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Abstract 

Two new push-pull molecules with imidazole-4,5-dicarbonitrile acceptor, thiophene and 2-methoxythiophene 
donors with potential use in photoredox catalysis were designed and prepared. The synthesis started from 
commercially available imidazole-4,5-dicarbonitrile and its bromination and N-methylation. Subsequent 
Suzuki-Miyaura cross-coupling with (5-methoxy)thiophene-derived boronic acids afforded target push-pull 
derivatives. Beside common analytical methods, the molecular structure of 5-methoxythiophen-2-yl derivative 
has also been verified by X-ray analysis. DSC analyses showed remarkable thermal stabilities of both target 
derivatives with Tm and TD values above 150 and 270 °C, respectively. Fundamental properties and extent of 
the intramolecular charge-transfer were further studied by UV-VIS absorption spectra and DFT calculations. 
Fundamental photoredox properties of target imidazole derivatives were elucidated. Both push-pull molecules 
were preliminary tested as photoredox catalysts in cross-dehydrogenative coupling reaction between 
tetrahydroisoquinoline and nitromethane and the results were compared with those obtained by pyrazine-
2,3-dicarbonitrile-derived catalyst. 
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Introduction 

 
Recently, photoredox catalysis, revived as a unique tool in synthetic organic chemistry.1-6 Diverse chemical 
transformations promoted by irradiation with visible light (VL) have been established. In general, VL 
photoredox reactions can proceed under mild conditions and are considered as environmentally friendly.7-10 
Historically, photoredox catalysis focused mostly on transition metal complexes11 and especially ruthenium 
and iridium polypyridyl complexes have been used and are the main representative photoredox catalysts.12-17 
However, organic dyes such as xanthene dyes fluorescein, eosin Y, eosin B, and rose bengal, represent another 
significant class of photocatalysts.18-21 These compounds are metal-free and significantly less expensive but 
their further property tuning is very limited. Hence, synthetic small organic molecules with photoredox 
properties are currently very burgeoning area.1 As a photoredox catalyst should primarily absorb light in the 
UV-Vis part of the spectra, π-conjugated molecules equipped with an electron donor (D) and electron acceptor 
(A), so called push-pull or D-π-A systems, are very promising candidates. In these molecules, intramolecular 
charge-transfer (ICT) from the donor to the acceptor takes place and a new low-energy molecular orbital is 
formed. Photoexcitation of the electron from the HOMO to the LUMO in D-π-A molecules is facile and may be 
accomplished by visible light.22,23 
In 2011, we designed and synthesized new X-shaped push-pull chromophores based on 4,5-disubstituted 
pyrazine-2,3-dicarbonitrile (dicyanopyrazine, DCP) and applied them as tunable chromophores for nonlinear 
optics (NLO).24 Later on and upon structural tuning, a new DCP derivative 1 substituted with two 
5-methoxythienyl donors was developed (Figure 1).25 Derivative 1 is a very efficient photoredox catalyst in 
various cross-dehydrogenative coupling (CDC) reactions26 as well as in oxidation, oxidative hydroxylation, and 
reductive dehalogenation.25 Further catalytic performance was demonstrated in chemodivergent radical 
cascade reactions between N-tetrahydroisoquinolines and N-itaconimides,27 pH-controlled photooxygenation 
of indoles,28 and enantioselective oxidative C(sp

3)-H olefinations.29 In this work, we focus on synthesis of Y-
shaped push-pull analogues 2 and 3 based on five-membered acceptor unit – imidazole-4,5-dicarbonitrile 
(dicyanoimidazole, DCI) and further evaluation of their optoelectronic properties and photoredox catalytic 
activities. The DCI unit proved to be readily available heterocyclic acceptor for push-pull molecules,30-36 
however, none of them has been investigated as potential photoredox catalyst. In principal, the structural 
tuning of the original DCP derivative 1 can be achieved by replacing the acceptor unit (DCP→DCI) and also by 
variation of the peripheral R-substituent (H or OMe). 
 

 
 

Figure 1. Comparison of DCP and DCI X- and Y-shaped push-pull molecules 1 and 2-3. 
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Results and Discussion 

 

 
 

Scheme 1. Synthesis of bromo imidazole 4, pinacol boronate 6 (inset), and target push-pull chromophores 2 
and 3. 
 
Synthesis. The synthesis of target push-pull molecules 2 and 3 started from commercially available imidazole-
4,5-dicarbonitrile (Scheme 1). This derivative underwent smooth bromination at the C2 position and 
subsequent N-methylation preventing imidazole tautomerism.32,37,38 As the starting imidazole-4,5-
dicarbonitrile is a fairly strong acid, both reactions were easily carried out in alkaline media (aqueous NaOH or 
NaHCO3); isolation and purification of 4 involved only precipitation and crystallization. Bromo precursor 4 is 
well-known to undergo Suzuki-Miyaura cross-coupling, whereas Sonogashira reaction is complicated by a 
subsequent polymerization.30-36 Hence, we introduced the (5-methoxy)thienyl donors via the reaction with 
commercially available thiophen-2-ylboronic acid 5 and 5-methoxythiophen-2-ylboronic acid pinacol ester 6. 
The latter was prepared from 2-methoxythiophene and its lithiation and reaction with 2-isopropoxy-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (iPrOBpin) with 89% yield. Final Suzuki-Miyaura cross-coupling reactions of 4 
with 5 and 6 afforded two new DCI push-pull molecules 2 and 3 with 60 and 25% yields, respectively. The 
Suzuki-Miyaura reactions were carried out under optimized conditions involving [Pd2(dba)3] precatalyst, SPhos 
ligand, CsCO3 as a base, and THF/H2O (4:1) reaction media.25 This reaction afforded 3 with diminished yield of 
25% which was most likely caused by relatively low stability and possible catalytic system contamination by 
thiophene derivative 6.25,39 
X-ray analysis. Crystals of target molecule 3 suitable for single crystal X-ray analysis were prepared by a slow 
diffusion of hexane into its CH2Cl2 solution. The X-ray representation (Figure 2) confirms the proposed 
molecular structure. In the solid state, the thiophene sulfur is anti-arranged to the methyl group of the DCI 
acceptor moiety, which allows a very planar arrangement of the entire molecule; the torsion angle between 
imidazole and thiophene rings is 0.2° (S1-C4-C5-N2). The C-C bond distances within the thiophene ring were 
found 1.36 (C1-C2), 1.41 (C2-C3), and 1.39 Å (C3-C4). This alternation can be ascribed to the ICT from the 
methoxy donor to the DCI acceptor. The quinoid character of the central thiophene ring can be determined by 
the Bird index I5.40-43 Whereas in unsubstituted thiophene, the Bird index is 66, in 3 equals to 63. This implies 
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less aromatic and higher quinoid character of the thiophene rings in 3. However, thiophene can be polarized 
even further by connecting amino donor and indan-1,3-dione acceptor as we have recently demonstrated for 
T-shaped push-pull molecules (I5 = 58).44 The supramolecular arrangement of 3 reveals head to tail 
chromophore arrangement and 2D-layered array structures with π-π stacking typical for dipolar D-π-A 
molecules. 

 
Figure 2. X-ray molecular representation of compound 3. 
 
Thermal stability. Thermal behavior of DCP and DCI derivatives 1 and 2/3 was studied by differential scanning 
calorimetry (DSC). Figure 3 shows DSC curves of all three derivatives, Table 1 lists the temperatures of melting 
and decomposition Tm and TD, respectively. The measured melting temperatures (endothermic processes, 
peaks oriented down) were within the range of 149 to 178 °C, while decompositions (exothermic processes, 
peaks oriented up) of 1 and 3 were measured at 256 and 277 °C, respectively. In contrast, compound 2 

resisted decomposition after melting but increasing temperature led to its gradual evaporation from the 
crucible. A solid-solid transition between α´ and α crystalline forms was observed for compound 2 at 134 °C, 
probably due to its amorphous crystalline character. Within DCI molecules 2 and 3, the melting point slightly 
increased upon attaching the methoxy group. In comparison to DCP derivative 1, both DCI derivatives 
significantly resisted thermal decomposition up to 277 °C (3) or boiling point at 320 °C (2). 
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Figure 3. DSC thermograms of studied compounds determined with a scanning rate of 3 °C/min under N2. 
 
Table 1. Thermal and optical properties of compounds 1-3 

Comp. Tm 
[°C] 

TD 
[°C] 

λmax
A 

[nm/eV]a 
ε 

[mol-1dm3cm-1]a 

λmax
F 

[nm/eV]a 
qFb Stokes 

shift [cm-

1/eV]a 

E0,0 
[eV]c 

1 178 256 448/2.77 19 000 552/2.25 0.02 4200/0.52 2.48 

2 149 - 296/4.19 14 600 349/3.55 0.25 5130/0.64 3.84 

3 156 277 323/3.84 12 900 390/3.18 0.16 5320/0.66 3.48 

a Measured in CH2Cl2. b Quinine sulphate in 0.5 M aqueous H2SO4 (λmax
F = 445 nm, qF = 0.546) was used 

fluorescence standard. c Excited state energy; calculated as the midpoint between the absorption and emission 
maxima.1 

 
Optical properties. Linear optical properties of push-pull chromophores 2 and 3 were studied by electronic 
absorption and emission spectroscopy. The absorption spectra along with 1 are shown in Figure 4. All 
fundamental data such as the longest-wavelength absorption/emission maxima (λmax

A/F), molar absorption 
coefficient (ε), fluorescence quantum yield (qF), Stokes shifts, and excited state energies (E0,0) are summarized 
in Table 1. Whereas the UV-Vis absorption spectrum of X-shaped DCP derivative 1 showed two particularly 
developed CT-bands, DCI imidazoles 2 and 3 showed single bands with the longest-wavelength absorption 
maxima appearing at 296 and 323 nm. With respect to DCP 1 (λmax 448 nm), these maxima are 
hypsochromically shifted by more than 100 nm as a result of lower electron-withdrawing ability of the DCI 
acceptor unit as well as presence of one vs. two electron-donating (5-methoxy)thienyl moieties.22,31 The molar 
absorption coefficients of imidazole derivatives 2 and 3 are slightly lower as well. However, the absorption 
maxima of 2 (λmax 296 nm) can easily be red-shifted by attaching methoxy group as in 3 (λmax 323 nm). The 
emission spectra of all three molecules feature one single band appearing between 349 and 552 nm. In 
contrast to the diminished fluorescence quantum yield of DCP derivative 1 (qF 0.02), the quantum yields of 2 
and 3 are significantly higher (qF 0.25 and 0.16). These derivatives also possess similar Stokes shifts of about 
0.65 eV, which is slightly higher than for 1 (0.52 eV, 4.200 cm-1). Considering (5-methoxy)thienyl ring as a 
“rotating” substituent, larger Stokes shift (>5.000 cm-1) implies higher geometry reorganization of 2 and 3 
upon photoexcitation.44 The excited state energies (E0,0) referring to the transition between the lowest 
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vibrational states of the first excited and ground levels S1 and S0 were further derived from the absorption and 
fluorescence spectra (Table 1). These data fall within the range of know values for cyanoarenes (2.90-4.01 
eV);1 however, the calculated E0,0 values of DCI derivatives 2 and 3 are ≥1 eV higher than that of DCP derivative 
1. 
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Figure 4. UV-Vis absorption spectra of 1-3 in CH2Cl2 (c = 2 × 10-5 M). 
 

DFT calculations. In contrast to DCP derivative 1,25 ground state electrochemical properties (especially the first 
oxidation and reduction potentials) of DCI molecules 2 and 3 were out of the potential window of the 
employed electrochemical methods (cyclic voltammetry, rotating disc voltammetry or polarography). Hence, 
these fundamental properties were gained by DFT calculations. The calculations were carried out at the DFT 
level using Gaussian W09 package.46 The geometries were optimized by DFT B3LYP/6-311++G(2df,p) method; 
energies of the HOMO/LUMO and their differences were calculated on the DFT B3LYP/6-311++G(2df,p) level. 
All calculated data are summarized in Table 2. 

For each particular molecule 1-3, all possible rotamers with the (5-methoxy)thienyl moieties arranged 
out/in or anti/syn with respect to the pyrazine and N-methylimidazole parent scaffold were considered. Figure 
5 shows the optimized geometries with the lowest total energies and the HOMO/LUMO localizations. Whereas 
1 showed both 5-methoxythienyl moieties oriented outwards, DCI derivatives 2 and 3 possess thiophene 
sulfur atoms oriented anti and syn with respect to the imidazole N-methyl substituent. Although the rotamer 3 
(Figure 5) is opposite to that observed by X-ray analysis (Figure 2), both possess very similar calculated values 
of the HOMO/LUMO energies. The HOMO and LUMO in DCP derivative 1 are localized on the 
5-methoxythiophene donor and DCP acceptor moieties and are well separated as a result of a strong ICT. In 
DCI derivatives 2 and 3 the LUMO is predominantly localized on the DCI acceptor and partially spread over the 
appended thiophene ring and the charge separation is thus lower. The HOMO and LUMO energies calculated 
in DMF were recalculated to the first oxidation and reduction potentials Eox and Ered.47 These values were 
further used to estimate the excited state oxidation and reduction potentials Eox

* and Ered
*.1 As can be seen, 

the DCI derivatives are less easy to oxidize/reduce and possess larger HOMO-LUMO gaps ΔE than DCP 
derivative 1. Likewise, the excited state oxidation and reduction potentials are shifted to more negative and 
positive values, respectively. 
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Table 2. DFT calculated properties of push-pull chromophores 1-3 

 Ground state Excited state 

Comp. 
EHOMO 
[eV]a 

ELUMO 
[eV]a 

ΔE 
[eV]a 

Eox 
[eV]b 

Ered 
[eV]b 

E0,0 
[eV]c 

Eox
* 

[eV]d 
Ered

* 
[eV]d 

1 –5.90 –2.96 2.94 1.55 –1.39 2.48 –0.93 1.09 

2 –6.73 –2.26 4.47 2.36 –2.09e 3.84 –1.48 1.75 

3 –6.05 –2.22 3.83 1.70 –2.13 3.48 –1.78 1.35 

a Calculated at the DFT B3LYP/6-311++G(2df,p) level (scrf = solvent = DMF). b Re-calculated from the 
DFT-derived EHOMO/LUMO according to the equation: Ered/ox = –EHOMO/LUMO – 4.35 (Ref.47). c Taken from Table 1.  
d Calculated as follows: Eox

* = Eox – E0,0 and Ered
* = Ered + E0,0 (Ref.1). e The only one electrochemically obtained 

value of E1/2(red) = –1.94 V vs. SCE. 
 

   
Figure 5. Optimized geometries and HOMO (red) and LUMO (blue) localizations in push-pull molecules 1-3. 
 
Catalytic activity. Fundamental photoredox properties of push-pull DCI derivatives 2-3 and DPZ derivative 1 
were examined in model cross-dehydrogenative coupling (CDC) between N-phenyltetrahydroisoquinoline and 
nitromethane (Table 3). The reactions were carried out with 1 mol% catalysis of 1-3 by irradiating the reaction 
mixture with 3W white LED under air at 25 °C. Nitromethane was used as nucleophile as well as solvent. The 
catalytic performance of DCP and DCI derivatives differ substantially. Whereas the reaction catalyzed with 1 
afforded 7 with the yield of 69% within 2 h, the reaction times of DCI catalysts 2 and 3 were considerably 
longer. Even after 47 h, the attained yields did not exceeded 50%. These low catalytic outcomes reflect the 
aforementioned properties of both DCI catalysts. Namely, we can deduce the following structure-property 
relationships: 

• Absorption maxima of both DCI derivatives 2 (λmax 296 nm) and 3 (λmax 323 nm) are far from the high 
energy emission band of a white LED (~430 nm). 

• The absorption maxima of DCP derivative 1 (λmax 448 nm) fits the white LED emission band almost 
perfectly. 

• These differences in fundamental optical properties are reflected in the lowest catalytic performance 
of DCI derivatives 2 and 3. 

• However, catalysts 3 with an additional methoxy substituent, and thus red-shifted CT-band, showed 
better catalytic performance than unsubstituted 2. 
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Table 3. CDC reaction 
 

 
Comp. t 

[h] 
Yield 
[%] 

1 2 69 

2 47 26 

3 47 42 

 
 
Conclusions 
 
Based on the molecular structure of successful DCP photoredox catalyst 1, we have designed new push-pull 
molecules 2 and 3 with a five-membered DCI acceptor unit. The electron-donating part represents 
(5-methoxy)thiophene. These molecules were prepared by Suzuki-Miyaura cross-coupling reactions of 
2-bromo-1-methyl-1H-imidazole-4,5-dicarbonitrile with appropriate boronic acids. Beside standard analytical 
methods (NMR, MS, IR), the molecular structure of 3 was also supported by X-ray analysis. Both new DCI 
derivatives proved thermally stable compounds resisting decomposition over 270 °C. Optical properties were 
investigated by absorption and emission spectroscopy, which revealed blue-shifted CT-bands of 2 and 3 in 
comparison to 1. However, the fluorescence quantum yields and Stokes shifts are larger. As the 
electrochemical data were not measurable, these were substituted by DFT calculations. The calculations 
showed larger HOMO-LUMO gaps for DCI analogues and also more positive/negative ground and excited state 
oxidation/reduction potentials. The differences in properties of DCP and DCI push-pull molecules also 
significantly affected their photoredox catalytic performance in cross-dehydrogenative coupling reaction in 
which the latter showed reduced capability. 

We believe that this structure-property relationship study would serve as useful guide in designing new 
organic photoredox catalysts for visible light promoted reactions. 
 
 
Experimental Section 

 

General. Reagents and solvents were reagent-grade and were purchased from Penta, Aldrich, and TCI and 
used as received. The starting imidazole-4,5-dicarbonitrile, 2-methoxythiophene, and thiophen-2-ylboronic 
acid (5) were commercially available. Compounds 1

25 and 432,37,38 were prepared according to literature. All 
cross-coupling reactions were carried out in flame-dried flasks under argon atmosphere. Thin layer 
chromatography (TLC) was conducted on aluminum sheets coated with silica gel 60 F254 with visualization by a 
UV lamp (254 or 360 nm). Column chromatography was carried out with silica gel 60 (particle size 0.040-0.063 
mm, 230-400 mesh) and commercially available solvents. All 1H and 13C NMR spectra were recorded on a 
Bruker AVANCE II/III 400/500 spectrometer (400/500 MHz or 100/25 MHz, respectively). Chemical shifts in 1H 
and 13C NMR spectra are reported in ppm relative to the signal of Me4Si (0.00 ppm). The residual solvent signal 
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in the 1H and 13C NMR spectra was used as an internal reference (CDCl3 7.25 and 77.23 ppm). Apparent 
resonance multiplicities are described as s (singlet), d (doublet) and m (multiplet). 1H NMR signals of 
thiophene moieties were denoted as Th. The coupling constants J are reported in Hertz (Hz). High-resolution 
MALDI mass spectroscopy data were collected on LTQ Orbitrap XL. IR spectra were recorded on a Perkin–
Elmer FTIR Spectrum BX spectrometer. Mass spectra were measured on a GC-MS configuration comprised of 
an Agilent Technologies 6890N gas chromatograph equipped with a 5973 Network MS detector (EI 70 eV, 
mass range 33–550Da). UV-Vis spectra were recorded on a Hewlett–Packard 8453 and UV/Vis Perkin-Elmer 
Lambda 35 spectrophotometers in CH2Cl2. The fluorescence emission spectra were measured on a PTI 
Quantamaster 40 steady state spectrofluorimeter. Thermal properties of target molecules were measured by 
differential scanning calorimetry DSC on Mettler-Toledo STARe System DSC 2/700 with ceramic sensor FRS 6 
and cooling system HUBERT TC100-MT RC 23 in open aluminum crucibles under N2 atmosphere. DSC curves 
were recorded with a scanning rate of 3 °C/min within a range of 25 to 500 °C. 
 
General method for Suzuki-Miyaura cross-coupling reactions (2 and 3). 2-Bromo-1-methyl-1H-imidazole-4,5-
dicarbonitrile 4 (211 mg; 1.0 mmol) and 5 (140 mg; 1.1 mmol) or 6 (264 mg; 1.1 mmol) were dissolved in the 
mixture of THF/H2O (50 mL; 4:1). Argon was bubbled through the solution for 10 min, whereupon [Pd2(dba)3] 
(46 mg; 0.05 mmol; 5 mol%), SPhos (20.5 mg; 0.05 mmol; 5 mol%), and Cs2CO3 (358 mg; 1.1 mmol) were added 
and the reaction mixture was stirred at 65 °C for the indicated reaction time. The reaction mixture was diluted 
with water (40 mL) and extracted with CH2Cl2 (3 × 40 mL). The combined organic extracts were dried (Na2SO4) 
and the solvents were evaporated in vacuo. The crude product was purified by flash chromatography (SiO2; 
CH2Cl2) and subsequent crystallization from 1,2-dichloroethane/hexane. 
1-Methyl-2-(thiophen-2-yl)-1H-imidazole-4,5-dicarbonitrile (2). The title compound was synthesized from 4 
and 5 according to the general method (6 h reaction time). Yield 128 mg (60%), colorless solid. mp 149 °C; Rf 
0.51 (SiO2; CH2Cl2); IR (ATR): λmax 3103, 2232 (CN), 1359, 1324, 1224 cm-1; 1H NMR (400 MHz, CDCl3): δH 3.99 
(3H, s, NCH3), 7.21 (1H, dd, J 3.8 and 5.1 Hz, Th), 7.57 (1H, dd, J 1.1 and 3.8 Hz, Th), 7.60 ppm (1H, dd, J 1.1 and 
5.1 Hz, Th); 13C-NMR (125 MHz, CDCl3): δC 34.7, 108.3, 111.5, 113.9, 122.3, 128.3, 128.8, 129.5, 130.4, 147.1 
ppm. HR-FT-MALDI-MS (DHB) m/z: calcd. for C10H7N4S+ 215.03859 ([M+H]+); found 215.03879. 
2-(5-Methoxythiophen-2-yl)-1-methyl-1H-imidazole-4,5-dicarbonitrile (3). The title compound was 
synthesized from 4 and 6 according to the general method (72 h reaction time). Yield 61 mg (25%), colorless 
solid. mp 156 °C; Rf 0.31 (SiO2; CH2Cl2); IR (ATR): λmax 3109, 2232 (CN), 1356, 1326, 1253, 1218, 1073, 995 cm-1; 
1H NMR (500 MHz, CDCl3): δH 3.94 (3H, s, OCH3), 3.97 (3H, s, NCH3), 6.28 (1H, d, J 4.0 Hz, Th), 7.21 ppm (1H, d, J 
4.0 Hz, Th); 13C-NMR (125 MHz, CDCl3): δC 34.7, 60.8, 105.5; 108.7, 111.8, 113.6, 115.1, 122.3, 128.4, 147.4, 
170.9 ppm. HR-FT-MALDI-MS (DHB) m/z: calcd. for C11H9N4OS + 245.04916 ([M+H]+); found 245.04913. 
2-(5-Methoxythiophen-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (6). A solution of 2-methoxythiophene 
(500 mg; 4.38 mmol) in dry THF (20 mL) was treated with nBuLi (3.1 mL; 5.04 mmol; 1.6 M sol. in hexane) at 
–78 °C under argon for 1 h. 2-Isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.03 mL; 5.04 mmol; 
iPrOBpin) was added, the reaction mixture was allowed to reach 25 °C, and was stirred for 1 h. Saturated 
aqueous solution of NH4Cl (10 mL) was added and the product was extracted with Et2O (3 × 10 mL). The 
combined organic extracts were dried (Na2SO4) and the solvents were evaporated in vacuo to afford 6, which 
was used without further purification. Yield 936 mg (89%), yellow solid. mp 36-42 °C; 1H NMR (500 MHz, 
CDCl3): δH 1.31 (12H, s, 4 x CH3), 3.90 (3H, s, OCH3), 6.29 (1H, d, J 4.0 Hz, Th), 7.32 ppm (1H, d, J 4.0 Hz, Th) 
ppm; 13C-NMR (125 MHz, CDCl3): δC 24.9, 60.6, 84.0, 106.3, 136.7, 173.0 ppm. EI-MS (70 eV) m/z (rel. int.): 240 
(100, M+), 225 (20), 197 (30), 180 (50), 167 (15), 155 (30), 140 (50), 125 (15), 97 (10), 83 (8). Spectral data were 
in accordance with the literature.48
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X-ray crystallographic data for 3. The X-ray data for colorless crystal of 3 were obtained at 150 K using Oxford 
Cryostream low-temperature device on a Nonius KappaCCD diffractometer with Mo/Kα radiation (λ 0.71073 
Å), a graphite monochromator, and the φ and χ scan mode. Data reductions were performed with DENZO-
SMN.49 The absorption was corrected by integration methods.50 Structures were solved by direct methods 
(Sir92)51 and refined by full matrix least-square based on F2 (SHELXL97).52 
Hydrogen atoms were mostly localized on a difference Fourier map but to ensure uniformity of treatment of 
crystal, all hydrogens were recalculated into idealized positions (riding model) and assigned temperature 
factors Hiso(H) = 1.2 Ueq (pivot atom) or of 1.5Ueq (methyl). H atoms in methyl moieties and hydrogen atoms in 
aromatic ring were placed with C-H distances of 0.96 and 0.93 Å. 
Rint = ∑Fo

2 - Fo,mean
2/∑Fo

2, GOF = [∑(w(Fo
2 - Fc

2)2)/(Ndiffrs - Nparams)]
½ for all data, R(F) = ∑Fo - 

Fc/∑Fofor observed data, wR(F2) = [∑(w(Fo
2 - Fc

2)2)/(∑w(Fo
2)2)]½ for all data. 

Relevant crystallographic data and structural refinement parameters for 3: C11H8N4OS, M = 244.27, triclinic, P-
1, a = 6.7170 (2), b = 9.2990 (4), c = 9.7339 (5) Å, α = 87.081 (3), β = 78.441 (2), γ = 80.481 (3) °, Z = 2, V = 
587.36 (4) Å3, Dc = 1.381 g.cm-3, µ = 0.264 mm-1, Tmin/Tmax = 0.940/ 0.974; -8 ≤ h ≤ 8, -12 ≤ k ≤ 12, -12 ≤ l ≤ 12; 
12492 reflections measured (θmax = 27.49 °), 2664 independent (Rint = 0.032), 2318 with I > 2σ(I), 154 
parameters, S = 1.087, R1(obs. data) = 0.0452, wR2(all data) = 0.115; max., min. residual electron density = 
1.32, −0.445 eǺ-3. 
Crystallographic data for structural analysis have been deposited with the Cambridge Crystallographic Data 
Centre, CCDC no. 1533813 for 3. Copies of this information may be obtained free of charge from The Director, 
CCDC, 12 Union Road, Cambridge CB2 1EY, UK (fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or 
www: http://www.ccdc.cam.ac.uk). 
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