaction conditions made possible modular approach towards synthesis
of mono-, bis- and tris-(guiazulen-1-yl)vinyl pyrylium salts. Comparative studies between conventional
condensation reactions with or without piperidine and microwave-assisted protocol are discussed. The
microwave-assisted synthesis afforded higher selectivity in 2,4,6-tris(guiazulen-1-yl)vinyl)pyrylium perchlorate
in a short reaction time. Upon replacement of the azulenyl group with guiazulenyl moiety a strong bathochromic
effect was induced, the electronic spectra showing strong absorption maxima in visible for all guiazulen-1-
ylvinyl pyrilium perchlorates. The 1H-NMR spectra confirmed the structure of the compounds, an upfield
move of the chemical shifts belonging to the pyrilium and vinylene protons being observed.
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Organic molecules with π-conjugated structures are
extensively studied for both scientific and application
reasons. Such compounds found use as nonlinear optical
(NLO) materials, liquid crystal displays, solar cells and
organic light emitting diodes (OLEDs) [1]. For non linear
optics, organic compounds are appropriate systems
because they show fast electronic responses to external
stimuli, flexible chemical design and good processability
in devices. Electron donor–acceptor systems (D-π-A) are
typical example of molecules that exhibit second-order
NLO features [2]. The disadvantage of these molecules is
given by commonly found centrosymmetry inactivating
thus, the second harmonic generation response [3]. Hence,
multipolar molecules such as quadrupoles and octupoles
have been proposed as alternatives to the more
conventional dipolar push-pull chromophores [4]. These
NLO chromophores suppose the expanding of the charge
transfer from one to two or three dimensions by connecting
donor and acceptor groups with a variety of spatially
extended π-conjugation bridges [5]. For example,
conjugated phenylvinylene and phenylacetylene
compounds showed remarkable optical and electronic
properties due to the multiple conjugation pathways [6]. It
has been reported that molecules with C2v symmetry show
a significant octupole contribution to the nonlinear second-
order optical susceptibility depending on the number and
location of the donor/acceptor groups [7]. In this direction,
pyrylium salts, compounds with C2v symmetry,[8] showed
peculiar photophysical and electrochemical properties,
reason why they found broad practical applications [9].
During the past few decades, we started to investigate the
chemistry of azulenyl-substituted heterocyclic compounds
[10] in order to extend our research interest in the design
of azulenyl based push-pull chromophores [11]. Azulene
is an isomer of naphthalene with a striking blue color
resulting from the electronic transition between the S0 and
S1 state,[12] as a consequence of low energy frontier
molecular orbital transitions [13]. The dipole moment of
this nonbenzoid hydrocarbon is 1.08 D, [14] astoundingly

* email: acrazus@cco.ro; Tel.: : +40.021-316.79.00

large in comparison to that of naphthalene (μ = 0 D). This
can be rationalized by a significant contribution of
cyclopentadienyl anion/tropylium cation resonance
structure formed by the electron drift from the seven-
membered ring toward the five-membered ring of azulene
skeleton [13].

Recently, we have reported an improved synthetic
strategy to isolate threefold substituted pyrylium salts
featuring azulen-1-ylvinyl substituents [15]. We showed
that, using microwave-assisted synthetic protocol, the
reactivity of the starting 2,4,6-trimethyl pyrylium perchlorate
can be conducted towards three-condensation product.
These compounds posses interesting electronic properties
with absorption maxima in the visible region, therefore they
are suitable synthons for generation of interesting π-
conjugated pyridinium based NLO-phores connected with
azulenyl-donor moieties. We now report herein, the
synthesis and spectroscopic characterization of olygo-vinyl-
guiazulenyl substituted O-containing heterocycles.
Guaiazulene (7-isopropyl-1,4-dimethylazulene) is a
naturally occurring azulene derivative [16] and has been
widely used clinically as anti-inflammatory and anti-ulcer
agent [17] as well as in a wide range of cosmetic
formulations [18]. Although is a cheap azulene-based
compound, it is less involved in material science mainly
due to its sensibility in the presence of air. Considering the
improved impact of C2v symmetric push-pull chromophores
as NLO materials, especially for electro-optic applications,
we now direct our attention towards synthesis of cheaper
highly π-conjugated pyrylium salts based on guiazulen-1-
ylvinyl-substituted moieties. Hence, we report herein the
synthesis and full characterization of novel pyrylium
chromophores with different degree of guaiazulen-1-ylvinyl
substitution.

Experimental part
Methods and techniques

Melting points: Koehler Automatic Melting Point Range
Apparatus (K90190). Elemental analyses: Perkin Elmer
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CHN 240B. UV-Vis spectra: Varian Cary 100 spectro-
photometer. NMR spectra in DMSO-d6: Bruker Avance
DRX4 (1H: 400 MHz) spectrometer; chemical shifts (δ)
are expressed in ppm, and J values are given in Hz. Mass
spectra were recorded on Varian 1200L Quadrupole/MS/
MS spectrometer by direct injection in ESI or APCI.
Microwave irradiation was carried out using a Biotage
Initiator 2.0 EXP – ED instrument. For the column
chromatography silica gel (70-230 mesh ASTM) was used.
Dichloromethane (DCM) was dried over CaH2. Numbering
of the atoms in the herein described compounds is given
in schemes 1. RT denotes room temperature. Guiazulen-
1-carbaldehyde and 2,4,6-trimethylpyrylium perchlorate
were prepared following reported synthetic procedures
[13,20]

General procedure for the condensation of 2,4,6-
trimethylpyrylium perchlorates with guiazulen-1-
carbaldehyde
Conventional condensation reaction

Guiazulen-1-carbaldehyde (1 mmol) and 2,4,6–
trimethylpyrylium perchlorate (0.33 mmoles) were
dissolved in acetic anhydride (10 mL) and the reaction
mixture was stirred at 100 °C, under inert atmosphere. The
reaction mixture was maintained at this temperature for 5
min. After cooling to room temperature, the mono-
condensation product, 3m, was obtained by precipitation
with diethyl ether. The formed solid compound was filtered
under reduced pressure and washed several times with
the same solvent. High purity of the compound was
accomplished by column chromatography on silica gel
using DCM/acetone (6 /1) as eluting solvents.

The same procedure was repeated at 160° C, for 15
min. After several column chromatography on silica gel
using the DCM/acetone (6 /1) as eluting solvents, the divinyl
and trivinyl products, 3d and 3t were isolated.

When 3 drops of piperidine were added at the reaction
mixture, at the beginning of the heating process, the
compound 3t was isolated as major compound following
the above mentioned workup.

Microwave synthesis
The guiazulen-1-carbaldehyde (1 mmol) and 2,4,6–

trimethylpyrylium perchlorate (0.33 mmoles) were
introduced in a 2-5 mL reaction vial and acetic anhydride
(5 mL) was added. The reaction vial was sealed and
irradiated for two minutes at 200 °C. The reaction mixture
was poured in diethyl ether and the formed precipitate was
filtered off and washed several times with the same
organic solvent. The tris(guiazulen-1-ylvinyl)pyrylium salt
3t, along with traces of bis condensation product (3d) was
filtered through a pad of silicagel using DCM/acetone (6 /
1) as solvent mixture.

The results for both procedures are reported in table 1.

Results and discussions
Modular sythesis of guiazulen-1-ylvinyl substituted pyrylium
perchlorates

Encouraged by our smooth synthetic protocol described
for the preparation of 2,4,6-tris-(R-azulen-1-yl)-pyrylium
perchlorates, compound of type 3 (scheme 1) [15], we
decided to perform the reaction with guaiazulene-
carbaldehyde, a commercially available and inexpensive
azulene derivative, and also to optimize the classical
condensation reaction. Likewise, refluxing reaction in
acetic anhydride took place step-by-step, resulting a
mixture of mono-, di- and tri - vinyl derivatives. Purification
of the oligo-condensation products required repetitive

column chromatography and therefore time- and solvent
consuming. However, precise reaction time and control of
the temperature conditions make possible a modular
synthesis of the condensation products. Thus,
condensation reaction of 2,4,6-trimethylpyrylium
perchlorate with guiazulene-1-carbaldehyde at 100o C for
around five minutes, yields the corresponding mono-
guiazulen-1-ylvinyl pyrilium perchlorate (3m) in almost
quantitative yield (table 1). Just as previously observed, a
prolonged reaction time and higher temperature (160o C)
has given a mixture of di- and tri-guiazulen-1-ylvinyl
components with the di-guiazulen-1-ylvinyl compound (3d)
as major condensation product (50 % yield). However,
addition of small amounts of piperidine (2-3 drops) provided
enhanced yields and the tris-guiazulen-1-ylvinyl substituted
compound (3t) was isolated in around 55 % yield. This is a
major improvement of the classical refluxing reaction,
hence without piperidine, the tri-guiazulen-1-ylvinyl
compound is isolated only in small amounts (15 – 20 %
yield). For comparative purpose, the reactions were
performed with azulene-1-carbaldehyde and 4,6,8-
trimethylazulen-1-carbaldehyde under the same conditions
and it has been observed that catalytic amounts of
piperidine efficiently  improved the yields of the target
compounds (table 1). Nevertheless, the easiest protocol
to obtain the desired three-fold guiazulen-1-ylvinyl-
substituted pyrylium perchlorate is the microwave-assisted
reaction when, within two minutes, the target tri-guiazulen-
1-ylvinyl substituted pyrylium perchlorate is obtained as
unique compound, in quite pure form. The work-up of the
reaction mixture consists in precipitation of the desired
compound with diethyl ether and repetitive washes using
the same solvent.

Electronic spectra
As a main feature, the electronic spectra of all obtained

compounds show strong absorption band in the visible
region. The position of the absorption maximum depends
on the number of guiazulen-1-ylvinyl substitution of the
pyrylium core, namely shifts bathocromically from λmax =
631 nm in compound 3m to 766 nm in compound 3d and
at 768 nm for compound 3t (table 2). As expected, the
second guiazulen-1-ylvinyl moiety present at C-2 position
induces a high bathochromic shift of the visible absorption
maximum, in order: 3m < 3d and it is almost the same for
the third grafted guiazulen-1-ylvinyl substituent. Therefore,
the extension of the conjugation pathway induced a red
shift of the absorption band. Moreover, comparison of the
UV-Vis spectrum of the herein described three-fold
substituted pyrylium salt with the UV-Vis spectrum of tris-
styryl pyrylium perchlorate indicates that the electronic
contribution of the guaiazulenyl moieties is dominant being
observed a bathochromic shift of around 43 nm when
compared with 2,4,6-tris(4-dimethyl-aminostyryl)pyrylium
perchlorate [8,19]. It is also known that, the modification
of a donor group in a chromophore has a large influence on
the UV-Vis spectrum. Thus, within the series of tris-azulen-
1-ylvinyl heterocycles, the substitution of the azulenyl
moieties causes a red shift of the absorption maximum.
By comparison to the azulenyl-derivative 1t, a strong
bathochromic effect is induced through alkyl substitution.
This spectral pattern was already observed in the case of
tris(4,6,8-trimethylazulen-1-ylvinyl) substituted hetero-
cycle, compound 2t, for which the absorption wavelength
was observed at λmax = 734 nm. In the case of guiazulenyl
substitution, the inductive effect is much stronger through
methyl and iso-propyl substitution of the azulenyl skeleton
and the bathochromic effect is around 78 nm as compared



REV. CHIM. (Bucharest) ♦ 64♦ No. 6 ♦ 2013http://www.revistadechimie.ro660

to 1t (table 2). A possible explanation is given by the
stabilizing inductive effect of the alkyl groups upon the
formed tropylium cation. However, from the second to the
third guiazulen-1-ylvinyl no reasonable shifts are observed
in the absorption maximum, reason why it is supposed
that the iso-propyl groups hinders the extension of the π-
electronic system upon the whole molecule.

1H-NMR spectra
As previously reported, the compounds posses a low

solubility in organic solvents, reason why the recording of

13C-NMR spectra and correlation NMR experiments were
very difficult. Even for the 1H-NMR spectra, higher
temperature (60 oC) and low water content of the DMSO-
d6 solvent was required in order to spectroscopically
characterize the compounds.

Heterocycle protons (3- and 5-H). Structural assignment
reflects the perturbation induced by the azulen-1-ylvinyl
substitution on the pyrylium protons. Comparison of the
spectral data with reported tris-styryl compounds such as
2,4,6-tris(4-dimethylaminostyryl) pyrylium perchlorate
indicates a strongly shielding effect induced by the azulenyl

Scheme 1

Table 1
CONDENSATION REACTION OF

2,4,6-TRIMETHYL-PYRYLIUM
PERCHLORATE WITH

RnAZULENE-1-CARBALDEHYDES
USING CONVENTIONAL

CONDENSATION REACTION, (A)
AND MICROWAVE SYNTHESIS,

(B)

Table 2
 ABSORPTION MAXIMA λmax in nm (log ε)

FOR THE PYRYLIUM SALTS (IN ACETONE)

on
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groups [19]. In addition, alkyl substitution of the pendant
azulenyl moieties further increases the upfield move of
the pyrylium protons chemical shifts. Replacement of the
azulenyl group with guiazulenyl substitution produces an
upfield move of the pyrylium protons of around 0.38 ppm
when comparing the proton NMR spectra of 1m with 3m,
indicative of an increased degree of conjugation. This is
further in agreement with observed Δδ difference of 0.58
ppm when comparing the corresponding chemical shifts
in the non-substituted azulenyl compound 1t with 4,6,8-
trimethyl substituted 2t. Additional bulky alkyl substituents
in guaiazulenyl-containing pyrylium salts induces a more
pronunced shield Δδ = 0.83 ppm relative to 1t (table 3),
showing the strong influence of the electron-donating
effect exerted by the methyl and iso-propyl groups in
compounds of type 3. The shielding effect observed for
the chemical shifts of the pyrylium protons in the guiazulen-
1-ylvinyl series follows the order: 3m < 3d < 3t.

Vinylene protons. As results from table 3, the value of δ
for az-CH= is always higher than that for py-CH= and this
difference is higher for the ethylene at C-4 than at C-2/6.
Upon alkyl substitution of the azulenyl moieties, the
shielding effect of the vinyl protons placed in the
neighborhood of the heterocyclic ring is slightly lower when
compared to the corresponding vinylene protons close to
the azulenyl magnetic field. The field anisotropy created
by the azulene ring is much more intense as compared
with that of pyrylium.

Azulenyl protons. The 1H NMR spectra showed the
azulenyl protons are placed in the expected area. We have
previously reported that, the substitution of the azulenyl
system at C-1 position with positively charged heterocycle
(in 2 or 4 position), strongly deshielded the azulenyl protons
[10]. The chemical shifts are influenced by the alkyl
substitution of the nonbenzenoid groups, namely a strong
shielding effect of the proton placed at 2-position in the
skeleton. In the case of compounds of type 3, described
herein, the shielding effect is also a consequence of the 3-
methyl substituent found in the guiazulenyl moieties.

Product characterization
(E)-4-(2-(5-isopropyl-3,8-dimethylazulen-1-yl)vinyl)-2,6-

dimethylpyrylium perchlorate (3m) dark blue powder, mp
> 350 °C; UV-Vis (acetone): λmax (log ε) 373 (sh), 414 (sh,
3.73), 616 (sh, 4.80), 631 (4.85) nm; 1H NMR (DMSO-d6, 60
o C): δ 1.38 (d, 6H, J = 6.6 Hz, CH3’-isopropyl), 2.58 (s, 6H,
2-Me, 6-Me), 2.59 (s, 3H, 3’-Me), 3.23 (hept, 1H, J = 6.8 Hz,
CH’-isopropyl), 3.26 (s, 3H, 8’-Me), 7.15 (d, 1H, J = 14.6 Hz,
(py)-CH=), 7.49 (s, 2H, 3-H, 5-H), 7.80 (dAB, 1H, J = 11.0
Hz, 7’-H), 7.93 (dd, 1H, J = 11.0 Hz, J = 2.2 Hz, 6’-H), 8.29
(s, 1H, 4’-H), 8.38 (d, 1H, J = 2.2 Hz, 2’-H), 8.92 (d, 1H, J =
14.5 Hz, (az”)-CH=) ppm; ESI-MS: m/z (%) = 331.0 (100)
[M+]. Elemental Analysis Calcd for C23H25ClO5: C, 66.26; H,
6.04; Found: C, 66.25; H, 6.01.

2,4-bis((E)-2-(5-isopropyl-3,8-dimethylazulen-1-
yl)vinyl)-6-methylpyrylium perchlorate (3d) Dark blue
powder, mp > 350 °C; UV-Vis (acetone): λmax (log ε) 412
(sh, 3.85), 569 (3.96), 766 (4.85) nm; 1H NMR (DMSO-d6,
60 o C): δ 1.27 (d, 6H, J = 6.8 Hz, CH3”-isopropyl), 1.33 (d,
6H, J = 6.8 Hz, CH3’-isopropyl), 2.55, 2.56, 2.58 (s, 9H, 6-
Me, 3”-Me, 3’-Me), 3.06 (s, 3H, 8”-Me), 3.18 (s, 3H, 8’-Me),
2.92-3.12 (m, 4H, CH”-isopropyl, CH’-isopropyl), 7.09 (d,
1H, J = 14.8 Hz, 4-(py)-CH=), 7.15 (d, 1H, J = 14.4 Hz, 2-
(py)-CH=), 7.32 (s, 1H, 3-H/5-H), 7.37 (d,1H, J = 10.4 Hz,
7”-H), 7.39 (s, 1H, 3-H/5-H), 7.56 (d, 1H, J = 10.4 Hz, 7’-H),
7.65 (d, 1H, J = 11.2 Hz, 6”-H), 7.76 (d, 1H, J = 10.8 Hz, 6’-
H),  8.14 - 8.23 (m, 4H, 2’-H, 2”-H, 4”-H, 4’-H), 8.57 (d, J =
15.2 Hz, 1H, 2-(az)-CH=), 8.69 (d, J = 14.8 Hz, 1H, 4-(az)-
CH=) ppm; ESI-MS: m/z (%) = 539.0 (100) [M+]. Elemental
Analysis Calcd for C40H43ClO5: C, 75.16; H, 6.78; Found: C,
75.15; H, 6.73.

2,4,6-tris((E)-2-(5-isopropyl-3,8-dimethylazulen-1-
yl)vinyl)pyrylium perchlorate (3t)

Dark green powder, mp > 350 °C; UV-Vis (acetone):
λmax (log ε) 422 (4.46), 466 (4.46), 768 (4.95) nm; 1H NMR
(DMSO-d6, 60 o C): δ 1.27 (d, J = 6.8 Hz, 12 H, CH3”-
isopropyl), 1.30 (d, J = 6.8 Hz, 6 H, CH3’-isopropyl), 2.22 (s,
6H, 3”-Me), 2.25 (s, 3H, 3’-Me), 2.76 (s, 6H, 8”-Me), 2.80 (s,
3H, 8’-Me), 2.92-3.01 (m, 2H, CH”-isopropyl), 3.01-3.06 (m,
1H, CH’-isopropyl), 6.67 (d, 1H, J = 14.4 Hz, 4-(py)-CH=),
6.88 (d, 2H, J = 15.2 Hz, 2/6(py)-CH=), 6.98 (s, 2H, 3-H, 5-
H), 7.08 (dAB, 2H, J = 10.8 Hz, 7”-H), 7.17 (dAB, 1H, J = 11.2
Hz, 7’-H), 7.45 (dAB, 2H, J = 10.8 Hz, 6”-H), 7.49 (dAB, 1H, J
= 10.8 Hz, 6’-H), 7.76 (s, 1H, 2’-H), 7.79 (s, 2H, 2”-H), 7.85
(s, 2H, 4”-H), 7.90 (s, 1H, 4’-H), 8.06 (d, 2H, J = 15.2 Hz, 2H,
2/6-(az)-CH=), 8.12 (d, 1H, J = 15.6 Hz, 4-(az)-CH=) ppm
ppm; ESI-MS: m/z (%) = 747.0 (100) [M+]. Elemental
Analysis Calcd for C56H59ClO5: C, 79.36; H, 7.02; Found: C,
79.33; H, 7.04.

Conclusions
New pyrylium perchlorates featuring one, two and three-

guaiazulen-1-ylvinyl substitution were obtained and fully
characterized. Comparative studies between conventional
condensation reactions and microwave-assisted protocol
showed that last synthetic pathway affords higher
selectivity towards three-fold substituted guiazulen-1-
ylvinyl pyrilium salt. Regarding the conventional
condensation reaction, the yield in 2,4,6-tris(guiazulen-1-
yl)vinyl)pyrylium perchlorate was enhanced by using
catalytic amounts of piperidine. Upon replacement of the
azulenyl group with guiazulenyl moiety a strong
bathochromic effect was induced, the electronic spectra
showing strong absorption maxima in visible for all mono-
, bis- and tris-guiazulen-1-ylvinyl pyrilium perchlorates. The

Table 3
HETEROCYCLE AND ETHYLENE PROTONS (δ, ppm)



REV. CHIM. (Bucharest) ♦ 64♦ No. 6 ♦ 2013http://www.revistadechimie.ro662

1H-NMR spectra confirmed the structure of the compounds
with an upfield shift of the pyrilium and vinylene protons
chemical shifts. Taking into account the commercial
availability of this azulenyl derivative, undoubtedly, these
novel azulenyl substituted heterocyclic derivatives are well
suited for the development of functional NLO
chromophores with extended π-conjugation. Further work
to transform the pyrylium salts in the corresponding
pyridine and pyridinium salts, respectively, are underway
in our laboratories.

 Acknowledgement: The financial support of the European Social
Fund–“Cristofor I. Simionescu” Postdoctoral Fellowship Programme
(ID POSDRU/89/1.5/S/55216), Sectoral Operational Programme Human
Resources Development 2007–2013 is gratefully acknowledged.

References
1.(a) ODRÍGUEZ, J.G., ESQUIVIAS, J., LAFUENTE, A., DÍAZ, C., J. Org.
Chem. 68, 2003, p. 8120; (b) KOBAYASHI, K., KOBAYASHI, N., J. Org.
Chem. 69, 2004, p. 2487; (c) NIELSEN, M.B., DIEDERICH, F., Chem.
Rev. 105, 2005, p.1837; (d) GHOLAMI, M., TYKWINSKI, R.R., CHEM.
REV. 106, 2006, p. 4997; (e) WU, J., PISULA, W., MÜLLEN, K., Chem.
Rev. 107, 2007, p. 718; (f) KAMADA, K., ANTONOV, L., YAMADA, S.,
OHTA, K., YOSHIMURA, T., TAHARA, K., INABA, A., SONODA, M., TOBE,
Y., ChemPhysChem. 8, 2007, p. 2671; (g) ITO, S., INABE, H., MORITA,
N., OHTA, K., KITAMURA, K., IMAFUKU, K., J. Am. Chem. Soc. 125,
2003, p. 1669; (h) BOZDEMIR, O.A., CAKMAK, K., SOZMEN, F., OZDEMIR,
T., SIEMIARCZUK, A., AKKAYA, EU., Chem. Eur. J. 16, 2010, p. 6346; (i)
MURAI, M., GONG, M.-S.; LEE, H.-S.; JEON, Y.-M., J. Mater. Chem. 20,
2010, p. 10735; (j) ZHEN, C.-G., DAI, Y.F., ZENG, W.-J., M.A, Z., CHEN,
Z.-K., KIEFFER, J., Adv. Funct. Mater. 21, 2011, p. 699; (k) AMIR,  E.,
AMIR, R.J., HAWKER, C.J., Chem. Science 3, 2012, 3, p. 2721.
2.(a) DELAIRE, J.A., NAKATANI, K., Chem. Rev. 100, 2000, p. 1817; (b)
HA-THI, M.-H.,  SOUCHON, V., HAMDI, A., MÉTIVIER, R., ALAIN, V.,
NAKATANI, K., LACROIX, P.G., GENET, J.-P., MICHELET, V., LERAY, I.,
Chem. Eur. J. 12, 2006, p. 9056; (c) BOSSHARD, C., SUTTER, K., PRÊTRE,
P.,  HULLIGER, J., FLOERSHEIMER, M., KAATZ, P., GUENTHER, P., in
Optical Materials, Vol. 1; 1995, Ed. Gordon&Breach: Amsterdam.
3.BOYD, R.W. in Nonlinear Optics 2nd edition, 2003. Ed. Academic
Press San Diego, CA.
4.(a) BELJONE, D., WENSELEERS, W., Adv. Func. Mater. 12, 2002, p.
631; (b) WORTMANN, R., KRAMER, P., GLANIA, C., LEBUS, S., DETZER,
N., Chem. Phys. 173, 1992, p. 99.
5.(a) ZYSS , J.; J. Chem. Phys. 98, 1993, p. 6583;  ZYSS, J.,  Nonlinear
Optics 1 1991, p. 3; (b) CHO, B.R., SON, K.H., LEE, S.H., SONG, Y.-S.,
LEE, Y.-K., JEON, S.-J., CHOI, J.H., LEE, H., CHO, M., J. Am. Chem.
Soc. 123, 2001, p. 10039; (c) LAHANKAR, S.A., WEST, R., VARNAVSKI,
O., XIE, X., GOODSON III, T., SUKHOMLINOVA, L., TWIEG, R.J., J.
Chem. Phys. 120, 2004, p. 337; (d) ZHOU, X., FENG, J.-K., REN, A.-M.,
Chem. Phys. Lett. 397, 2004, p. 500; (e) LIU, X.-J., FENG, J.-K., REN,
A.-M., ZHOU, X., CHENG, H., Chem. Phys., 307, 2004, p. 61; (f) KIMURA,
M., KUWANO, S., SAWAKI, Y., FUJIKAWA, H., NODA, K., TAGA, Y.,
TAKAGI, K., J. Mater. Chem. 15, 2005, p. 2393; (g) KANIBOLOTSKY,
A.L., BERRIDGE, R., SKABARA, P.J., PEREPICHKA, I.F.; BRADLEY, D.C.;
KOEBERG, M., J. Am. Chem. Soc. 126, 2004, p. 13695.

6.(a) WILSON, J.N., JOSOWICZ, M., WANG, Y., BUNZ, U.H.F., Chem.
Commun., 2003, p. 2962; (b) WILSON, J.N., HARDCASTLE, K.I.,
JOSOWICZ, M., BUNZ, U.H.F., Tetrahedron 60, 2004, p. 7157; (c)
WILSON, J.N., SMITH, M.D., ENKELMANN, V., BUNZ, U.H.F., Chem.
Commun., 2004, p.1700; (d) CORNIL, J., BELJONNE, D., CALBERT, J.-
P., BRÉDAS, J.-L., Adv. Mater. 13, 2001, p. 1053; (e) VAN MULLEKOM,
H.A.M., VEKEMANS, J.A.M., HAVINGA, E.E., MEIJER, E.W., Mater. Sci.
Eng. R32, 2001, p.1; (f) WONG, M.S., LI, Z.H., TAO, Y., D’IORIO, M.,
Chem. Mater. 15, 2003, p. 1198; (g) BOYDSTON, A.J., YIN, Y.,
PAGENKOPF, B.L., J. Am. Chem. Soc. 126, 2004, p. 3724-3725.
7.(a) AGRINSKAYA, N.V., LUKOSHKIN, V.A., TEN’KOVTSEV, A.V.,
YAKIMANSKI, A.V., Phys. Solid State, 1997, p. 1506; (b) WAN, W.B.,
HALEY, M.M., J. Org. Chem. 66, 2001, p. 3893; (c) MARSDEN, J.A.,
PALMER, G.J., HALEY,  M.M., Eur. J. Org. Chem., 2003, p. 2355; (d)
KONDO, K., YASUDA, S., TOHORU, S., MIYA, M., Chem. Commun.,
1995, p. 55.
8.BALABAN, T.S., BALABAN, AT., in Pyrilium Salts: Synthesis, Reactions,
and Physical Properties; Advances in Heterocyclic Chemistry,
Supplement 2, Ed. Katritzky, Academic Press, 1982, San Diego, CA.
9.(a) MIRANDA, M.A., GARCIA, H., Chem. Rev. 94, 1994, p. 1063; (b)
TRIPATHI, S., SIMALTY, M., KOSSANYI, J., Tetrahedron 26, 1985, 26, p.
1995; (c) NIKOLOV, P., METZOV, S., J. Photochem. Photobiol. A: Chem.
135, 2000, p. 13.
10.(a) RAZUS, A.C., BIRZAN, L., PAVEL, C., LEHADUS, O., CORBU,
A.C., ENACHE, C., J. Heterocycl. Chem. 43, 2006, p. 963; (b) RAZUS,
A.C., BIRZAN, L., ZAHARIA, O., ENACHE, C., J. Heterocycl. Chem. 45,
2008, p. 1139; (c) RAZUS, A.C.,PAVEL, C., LEHADUS, O., NICA, S.,
BIRZAN, L., Tetrahedron 64, 2008, p. 1792; (d) RAZUS, A.C., NICA, S.,
DRAGU, E.A., Synth. Commun. 39, 2009, p. 3166;  (e) RAZUS, A.C.,
BIRZAN, L., CRISTEA, M., TECUCEANU, V., HANGANU, A., ENACHE, C.,
J. Heterocycl. Chem. 48, 2011, p. 1019.
11.(a) IFTIME, G., LACROIX, P.G., NAKATANI, K., RAZUS, A.C,
Tetrahedron Lett. 39, 1998, p. 6853; (b) LACROIX, P.G., MALFANT, I.,
IFTIME, G., RAZUS, A.C., NAKATANI, K., BELAIRE, J.A, Chem. Eur. J. 6,
2000, p. 2699; (c) CRISTIAN, L., SASAKI, I., LACROIX, P.G., DONNADIEU,
B., ASSELBERGHS, I., CLAYS, K., RAZUS, A.C, Chem. Mater. 16, 2004,
p. 3543; (d) RAZUS, A.C, NICA, S., CRISTIAN, L., RAICOPOL, M., BIRZAN,
L., DRAGU, AE, Dyes &Pigments 91, 2011, p. 55.
12.LIU, R.S.H., J. Chem. Educ. 79, 2002, p.183.
13.ZELLER, K.-P. in Methoden der organische Chemie - Houben-
Weyl; Vol. 5/2c, 1Ed. Georg Thieme Verlag Stuttgart 1985; p 127–133
and references cited therein.
14.ANDERSON, A.G., JR., STECKLER, B.M., J. Am. Chem. Soc. 81,
1959, p. 4941.
15.RAZUS, A.C, CRISTIAN, L., NICA, S., ZAHARIA, O., HANGANU, A.,
Arkivoc ix, 2011, p. 38.
16.FRAGA, B.M., Nat. Prod. Rep. 25, 2008, p. 1180; FAULKNER, D.J.,
Nat. Prod. Rep. 12, 1995, p. 223.
17.SEO, Y., RHO, J.-R., GEUM, N., YOON, J.B., SHIN, J., J. Nat. Prod. 59,
1996, p. 985.
18.ANDERSEN, F.A. Int. J. Toxicol. 18 (Suppl. 3), 1999, p. 27.
19.MATSUI, M., KAWAMURA, S., SHIBATA, K., MURAMATSU, H., Bull.
Chem. Soc. Jpn. 65, 1992, p. 71.
20.BALABAN, A.T., NENITZESCU, C.D., Organic Syntheses Coll. Vol. 5,
1973, p 1106.

Manuscript received:1.03.2013




