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Introduction

Electrochemically amphoteric compounds are of current in-
terest owing to their potential applications in molecular
electronics and optoelectronics, whereby organic compounds
possessing a high degree of conjugation are particularly in-
teresting for advanced electronic applications.[1] Accordingly,
efforts have been directed to the design and synthesis of
molecular systems composed of building blocks that give
rise to electron donor (D) and acceptor (A) interactions.
Amongst all kinds of molecular electron donor moieties, tet-
rathiafulvalene (TTF) and its derivatives are known to be
strong p-donors capable of forming persistent cation radical
and dication species upon oxidation, thus leading to a
number of conducting and superconducting materials.[2] In
this context, the effective intermolecular orbital overlap in
p-stacked assemblies is highly sensitive to chemical modifi-
cations of the TTF framework and this plays a crucial role
in the electronic conductivity. Thus, in order to achieve a
highly ordered molecular organization in charge-transfer
(CT) salts, the self-assembling ability and the dimensionality
of the electronic structure has been enhanced primarily by
chalcogen–chalcogen interactions[2] and halogen or hydrogen
bonds.[3–5] Notably, amongst them, TTF–imidazole systems
exhibit unprecedented electronic and structural modulation
effects of hydrogen bonds giving rise to a number of highly
conductive CT complexes with various acceptors.[5]

With respect to covalently linked D–A ensembles, impor-
tant variables, besides the nature of the donor and acceptor

components, are their relative distance, orientation, and the
degree of electronic coupling between them. Normally, the
D and A components are held together by p-spacers such as
oligo(phenylene ethynylene), oligo(phenylene vinylene), oli-
gothiophene, or s-spacers of variable length and flexibility.[6]

Alternatively, only a few examples of annulated TTF–p-ac-
ceptor systems have been reported in the literature so far,
for example, TTF-diquinones.[7] For a current overview of
D–A ensembles the reader may consult the recent review by
Wudl et al.[8]

Along this line, we recently introduced a synthetic con-
cept for the annulation of TTF derivatives to a variety of ac-
ceptor moieties and reported synthetic routes to intimately
fused and rigid D�p�A ensembles, as exemplified by com-
pounds with i) four TTF moieties fused to phthalocyanine
cores;[9] ii) three TTF moieties fused to a hexaazatripheny-
lene core;[10] iii) one TTF annulated with dipyrido-[3,2-
a :2’,3’-c]phenazine;[11] and iv) one TTF coupled to N,N’-phe-
nylenebis(salicylideneimine).[12] In all these examples a main
principle emerges, namely the molecular D–A systems are
tailored into planar configurations exhibiting defined sym-
metries which provides a defined geometrical control. They
are also specifically designed for chelation of various metal
ions.[12–13] As a continuation of our ongoing studies, we pres-
ent here an efficient synthetic route to further organic p-
conjugated D–A molecules which contain the TTF unit as a
donor and an N,N-diimine chelating ligand—in form of 2-(2-
pyridyl)benzimidazole (PB), 2-(2-quinolinyl)benzimidazole
(QB), or its derivative 2-(6-methoxy-2-quinolinyl)benzimi-
dazole (MQB)—as an acceptor (1–3, Figure 1).

The general interest in imidazole compounds stems from
their specific structural features and biological activity,[14] in-
cluding anti-ulcer, anti-tumour, and anti-viral effects. The
heterocyclic aromatic compounds reveal strong and direc-
tional hydrogen bond interactions, and act as Brçnsted acids
and bases. They thus play an important role as a relay for
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proton transfer (PT) processes, which are among the most
extensively studied chemical processes, owing to their im-
portance in nature.[15] As a consequence, imidazole deriva-
tives have attracted much attention in fields such as crystal
engineering,[16] molecule-based magnets,[17] molecular con-
ductors,[18] and fluorescence sensors.[19]

A primary feature of compounds 1–3 is that a range of
functionalities on the acceptor part is combined in close and
controlled proximity with the fused TTF donor part. For the
former, the aromatic imidazole, with its pyridine- and pyr-
role-like N atoms, introduces an amphoteric character as a
moderately strong base and a weak acid, and the linked pyr-
idine or quinoline adds another basic N atom. Moreover,
the resulting NˆN chelating site makes these molecules at-
tractive ligands for complexation to various metal ions. As a
most striking feature, discussed in detail below, the annulat-
ed TTF donor shows a photoinduced intramolecular charge-
transfer (ICT) transition in its absorption spectrum, which is
sensitive to the different protonation states on the acceptor
site.

In this article, we describe the synthesis of three TTF-PB/
QB/MQB molecules (1–3) and the single-crystal X-ray
structure for 1. In addition, the results of an electrochemical
and a photophysical investigation at various pH values are
discussed.

Results and Discussion

As outlined in Scheme 1, the target compounds 1–3 were
obtained by the direct condensation reaction of the corre-
sponding aldehydes with 5,6-diamino-2-(4,5-bis(propylthio)-

1,3-dithio-2-ylidene)-benzo [d]-
1,3-dithiole in acceptable
yields. All compounds were
easily purified by flash chro-
matography on SiO2 and have
been fully characterized by
NMR, EI mass spectrometry,
and elemental analysis.

Orange needle-shaped single
crystals of 1 suitable for X-ray
analysis were obtained by slow
evaporation of its solution in
CH3CN. The molecule 1 crys-
tallizes in a monoclinic space

group (C2/c) and an ORTEP drawing of the molecule with
the atomic numbering scheme is shown in Figure 2. Appa-
rently, this compound adopts a non-planar conformation

along its long molecular axis, and specifically the TTF
moiety shows a boat conformation, folding along the S1···S4
and S2···S3 vectors by 28.9(1)8 and 18.24(1)8, respectively. In
contrast to the TTF part, all atoms of the PB unit lie almost
perfectly within a plane; the rms deviation from a least-
squares plane through all involved atoms of PB is 0.01 �.
Notice, that the nitrogen atoms N1 and N3 are situated in a
trans orientation within the solid state structure. The bond
distances within the TTF and PB moieties are in the expect-
ed ranges in comparison with those of similar compounds in
the literature.[5c,20–21] Figure 3 highlights the alternating ar-
rangement of the molecules in the crystal structure. A no-
ticeable feature is the head-to-tail alignment caused by p···p
stacking between the PB moieties to afford dimers, which
are, in addition, linked parallel to each other by N�H···N
hydrogen bonds and short S···S contacts.

Scheme 1. A synthetic route to D–A molecules 1–3.

Figure 2. ORTEP drawing and atomic numbering Scheme of the mole-
cule 1 with thermal ellipsoids at 50 % probability level. Hydrogen atoms,
except for the one on the imidazole ring, have been omitted for clarity.
Front and side views are presented.

Figure 3. Crystal packing of 1 showing hydrogen bonds (N�H···N, 2.960 �) and close S···S contacts of 3.536 �
(dashed lines).
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The electrochemical properties of the p-conjugates 1–3
were investigated by cyclic voltammetry (CV) in dichloro-
methane. All of them show two reversible single-electron
oxidation waves typical of the TTF system, corresponding to
E1/2

1 and E1/2
2 in Table 1. Obviously, the presence of the dif-

ferent substituents at the 2-position of the imidazole ring
has a negligible influence on the electron-donating ability of
TTF. Remarkably, with successive addition of HCl to 1–3,
both redox processes of the TTF unit are clearly shifted sug-
gesting the occurrence of two new redox species. Taking 1 as
an example (Figure 4),[22] both oxidation potentials are, at

first, substantially positively shifted upon the addition of a
small amount of HCl, until, upon the addition of 3 equiva-
lents of HCl, the original E1/2

1 wave completely disappears
and only two reversible redox waves remain at 0.63 and
0.98 V. The large potential shifts correspond to a decrease in
the p-donating ability of the TTF unit arising from the pro-
tonation of the imidazole ring in close proximity to the TTF
core. Interestingly, a large excess of HCl leads to a further
positive shift of E1/2

1 but to a negative shift of E1/2
2, which is

now almost at the same potential as that of the unprotonat-
ed 1.[23] This observation might be attributed to both the oc-
currence of proton dissociation when the TTF unit under-
goes the second oxidation, as shown in the box in Scheme 2,
and the significant change in the electrolytic medium caused
by the presence of a large excess of HCl. It can therefore be
deduced that there is a strongly dynamical difference in the
proton dissociation and redox processes, as reported in the
literature.[24] All these results indicate the coexistence of

three redox species, 1 (E1/2
1 =0.54 V, E1/2

2 = 0.94 V) and two
protonated ones, that is, [1·H+] (E1/2

1 = 0.63 V, E1/2
2 =0.98 V)

and [1·2 H+] (E1/2
1 = 0.67 V, E1/2

2 = 0.93 V), which can be de-
scribed with the equilibrium processes shown in Scheme 2.
It is noteworthy that at particular potentials, constant cur-

rents upon addition of HCl are
observed, similar to isosbestic
points in optical spectroscopy.
This is indicative of a concomi-
tant appearance of the corre-
sponding protonated species at
the expense of 1. These obser-

vations are in good agreement with the results from UV/Vis
spectroscopy measurements. Moreover, as shown with the
curve (crossed triangle) in Figure 4, the current increases ap-
preciably around 1.1 V, while it decreases around 0 V. When
measurements under identical conditions from �1.7 to 1.7 V
were performed, one irreversible anodic peak at 1.2 V and
one irreversible broad cathodic peak at �0.3 V appeared.
We expect that these irreversible redox processes occur at
the pyridine functional group. Such phenomena are also ob-
served in analogous TTF compounds, but have not been dis-
cussed in detail.[25]

It must also be mentioned that in the negative direction,
there are no redox waves observed with successive addition
of HCl within the accessible potential window. These find-
ings match well with the large gap between the oxidation
and reduction waves estimated from the energy of the ICT
band (Table 2).

Table 1. Redox Potentials (V vs Ag/AgCl) of 1–3 in CH2Cl2.

E 1 ACHTUNGTRENNUNG[1·H+] ACHTUNGTRENNUNG[1·2H+] 2 ACHTUNGTRENNUNG[2·H+] ACHTUNGTRENNUNG[2·2H+] 3 ACHTUNGTRENNUNG[3·H+] ACHTUNGTRENNUNG[3·2H+]

E1/2
1 0.54 0.63 0.67 0.53 0.61 0.68 0.52 0.60 0.68

E1/2
2 0.94 0.98 0.93 0.95 0.99 0.95 0.94 0.98 0.90

Figure 4. Cyclic voltammogram of compound 1 (10�3
m) in the presence

of increasing amounts of HCl; CH2Cl2; Bu4NPF6 (0.1 m); 100 mV s�1; Pt
working electrode. V vs Ag/AgCl.

Scheme 2. Equilibrium reactions during the electrochemical titration of 1
with H+ .

Table 2. Maxima of the ICT absorption bands for 1–3 and their protonat-
ed forms in CH2Cl2.

Compound Absorption [nm] Absorption [cm�1] e [M�1 cm�1]

1 397 25 189 14 800ACHTUNGTRENNUNG[1·H+] 468 21 368 9 800ACHTUNGTRENNUNG[1·2H+] 593 16 863 6 400
2 421 23 753 15 500ACHTUNGTRENNUNG[2·H+] 564 17 730 12 000ACHTUNGTRENNUNG[2·2H+] 691 14 472 9 600
3 412 24 272 20 900ACHTUNGTRENNUNG[3·H+] 544 18 382 13 000ACHTUNGTRENNUNG[3·2H+] 655 15 267 10 600
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The absorption spectra of 1–3 dissolved in CH2Cl2 are
presented in Figure 5. They show two domains of broad and
intense absorption bands centered around 24 000 and

30 000 cm�1, respectively. The absorption bands centered at
25 189 cm�1 (397 nm), 23 753 cm�1 (421 nm), and 24 272 cm�1

(412 nm), respectively for 1–3, result from an ICT transition
from the TTF unit to the substituted benzimidazole moiet-
ies. In the UV region, strong absorption bands are character-
istic for p–p* transitions located on both, the TTF and the
substituted benzimidazole subunits.[26]

In order to arrive at a deeper understanding of the fused
D–A molecules 1–3, the protonation characteristics of each
compound were experimentally investigated in CH2Cl2 solu-
tion. The molecules have two protonation sites each,
namely, the benzimidazole nitrogen (N1) and the nitrogen
on the pyridine (N3) or on the quinoline, respectively. It has
already been demonstrated experimentally and theoretically
that a benzimidazole nitrogen has a higher proton affinity
than that of pyridine.[27] It was on this basis that UV/Vis ti-
tration experiments were carried out in order to determine
the specific pKa values of molecules 1–3.

The UV/Vis spectra of 1 dissolved in CH2Cl2, taken as a
function of pH, that is, with successive addition of HCl
equivalents, are depicted in Figure 6. From 0 to 3 equiva-
lents of HCl, for an initial concentration of 10�5

m of 1, the
broad absorption band at 25 189 cm�1 gradually disappears
and a new absorption band at 21 368 cm�1 emerges. From 3
to 300 equivalents, this new band decreases in intensity and
a third absorption band concomitantly appears at
16 863 cm�1. A remarkable feature is the occurrence of two
quite well defined isosbestic points, at 23 000 cm�1 for up to
3 equivalents added, and at approximately 18 400 cm�1

above 3 equivalents. This indicates the presence of three
species in two comparatively well separated chemical equili-
bria, namely compound 1 and the two protonated species
[1·H+] and [1·2 H+] as shown in Scheme 2. Compounds 2
and 3 show very similar behavior. The corresponding full
spectra are given in Figures S3 and S4 of the Supporting In-
formation, the absorption maxima of the species in the neu-
tral and protonated forms are reported in Table 2.

In accordance with the absorption spectra, the color of
the solution changes reversibly between yellow, orange, and
blue during the acid/base titration. Apparently, protonation
of the two nitrogen atoms of the PB unit reduces the elec-
tron density on the aromatic ring system successively, there-
by lowering the energy of the LUMO and increasing its ac-
ceptor properties. As a result, the corresponding spectro-
scopic TTF!PB ICT transition moves to lower energies in
two distinct steps of approximately 4000 and 4500 cm�1, re-
spectively. The first step corresponds to the protonation of
the imidazole nitrogen, the second step to the protonation
of the pyridine nitrogen.

The spectra in Figure 6 can be analyzed quantitatively ac-
cording to the acid–base equilibria shown in Scheme 2. A
factor analysis and single value decomposition[28] on the ex-
perimental data supports the assumption of three species in
chemical equilibrium, and a least squares fit using the pro-
gram SPECFIT 3[29] results in the pKa values for the two
protonation steps given in Table 3. The resulting individual

spectra of the three species are included in Figure 6. Figur-ACHTUNGTRENNUNGes 7 a and b show the experimental evolution of the concen-
tration of the three species as a function of HCl added to
the solution for the two protonation steps, as well as the re-
sulting best fit from the single value decomposition. The
spectra of compounds 2 and 3 were treated in the same way,
the corresponding pKa values are likewise given in Table 3
and the results of the single value decomposition are shown
in Figures S5 and S6 of the Supporting Information.

In the literature, experimental pKa values in non-aqueous
solvents are quite rare. In aqueous solutions, the values of
pKa1 and pKa2 for the reference compound PB are given as
4.41 and �1.59, respectively.[27b] In order to compare the
values of the TTF annulated compounds in CH2Cl2 with the

Figure 5. Absorption spectra of 1 (dashed line), 2 (gray line), and 3
(black line) in CH2Cl2 at room temperature.

Figure 6. Absorption spectra (top) of 1 in CH2Cl2 at room temperature as
a function of molar equivalents of HCl added in comparison with the
simulation spectra (bottom) at a total concentration of 1 of 10�5

m.

Table 3. Experimental pKa values for 1–3 and the reference compound 2-
(2-pyridyl)benzimidazole (PB) in CH2Cl2.

pKa PB 1 2 3

pKa1 4.5(1) 5.5(1) 5.2(1) 4.9(1)
pKa2 3.2(1) 3.1(1) 3.4(1) 3.6(1)
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ones for the compounds without TTF, titration curves were
also determined for PB in CH2Cl2. Figure 8 shows the exper-
imental curves for an initial PB concentration of 10�4

m to-
gether with the best fit from the single value decomposition
of the optical spectra (see Figure S7 in the Supporting Infor-
mation) recorded as a function of equivalents of HCl added.
The corresponding pKa values are included in Table 3.
Whereas pKa1 has a value close to the one found in aqueous
solution, the pKa2 value of 3.2 shows that the proton on pyri-
dine is much less acidic in CH2Cl2 than in aqueous solution.

In comparison to PB, compounds 1–3 show no significant
increase in pKa2, that is, for the protonation of N3 (pyri-
dine). In contrast, they show an increase of one unit for
pKa1, that is, for the protonation of N1 (benzimidazole).
Qualitatively this can be understood as arising from the
electron donating properties of the TTF unit, which results
in a higher electron density on the PB unit as compared to
the compound without TTF, and therefore the pKa1 values
increase substantially. As expected this effect is restricted to
N1, that is, the nitrogen atom on the ring system directly
fused to the TTF unit.

Conclusions

In conclusion, three imidazole-annulated TTF derivatives 1–
3 have been prepared and fully characterized, and the influ-
ence of the TTF unit on the pKa values of the acceptor units

as determined by photometric titration has been discussed.
The novel feature of these D–A molecules is that they con-
tain a PB ancillary functionality, which has been incorporat-
ed with the following specific roles in mind: i) The presence
of three nitrogen atoms as proton donor/acceptors renders
them promising in the field of chemosensors. ii) Direct annu-
lation of PB to the TTF core is expected to enhance cooper-
ativity between CT on TTF and PT at hydrogen bonding
sites on PB moieties in the resulting simultaneous CT and
PT complexes. iii) The excellent chelating ability of the PB
unit should provide opportunities for the complexation of a
wide range of transition metals to the donor system giving
rise to diverse structural chemistry and appealing photophy-
sics. The results reported here are part of an initial explora-
tory study of their potential to generate a range of well-de-
fined coordination networks as well as to produce the simul-
taneous CT and PT complexes. Currently, we are engaged in
an investigation on the ability to bind transition metal ions
and to form CT complexes and ion radical salts of these
promising new donors.

Experimental Section

General

Melting points were determined using a B�chi 510 instrument and are
uncorrected. Elemental analyses were performed on a Carlo Erba Instru-
ments EA 1110 Elemental Analyzer CHN. 1H and 13C NMR spectra were

Figure 7. Experimental (symbols) and calculated (full lines) titration
curves. For the calculated curves the pKa values of Table 3 were used:
a) first step, 1 (&) and [1·H+] (^), b) second step [1·H+] (^) and [1·2H+]
(*) in CH2Cl2 at room temperature and a total concentration of 1 of
10�5

m.

Figure 8. Experimental (symbols) and calculated (full lines) titration
curves. For the calculated curves the pKa values of Table 3 were used:
a) first step, PB (&) and [PB·H+] (^), b) second step [PB·H+] (^) and
[PB·2H+] (*) in CH2Cl2 at room temperature and of total concentration
of PB of 10�4

m.
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obtained using a Bruker AC 300 spectrometer operating at 300.18 and
75.5 MHz, respectively: chemical shifts are reported in ppm referenced
to residual solvent protons ([D6]DMSO). The following abbreviations
were used: s (singlet), d (doublet), t (triplet), br (broad), and m (multip-
let). Infrared spectra were recorded on a Perkin–Elmer Spectrum One
FT-IR spectrometer using KBr pellets. EI Mass spectra were recorded
using an Auto SpecQ spectrometer. Cyclic voltammetry was conducted
on a VA-Stand 663 electrochemical analyzer. An Ag/AgCl electrode con-
taining 2 m LiCl (in ethanol) served as reference electrode, a glassy
carbon electrode as counter electrode, and a Pt wire as working elec-
trode. Cyclic voltammetric measurements were performed at room tem-
perature under N2 in CH2Cl2 with 0.1m Bu4NPF6 as supporting electrolyte
at a scan rate of 100 mV s�1.

Photophysical Measurements

Photophysical measurements were performed on solutions of the com-
pounds 1–3 and the reference compound PB in CH2Cl2 at room tempera-
ture. Unless otherwise stated, the concentration was 10�5

m. Absorption
spectra were recorded on a Varian Cary 5000 UV/Vis/NIR spectropho-
tometer. Photometric titrations were performed by recording full absorp-
tion spectra as a function of equivalents of HCl added to dissolve in di-
ethyl ether (10�2

m). Dilution effects were taken into account in evaluat-
ing the spectra. Data analysis was performed using the commercial soft-
ware SPECFIT/32[29] in order to identify the number of species by factor
analysis and to follow the evolution of the species as a function of HCl
added by single value decomposition[28] on the basis of the acid–base
equilibria of Scheme 2. The least-squares fitting procedure yields the two
pKa values and the spectra of the individual species.

Materials

Unless otherwise stated, all reagents were purchased from commercial
sources and used without additional purification. 5,6-Diamino-2-(4,5-bis-ACHTUNGTRENNUNG(propylthio)-1,3-dithio-2-ylidene)-benzo[d]-1,3-dithiole was prepared ac-
cording to literature procedures.[10–11]

Synthesis

1: Pyridinecarboxaldehyde (0.1 mL, 1 mmol) was added to a solution of
5,6-diamino-2-(4,5-bis(propylthio)-1,3-dithio-2-ylidene)-benzo[d]-1,3-di-
thiole (0.43 g, 1 mmol) in cold 1,4-dioxane (50 mL). The mixture was
open to air and stirred for 24 h. The solvent was evaporated in vacuum
and the resulting crude product was purified by chromatography on silica
gel with CH2Cl2/ethylacetate (2:1) to obtain 1 (0.145 g, 0.28 mmol, 28%)
as a light-orange solid. M.p.: 145–147 8C; 1H NMR: d= 0.96 (t, 6 H), 1.59
(m, 4H), 2.86 (t, 4H), 7.53 (m, 1 H), 7.66 (s, 1 H), 7.88 (s, 1H), 8.00 (m,
1H), 8.29 (m, 1H), 8.73 (m, 1 H), 13.24 ppm (s, 1 H); 13C NMR: d=12.69,
22.58, 37.36, 79.11, 108.31, 112.65, 121.45, 124.84, 126.86, 137.54, 147.94,
149.39, 151.66 ppm; IR (KBr) ñ=3431, 2959, 1627, 1596, 1444, 1392,
1088, 882, 791 cm�1; MS(EI): m/z (%): 519 (45) [M+]; elemental analysis:
calcd (%) for C22H21N3S6: C 50.83, H 4.07, N 8.08; found: C 51.12, H 4.16,
N 7.42. Single crystals were obtained by slowly cooling a hot actetonitrile
solution of 1.

General procedure for 2–3: A solution of the corresponding aldehyde
(0.1 mmol) and 5,6-diamino-2-(4,5-bis(propylthio)-1,3-dithio-2-ylidene)-
benzo[d]-1,3-dithiole (0.04 g, 0.1 mmol) in nitrobenzene (10 mL) was
heated up to 160 8C for 20 h. The solvent was evaporated in vacuum and
the resulting crude product was purified by chromatography on silica gel
with CH2Cl2/ethylacetate (2:1) to obtain an analytically pure product.

2 : Yield: 0.02 g (40 %), orange solid. M.p.: 208–210 8C; 1H NMR: d=0.96
(t, 6H), 1.59 (m, 4H), 2.86 (t, 4 H), 7.68 (m, 1 H), 7.73 (s, 1H), 7.86 (m,
1H), 7.94 (s, 1H), 8.05 (m, 1H), 8.13 (m, 1 H), 8.40 (d, 1H), 8.53 (d, 1H),
13.34 ppm (s, 1 H); 13C NMR: d=12.72, 22.63, 37.40, 106.03, 108.51,
112.60, 113.11, 119.13, 126.85, 126.92, 127.37, 128.08, 128.21, 128.69,
129.40, 130.50, 130.95, 134.48, 137.43, 143.35, 147.16, 148.16, 151.63 ppm;
IR (KBr) ñ =3431, 2959, 1611, 1538, 1450, 1314, 1084, 852 cm�1; MS(EI):
m/z (%): 569 (40) [M+]; elemental analysis: calcd (%) for C26H23N3S6:
C 54.80, H 4.07, N 7.37; found: C 54.99, H 4.12, N 6.83.

3 : Yield: 0.02 g (38 %), yellow solid. M.p.: 235–237 8C; 1H NMR: d =0.96
(t, 6 H), 1.60 (m, 4H), 2.86 (t, 4H), 3.94 (s, 3 H) 7.47 (m, 2H), 7.80 (s,

2H), 8.03 (d, 1H), 8.37 (m, 2H), 12.68 ppm (b, 1H); 13C NMR: d =12.72,
22.61, 37.39, 55.65, 106.06, 108.34, 112.72, 119.43, 122.94, 126.88, 129.40,
129.74, 130.19, 136.03, 143.13, 145.83, 152.00, 157.95 ppm; IR (KBr) ñ=

3435, 2961, 1622, 1611, 1600, 1504, 1394, 1377, 1241, 833 cm�1; MS(EI):
m/z (%): 599 (40) [M+]; elemental analysis: calcd (%) for C27H25N3OS6:
C 54.06, H 4.02, N 7.00; found: C 54.33, H 4.24, N 6.67.

Crystallography

An orange crystal of compound 1 was mounted on a Stoe Mark II-Imag-
ing Plate Diffractometer System (Stoe & Cie, 2002) equipped with a
graphite-monochromator. Data collection was performed at �100 8C
using MoKa radiation (l=0.71073 �). 245 exposures (4 min per exposure)
were obtained at an image plate distance of 100 mm, 180 frames with f=

08 and 08<w<1808, and 65 frames with f= 908 and 08<w<978, with
the crystal oscillating through 18 in w. The resolution was: Dmin�Dmax =

0.72–17.78 �. The structure was solved by direct methods using the pro-
gram SHELXS-97[30] and refined by full matrix least squares on F2 with
SHELXL-97.[31] The NH hydrogen atom was derived from Fourier differ-
ence maps and refined while the remaining hydrogen atoms were includ-
ed in calculated positions and treated as riding atoms using SHELXL-97
default parameters. All non-hydrogen atoms were refined anisotropically.
No absorption correction was applied.

Crystal data for 1: C22H21N3S6, M=519.78, 0.45 	 0.20 	 0.15 mm3, mono-
clinic, space group C2/c, a =40.925(3), b=7.4182(4), c =15.3202(11) �,
b=100.778(6)8, V=4569.0(6) �3, Z=8, 1calcd =1.511 gcm�3, m=

0.616 mm�1, T=173(2) K, F ACHTUNGTRENNUNG(000) = 2160, 29100 reflections collected, 6183
unique (Rint =0.0891). Final GOF= 1.029, R1 =0.0564, wR2 =0.1465, R in-
dices based on 4693 reflections with I>2s(I), 287 parameters, 0 re-
straints. CCDC 699063 contains the supplementary crystallographic data
for 1. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre at www.ccdc.cam.ac.uk/data_request/cif
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