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Thirteen novel dipolar and V-shaped chromophores with pyranylidene electron-donating part, diazine
electron-withdrawing part and various p-linkers were synthesized. The extent of intramolecular charge
transfer, structure-property relationships and optical properties were further investigated by UV/Vis
absorption, electrochemistry, and DFT calculations.
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1. Introduction

In the last several years, dipolar molecules (DepeA) also called
pushepull molecules bearing electron donors and acceptors linked
by a p-conjugated core have been subject to intensive investigation
due to their prospective application as efficient materials in organic
electronics and optoelectronics.1 Intramolecular charge transfer
(ICT) derives from the push-pull structure and such molecules have
found applications as fluorescent dyes,2 component for light
emitting devices,3 solar cells materials4 and second and third order
non-linear optical (NLO) materials.5 V-shaped DepeAepeD design
is also typical of light emitting and third order NLO chromophores.
The chromophore polarizability depends mainly on its chemical
structure in particular on the length on the p-conjugated spacer
and the electronic nature of the attached donors and acceptors.6

The ability of the p-conjugated oligomers as chromophores and
electrophores is related to the intramolecular delocalization of
p-electrons along the molecular chain.

g-Methylenepyrans are versatile six atom heterocycles with
a proaromatic electron-donor character. It is well-known that
chromophores incorporating aromatic subunits display lower
b values than the corresponding polyenes of the same conjugation
; fax: þ33 (0)2 96 46 93 54;
helle).
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length, since their ground states are usually dominated by neutral,
aromatic forms that lose resonance energy on charge separation.7

One way to overcome this drawback consists in incorporating
a fragment whose aromaticity will increase upon charge transfer. In
this context, g-methylenepyrans leading to aromatic pyrylium
when internal charge transfer occurs are particularly attracting as
donor part in push-pull structures. The use of this fragment in the
structure of NLO chromophores has been already described in the
literature.8 Moreover, p-conjugated structures incorporating
g-methylenepyran building blocks have been described as in-
teresting redox systems.9

Diazines are six-membered aromatics with two nitrogen atoms.
Three different structures can be distinguished according to the
relative position of the nitrogen atoms: pyridazine (1,2-diazine),
pyrimidine (1,3-diazine) and pyrazine (1,4-diazine). Diazines are
building block of choice for the incorporation in p-conjugated
materials either as electron-accepting part or as part of the p-
conjugated backbone.10 4,6-Diarylvinylpyrimidines is an important
class for third order NLO chromophore and fluorophores11 and
numerous pyrimidine chromophores have found sensing applica-
tions.12 A large variety of p-conjugated materials bearing pyrazine
has been also described. In particular 2,3-dicyanopyrazine de-
rivatives exhibit intense fluorescence and second-order NLO
properties.13 Quinoxaline (benzopyrazine) derivatives have been
employed in dye sensitized solar cells and in organic light emitting
diodes.14 Even if less numerous, some examples of p-conjugated
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pyridazine structures with interesting electro-optical properties
have been also described.15

Recently we have described the NLO properties of two pyrimi-
dine g-methylenepyran derivatives (Fig. 1).16 The aim of the present
article is, with the help of electrochemical, optical and computa-
tional studies, to describe the synthesis and the ICT of a series of
push-pull and V-shaped structures with an extended p-conjugated
core incorporating g-methylenepyrans as electron-donating parts
and various diazine rings as electron-attracting groups.
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Fig. 1. Structures of compounds 1 and 2.
2. Results and discussion

2.1. Synthesis

The main method for the synthesis of (E)-vinyldiazines consists
in a condensation reaction between methyldiazine and aldehyde.17

The push-pull compounds 4 were obtained in moderate yields
by condensation of methylenepyran aldehydes 3 and
4-methylpyrimidine with potassium tert-butoxide in refluxing THF
(Scheme 1).
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Scheme 1. Synthesis of compounds 4.
The same procedure was employed to synthesize V-shaped
compounds 5 from 4,6-dimethylpyrimidine (Scheme 2) and to
obtain pushepull structure with pyrazine (6), quinoxaline (7) and
pyridazine (8) attracting part (Scheme 3). Yields obtained (43e51%)
are in the same range as for pyrimidine derivatives.
tBuOK

Scheme 2. Synthesis of compounds 5.
In order to study the influence of a phenyl ring in the p-con-
jugated bridge between the diazine electron-attracting part and the
methylenepyran electron-donating part, a second family of com-
pounds, similar to the structure 1 was designed. The compound 10
was obtained in two steps from 2-methylquinoxaline (Scheme 4).
The first step consists in a condensation reaction between 2-
methylquinoxaline and 4-(diethoxymethyl)benzaldehyde in
boiling aqueous 5 M NaOH using Aliquat� 336 as a phase-transfer
catalyst followed by deprotection of the acetal group in acidic
media leading to compounds 9 according to the procedure initially
described by Vanden Eynde and co-workers.18 The second step
consists in a Wittig reaction between aldehyde 9 and 2,6-diphenyl-
4H-pyran-4-yl triphenylphosphonium tetrafluoroborate salt19

leading to derivatives 10 (Scheme 4).20

The same procedure has been employed with 4-methyl-2,6-di-
pyridin-2-yl-pyrimidine21 affording compound 12 (Scheme 5).
2.2. NMR studies: evaluation of the pyrylium character of
compounds 4e8 in solution

To obtain information about the pyrylium character of the
compounds 4e8 in solution, the differences in 3JH,H values (DJ)
across adjacent C]C and CeC bonds of the p-conjugated bridges
was studied (Table 1). Indeed, it has been previously emphasized
that the variation of 3JH,H values along a conjugated polyene chain
provides a good estimate of the CeC bond lengths (or bond
orders).8b,22 In pushepull molecules containing a similar donor
(acceptor), the so-called bond length alternation (BLA) depends on
the strength of the acceptor donor. As a consequence, the difference
DJ between the coupling constant 3JH,H of concomitant CeC bonds
ranges from 6.5 Hz for unconjugated molecules to 0 Hz for mole-
cules inwhich all the CeC bong lengths are equal (cyanine limit). As
shown in Table 1, calculated DJ values for the compounds 4e8 are in
the 1.75 and 3 Hz range, indicating an important ICT in the mole-
cules. The lowest DJ are obtained for pyrimidines derivatives 4,
which is in accordance with the fact that the pyrimidine ring is
a better attracting group than the pyrazine, quinoxaline and pyr-
idazine rings.2b However, the values are higher than those found
for Fisher type methylenepyran carbene complexes8b or
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Scheme 3. Synthesis of compounds 6e8.
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Scheme 4. (i) 4-(diethoxymethyl)-benzaldehyde, aliquat 336, 5 M NaOH aq, 15 h, D
then HCl, acetone, 5 min room temperature (ii) Phosphorane obtained in situ from the
corresponding phosphonium salt (BF4�) by nBuLi (THF, 15 min �78 �C) 30 min �78 �C
(30 min) then room temperature (2 h).
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Scheme 5. (i) 4-(Diethoxymethyl)-benzaldehyde, aliquat 336, 5 M NaOH aq, 15 h, D
then HCl, acetone, 5 min room temperature (ii) phosphorane obtained in situ from the
corresponding phosphonium salt (BF4�) by nBuLi (THF, 15 min �78 �C) 30 min �78 �C
(30 min) then room temperature (2 h).

Table 1
1H NMR spectroscopic data for compounds 4e8

4a 4b 4c 5a 5b 6a 6b 7a 7b 8a 8b

DJ (Hz)a 2 1.75 2 2.5 2.4 2.7 3 2.7 3 3 3

a DJ values: average difference in 3JH,H values across adjacent C]C and CeC bonds.
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methylenepyrans bearing strong organic acceptor8d groups with
alkene chain spacer of similar length (�0.6<DJ<1 Hz). The degree
of acceptor strength of the nitrogen heterocycles is also attainable
from the NMR chemical shift values of the 3H and 5H protons of the
pyran ring. These values were previously used as a criterion for the
degree of pyrylium character. Increasing this character in the
ground state, tends to shift the hydrogen signal to downfield. Thus
by comparison of the observed 3H and 5H chemical shift values of
compounds 4ae8a (6.95 ppm<d 3H<7.10 ppm, 6.43 ppm<d

5H<6.47 ppm), 4be8b (6.15 ppm<d 3H<6.24 ppm, 5.64 ppm<d

5H<5.70 ppm) with those, more deshielded of comparable or-
ganometallic 2,6-diphenylmethylenepyrans bearing a C(X)¼
W(CO)5 acceptor group (X¼OMe, SPh) (d 3H>7.40 ppm,
d 5H>7.00 ppm)8b and pushepull 2,6-
ditertiobutylmethylenepyrans synthesized by Garin group (d
3H>6.55 ppm, d 5H>6.18 ppm),8d it appears that the diazines de-
rivatives 4e8 have a lower pyrylium character.
2.3. Optical properties

The UV/Vis electronic spectra of compounds 1, 2, 4e8,10, and 12
were recorded in dichloromethane solution and the results are
given in Table 2. All compounds showed longest absorption wave-
lengths (lmax) in the visible region (425e469 nm) attributed to ICT.
In most of the cases, a second or even a third absorption band of
higher energy is observed. When comparing the lower energy ab-
sorption band of compounds 1 and 4a on one hand and of com-
pounds 10 and 7 on other hand, it appears that labs(4a)>labs(1) and
labs(7)>labs(10). This indicates that the compounds without
a phenyl ring in the p-conjugated bridge exhibit the highest charge
transfer. Di(pyridine-2-yl) derivative (12) exhibits a more red
shifted absorption than compound 1 (535 nm vs 560 nm) probably
due to the pyridine substituents that reinforce the attracting
strength of the pyrimidine. The compound 4b exhibits an absorp-
tion band of lower energy than compound 4a (469 vs 444 nm): the
increase of the p-conjugated length leads to a red shift in



Table 2
UVevisible date of the studied compounds in CH2Cl2

Compounda labs (nm) ε (L mmol cm�1) lem (nm)b Stokes shift (cm�1)c

1 435
250

40.9
28.0

542 4538

2 458
254

67.4
46.2

556 3848

4a 444
298
253

50.9
17.9
22.4

542 4072

4b 469
300
254

59.2
17.7
22.4

535 2630

4c 429 28.1 493 3245
5a 503

303
65.3
17.7

600 3214

5b 481
354

73.2
21.7

610 4397

6a 440
295
252

35.6
16.3
22.3

550 4545

6b 427
348

27.2
9.9

501 3459

7a 480
305
260

42.0
19.2
20.0

580 3592

7b 470
353

21.7
8.2

536 2620

8a 427
292
251

29.8
12.3
17.5

560 5562

8b 410 25.5 512 4859
10 450

293
51.1
39.1

612 5882

12 460
343
282

42.0
57.1
84.3

-e -e

a All spectra where recorded in CH2Cl2 solutions at room temperature at
c¼1.0�10�5 to 3.0�10�5 M for absorption and c¼1.0�10�6 to 3.0�10�6 M for
emission.

b Excitation at the absorption band of lower energy.
c Calculated using the wavelength of the absorption band of lower energy.
e No fluorescence.
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absorption. When comparing compounds 4a, 6a, 7a, and 8a, it
appears that the quinoxaline derivative 7a exhibits the most red
shifted absorption band (480 nm). On the contrary the pyridazine
derivative 8a exhibits the most blue shifted absorption band
(427 nm). A similar tendency has been observed previously.2b tert-
Butyl derivatives (4c, 6b, 7b, and 8b) are slightly blue shifted in
absorption (Dl¼10e17 nm) compared to phenyl derivatives (4a, 6a,
7a, and 8a). V-shaped compounds (2 and 5) exhibit red shifted
absorption and higher absorption coefficient in comparison with
their dipolar equivalents (1, 4a, and 4b), the red shift in more im-
portant in case of 5 than in case of 2 probably due to the more
intense ICT phenomena occurring in polyene derivatives (4 and 5)
than in phenylenevinylene derivatives (1 and 2). All the compounds
exhibit low emission (emission quantum yield<0.01) in the green-
yellow region (493e612 nm) except for compound 12, which is
non-emissive. Relatively high Stoke shifts are observed for all those
compounds (comprised between 2600 and 5882 cm�1).

In previous studies, it has been demonstrated that arylvi-
nyldiazines can be used as colorimetric and luminescent pH sensors
due to the basic character of the nitrogen atoms of the diazine
rings.2b,12b,c,21,23 Protonation of arylvinyldiazines with non-basic
donor group leads to a red shift in absorption and emission, in
some cases the emission is completely quenched. It has been also
demonstrated that the methylenepyran part can be also protonated
to form a highly emissive pyrylium.24 The behavior of the com-
pounds with or without a phenyl ring in their p-conjugated bridge
is different. The changes in the UVevis spectra of compounds 4aeb,
6a, 7a, and 8a are illustrated in Fig. 2 and in Supplementary data.
The spectra show the progressive attenuation of the absorption
band for the neutral compound on increasing the concentration of
acid, whereas two new red shifted bands corresponding to the
monoprotonated and diprotonated species appear.

The behavior of compounds 1 and 10 is different: a blue shifted
band appears progressively upon addition of trifluoroacetic acid
(Fig. 3 and Supplementary data). This band corresponds to the
formation of a pyrylium. Protonated species of compounds 1 and 10
exhibit a much more intense blue shifted emission band compared
to the neutral derivatives (lem¼450 nm, FF¼0.13 for compound 1
and lem¼479 nm, FF¼0.25 for compound 10).
2.4. Electrochemical properties

Compounds 4e8, 10, and 12 were analyzed by cyclic voltam-
metry using CH2Cl2 as solvent and Bu4NBF4 as electrolyte (Table 3).
All compounds exhibit an irreversible oxidation process at positive
potential value, versus the ferroceneeferricinium couple, which
correspond to the oxidation of the methylenepyran fragment, as
expected.9b,16 Moreover, for compounds 4a, 4b, 5a, 7a, 7b, and 10
(Fig. 4a), a quasi-reversible reduction process, involving the ac-
ceptor fragment, is observed at negative potentials. For compounds
4c, 5b, 6, 8, and 12, it was not possible to measure the potential
value of the reduction, which should lie at more negative potentials
(E1/2 red <�2 V vs ferroceneeferricinium). Additional oxidations
were also observed for 4a/b, 5a/b, 6b, 7a/b, and 8a/b, which
probably occur from products formed after the oxidation process.
For example, for 4a, 7a, 8a, the ratio (ipox/v1/2¼f(v)) remains con-
stant for the first oxidation process but decreases for the second
oxidation, suggesting an EC (ElectrochemicaleChemical) process.
No attempts were made to isolate these products.

On reversal scan following the first anodic wave, new waves
were observed for all compounds. As previously described, this
could be attributed to small amount of product resulting from the
dimerization of the oxidized form.9b This process remains unclear,
since several CeC coupling processes may occur. We noticed that
single clear reduction peak was observed for compounds bearing
a 1,4-phenylene unit (10, 12), respectively, at �0.84, �0.86 V, sug-
gesting that dimerization may take place on the exocyclic carbon of
the methylenepyran fragment. This observation is consistent with
the formation of a radical cation, which is transformed into a bis-
pyrylium compound, detected on the back scan. Also, single clear
reduction peak was observed for the quinoxaline compounds 7a
and 7b, respectively, at �0.65 and �0.72 V. Whereas the reduction
peak, attributed to the pyrylium center, of 10 and 12 is comparable
to the analogous bispyrylium compound bearing a phenyl sub-
stituent (�0.86 V), a positive shift of the cathodic peak is observed
for the dimerization compounds of 7a and 7b.

For chromophores 4e8, 10, and 12, the first oxidation is ob-
served between 0.10 and 0.29 V. The electronic nature of the
appended substituent (R¼tBu or phenyl) of the methylenepyran
core, influence the first oxidation potential only negligibly (5a/5b,
6a/6b, 7a/7b, 8a/8b). Moreover, when comparing the compounds
4a and 4b, which differ by the presence of an additional vinylene
linkage in 4b, a moderate difference was found in the oxidation
potential of 4a (0.27 V) and 4b (0.10 V). It is noticeable that no in-
fluence was observed on the reduction wave of the pyrimidine
moiety. Similar trends were already observed for pyrrolopyridazine
derivatives.25 Finally, comparison of the potential values obtained
for compounds 1 versus 4a, 2 versus 5a and 8a versus 10, which
differ by the presence of the 1,4-phenylene unit, did not show effect
on the oxidation or reduction potential value. From an electro-
chemical point of view, this means that all compounds are engaged
similarly in ICT.



Fig. 2. UV/vis absorption change of 4a in CH2Cl2 (c¼2.3$10�5 M) with increasing TFA concentration.

Fig. 3. UV/vis absorption change of 10 in CH2Cl2 (c¼1.1 10�5 M) with increasing TFA concentration.
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Table 3
Electrochemical dataa for compounds 1, 2, 4, 5, 6, 7, 8, 10, and 12

Compound Eox (1)b Eox (2)b Eox (3) E1/2 red

1c 0.20 �2.21
2c 0.25 �2.06
4a 0.27 0.47d �1.98
4b 0.10 0.30d �1.92
4c 0.27 de

5a 0.24 0.33b 0.56 �1.94
5b 0.22 0.31b 0.63 de

6a 0.23 de

6b 0.21 0.49b 0.56 de

7a 0.23 0.51d �1.90
7b 0.19 0.52d �2.00
8a 0.25 0.55b de

8b 0.20 0.52b de

10 0.26 �1.88
12 0.29 de

a Potentials were determined by cyclic voltammetry in CH2Cl2eBu4NBF4 (0.1 M)
with a Pt disk working electrode, y¼0.1 V s�1, and are given versus the ferrocene/
ferricinium couple.

b Irreversible peak.
c Data from Ref. 16.
d Quasi-reversible system.
e Undefined reduction peak.

Fig. 4. Cyclic voltammograms of compound 10 at a Pt disk working electrode, in CH2Cl2eBu4NBF4 (0.1 mol L�1) at 298 K. Anodic and cathodic scan (black), anodic scan followed by
a cathodic scan (red). All potentials are relative to the ferrocene/ferrocenium couple (Fcþ/Fc).
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2.5. Computational studies

In order to shed some light on the electronic structure of the
title compounds, DFT calculations have been performed on 4a, 5a,
6a, 4b, and 8a. Their geometries were fully optimized with and
without considering solvent effect corrections (see computational
details) and little differences were found between the vacuum and
solvent-corrected geometries, which are shown in Fig. 5. They ex-
hibit a conjugated, near planar geometry, the phenyl substituents
being slightly tilted by w12e15� for obvious steric reasons. Rele-
vant bond distances are given in Table 4. They indicate only little
metrical differences along the conjugated backbone. The polyenic
chains exhibit alternating longer (w1.42e1.47 �A) and shorter
(w1.37e1.38 �A) bonds in accordance with BLA estimated by NMR,
and the structure of the oxygen-containing heterocycle is clearly
that of a methylenepyran. The small differences in the amount of
conjugation along the molecules can also be evidenced from the
natural atomic orbital (NAO) charge analysis. The charge of the
diazino fragments are �0.16, �0.12, �0.12, �0.15, and �0.28 in 4a,
6a, 8a, 4b, and 5a, respectively, whereas the charge of the C5H4OPh2
unit is 0.22, 0.18, 0.17, 0.15, and 0.19, respectively. Thus, the amount
of charge transfer from the diphenylpyran fragment to the diazino
ring is comparable in the 4a, 6a, 8a, and 4b series, with a slightly
stronger transfer in the case of 4a. In the case of the symmetrical 5a
molecule, the transfer to the central heterocycle is larger, due to the
presence of two C5H4OPh2 donor units. The dipole moments (Table
4) reflect this fragment charge distribution, combined with the
different charge distributions over the diazino fragments. Un-
surprisingly, the MO diagrams of the five computed compounds are
quite similar and only that of 4a is shown in Fig. 6. Compounds 4a,
4b, 6a, and 8a exhibit a rather high-lying HOMO, which can be
described as an antibonding combination of the highest p-bonding
orbitals of the (CH)n bridge and of the C5O heterocycle. Their
LUMO’s are much more equally spread out over the whole mole-
cule, whereas the LUMOþ1 is localized on the diphenylpyran
moiety. In the case of 5a, all these orbitals are doubled.

The geometries of the monocationic and monoanionic forms of
compounds 4a, 4b, 5a, 6a, and 8a have been also fully optimized in
order to calculate their first ionization energy and their electron
affinity (see Table 4). A reasonable linear correlation was found
between the ionization energies computed with solvent correc-
tions and the oxidation potentials recorded by cyclic voltammetry.
A better agreement is even found if 5a is removed from the fit. This
is likely due to the fact that this symmetric molecule interacts
differently with the electrolyte, which is not considered in the
calculations. The corresponding correlations curves are illustrated
in Fig. 7. They illustrate the similarities between 4a, 6a, and 8a, and
the slightly different behavior of 5a.

In order to get a better insight into their optical properties, time-
dependent DFT (TDDFT) calculations have been carried out on the
five compounds (see computational details). The experimental ab-
sorption peaks of lowest energy, which are recorded at labs¼444,
440, 427, 469, and 503 nm for 4a, 6a, 8a, 4b, and 5a, respectively (see
Table 2) can be indexed to HOMO/LUMO transitions computed at
438, 428, 420, 477, and 483 nm, respectively. Thus, the associated



Fig. 5. The DFT-optimized molecular structures of 4a, 6a, and 8a (top) and 4b and 5a (bottom).

Table 4
Relevant computed data for compounds 4a, 5a, 6a, 4b, and 8a in dichloromethane (see Computational details). Interatomic distances are given in �A

4a 6a 8a 5a 4b

HOMOeLUMO gap (eV) 3.02 3.04
3.10 2.72 2.86

Ionization energy (eV) 4.86 4.79
4.81 4.75 4.68

Electronic affinity (eV) �2.71 �2.61
�2.58 �2.77 �2.81

C1eC2 1.411 C1eC2 1.418 C1eC2 1.416 C1eC2 1.403 C1eC2 1.410
C2eC3 1.387 C3eC4 1.395 C2eC4 1.378 C2eC3 1.403 C2eC3 1.387
N1eC1 1.356 N1eC1 1.350 C3eC4 1.405 N1eC1 1.358 N1eC1 1.355
N1eC4 1.328 N1eC4 1.333 N1eC1 1.352 N1eC4 1.331 N1eC4 1.328
N2eC3 1.345 N2eC2 1.327 N2eC3 1.332 N2eC3 1.358 N2eC3 1.344
N2eC4 1.338 N2eC3 1.342 N1eN2 1.323 N2eC4 1.331 N2eC4 1.338

C1eC5 1.447 1.452 1.452 1.450 1.449
C5eC6 1.367 1.365 1.364 1.366 1.365
C6eC7 1.423 1.427 1.428 1.425 1.428

C7eC8 1.373
C8eC9 1.421

C7eC0
1 1.384 1.382 1.381 1.383 C9eC0

1 1.385
C0

1eC0
2 1.445 1.447 1.447 1.446 1.445

C0
2eC0

3 1.357 1.356 1.356 1.356 1.357
C0

3eO 1.369 1.369 1.369 1.369 1.369
C0

5eO 1.369 1.372 1.372 1.371 1.371
C0

5eC0
4 1.357 1.356 1.356 1.356 1.357

C0
1eC0

4 1.443 1.445 1.445 1.444 1.443
C0

3eC 1.470 1.470 1.470 1.470 1.470
C0

5eC 1.469 1.469 1.469 1.469 1.469
Dipole moment (Debye) 7.75 5.82 9.78 2.07 9.02
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charge transfer is mainly from themolecule core to its ends. The two
next absorption peaks at higher energy correspond to transitions
from other occupied orbitals to the LUMO or LUMOþ1. The emission
wavelength involving the lowest excited singlet state (both HOMO
and LUMO singly occupied) has also been calculated by TDDFT. The
computedwavelengths are 569, 573, 560, 667, and 573 nm for 4a, 6a,
8a, 4b, and 5a. These values are in a reasonable agreement with their
experimental labs counterparts, which are 542, 550, 560, 535, and
600 nm, respectively (see Table 2).

Quadratic non-linear optical hyperpolarizabilities have been
also computed for compounds 4a, 6a, 8a, 4b, and 5a (see
Computational details). The computed bstatic values (in 10�30 esu)
are 15, 13, 12, 31, and 17 in vacuum, respectively. When solvent
(CH2Cl2) effect is considered they shift to 55, 43, 38, 119, and 54,



Fig. 6. MO diagram of compound 4a. The % localization of the MO’s (in blue) corresponds to the following fragments: diazine/polyenic bridge/C5H2O ring/phenyl rings.
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respectively. The corresponding bdynamic values (in 10�30 esu)
computed at 1907 nm in vacuum are 19, 17, 15, 41, and 22, re-
spectively.When solvent effect is considered they shift to 79, 62, 54,
190, and 69, respectively. Although such computed results have
probably to be taken only at a qualitative level, they are indicative of
a strong molecular polarizability (especially 4b) and suggest these
compounds to have interesting second-order NLO properties. The
bdynamic values calculated in CH2Cl2 are in the same order than the
experimental values obtained for amine substituted tetra(arylvinyl)
bipyrimidine described in the literature (b0¼110e130$10�30 esu).26

3. Conclusion

In conclusion, we have successfully synthesized and character-
ized a series of pushepull and V-shaped structures incorporating
methylenepyran as pro-aromatic electron-donating moieties and
diazine electron-attracting fragments. The optical properties of the
dyes were studied: all compounds were colored and slightly fluo-
rescent (except the pyridyl derivative 12). These compounds ex-
hibit intense halochromism properties, which depends of the p-
conjugated core: on one hand, in case of phenylenevinylene
derivatives, the protonation occurs on the pyranylidene part lead-
ing to a strongly emissive pyrylium salts, which is blue shifted in
absorption. On the other hand, in case of diethylene and triethylene
derivatives, the protonation occurs on the diazine fragments lead-
ing to a red shifted absorption. Cyclic voltammetry and DFT calcu-
lation have shown that the donors and acceptor are engaged
similarly in ICT in all the compounds. Quadratic non-linear optical
hyperpolarizabilities of selected compounds have been also com-
puted and suggest that these compounds are potential second-
order NLO chromophores.

4. Experimental section

4.1. General methods

In air and moisture-sensitive reactions, all glassware was flame-
dried and cooled under nitrogen. tBuOK was purified by the pro-
cedure described by Glinka27 and kept under nitrogen, all other
commercially available reactants are used without further purifi-
cation. Compounds 3,8c,8d,28 2,6-diphenyl-4H-pyran-4-yl triphe-
nylphosphonium tetrafluoroborate salt19 and 4-methyl-2,6-di-



Fig. 7. Top: Linear correlation between the computed first ionization energy and Eox of
4a, 4b, 5a, 6a, and 8a (top) and 4a, 4b, 6a, and 8a (bottom). Solvent corrections were
assumed in the calculations.
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pyridin-2-yl-pyrimidine21 were prepared as previously described.
NMR spectra were acquired at room temperature on a Bruker AC-
300 spectrometer. Chemical shifts are given in parts per million
relative to TMS (1H, 0.0 ppm) and CDCl3 (13C, 77.0 ppm). Acidic
impurities in CDCl3 were removed by treatment with anhydrous
K2CO3. High resolution mass analyses were performed at the
‘Centre R�egional de Mesures Physiques de l’Ouest’ (CRMPO, Uni-
versity of Rennes1) using a Bruker MicroTOF-Q II apparatus. UV/vis
spectra were recorded with a UVIKON xm SECOMAM spectrometer
using standard 1 cm quartz cells. Fluorescence spectra were
recorded using Spex FluoroMax-3 Jobin-Yvon Horiba apparatus.
Measurements were performed at room temperature with solu-
tions of OD<0.1 to avoid re-absorption of the emitted light, and
data were corrected with a blank and from the variations of the
detector with the emitted wavelength. Fluorescence quantum yield
were measured according to Crosby comparative method29 using
quinine bisulfate in 1 M H2SO4 (FF¼0.54) or rhodamine in ethanol
(FF¼1.00) as reference. Cyclic voltammetry experiments were
performed on a m-AUTOLAB III potentiostat monitored by a com-
puter. All the potentials were standardized against the ferroce-
neeferricinium couple. Ferrocene was added as an internal
standard at the end of the experiments. A three-electrode cell was
used, equipped with a platinum wire auxiliary electrode, a plati-
num working electrode and a silver wire as a quasi-reference
electrode.
4.2. General procedure A for condensation reaction

Methyldiazine derivative (1 mmol) and compound 3 (1.1 equiv
per methyl group) were dissolved in THF (20 mL). tBuOK (1.5 equiv
per methyl group) was slowly added at room temperature. The
solution, which immediately turned brown, was then refluxed
overnight. After cooling, water was added, THF was evaporated and
the mixture extracted with CH2Cl2, dried over MgSO4 and the sol-
vent removed under vacuum.

4.3. (E)4-[3-(2,6-Diphenyl-pyran-4-ylidene)-propenyl]-pyrim-
idine (4a)

Red solid; obtained according to general procedure and purified
by column chromatography (SiO2, Petroleum ether/EtAcO, 1:1);
yield 44% (154 mg); mp: 201e202 �C; 1H NMR (500 MHz, CDCl3)
d 5.88 (d, 1H, J¼12.5 Hz), 6.37 (d, 1H, J¼14.5 Hz), 6.49 (d, 1H,
J¼1.0 Hz), 7.01 (d, 1H, J¼1 Hz), 7.12 (d, 1H, J¼5.5 Hz), 7.51e7.45 (m,
6H), 7.81e7.79 (m, 2H), 7.89e7.87 (m, 2H), 8.11 (dd, 1H, J1¼12.5 Hz,
J2¼14.5 Hz), 8.55 (d, 1H, J¼5.5 Hz), 9.08 (s, 1H); 13C NMR and JMOD
(125 MHz, CDCl3) d 163.0 (C), 158.7 (CH), 156.7 (CH), 153.6 (C), 153.0
(C), 135.8 (C), 133.2 (CH), 132.9 (C), 132.7 (C), 129.9 (CH), 129.7 (CH),
128.8 (CH),125.2 (CH),124.8 (CH),123.6 (CH),118.3 (CH),113.7 (CH),
108.4 (CH), 102.5 (CH). HRMS (ESI/ASAP) m/z calculated for
C24H19N2O [MþH]þ 351.1497, found 351.1493.

4.4. (E,E)4-[5-(2,6-Diphenyl-pyran-4-ylidene)-penta-1,3-
dienyl]-pyrimidine (4b)

Red solid; obtained according to general procedure and purified
by column chromatography (SiO2, Petroleum ether/EtAcO, 1:1);
yield 65% (244 mg); mp: 242e243 �C; 1H NMR (500 MHz, CDCl3)
d 5.78 (d, 1H, J¼12.4 Hz), 6.43e6.37 (m, 3H), 6.79 (s, 1H), 7.06 (dd,
1H, J1¼14 Hz, J2¼13 Hz), 7.14 (d, 1H, J¼5.5 Hz), 7.50e7.41 (m, 6H),
7.68 (dd, 1H, J1¼12.4 Hz, J2¼14.7 Hz), 7.76e7.75 (m, 2H), 7.82e7.80
(m, 2H), 8.55 (d, 1H, J¼5.5 Hz), 9.06 (s, 1H); 13C NMR and JMOD
(125 MHz, CDCl3) d 162.8 (C), 158.8 (CH), 156.8 (CH), 153.0 (C), 152.3
(C), 139.0 (CH), 135.1 (CH), 133.3 (C), 133.0 (C), 132.8 (C), 129.7 (CH),
129.5 (CH), 128.81 (CH), 128.76 (CH), 127.2 (CH), 125.6 (CH), 125.0
(CH), 124.7 (CH), 118.0 (CH), 114.7 (CH), 108.5 (CH), 102.3 (CH).
HRMS (ESI/ASAP) m/z calculated for C26H21N2O [MþH]þ 377.1654,
found 377.1654.

4.5. (E)4-[3-(2,6-Di-tert-butyl-pyran-4-ylidene)-propenyl]-py-
rimidine (4c)

Yellow solid; obtained according to general procedure and pu-
rified by column chromatography (SiO2, Petroleum ether/EtAcO,
7:3); yield 43% (133 mg); mp: 69e70 �C; 1H NMR (500 MHz, CDCl3)
d 1.19 (s, 9H), 1.24 (s, 9H), 5.58 (d, 1H, J¼12.5 Hz), 5.70 (d, 1H,
J¼1.5 Hz), 6.20 (d, 1H, J¼14.5 Hz), 6.23 (d, 1H, J¼1.5 Hz), 7.04 (d, 1H,
J¼5.0 Hz), 8.11 (dd, 1H, J1¼12.5 Hz, J2¼14.5 Hz), 8.46 (d, 1H,
J¼5.0 Hz), 8.99 (s, 1H); 13C NMR and JMOD (125MHz, CDCl3) d 165.1
(C), 164.5 (C), 163.4 (C), 158.6 (CH), 156.3 (CH), 137.4 (C), 133.8 (CH),
121.6 (CH), 117.8 (CH), 110.8 (CH), 105.0 (CH), 98.9 (CH), 35.6 (C),
35.5 (C), 27.9 (CH), 27.8 (CH). HRMS (ESI/ASAP) m/z calculated for
C20H27N2O [MþH]þ 311.2123, found 311.2122.

4.6. (E,E)4,6-Bis-[3-(2,6-diphenyl-pyran-4-ylidene)-pro-
penyl]-pyrimidine (5a)

Red solid; obtained according to general procedure and purified
column chromatography (SiO2, Petroleum ether/EtAcO, 1:1); yield
64% (397 mg); mp: >250 �C; 1H NMR (500 MHz, CDCl3) d 5.86 (d,
2H, J¼12 Hz), 6.35 (d, 2H, J¼14.5 Hz), 6.45 (d, 2H, J¼1.0 Hz), 6.88 (s,
1H), 7.01 (d, 2H, J¼1 Hz), 7.50e7.41 (m, 12H), 7.77e7.75 (m, 4H),
7.86e7.84 (m, 4H), 8.06 (dd, 2H, J1¼12 Hz, J2¼14.5 Hz), 8.95 (s, 1H);
13C NMR and JMOD (125 MHz, CDCl3) d 162.8 (C), 153.3 (C), 152.7
(C), 135.2 (C), 133.0 (C), 132.8 (C), 132.2 (CH), 129.8 (CH), 129.6 (CH),
128.8 (CH), 125.2 (CH), 124.8 (CH), 124.5 (CH), 116.2 (CH), 114.1 (CH),
108.5 (CH), 102.6 (CH). HRMS (ESI/ASAP) m/z calculated for
C44H33N2O2 [MþH]þ 621.2542, found 621.2539.
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4.7. (E,E)4,6-Bis-[3-(2,6-tert-butyl-pyran-4-ylidene)-pro-
penyl]-pyrimidine (5b)

Red solid; obtained according to general procedure and purified
by column chromatography (SiO2, Petroleum ether/EtAcO, 1:1);
yield 73% (394 mg); mp: 124e125 �C; 1H NMR (300 MHz, CDCl3)
d 1.21 (s, 9H), 1.25 (s, 9H), 5.59 (d, 2H, J¼12.3 Hz), 5.69 (d, 2H,
J¼1 Hz), 6.19 (d, 2H, J¼14.7 Hz), 6.24 (d, 2H, J¼1 Hz), 6.80 (s, 1H),
7.89 (dd, 2H, J1¼12.3 Hz, J2¼14.5 Hz), 8.87 (s, 1H); 13C NMR and
JMOD (125 MHz, CDCl3) d 164.6 (C), 163.9 (C), 162.9 (C), 158.2 (CH),
136.4 (C), 132.5 (CH), 122.6 (CH), 115.1 (CH), 111.2 (CH), 104.9 (CH),
99.0 (CH), 35.8 (C), 35.4 (C), 27.9 (CH3), 27.8 (CH3), HRMS (ESI/ASAP)
m/z calculated for C36H49N2O2 [MþH]þ 541.3794, found 541,3782.

4.8. (E)2-[3-(2,6-Diphenyl-pyran-4-ylidene)-propenyl]-pyr-
azine (6a)

Red solid; obtained according to general procedure and purified
by crystallization from CH2Cl2/n-heptane; yield 47% (163 mg); mp:
161e162 �C; 1H NMR (300 MHz, CDCl3) d 5.87 (d, 1H, J¼11.7 Hz),
6.44 (d, 1H, J¼1.0 Hz), 6.46 (d, 1H, J¼14.4 Hz), 6.95 (d, 1H, J¼1 Hz),
7.51e7.41 (m, 6H), 7.78e7.75 (m, 2H), 7.86e7.83 (m, 2H), 7.91 (dd,
1H, J1¼11.7 Hz, J2¼14.4 Hz), 8.26 (d, 1H, J¼2.4 Hz), 8.46 (s, 2H); 13C
NMR and JMOD (125 MHz, CDCl3) d 153.0 (C), 152.5 (C), 152.3 (C),
144.2 (CH), 143.7 (CH), 141.0 (CH), 134.0 (C), 133.0 (C), 132.8 (C),
130.8 (CH), 129.6 (CH), 129.4 (CH), 128.7 (CH), 125.1 (CH), 124.7
(CH), 122.4 (CH), 114.2 (CH), 108.3 (CH), 102.4 (CH). HRMS (ESI/
ASAP) m/z calculated for C24H19N2O [MþH]þ 351.1497, found
351.1498.

4.9. (E)2-[3-(2,6-Di-tert-butyl-pyran-4-ylidene)-propenyl]-
pyrazine (6b)

Yellow sticky solid; obtained according to general procedure
and purified by column chromatography (SiO2, Petroleum ether/
EtAcO,1:1); yield 65% (201mg); 1H NMR (300MHz, CDCl3) d 1.19 (s,
9H), 1.24 (s, 9H), 5.59 (d, 1H, J¼12 Hz), 5.66 (d, 1H, J¼1.8 Hz), 6.18 (d,
1H, J¼1.8 Hz), 6.33 (d, 1H, J¼15 Hz), 7.76 (dd, 1H, J1¼12 Hz,
J2¼15 Hz), 8.20 (d, 1H, J¼2.4 Hz), 8.41e8.40 (m, 2H); 13C NMR and
JMOD (125 MHz, CDCl3) d 164.4 (C), 163.7 (C), 159.9 (C), 144.0 (CH),
143.4 (CH), 140.4 (CH), 135.4 (C), 131.3 (CH), 120.5 (CH), 111.2 (CH),
104.7 (CH), 98.7 (CH), 35.7 (C), 35.3 (C), 27.9 (CH), 27.8 (CH). HRMS
(ESI/ASAP) m/z calculated for C20H27N2O [MþH]þ 311.2123, found
311.2125.

4.10. (E)2-[3-(2,6-Diphenyl-pyran-4-ylidene)-propenyl]-qui-
noxaline (7a)

Red solid; obtained according to general procedure and purified
by column chromatography (SiO2, Petroleum ether/EtAcO, 1:1);
yield 51% (204 mg); mp: 210e211 �C; 1H NMR (300 MHz, CDCl3)
d 5.93 (d, 1H, J¼12.3 Hz), 6.48 (s, 1H), 6.65 (d, 1H, J¼15 Hz), 7.02 (d,
1H, J¼1 Hz), 7.51e7.41 (m, 6H), 7.59e7.65 (m, 1H), 7.68e7.74 (m,
1H), 7.76e7.79 (m, 2H), 7.85e7.88 (m, 2H), 8.02e8.04 (m, 2H), 8.06
(dd, 1H, J1¼12.3 Hz, J2¼15 Hz), 8.83 (s, 1H); 13C NMR and JMOD
(125 MHz, CDCl3) d 153.3 (C), 152.6 (C), 151.7 (C), 145.4 (CH), 142.9
(C), 140.9 (C), 134.8 (C), 133.0 (C), 132.7 (C), 130.0 (CH), 129.8 (CH),
129.5 (CH),129.0 (CH),128.7 (CH),128.1 (CH),125.1 (CH),124.7 (CH),
123.4 (CH), 114.5 (CH), 108.5 (CH), 102.5 (CH). HRMS (ESI/ASAP)m/z
calculated for C28H21N2O [MþH]þ 401.1654, found 401.1655.

4.11. (E)2-[3-(2,6-Di-tert-butyl-pyran-4-ylidene)-propenyl]-
quinoxaline (7b)

Red solid; obtained according to general procedure and purified
by column chromatography (SiO2, Petroleum Ether/EtAcO, 7:3);
yield 68% (243mg); mp: 69e70 �C; 1H NMR (300MHz, CDCl3) d 1.13
(s, 9H), 1.19 (s, 9H), 5.60 (d, 1H, J¼12 Hz), 5.65 (d, 1H, J¼2 Hz), 6.20
(d, 1H, J¼2 Hz), 7.02 (d, 1H, J¼15 Hz), 7.48e7.53 (m, 1H), 7.57e7.63
(m, 1H), 7.80e7.81 (m, 3H), 8.74 (s, 1H); 13C NMR and JMOD
(125 MHz, CDCl3) d 164.8 (C), 164.2 (C), 152.2 (C), 145.3 (CH), 142.9
(C), 140.7 (C), 136.4 (C), 132.9 (CH), 129.9 (CH), 129.0 (CH), 128.6
(CH), 127.8 (CH), 121.5 (CH), 111.5 (CH), 105.0 (CH), 98.9 (CH), 35.8
(C), 35.4 (C), 27.9 (CH3), 27.8 (CH3). HRMS (ESI/ASAP)m/z calculated
for C24H29N2O [MþH]þ 361.2280, found 361.2280.

4.12. (E)3-[3-(2,6-Diphenyl-pyran-4-ylidene)-propenyl]-pyr-
idazine (8a)

Red solid; obtained according to general procedure and purified
by column chromatography (SiO2, Petroleum ether/EtAcO, 1:1);
yield 43% (145 mg); mp: 160e161 �C; 1H NMR (300 MHz, CDCl3)
d 5.89 (d, 1H, J¼12 Hz), 6.47 (d, 1H, J¼1.0 Hz), 6.55 (d, 1H, J¼15 Hz),
6.99 (d, 1H, J¼1 Hz), 7.39e7.35 (m, 2H), 7.51e7.43 (m, 6H),
7.80e7.78 (m, 2H), 7.88e7.86 (m, 2H), 7.05 (dd, 1H, J1¼12 Hz,
J2¼15 Hz), 8.94 (dd, 1H, J1¼1.5 Hz, J1¼4.5 Hz); 13C NMR and JMOD
(125 MHz, CDCl3) d 157.5 (C), 151.6 (C), 150.8 (C), 146.8 (CH), 132.6
(C), 131.5 (C), 131.3 (C), 129.4 (CH), 128.1 (CH), 127.9 (CH), 127.2 (CH),
124.6 (CH),123.5 (CH),123.2 (CH),122.7 (CH),121.4 (CH),112.4 (CH),
106.7 (CH), 100.8 (CH). HRMS (ESI/ASAP) m/z calculated for
C24H19N2O [MþH]þ 351.1497, found 351.1496.

4.13. (E)3-[3-(2,6-Di-tert-butyl-pyran-4-ylidene)-propenyl]-
pyridazine (8b)

Yellow solid; obtained according to general procedure and pu-
rified by column chromatography (SiO2, Petroleum ether/EtAcO,
1:1); yield 59% (182 mg); mp: 141e142 �C; 1H NMR (400 MHz,
CDCl3) d 1.16 (s, 9H), 1.20 (s, 9H), 5.57 (d, 1H, J¼12 Hz), 5.64 (d, 1H,
J¼1.0 Hz), 6.15 (d, 1H, J¼1 Hz), 6.37 (d, 1H, J¼15 Hz), 7.33e7.23 (m,
2H), 7.81 (dd, 1H, J1¼12 Hz, J2¼15 Hz), 8.94 (dd, 1H, J1¼1.2 Hz,
J2¼4.5 Hz); 13C NMR and JMOD (125 MHz, CDCl3) d 164.4 (C), 163.7
(C), 159.3 (C), 148.0 (CH), 135.9 (C), 131.3 (CH), 126.0 (CH), 123.8
(CH), 121.0 (CH), 111.0 (CH), 104.6 (CH), 98.6 (CH), 35.7 (C), 35.3
(CH), 27.9 (CH3), 27.7 (CH3), HRMS (ESI/ASAP) m/z calculated for
C20H27N2O [MþH]þ 311.2123, found 311.2124.

4.14. General procedure for the synthesis of aldehydes 9 and
11

A mixture of methydiazine (4 mmol) and benzene-1,4-
dicarboxaldehyde mono-(diethyl acetal) (832 mg, 4 mmol) in an
aqueous solution (30 mL) of sodium hydroxide (5 M) containing
Aliquat 336 (0.1mol) was heated under reflux for 15 h After cooling,
the solid was filtered off, washed with water and dried. The
solid was then dissolved in acetone (50 mL), and a small amount
(0.5 mL) of concentrated hydrochloric acid was added under agi-
tation. The precipitate formed was filtered off and dissolved in di-
luted ammonia aqueous solution. The reaction mixture was
extracted with dichloromethane (3�50 mL), the combined organic
layer were washed with water, dried over MgSO4, and the solvent
was removed by evaporation under reduced pressure. A solid is
obtained and used without further purification.

4.15. 4-(2-Quinoxalin-2-yl-vinyl)-benzaldehyde (9)

Beige solid; yield 86% (894 mg); mp: 177e178 �C; 1H NMR
(500 MHz, CDCl3) d 7.53 (d, 1H, J¼16.5 Hz), 7.79e7.73 (m, 2H), 7.81
(d, 2H, J¼8.0 Hz), 7.93 (d, 1H, J¼16.5 Hz), 7.94 (d, 2H, J¼8.0 Hz),
8.10e8.08 (m, 2H), 9.05 (s, 1H), 10.04 (s, 1H); 13C NMR and JMOD
(125MHz, CDCl3) d 191.5 (CH),149.8 (C),144.6 (CH),142.5 (C),141.91
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(C), 141.85 (C), 136.4 (C), 134.8 (CH), 130.6 (CH), 130.3 (CH), 129.8
(CH), 129.4 (CH), 129.3 (CH), 128.4 (CH), 127.7 (CH).

4.16. General procedure for the synthesis of compounds 10
and 12

Small excess of n-butyllithium 2.5 M in hexanes (0.88 mL,
2.2 mmol) was added dropwise at �78 �C, under a nitrogen at-
mosphere, to a degassed solution of 2,6-diphenyl-4H-pyran-4-yl
triphenylphosphonium tetrafluoroborate salt (1.16 g, 2.0 mmol) in
dry THF (20 mL). After 15 min, aldehyde 9 or 11 (1.8 mmol) was
added. The solutionwas stirred at�78 �C for 30min, and allowed to
warm to room temperature for 2 h. THF was evaporated and the
residue dissolved in a mixture of CH2Cl2 and water 1:1 (100 mL)
and the organic layer separated. The aqueous layer was extracted
with CH2Cl2 (2�50 mL). The combined organic extracts were dried
with MgSO4 and the solvents evaporated.

4.17. 2-{2-[4-(2,6-Diphenyl-pyran-4-ylidenemethyl)-phenyl]-
vinyl}-quinoxaline (10)

The crude product was purified by column chromatography
(SiO2, Petroleum ether/EtAcO, 7:3) followed by crystallization from
CH2Cl2/n-heptane; orange solid; yield 52% (446 mg); mp:
199e200 �C; 1H NMR (500 MHz, CDCl3) d 5.96 (s, 1H), 6.46 (s, 1H),
7.07 (s, 1H), 7.38 (d, 1H, J¼16 Hz), 7.41e7.49 (m, 8H), 7.66 (d, 2H,
J¼8 Hz), 7.71e7.69 (m, 1H), 7.76e7.74 (m, 1H), 7.80e7.77 (m, 4H),
7.88 (d, 1H, J¼16 Hz), 8.07 (d, 2H, J¼8 Hz), 9.10 (s, 1H); 13C NMR and
JMOD (125 MHz, CDCl3) d 153.2 (C), 151.2 (C), 151.0 (C), 144.6 (CH),
142.6 (C), 141.5 (C), 140.0 (C), 136.3 (CH), 133.4 (C), 133.2 (C), 133.1
(C), 130.4 (C), 130.3 (CH), 129.5 (CH), 129.2 (CH), 129.1 (CH), 128.72
(CH), 128.69 (CH), 128.1 (CH), 127.8 (CH), 125.0 (CH), 124.6 (CH),
124.2 (CH), 113.8 (CH), 108.8 (CH), 102.2 (CH). HRMS (ESI) m/z cal-
culated for C34H25N2O [MþH]þ 477.1966, found 477.1964.

4.18. (E) 4-[2-(2,6-Di-pyridin-2-yl-pyrimidin-4-yl)-vinyl]-
benzaldehyde (11)

Beige solid obtained according to general procedure; yield 94%
(342 mg); mp: 94e95 �C; 1H NMR (500 MHz, CDCl3) d 7.47e7.45
(m, 2H), 7.53 (d,1H, J¼16.5 Hz), 7.81 (d, 2H, J¼8.0 Hz), 7.93e7.91 (m,
2H), 7.93 (d, 2H, J¼8.0 Hz), 8.08 (d, 1H, J¼16.5 Hz), 8.56 (s, 1H),
8.72e8.70 (m, 1H), 8.75e8.73 (m, 1H), 8.79e8.78 (m, 1H),
8.92e8.91 (m, 1H), 10.04 (s, 1H); 13C NMR and JMOD (125 MHz,
CDCl3) d 191.6 (CH), 164.04 (C), 164.02 (C), 632.7 (C), 155.2 (C), 154.0
(C), 150.2 (CH),149.5 (CH),141.8 (C), 137.2 (CH),137.0 (CH),136.5 (C),
135.9 (CH),130.3 (CH),130.1 (CH),128.1 (CH),125.6 (CH),124.9 (CH),
124.1 (CH), 122.2 (CH), 113.5 (CH).

4.19. (E)4-{2-[4-(2,6-Diphenyl-pyran-4-ylidenemethyl)-phe-
nyl]-vinyl}-2,6-di-pyridin-2-yl-pyrimidine (12)

Crude product purified by crystallization from CHCl3/n-heptane;
Dark red solid; yield 60% (348 mg); mp: 208 �C (dec); 1H NMR
(500 MHz, THF-d8) d 6.02 (s, 1H), 6.44 (d, 1H, J¼2 Hz), 7.17 (d, 1H,
J¼2 Hz), 7.51e7.39 (m, 10H), 7.74 (d, 2H, J¼8 Hz), 7.87e7.85 (m, 4H),
7.97e7.90 (m, 3H), 8.22 (d, 1H, J¼16 Hz), 8.50 (s, 1H), 8.67e8.65 (m,
1H), 8.76e8.74 (m, 1H), 8.78e8.77 (m, 1H), 8.83e8.82 (m 1H); 13C
NMR and JMOD (125 MHz, THF-d8) d 165.5 (C), 164.4 (C), 156.6 (C),
155.2 (C), 154.0 (C), 151.8 (C), 150.6 (CH), 150.5 (CH), 141.0 (C), 138.0
(CH), 137.9 (CH), 137.2 (CH), 134.4 (C), 134.3 (C), 134.2 (C), 131.1 (C),
130.2 (CH), 129.9 (CH), 129.5 (CH), 129.4 (CH), 129.0 (CH), 128.9
(CH), 126.31 (CH), 126.29 (CH), 125.8 (CH), 125.4 (CH), 125.3 (CH),
124.3 (CH), 122.6 (CH), 115.1 (CH), 114.0 (CH), 110.0 (CH), 103.0 (CH).
HRMS (ESI) m/z calculated for C40H28N4ONa [MþNa]þ 603.2161,
found 603.2163.
5. Computational details

Geometry optimizations were carried out using the Gaussian 09
package,30 employing the PBE0 functional,31 and using the stan-
dard double-x LANL2DZ basis set32 augmented with Ahlrichs po-
larization functions.33 All stationary points were fully characterized
via analytical frequency calculations as true minima (no imaginary
values). Solvent (CH2Cl2) effects have been taken into account using
the PCM model.34 The geometries obtained from DFT calculations
were used to perform natural atomic orbital analysis with the NBO
5.0 program.35 The composition of the molecular orbitals was cal-
culated using the AOMix program.36 The ionization energies and
electron affinities discussed above have been calculated consider-
ing the energies of the optimized neutral and ionic structures
(solvent corrections performed). The UV visible transitions were
calculated by means of TDDFT calculations37 at the same level of
theory. Only singlet-singlet transitions have been taken into ac-
count. Only the transitions with non-negligible oscillator strengths
are discussed in the paper. Static and frequency-dependent elec-
tronic (hyper)polarizability tensor components bijj (i, j¼x, y, z) were
obtained through the Coupled-Perturbed KohneSham procedure38

using the more appropriate wB97XD functional39 with the same
basis set as above. Dynamic (hyper)polarizabilities are computed at
the TDDFT level assuming a laser wavelength of 1907 nm
(Zu¼0.023896 a.u.) for the SHG [b(�2u; u, u)] NLO processes.
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