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Highlights
* Acceptora-Acceptor-Acceptor/Donor (-CHICN),/-CgH4-/triazole/substituent)
systems
- Effective synthetic routes for the synthesis of ponmds containing dicyanovinyl
acceptor group with substituted 1,2,3-triazole moti
» Photophysical investigations supported by quantheracal calculations

* Druglikeness analysis based on the physicochempioglerties and lipophilicity

Abstract

An efficient synthetic route (target products ob&al with yields 65-85%for obtaining of
malononitrile derivatives containing triazole mostibstituted in the way providing the
electronic architecture AcceptarAcceptor-Acceptor/Donor (-CHICN)./-CgH4-/triazole/
substituent) is presented. As the substituentsypliad), p-pentyloxyphenyl (A2), pyrid-2-yl
(A3), 9,9-dimethylfluoren-2-yl (A4), 9-octyl9-carbazol-3-yl (A5), dibenzo[b,d]thiophen-2-



yl (A6) and 2,2'-bithiophenyl-5-yl (A7) were usedhe structures of compounds were
confirmed by'H and *C NMR spectroscopy. The thermal, optical and pHoysizal

properties of obtained target compounds were clieddaderstanding of obtained data was
supported by quantum-chemical calculations basedD&fT methods (time-dependent
calculations, NTO analysis, structural parametdvk)reover, the druglikeness analysis was

performed based on the commonly known rules.

Keywords: Acceptor-Donor system; 1,2,3-triazole motif; dicgaimyl group; optical and

photophysical properties; theoretical studies; likkegess analysis

1. Introduction

Molecules built from electron-donating and electemtepting groups have become the
interest of researcher due to the wide spectrupossible applications [1-4]. Moreover, the
constant development of chemical reactions, inoydihe discovery of Cu(l)-catalyzed
Huisgen 1,3-dipolar cycloaddition reaction caudeat tnore and more molecules contain in
the structure triazole bridges as versatile linkggs10]. When we also add next well-
established reaction - Knoevenagel condensatian,btivad area of the functionalization
appears [11]. Taking into account compounds coimgitriazole and malononitrile groups,
they were reported as materials which can be usedchemosensors [12-14] and
chromophores [15]. In the case of chemosensorgjestribed in literature examples are
dedicated to the sensing of cyanide anion [8—Ififotluction of malononitrile moiety to the
structure of molecules can also result in obtainoigmaterials which can be used as
chemosensors for thiocyanate [16] and sulfite afi@i

Peter D. Jarowski et al. presented 1,2,3-triazakesonjugativer-linkers in push-pull
chromophores and the influence of isomeric chargester between the 1,2,3-triazole motif
and dicyanovinyl group on the optical propertiesafjet systems [15]. They reported that
the change of the maxima absorption is about 50 (erperimentally) and 100 nm
(theoretically calculated) depending on the positbbthe substituent.

Compounds structurally similar to molecules, whach a subject of our study, containing
malononitrile group connected to phenyl ring whishsubstituted at thpara position by
(hetero)aryl group are in the great interest oésitst during the last years. That compounds
contain one or two malononitrile moieties. Moleaulsith two malononitrile groups were

reported by G. Marianetti et al. with applicatiors solar collectors based on 2,5-



diarylimidazoles [18], R. Dominguez and co-workerpresented tetraaryl-1,4-
dihydropyrrolo3,2-b]pyrrole dedicated to organic solar cells [19] atslo by P. Wen et al.
with carbazole moiety as a lead structure whichlatehremarkable solvatochromism effect
[1]. In the case of monosubstituted by dicyanovigsdup, the work of Z. Li et al. can be
found where authors described multi-modulated pitotamic behaviour of a D-A type
dithienylethene [20], and results of Y. J. Chand an-workers with carbazole-based small
molecules for vacuum-deposited organic photovoltevices with promising parameters
[21].

We have recently reported the synthesis and corepsie characterization of the
derivatives of 4'-(1,2,3-triazol-4-yl)phenyl-2,2,8'-terpyridine with various (hetero)aryl
substituents, where the first approach to theitl®agis started with the substitution of the
nitro group in 4-nitrobenzaldehyde by the azideoarnwhich was subjected to a 1,3-dipolar
cycloaddition reaction with ethynyl derivatives dhetero)aryls followed by aldol
condensation reaction what resulted in target ptsdwith low yields [22]. Here we decided
to present the other possibility of using of 4-(bstituted-H-1,2,3-triazol-1-
yl)benzaldehyde, this time in the synthesis of maiotrile derivatives (with architecture
Acceptors-Acceptor-Acceptor/Donor  (-CHICN)./-CgHy-/triazole/substituent)  with  the
studies of their optical and photophysical promsrtisupported by quantum-chemical
calculations based on DFT methods. Moreover, thgltkeness analysis was performed
based on the published in literature khgki, Ghose, Veber, Egan and Muegge rules.

2. Results and discussion
2.1. Synthesis and structural characterization

The structures of target compourgis1-7 and route for their synthesis are presented in
Scheme 1. 4-(4-Substituted-1H-1,2,3-triazol-1-yhpmdehydes were obtained by using the
way which was already reported by us, starting freabstitution of nitro group of 4-
nitrobenzaldehyde by azide group followed by Cuof)alyzed Huisgen 1,3-dipolar
cycloaddition with ethynyl derivatives of (heterg)a what resulted in2A1-7 with
satisfactory yields in the range of 60-78% [22]e3& intermediates were used in the next
step - Knoevenagel condensation with malononibijteusing the heterogeneous phase as an
inorganic catalyst - aluminium oxide in dichloromatbe solution what resulted in target
products3A1-7 with yields 65-85% [23]. The structures of compdsinvere confirmed
by *H and**C NMR spectroscopy (Supporting Information S1-S21).
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Scheme 1Synthesis of compounds 2A1-7, and3A1-7. Reagents and conditions: a) NaN,
HMPA, room temp., 72 h, 90% yield; b) ethynyl-dative of A1-7, CuS®5H,0, sodium
ascorbate, pyridine, EtOH, B, room temp., 24 h; c) malononitrile, 285, DCM, room
temp., 24 h.
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2.2. Theoretical calculations

To gain the structural parameters and deep insigiat optical and photophysical
properties, the quantum-chemical calculations basedFT and TD-DFT methods were
conducted. In order to obtain the results whichsatdimely correlated with the experimental
data, various exchange-correlation functionals wegplied: B3LYP [24], CAM-B3LYP
[25], wB97XD [26] and MO6 [27] with 6-31G** basieesimplemented in the Gaussian 09
program [28]. All geometries were optimized in docbform solution in the polarisable
continuous model (PCM) [29]. Obtained values oféhergy gaps confronted with the values
of optical energy gaps (the absolute value of tiffereénce between fp: and the result of
calculationlAl) are presented in Table 1.

Table 1. Energy gaps for3Al-7 obtained from DFT calculations with various hybrid
potentials and 6-31G(d,p) basis set in chlorofoomgared with optical energy gaps.

Eq opt AE [eV]

[eV]  B3LYP | 1Al | CAM-B3LYP | 1Al | wB97XD | IAl MO6 Al
3A1 3.13 3.26 0.13 5.79 2.66 6.92 3.79 3.73 0.60
3A2 292 2.78 0.14 5.29 2.37 6.42 3.50 3.25 0.33
3A3 3.19 3.47 0.29 6.02 2.83 7.13 3.94 3.94 0.715
3A4 2.89 2.72 0.17 5.19 2.30 6.31 3.4 3.15 0.26
3A5 2.65 242 | 0.23 4.86 2.21 5.96 3.31 2.90 0.25




3A6 2.93 2.82 0.11 5.30 2.37 6.41 3.48 3.23 0.30
3A7 2.74 2.50 0.24 5.04 2.30 6.16 3.42 2.95 0.21

The values of energy gaps obtained as the resutialelations with B3LYP hybrid
potential are the closest to the experimental walamd followed the same trend:
3A5<3A7<3A4<3A2<3A6<3A1<3A3, the energy gap of compoun8A3 containing 2-
pyridyl substituents is the highest, where&a5 containing carbazyl unit has the lowest
energy difference between frontier orbitals. Momgvthe results obtained with MO06
exchange-correlation functional have also physsealse, but the differences are higher in
comparison to B3LYP. Also, the trend is changeé, ¢hergy gap 08A6 is lower than of
3A2. In the case of CAM-B3LYP and wB97XD, the values enuch higher, even doubled.
Based on the above-presented results, the B3SLYPB&&p) contours of frontier orbitals
with the contribution in their creation of partiaulparts of molecule2A1-7 and 3A1-7
(-CHO or -CH(CN),/-CeH,-/triazole/substituent) are presented in Table&2thifermore, the
theoretical investigations were also extended éostibstrates of Knoevenagel condensation -
aldehyde®A1-7, what is also presented in Table 2. All orbitablre&vcomputed at an isovalue
of 0.03 e/boht.

Table 2. The optimized structures B3LYP/6-31G(d,p) with wans of HOMOs and LUMOs
and the contribution of the individual part of makes (-CHO or -CHCN)y/-CgHy-
[triazole/substituent) in their creation, and eres@f frontier orbitals foRA1-7 and3A1-7.
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X, ! ¥ ¥
3 3 Dt
2A5 . B G i Xk
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2A7 s £¢71 3A7 - Ly
0/2/17/81 31/46/17/6 1/2/16/81 59/32/8/1
-5.48 eV 2.22eV -5.52 eV -3.02 eV

The energies of orbitals H-2, H-1, H, L, L+1, L+ alepicted in Figure 1. It shows that
the exchange of aldehyde group into malononitriteaty causes the significant reduction of
the energy of the lowest unoccupied orbitals (LUM®@hat is desirable in the creation of
potential materials which can be applied in widewn organic electronics. It is also worth
to emphasize that the energies of the rest of thgepted orbitals are similar for the aldehyde

and corresponding malononitrile derivative.
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Figure 1. Energies of orbitals (B3LYP/6-31G(d,p)): H-2, HH, L, L+1, L+2 for2A1-7 and
3A1-7.
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Described above dependence is related to the bation of the individual part of

molecules in the creation of orbitals. In the cadeHOMOSs, the contribution of the



substituent for malononitrile, as well as for alged is the highest fa2A5 (84%) and3A5
(85%) containing carbazyl group and the lowest 2883 (42%) and3A3 (37%) with 2-
pyridyl group. Due to the stronger electron-acceptcharacter of dicyanovinyl group in
comparison to the aldehyde group, the significaffergnce in the creation of the lowest
unoccupied orbitals, and therefore, their energiese observed. The contribution of -
CH2(CN), group in the creation of LUMO fa3A1-7 equals about 60%, whereas the -CHO
builds HOMO 0f2A1-7 in about 31-34%.

What is more, the structural parameters such asatigges between the surface of
benzaldehyde or benzylidenemalononitrile and suwhet triazole ring were checked.

Obtained data are presented in Table 3.

Table 3. Calculated (B3LYP/6-31G(d,p)) angles between ti@and phenyl group.

A (0}
=

N G

N§N/

o] O[]
2A1 2248 3A1  18.36
2A2 2353 3A2  18.11
2A3 2272 3A3  17.63
2A4 2427  3M4 20.65
2A5 2259  3A5  18.79
2A6 2425 3A6  20.25
2A7 2354  3A7  19.86

First of all, the significant angles difference Wweén aldehydes and corresponding
malononitrile were observed, the values in the cabkealdehyde are higher than for
corresponding malononitriles. The highest valu¢hef angle in the group of aldehydes was
for 2A4 (24.27°), the lowest foRAl (22.48°), whereas in the case of malononitrilesg, t
highest for3A4 (20.65°) and lowest foBA3 (17.63°). The highest difference between the
groups of studied compounds was observed for congsweontainingp-pentyloxyphenyl
substituenRA2 and3A2 (5.42°)and the lowest with 9,9-dimethylfluoren-2-3A4 and3A4
(3.62°).

2.3.0Optical and photophysical properties

Temperatures of thermal degradation, which cornedgo 5 and 10% weight loss during
the heating were checked by using thermogravimetnalysis (TGA) under a nitrogen

atmosphere up to 900 °C. TGA thermograms and ngaleralues are presented in Figure 2



and Table 4. The results showed that studied miggcatain varied stability; the most stable
is compoundA3 with decomposition temperature corresponding tovigight loss (Ty) at

329 °C. Among examined molecul@#3 has the highest char residue at 900 °C. Compound
3A6 exhibits the lowest value ofsd. The temperature of 10% weight lossd for all
examined compoundA1-7 is higher than 300 °C, the highest 8%3, the lowest foBA?7.
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Figure 2. TGA curves of3A1-7.

Table 4. Thermal properties of the synthesized derivatBi&s-7.

Char residue

T5% [OC] TlO% [OC] at 900 °C [OA)]

3A1 292 302 29
3A2 324 364 57
3A3 329 393 66
3A4 312 329 54
3A5 306 339 1

3A6 188 325 1

3A7 283 300 54

The optical properties 08A1-7 compounds were examined by UV-Vis spectra and
photoluminescence (PL) spectroscopy techniqueshioraform solution (1x18 M) at
ambient temperature. The corresponding optical dath quantum yields are presented in
Table 5. The UV-Vis absorption spectra depictedrigure 3a show several bands in the
range of 250-450 nm. The absorption bands in theréffon (250-350 nm) are assigned to
the n-* transitions while the absorption bands appeawbeh 350 and 450 nm which are
dominated by HOMG->LUMO transition can be ascribed to the intramolacutharge
transfer (ICT) between substituent (A) and -CN gou
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Figure 3. Normalized absorption (a) and emission (b) speettarded in CHGlof 3A1-7.

Compounds3Al-7 as the simple D-A systems present a strong ctioeldetween the
electronic ability of substituents A and their afpgmn features. Given the electronic nature
of substituents A in compoun®Al-7, a redshift alike of ther-n* and the ICT bands is
observed with increasing the electron-donatingtgitof substituents A in the following order
3A3—3A1—-3A6—3A2—3A4—3A7—3A5. CompoundA3 containing pyridine motif with
electron-withdrawing character possess less eleateteasing nature than bithienyl and

carbazyl groups iBA7—3A5 causing the weaker ICT.

Table 5. Photophysical data f@&A1-7 recorded in the chloroform solution.
PL Zem [NM] /

Ama{ M Stokes shift [cni]  ® 7!
3A1 350 407/3999 15
3A2 367 425/3718 13
3A3 349 401/3716 21
374 283, 320, 372 430/3626 52
3A5 245, 283, 329, 404 451/2580 56
3A6 250, 266, 281, 325, 366 423/3682 36
3A7 332, 392 454/3484 62

To more widely assess the effect of the substitAeimt compounds8A1-7 on the absorption
properties, TD-DFT calculations in chloroform dowéh four different hybrid potentials
were demonstrated. The results and UV-Vis simulatksiorption spectra are depicted in
Table S1. TD-DFT calculations performed with CAMiB3, B3LYP, wB97XD, and M06

methods confirmed the absorption spectra dependlerthe nature of the substituent A.



Among four different methods, the B3LYP and MO6v&d to best reflect the experimental
data. CAM-B3LYP and wB97XD hybrid potentials, altlgth they gave a rational description
of the high energy absorption bands, did not indid€T transitions. The theoretical results
will be discussed predominately based on the B3a¥i& MO06 functionals. The B3LYP and
MO06 methods gave the depiction of dominate trams#ti that are slightly shifted by
approximately 45 nm relative to experimental dathe red-shifted absorption bands for
compounds3A4, 3A5, and3A7 compared to the other were found, which is in gaodord
with the experimental results. The presence ofmglgoelectron-donating moieties BA4
(fluorene), 3A5 (carbazole), an@A7 (bithiophene) induces effective charge transfemfr
substituents A to the cyano groups, confirmed lgy distribution of their HOMO orbitals
with 78-85% contribution of substituents A and LUMibbitals mainly populated on the
cyano groups with a 60% share. Moreover, the degight into the absorption spectra was
done by using the natural transition orbitals asialy The pairs occupied (holes) and
unoccupied (electrons) with contribution highemtt2®% presenting the nature of absorption
spectra (6-31G(d,p)/M06) with the contribution oHLCN),/-CeH,-/triazole/substituent is
presented foBAl in Table 6, NTO analysis for molecul882-7 is presented in Supporting
Information as Tables S2-S7. For each state, thpertive number of the state, transition

energy, and the oscillator strength are listed.

Table 6. Natural transition orbitals (NTOs) analysis 841.
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The emission spectra 8A1-7 are depicted in Figure 3b. Compourd#sl-7 demonstrate
strong blue-greenish photoluminescence (PL) inrofidem solution with the peaks located
in the range of 400 - 455 nm. The structural charagsociated with the position 4 of the
triazole unit of3A1-7 are quite pronounced and the impact of their edaat capacity on the
emission spectrum cannot be ignored. When thedpli@ne and carbazole motifs with strong
electron-donating character were adopted to tlaedke unit in3A5 and 3A7, respectively,
the fluorescence peaks of presented compoundsi@ciiedshifts about 50 nm with relative
to 3A3, which possess strong electron-withdrawing pyedianit. p-Pentyloxyphenyl,
fluorenyl, and dibenzothiophenyl substituents omzwtle unit of 3A2, 3A4 and 3A6,
respectively, also led to a bathochromic shift Emio compound8A5 and3A7, but smaller
about 20 nm compared with compouBA3. Insertion of phenyl unit possessing weak
donating ability in the triazole ring iBA1 resulting in a slightly shifted (6 nm) emission
maximum compared tdBA3. As confirmed by emission spectra, the use of ouari
substituents in the examined compour@sl-7 strongly determines photoluminescent
behaviour. Concluding from TD-DFT calculations ¢edrout with CAM-B3LYP, B3LYP,
wB97XD, and M06; the CAM-B3LYP and wB97XD hybrid temtial showed the best fit for
the experimental data. The theoretical calculatioosfirm that the extent of the shift of
emission maximum depends on the electron-donatamglites of the substituents in
compounds3A1-7 (Table 7 and S8).

Table 7. TD-DFT calculated wavelengths of emission withikestor strengths foBA1-7.

Calculated
Exp Wavelen_gths A Transitions
[nm] [nm] (oscillator [nm]

strengths)

HOMO—LUMO (78%),
H-1-LUMO (19%),
HOMO—LUMO (73%),
H-1—LUMO (23%)
HOMO—LUMO (69%),
H-1-LUMO (26%)
HOMO—LUMO (50%),
H-1—LUMO (45%)
HOMO—LUMO (88%),
H-1-LUMO (9%)
HOMO—LUMO (85%),
H-1—LUMO (12%)
HOMO—LUMO (59%),
H-1-LUMO (35%)
H-1>LUMO (55%),
HOMO—LUMO (38%)

CAM-B3LYP 390.27 (1.4988) 17
3A1 407

wB97XD 387.96 (1.4928) 19

CAM-B3LYP 403.94 (1.3892) 21

3A2 425
wB97XD 393.95 (1.5522) 31

CAM-B3LYP 386.45 (1.4923) 14

3A3 401
wB97XD 383.73 (1.4702) 17

CAM-B3LYP 401.15 (1.6523) 29
3A4 430

wB97XD 392.17 (1.7418) 38




HOMO—LUMO (74%),
H-2—LUMO (19%)
H-2—LUMO (45%),
HOMO—LUMO (42%)
HOMO—LUMO (49%),
H-2—LUMO (43%)
H-2—LUMO (56%),
HOMO—LUMO (33%)
HOMO—LUMO (62%),
CAM-B3LYP 434.58 (1.5677) 19  HOMO—L+1 (27%),
3A7 454 H-1—LUMO (9%)

HOMO—L+1 (66%),
WB97XD 424.08 (1.5251) 30 OMOLLUMO (27%)

CAM-B3LYP 419.56 (1.1600) 31
3A5 451

WB97XD 399.43 (1.5936) 52

CAM-B3LYP 394.40 (1.6037) 29
3A6 423

WB97XD 389.67 (1.6332) 33

The respective fluorescence quantum yields3af-7 are in the range of 13 to 62%
(Table 5). For the tested compoun8&l-7, the attachment of a strong donor such as
fluorene, carbazole, and bithiophene groups totilazole ring gives rise to an increased
guantum vyield by up to 62% in the case of compoBAd with bithiophene group. The
similar substituent effects of the donor group olrum yield was observed in the case of
terpyridine derivatives [30]. Among the specifimgoounds, compoun8A2, which contains
an electron-donating-pentyloxyphenylgroup, displays significantly reduced quantum yield
(Ps3a2 = 13%) compared to the compound with fluorene sulesit 3A4 (s = 52%). This
probably indicates that the higher quantum efficieof 3A4 is prominently affected by the
largern-conjugated system of fluorene group.

2.4. Druglikeness analysis

Followed the trend of computational consideratiomsich allow to predict ADME
parameters (absorption, distribution, metabolismd, @xcretion), pharmacokinetic properties,
druglike nature and medicinal chemistry friendlsethe calculations were done 2A1-7
and3Al1-7 by using the web tool SwissADME [31]. The dataanéd for target compounds,
i.e. Log R (average values of all available predictions), togiwal polar surface area
(TPSA), molar refractivity (AMR), number of H-boratceptors (HBA) and donors (HBD)
are presented in Table 8. Druglikeness for all commgls was checked by using the hgki
(L) [32], Ghose (G) [33], Veber (V) [34], Egan (E35] and Muegge (M) [36] rules. The
obtained result showed that in the case of aldehgdd-7 only 2A5 containing carbazyl
substituent does not meet the conditions of Ghiegan and Muegge rules, while there is no

violation for the rest of compounds. The same itigadon for malononitrile derivatives



3A1-7 showed that the derivative of aldehy2&5, i.e. 3A5 does not meet the same rules

druglikeness rules, what is moBA4, 3A6 and3A7 also do not meet at least one of the rules.

Table 8. Druglikeness of molecule8A1-7 and 3A1-7 based on Ligiski (L), Ghose (G),
Veber (V), Egan (E) and Muegge (M) rules.
L G VE M MW][g/mol LogP,, TPSA[A] AMR HBA HBD

2A1 249.27 2.48 47.78 72.18 3 0
2A2 335.40 3.81 57.01 97.90 4 0
2A3 250.26 1.73 60.67 69.98 4 0
2A4 365.43 4.53 47.78 110.13 3 0
2A5 . - 450.57 5.99 52.71 140.10 3 0
2A6 355.41 4.44 76.02 105.07 3 0
2A7 337.42 3.80 104.26 93.37 3 0
3A1 297.13 2.72 78.29 86.00 4 0
3A2 383.45 4.09 87.52 111.72 5 0
3A3 298.30 2.05 91.18 83.79 5 0
3A4 413.47 4.77 78.29 12394 4 0
3A5 498.62 6.16 83.22 15391 4 0
3A6 403.46 4.67 106.53 11889 4 0
3A7 385.46 4.06 134.77 107.19 4 0

3. Conclusions

The target molecule8A1-7 were obtained based on the presented efficierthsiio route
with the yields in the range of 65-85%. The struesuof the malononitrile derivatives have
following electronic architecture AcceptarAcceptor-Acceptor/Donor (-CHICN)./-CeHg-
/triazole/ substituent). The structures of compaumere confirmed byH and *C NMR
spectroscopy. Obtained target compounds are thigrreible, exhibit several absorption
bands in the UV-Vis range. Furthermore, the molkeswemonstrate strong blue-greenish
photoluminescence in chloroform solution with theaks located in the range of 400 - 455
nm. The nature of the optical properties was studiased on the results of DFT and TD-
DFT results, it allowed to find the impact of thearon character of the substituent on the
properties. The structural changes associatedpeiition 4 of the triazole unit FA1-7 are

quite pronounced and the impact of their electr@aigacity is significant. In the case of the



bithiophene and carbazole motifs with strong etectionating character were adopted to the
triazole unit in3A5 and3A7, respectively, the fluorescence peaks of presermetpounds
exhibited red shifts about 50 nm with relative 383, which possess strong electron-
withdrawing pyridine unit. The respective fluoresce quantum yields fa3A1-7 are in the
range of 13 to 62%. For the tested compowBWls-7, the attachment of a strong donor such
as fluorene, carbazole, and bithiophene groupkddrtazole ring gives rise to an increased
quantum vyield by up to 62% in the case of compoBAd with bithiophene group. The
druglikeness analysis based on the parameters eofwtil-known in literature Ligiski,
Ghose, Veber, Egan and Muegge rules, showed thheioase of aldehyd@#1-7 only 2A5
containing carbazyl substituent does not meet traitions of Ghose, Egan and Muegge
rules, while there is no violation for the rest @impounds. The same investigation for
malononitrile derivative8A1-7 showed thaBA5 does not meet the same rules druglikeness
rules as the aldehyd®A5, what is more3A4, 3A6 and3A7 also do not meet at least one of
the rules. Obtained results and their deep anahgie emphasized the validity of synthesis
of 4-(4-substitutedH-1,2,3-triazol-1-yl)benzaldehyde as materials whezhibit interesting
optical, photophysical and also biological propestiwhat can predestine them as materials
dedicated to organic electronics and medicine. \&leewe that presented work will be an

inspiration for other scientists.
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4. Experimental Section

General Procedure for the synthesis of 2A1-2A7in a 100 mL round-bottom flask,
4-azidobenzaldehyde (0.080 g, 0.54 mmol), etha2biniL) and water (9 mL) were placed.
The mixture was saturated with argon for 15 minwad then appropriate ethynyl aryl
(0.66 mmol) (in the case of ethynyl derivativestpoted by trimethylsilyl, the silyl group is
removingin situ by using KF (0.051 g, 0.88 mmol)), sodium ascal{fit132 g, 0.66 mmol),
CuSQ-5H,0 (0.165 g, 0.66 mmol), and pyridine (0.5 mL) wexdded. The mixture was



stirred at room temperature for 48 h. Then, chiomof (30 mL) and 5% solution of ammonia
(20 mL) were added, and the mixture was stirredafditional 30 min. The mixture was
extracted with water (50 mL) and CHQR x 50 mL). The combined organic layers were
evaporated, and the crude product was dissolvadsmall amount of CHgland the excess
of hexane was added and put in the centrifuge todeean ultrasonic bath for 5 min. The
obtained precipitate was filtrated through thetddtfunnel G3 and washed with water and
diethyl ether.

4-(4-Phenyl-H-1,2,3-triazol-1-yl)benzaldehyde(2A1) (105 mg, 78%) as solidH NMR
(400 MHz, CDC}) & 10.09 (s, 1H), 8.29 (s, 1H), 8.12 — 8.06 (m, 2806 — 8.00 (m, 2H),
7.96 — 7.90 (m, 2H), 7.54 — 7.45 (m, 2H), 7.44377m, 1H).”*C NMR (101 MHz, CDG))
8 190.77, 149.13, 141.16, 136.15, 131.55, 129.99,172 128.94, 126.10, 120.56, 117.34.

4-(4-(4-Pentyloxyphenyl)-H-1,2,3-triazol-1-yl)benzaldehyde (2A2) (139 mg, 77%) as
solid*H NMR (400 MHz, CDCJ) & 10.09 (s, 1H), 8.17 (s, 1H), 8.07 (&= 8.7 Hz, 2H), 8.01
(d, J= 8.5 Hz, 2H), 7.83 (d] = 8.8 Hz, 2H), 7.00 (d) = 8.8 Hz, 2H), 4.02 (t) = 6.6 Hz,
2H), 1.87 — 1.77 (m, 2H), 1.48 — 1.35 (m, 4H), 0(88 = 7.1 Hz, 3H)*C NMR (126 MHz,
CDCl3) 6 190.80, 159.79, 149.02, 141.17, 135.97, 131.49,3B2 122.23, 120.41, 116.40,
115.08, 68.25, 29.06, 28.32, 22.59, 14.15.

4-(4-Pyrid-2-yl-1H-1,2,3-triazol-1-yl)benzaldehyde(2A3) (85 mg, 63%) as solitH NMR

(400 MHz, CDC}) 6 10.09 (s, 1H), 8.69 (s, 1H), 8.63 (= 4.4 Hz, 1H), 8.26 (d] = 7.9 Hz,
1H), 8.07 (qJ = 8.6 Hz, 4H), 7.83 (td] = 7.8, 1.7 Hz, 1H), 7.32 — 7.26 (m, 1HjC NMR

(126 MHz, CDC}) 6 190.77, 149.75, 149.62, 141.06, 137.25, 136.21,.5I3 123.55,
120.72, 120.54, 119.89.

4-(4-(9,9-Dimethylfluoren-2-yl)-1H-1,2,3-triazol-1-yl)benzaldehyde(2A4) (128 mg, 65%)
as solid'H NMR (400 MHz, CDCJ) & 10.10 (s, 1H), 8.32 (s, 1H), 8.10 (0= 7.7 Hz, 2H),
8.05 (d,J = 7.0 Hz, 3H), 7.86 (d] = 7.0 Hz, 1H), 7.81 (d] = 7.8 Hz, 1H), 7.76 (d) = 5.7
Hz, 1H), 7.47 (dJ = 6.1 Hz, 1H), 7.36 (dJ = 2.9 Hz, 2H), 1.57 (s, 6H}’C NMR (101
MHz, CDCk) 6 190.55, 154.76, 154.19, 149.65, 141.29, 140.13,783 136.30, 131.48,
128.86, 127.82, 127.27, 125.16, 122.83, 120.61.492020.34, 117.21, 47.23, 27.31.



4-(4-(9-Octyl-H-carbazol-3-yl)-1H-1,2,3-triazol-1-yl)benzaldehydg2A5) (170 mg, 70%)
as solid"H NMR (400 MHz, CDC}) 5 10.08 (s, 1H), 8.66 (dl = 1.4 Hz, 1H), 8.32 (s, 1H),
8.16 (d,J = 7.7 Hz, 1H), 8.10 — 8.02 (m, 4H), 8.00 (dd; 8.5, 1.6 Hz, 1H), 7.53 — 7.46 (m,
2H), 7.43 (dJ = 8.1 Hz, 1H), 7.28 (d] = 7.2 Hz, 1H), 4.32 (t) = 7.2 Hz, 2H), 1.97 — 1.82
(m, 2H), 1.44 — 1.31 (m, 4H), 1.31 — 1.19 (m, 66187 (t,J = 6.8 Hz, 3H).*C NMR (101
MHz, CDCk) 6 190.79, 150.18, 141.26, 141.04, 140.79, 135.93,4863 126.23, 123.91,
123.42, 122.92, 120.71, 120.65, 120.36, 119.36,1%718116.36, 109.26, 109.10, 43.38,
31.92, 29.50, 29.31, 29.13, 27.45, 22.73, 14.19.

4-(4-Dibenzolb,d]thiophen-2-yl-H-1,2,3-triazol-1-yl)benzaldehyde(2A6) (146 mg, 76%)
as solid'*H NMR (400 MHz, CDCJ) & 10.09 (s, 1H), 8.77 (s, 1H), 8.39 (s, 1H), 8.38.23
(m, 1H), 8.12 — 8.02 (m, 4H), 7.95 (s, 2H), 7.91.83 (m, 1H), 7.55 — 7.44 (m, 2H).

¥C NMR (126 MHz, CDGQ) & 190.79, 149.15, 141.11, 140.02, 139.99, 136.35,153
135.43, 131.57, 127.31, 126.33, 124.81, 124.60,4923123.08, 122.02, 120.55, 119.07,
117.33.

4-(4-(2,2'-Bithiophenyl-5-yl)-1H-1,2,3-triazol-1-yl)benzaldehyde(2A7) (109 mg, 60%) as
solid *H NMR (400 MHz, CDGJ) & 10.09 (s, 1H), 8.19 (s, 1H), 8.09 (i 8.5 Hz, 2H), 8.01
(d,J = 8.6 Hz, 2H), 7.41 (d) = 3.7 Hz, 1H), 7.24 (d] = 3.6 Hz, 2H), 7.19 (d] = 3.7 Hz,

1H), 7.05 (dd, = 5.0, 3.7 Hz, 1H).

General Procedure for the synthesis of 3A1-3A7In 25 mL Schlenk flaskA1-2A7
(0.2 mmol) and aluminium oxide (0.050 g) were pthcand the flask was three times
evacuated and refilled with argon. During this timehe vial, dichloromethane (5 mL) was
saturated with argon for 15 minutes, and then nwmaldrile (0.052 g, 0.8 mmol) was
dissolved. The obtained mixture was added to tlieBk flask by using a syringe and stirred
for 24 h at room temperature. After that time, thede product was purified by using the
column chromatography (SHIDCM:EtOAc:EtO).

2-[4-(4-Phenyl-H-1,2,3-triazol-1-yl)benzylidene]malononitrile (3A1) (50 mg, 81%) as
solid *H NMR (400 MHz, CDCJ) § 8.29 (s, 1H), 8.13 (d] = 8.8 Hz, 2H), 8.04 (d) = 8.8
Hz, 2H), 7.93 (dJ = 7.2 Hz, 2H), 7.82 (s, 1H), 7.49 {t= 7.5 Hz, 2H), 7.41 (1) = 7.3 Hz,
1H).



2-[4-(4-(4-Pentyloxyphenyl)-H-1,2,3-triazol-1-yl)benzylidene]malononitrile (3A2)
(65 mg, 85 %) as solitH NMR (400 MHz, CDCY)  8.19 (s, 1H), 8.11 (d] = 8.7 Hz, 2H),
8.03 (d,J = 8.7 Hz, 2H), 7.83 (d] = 10.2 Hz, 3H), 7.00 (d] = 8.7 Hz, 2H), 4.02 (1) = 6.6
Hz, 2H), 1.87 — 1.77 (m, 2H), 1.49 — 1.35 (m, 48185 (t,J = 7.1 Hz, 3H).

2-[4-(4-Pyrid-2-yl-1H-1,2,3-triazol-1-yl)benzylidene]malononitrile (3A3) (47 mg, 79 %)
as solid*H NMR (400 MHz, CDGJ) & 8.72 (s, 1H), 8.64 (dl = 4.1 Hz, 1H), 8.27 (d] = 7.9
Hz, 1H), 8.13 (dJ = 8.8 Hz, 2H), 8.06 (d] = 8.8 Hz, 2H), 7.88 — 7.80 (m, 2H), 7.34 — 7.29
(m, 1H).

2-[4-(4-(9,9-Dimethylfluoren-2-yl)-1H-1,2,3-triazol-1-yl)benzylidene]malononitrile (3A4)
(62 mg, 75 %) as solitH NMR (400 MHz, CDCJ) & 8.34 (s, 1H), 8.14 (dl = 8.7 Hz, 2H),
8.07 (d,J = 9.0 Hz, 3H), 7.84 (q] = 8.2 Hz, 3H), 7.79 — 7.74 (m, 1H), 7.49 — 7.45 (),
7.40 — 7.32 (m, 2H), 1.26 (s, 6H).

2-[4-(4-(9-Octyl-H-carbazol-3-yl)-1H-1,2,3-triazol-1-yl)benzylidene]malononitrile

(3A5) (78 mg, 78 %) as solitH NMR (400 MHz, CDCY) § 8.63 (d,J = 1.3 Hz, 1H), 8.29 (s,
1H), 8.15 (dJ = 7.7 Hz, 1H), 8.04 (q] = 8.9 Hz, 4H), 7.98 (dd} = 8.5, 1.6 Hz, 1H), 7.73 (s,
1H), 7.54 — 7.41 (m, 3H), 7.29 (d= 7.1 Hz, 1H), 4.33 () = 7.2 Hz, 2H), 1.94 — 1.83 (m,
2H), 1.45 — 1.31 (m, 4H), 1.31 — 1.18 (m, 6H), 0(86 = 6.8 Hz, 3H)°*C NMR (126 MHz,
CDCl3) 6 157.94, 150.38, 141.04, 140.88, 132.57, 130.58,3%2 123.91, 123.43, 122.88,
120.73, 120.50, 120.37, 119.44, 118.22, 115.96,5613112.54, 109.32, 109.16, 83.72,
43.42, 31.92, 29.51, 29.32, 29.15, 27.46, 22.7£2114

2-[4-(4-Dibenzo[b,d]thiophen-2-yl-H-1,2,3-triazol-1-yl)benzylidene]malononitrile (3A6)
(66 mg, 82 %) as solitH NMR (400 MHz, CDC}) & 8.78 (s, 1H), 8.40 (s, 1H), 8.28 (dd,
J=6.2, 3.0 Hz, 1H), 8.11 (dd,= 24.5, 8.8 Hz, 4H), 7.96 (d,= 1.0 Hz, 2H), 7.89 (dd] =
6.3, 2.8 Hz, 1H), 7.83 (s, 1H), 7.53 — 7.50 (m, 2H)

2-[4-(4-(2,2'-Bithiophenyl-5-yl)-1H-1,2,3-triazol-1-yl)benzylidene]malononitrile  (3A7)
(50 mg, 65 %) as solitH NMR (400 MHz, CDC}) & 8.19 (s, 1H), 8.12 (dl = 8.8 Hz, 2H),
8.02 (d,J = 8.7 Hz, 2H), 7.82 (s, 1H), 7.43 (@= 3.6 Hz, 1H), 7.25 — 7.23 (m, 2H), 7.19 (d,
J=3.8 Hz, 1H), 7.08 — 7.03 (m, 1H).
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