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Abstract—This paper describes a convenient preparation of tetrathia-[7]-helicene (TH[7]), the generation of the a-anion on the terminal
thiophene ring, and the synthesis of the 2-formyl-tetrathia-[7]-helicene (2-CHO-TH[7]). The key intermediate trans-1,2-dibenzodithiophene-
ethene, prepared in 97% yield by McMurry coupling of the 2-formyl-benzo[1,2-b;4,3-b0]dithiophene, was transformed into TH[7] using a
known procedure. The described method affords TH[7] in 46% overall yield, which is more than four times the yield previously reported in
the literature. The a-anion of TH[7], which is easily generated on the a-position of one of the terminal thiophene rings, reacts with
electrophilic reagents such as D2O and DMF. The latter reaction proved to be the best way to prepare 2-CHO-TH[7], a key intermediate for
the preparation of new substituted heterohelicenes.
q 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Organic non-linear optical (NLO) materials now play a key
role in developing new ultra-fast, large-scale optical data
processing devices.1 It has very recently been recognized
that, in chiral materials, electric-dipole transitions alone
cannot fully explain the circular and linear differences
observed in even-order NLO responses, and that contri-
butions from magnetic-dipole and/or electric-quadrupole
transitions should be included.2 Since these two transitions
have different symmetry properties from those of electric-
dipole transitions, even-order non-linearities are possible
even in highly symmetric bulky materials. A second
harmonic generation involving magnetic-dipole transitions
from a racemic and centrosymmetric crystal of chiral
molecules has recently been observed.3

Molecules with these features are extremely interesting as
they may open up the possibility of developing new photo-
refractive materials without resorting to poling processes.
Suitable candidates are systems with large second-order
non-linearity that have an intrinsic high molecular aniso-
tropy or can be arranged in anisotropic supramolecular

architectures. Strong chiral effects in second-order non-
linearity have recently been observed in chiral poly(iso-
cyanide) monolayers with a significant contribution by
magnetic transition,4 and helicenes (which are known to
posses high molecular anisotropy) have been suggested as
interesting substrates to study.5

The NLO properties of many fully carbo-helicenes, such
as [7]-helicene or [6]-helicenebisquinones (HBD), have
already been investigated theoretically and experimentally6

but, to the best of our knowledge, little or nothing has been
done on the corresponding heterohelicenes,7 although some
thia-helicenes were synthesized in the late 1960s and their
optical properties were investigated in the early 1970s.8

Besides studying the optical properties and molecular
crystal architecture of heterohelicenes, another aspect of
interest is the use of suitably substituted derivatives as new
chiral ligands for catalysts9 and, in principle, thia-helicenes
are more easily functionalised than their corresponding
carbo-helicenes. For the above reasons, we concentrated on
the tetrathia-[7]-helicene TH[7] 1, which required setting up
a synthetic procedure that would afford a reasonable amount
of starting material.10 Here, we describe our investigations
of the significant laboratory-scale synthesis and the
functionalisation of TH[7] 1 through the selective genera-
tion of the a-anion of one of the terminal thiophene rings
and reaction with electrophilic reagents.
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2. Results and discussion

The synthesis of TH[7] 1 can be summarised by the two
general strategies shown in Figure 1: (i) a photochemical
approach in which the middle aromatic ring A is produced
by means of the oxidative photocyclization of a 1,2-diaryl-
ethene precursor in the presence of iodine or oxygen
(formation of the single bond a);12 and (ii) a chemical
approach in which ring A is built chemically (formation of
the double bond b).13

Each approach has advantages and disadvantages. Both can
be used to synthesize the parent TH[7] or its mono- or di-
substituted derivatives, but the photochemical pathway is
more indicated for the synthesis of unsubstituted TH[7] or
TH[7] bearing substituents that do not react under photo-
chemical conditions. It is also more straightforward,
although it suffers from drawbacks such as the fact that
the reaction is performed in very dilute solutions, is not
compatible with acid-sensitive functional groups (HI is
generated during the process), and nitro and amino groups
cannot be used because their presence quenches the singlet
electronic state involved in the photo-induced ring A
formation step. The chemical approach is more flexible,
more tolerant in terms of the substituent nature, and more
suitable for preparing enantiopure TH[7]. However, at a
scale of hundreds of milligrams, the preparation of
precursors normally requires considerable synthetic work.

The aim of this study was to optimize the preparation of
parent TH[7] 1, and to start a systematic study of the
reactivity of TH[7] (which to the best of our knowledge, has
hardly been investigated), such as the selective generation
of an a-anion on thiophene ring. In addition, we focused our
attention on the synthesis of the 2-formyl-tetrathia-[7]-

helicene (2-CHO-TH[7]) 2, which we have identified as the
key intermediate for the preparation of new heterohelicenes
with the aim of achieving optical resolution, and confirming
the predicted non-linear properties.14,15

In order to synthesize the parent TH[7] 1 on a significant
laboratory scale, we carefully considered the procedures
reported in the literature,10a particularly the possibility of
increasing the yields of the key intermediate 1,2-bis-(2-
benzo[1,2-b;4,3-b0]dithiophenyl) ethene 3, which represents
the crucial point in the reaction sequence because it is the
direct precursor of TH[7]. In the reported synthesis,10b 3 is
prepared in unsatisfactory yields by means of several steps
from aldehyde 4. We thought that the McMurry reaction on
aldehyde 4 might be a useful, new, easy and direct entry
to 1,2-bis-(2-benzo[1,2-b;4,3-b0]dithiophenyl) ethene 3
(Scheme 1). It has been previously reported for the synthesis
of the alkene precursor of 5,8,11,14-tetrathia-[9]-helicene.16

The aldehyde 4 was initially obtained by us in 69% yield
following the published procedure.10 We subsequently
found that a significant improvement in yield (86%) could
be achieved by means of the electrophilic formylation of the
a-anion of benzodithiophene generated with n-BuLi at
2788C, and DMF (Scheme 2). The aldehyde 4 was then
directly transformed under standard McMurry conditions
into the alkene 3 with a very high yield (97%). The alkene 3
was finally photocyclized in benzene solution to the final
TH[7] 1 by means of irradiation with a medium pressure Hg
lamp (150 W) at 608C for 11 h and at 258C for 13.5 h
(Scheme 2). The high yield of the formylation reaction and
McMurry coupling make it possible to obtain TH[7] 1 in an
overall yield of 46% from the commercially available
2-thiophenecarboxyaldehyde, and 63% from the benzo-
dithiophene 5. These yields are significantly (four times)

Figure 1. Synthetic approaches to tetrathia-[7]-helicenes.

Scheme 1. Synthesis of alkene 3 via McMurry coupling.
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higher than those previously reported. In addition, the use of
the McMurry reaction reduces the total number of steps
necessary to prepare the alkene 3.

It is worth noting that the McMurry reaction affords the
alkene 3 as a trans/cis (95/5) mixture (Scheme 1), and that
the trans isomer is almost insoluble even in benzene. This
insolubility probably explains the long reaction time
required for the photocyclisation, since the trans isomer
must isomerise to the cis isomer before being cyclised.
However, the yields are quite good, reaching 80% in TH[7]
1. Having established an efficient protocol for the synthesis
of TH[7] 1, we undertook a systematic study of the
reactivity of TH[7] in order to prepare differently substituted
derivatives and, in this paper, we describe the formylation of
TH[7]. 2-Formyl-tetrathio-[7]-helicene 2 was selected as a
key intermediate for the preparation of new substituted
heterohelicenes through the elaboration of the formyl group,
for the optical resolution and for the study of NLO
properties.

There are several ways of introducing the formyl group on
an electron-rich aromatic ring. The Vilsmeier reaction has
been successfully used on benzodithiophene 5 to give 410

and, when applied to TH[7] 1, gave the expected 2-formyl
derivative 2; however, the yield was rather low (34%) and it
required quite a long reaction time (33 h at reflux) (Scheme

3, method A), and we observed widespread decomposition
of the starting TH[7] 1.

In a second experiment, we used commercially available
a,a-dichloromethyl methyl ether as the formylating
reagent, which has been reported to be a good formylating
reagent for activated aromatic substrates.17

The treatment of TH[7] 1 with Cl2CHOCH3 in the presence
of SnCl4 in dry CH2Cl2 at 08C, and then at room
temperature, afforded an unexpected formylated product 6
in 63% yield, in which the two terminal thiophene rings A
and G are linked by a carbon–carbon bond (Scheme 4).

The structure of 6 is proposed on the basis of NMR studies
(Figure 2).

A complete spectroscopic investigation was necessary to
establish the structure of 6. A concerted use of several
gradient-enhanced experiments, such as 2D COSY, 1H/13C
2D HMQC18 (Heteronuclear Multiple-Quantum Coherence)
and 1H/13C 2D HMBC18,19 (Heteronuclear Multiple-Bond
Correlation), provided the sequence-specific assignment of
the multi-ring aromatic derivative. The 2D NOESY
experiment confirms the formyl group position on the A
ring and indicates the carbon atoms involved in the bond
between the A and G rings.

From the 1H/1H connectivities found in 2D COSY spectra,
three pairs of aromatic protons can be distinguished. To
assign each pair of protons to a ring, we performed the
heteronuclear direct- and multiple-bond correlations experi-
ments: 1H/13C HMQC gave for all protons the direct
attachment to carbons, while 1H/13C HMBC allowed the
complete assignments of all the protons and quaternary
carbons.

We can establish the correct sequence of the aliphatic
carbons on the G ring (CH–CH2–S) starting from the
values of the direct 13C–1H coupling constant found in the

Scheme 2. Reaction sequence to tetrathia-[7]-helicene 1.

Scheme 3. a-Functionalisation of helicene 1.

Scheme 4. Formation of 6.

Figure 2. Structure and numbering of compound 6.
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INEPT spectrum: 1J¼148 Hz for the CH2 group and 136 Hz
for the CH group;20 indeed the 1JC – H value can increase up
to 148 Hz because of the presence of the sulphur atom in the
a-position, as described in the literature. Moreover, the 2D
NOESY spectrum showed the correlation between H-14 and
H-13B (lowfield), and between the aldehydic proton and
H-13A (highfield). These results, which are supported by the
long-range coupling constant correlations between C-2 and
H-13A, H-13B, H-14 and the proton of the formyl group,
strongly suggest that the A and G rings are connected by a
bond between C-2 and C-14.

The long-range couplings of C-11a and C-11b with H-14
and H-13A and, at the same time of C-11a with H-10 and of
C-11b with H-11, was the key to assign the hydrogen atoms
of the F ring, the attribution being supported by the
correlation of C-9b with H-14 and H-10. The aromatic
protons H-4 and H-5 were assigned on the basis of the
correlations with C-3b and C-5b, respectively, the C-3b
carbon is revealed for its simultaneous coupling with the
aldehydic proton. As a consequence, the last set of aromatic
protons H-7 and H-8 was attributed and their relative
assignment is straightforward for the presence of a coupling
between C-6b and H 7 and C-8b and H8, confirmed by the
4J coupling between C-6b and H-5, which allowed us to
distinguish H-7 from H-8.

A possible reaction mechanism to explain the formation of 6
is shown in Scheme 5. In the presence of the Lewis acid
SnCl4, Cl2CHOMe is the electrophilic species attacking the
a-position of the terminal thiophene ring B to give the
cation 7 which, in turn, can act as an electrophile reacting
with the terminal thiophene ring A to give 8. Intermediate
8 is then transformed into the final product 6 through the
re-aromatisation of the B ring and a hydride shift from the B
ring to the positively charged carbon atom in the A ring, and
hydrolysis of the chloromethoxy methyl group to the formyl
group. Although the proposed mechanism finds some
support in a published paper,16 the presence of an
intermediate radical or tin hydride species cannot be
excluded. It is worth noting that only one diastereoisomer
of compound 6 is formed, which means that the configu-

ration of the new stereogenic centre is controlled by the
helical chirality of TH[7].

We then explored the synthesis of the aldehyde 2 via
electrophilic formylation of the anion in position 2 of the
terminal thiophene ring of TH[7] 1 with DMF (Scheme 3,
method B). The generation of the anion in position 2 in the
helicene 1 has never been reported before,21 but was an
important goal since it could open up an easy entry to
differently substituted TH[7]. The anion was formed by
adding 1.1 equiv. of n-BuLi to the solution of TH[7] 1 in dry
THF at 2788C, keeping the reaction mixture at 2788C
under stirring for 40 min. To check the presence of the
anion, D2O was added to the reaction mixture at –788C.
After a standard work-up, the a-monodeuterated TH[7] 9
was obtained in 90% yield (Scheme 3). The structure of 9
was confirmed by the mass and 1H NMR spectra.

In a second experiment, the a-anion generated in anhydrous
THF as described above was treated with 2 equiv. of dry
DMF at 2788C. After a standard work-up, the tetrathia-[7]-
helicene-2-carbaldehyde 2 was isolated in 66% yield
together with 27% of unreacted thiahelicene 1 (Scheme 3,
method B). After being modified by generating the anion in
the presence of TMEDA, the same procedure afforded the
aldehyde 2 in comparable yields but in a purer form.

3. Conclusions

We here report a convenient synthesis of the key alkene
intermediate 3, which is now available in overall good
yields and reasonable reaction times, and can be trans-
formed into the final helicene 1 as reported by Winberg.8

The a-anion was generated on the terminal thiophene ring
of TH[7] 1, and its reactivity with electrophiles was proven
by reaction with D2O and DMF. The latter reaction
produced the corresponding previously unknown 2-for-
myl-TH[7] 2. The optical resolution of 2 is currently under
investigation in our laboratory.

4. Experimental

4.1. General

Reagents obtained from commercial sources were used
without further purification. Before use, the THF was dried
by distillation over sodium wire/benzophenone and the
butyl lithium solutions were titrated. In order to monitor the
progress of the reactions, thin layer chromatography (TLC)
was performed using Merck silica gel 60 F254 precoated
plates. Flash chromatography was performed using Merck
silica gel 60, 230–400 mesh. Melting points were deter-
mined by means of a Büchi 510 apparatus and are
uncorrected or with a Mettler Toledo 820 DSC. The IR
spectra were recorded on a Perkin–Elmer FT-IR 1725X.
High-resolution mass spectra were recorded on a Vg
Analytical 7070 EQ.

Unless otherwise stated, all of the operations were
performed under an inert atmosphere and using oven dried
glassware.

Scheme 5. Proposed mechanism for formation of 6.
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4.2. NMR measurements

The 1H and 13C spectra were acquired on a Bruker AMX
300 spectrometer operating at 300.133 MHz (1H) and at
75.47 MHz (13C). All the experiments were carried out at
room temperature (278C), using CDCl3 as solvent, except
for compound 6, which was dissolved in DMSO-d6, not
being soluble in CDCl3. 13C {1H} spectra were obtained
using Waltz decoupling, and were exponentially multi-
plied to give 0.8 Hz line broadening before Fourier
transformation.

2D Spectra. All of the two dimensional experiments were
acquired with a Bruker inverse 5 mm z-gradient probe. The
908 pulse widths were 9.2 ms and 13.1 ms for 1H and 13C,
respectively. The gradient was shaped by a waveform
generator and amplified by a Bruker B-AFPA-10. A
sinusoidal gradient of 1 ms length and a recovery time of
0.1 ms was used. The 2D COSY spectra were recorded with
a 1024£1024 data matrix and 512 increments of 1 scan each,
in magnitude mode, with a relaxation delay of 1.0 s and a
1:1 gradient combination, then processed using zero-filling
in f1 and an unshifted sine-bell apodisation function.

The HMQC and HMBC spectra were recorded using
standard Bruker software sequences of inv4gs and
inv4gslplrnd, respectively. The following acquisition para-
meters were applied in both experiments: spectral widths in
the f1 (13C) and f2 (1H) dimensions of 14000 and 2700 Hz
respectively, a 1024£1024 data matrix, 512 time increments
of 200 scans each, and a 5:3:4 gradient combination.18,19

We set the interpulse delay for the evolution of long-range
coupling as D1¼3.5 ms in both experiments and D2¼60 ms
only in HMBC. The Fourier transformations were per-
formed using a shifted sine-bell apodisation function in the
f1 dimension and an unshifted sine-bell apodisation function
in the f2 dimension.

The 2D NOESY spectra were recorded using the NOESY
pulse sequence and phase cycling method described by
Marion and Wüthrich,23 with a 1024£1024 data matrix and
256 increments of 96 scans each, a mixing time of 1.0 s, and
a relaxation delay of 5.0 s.

4.2.1. Benzo[1,2-b;4,3-b0]dithiophen-2-carbaldehyde (4).
Method A. Freshly distilled POCl3 (3.53 g, 23.1 mmol) was
added to a solution of N-methyl-formanilide (2.84 g,
21 mmol) in methylene chloride (5 mL) cooled to 08C.
The mixture was allowed to warm to room temperature and
stirred for 30 min, and the resulting yellow–orange solution
(the colour indicates the formation of Vilsmeier salt) was
added dropwise to a solution of benzo[1,2-b;4,3-b0]-
dithiophene (2.00 g, 10.5 mmol) in methylene chloride
(15 mL). The mixture was refluxed for 19 h and the progress
of the reaction was monitored by TLC (eluent: light
petroleum/methylene chloride 1:1). During this period,
two supplementary additions of Vilsmeier salt were needed
in order to achieve the satisfactory conversion of benzo-
[1,2-b;4,3-b0]dithiophene. The reaction was quenched by
adding a 1 M aqueous solution of sodium acetate (200 mL)
and extracted using methylene chloride (2£100 mL). The
collected organic phases were dried over Na2SO4, the
solvent was removed under reduced pressure, and the crude

material was purified by means of vacuum column
chromatography (eluent: light petroleum/methylene
chloride 1:1), affording 1.48 g (6.79 mmol, yield 69%)
of benzo[1,2-b;4,3-b0]dithiophen-2-carbaldehyde 4; mp
102–1038C (MeOH);10a,b IR (nujol) 1674 cm21. 1H NMR
(300 MHz, CDCl3) d 7.61 (d, J¼5.4 Hz, 1H), 7.70 (d,
J¼5.4 Hz, 1H), 7.75 (d, J¼8.7 Hz, 1H), 7.91 (d, J¼8.7 Hz,
1H), 8.31 (s, 1H), 10.09 (s, 1H) ppm; 13C NMR (75 MHz,
CDCl3) d 119.3, 122.1, 123.3, 128.7, 132.1 (CH), 134.1,
136.3, 137.5, 140.9, 143.4 (Cq), 184.7 (CHO) ppm; EIMS
m/z: 218 (Mþ), 189 (22).

Method B. A n-BuLi 1.6 M hexane solution (4.05 mmol)
was added dropwise under stirring to a solution of
benzo[1,2-b;4,3-b0]dithiophene (700 mg, 3.68 mmol) in
dry THF (30 mL) at 2788C. The solution was stirred for
5 min at 2788C and for 15 min at room temperature. The
resulting yellow solution was cooled at 2788C, treated with
dry DMF (537 mg, 7.36 mmol) and the progress of the
reaction monitored by TLC (light petroleum, CH2Cl2 7:3).
After 30 min at 2788C, the solution was warmed to room
temperature (the colour of the solution changes to pale
yellow), and quenched with a saturated aqueous solution of
NH4Cl (5 mL). The THF was removed under reduced
pressure, the crude material was taken up with CH2Cl2
(60 mL) and washed with a saturated aqueous solution of
NH4Cl until pH 5 (3£25 mL). The organic phases were
dried over Na2SO4, the solvent was removed under reduced
pressure, and the crude material was purified by means of
flash column chromatography. First fraction collected with
light petroleum as eluent: 71 mg (10%) of unreacted
benzo[1,2-b;4,3-b0]dithiophene; second fraction collected
with light petroleum/methylene chloride as 6:4 eluent:
580 mg (72%) of benzo[1,2-b;4,3-b0]dithiophen-2-carbalde-
hyde 4.

4.2.2. 1,2-Bis-(2-benzo[1,2-b;4,3-b0]dithiophenyl)-ethene
(3). Pure TiCl4 (1.04 g, 5.48 mmol) was carefully added to
dry THF (20 mL) at 08C, thus affording a bright-yellow
mixture due to the formation of TiCl4.2THF complex. After
stirring the mixture at 08C for 5 min, zinc (0.673 g,
10.3 mmol) was added and the mixture was refluxed for
2 h (the colour changes from yellow to dark blue), after
which pyridine (0.344 g, 4.60 mmol) was added and the
refluxing continued for another 30 min. After cooling the
mixture at room temperature, a solution of benzo[1,2-b;
4,3-b0]dithiophen-2-carbaldehyde 4 (1.00 g, 4.60 mmol) in
dry THF (8 mL) was added and the reaction mixture was
refluxed for a further 7 h. The progress of the reaction was
monitored following the disappearance of benzo[1,2-b;
4,3-b0]dithiophen-2-carbaldehyde by TLC (eluent: light
petroleum/methylene chloride 1:1). The solvent was
removed under reduced pressure and the green crude
mixture taken up with 35% HCl (20 mL) and ice (14 g).
The resulting mixture was stirred for 1 h, and the yellow
precipitate filtered off and washed with water. After drying
overnight at 808C, 0.906 g (2.24 mmol, yield 97%) of the
1,2-bis-(2-benzo[1,2-b;4,3-b0]dithiophenyl)-ethene 3 was
obtained as a yellow solid (mixture of cis/trans isomers);
mp 3758C; IR (nujol) 1645 cm21; UV (CH2Cl2; lmax;
(log 1)) 357 (3.90), 374 (4.21), 395 (4.37), 419 (4.29) nm;
1H NMR (300 MHz, CDCl3) d 6.89 (s, 1H), 7.32 (s, 1H),
7.76 (s, 1H), 7.73 (s, 1H), 7.67 (d, J¼9.1 Hz, 1H), 7.60 (d,
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J¼9.1 Hz, 1H), 7.56 (d, J¼5.6 Hz, 1H), 7.47 (d, J¼5.6 Hz,
1H); FABMS (positive mode) m/z:404 [M]þ.

4.2.3. Tetrathia-[7]-helicene (1).10a 1,2-Bis-(2-benzo[1,2-b;
4,3-b0]dithiophenyl)-ethene 3 (142 mg, 0.351 mmol,
1 equiv.) was dissolved in benzene (250 mL) at 708C. A
0.5% (w/v) solution of iodine in benzene (1.6 mL) was
added, and the stirred solution was irradiated with a 150 W
unfiltered Hg medium pressure lamp, equipped with a
quartz jacket. During the first 11 h, the solution temperature
was maintained at 608C, after which it was allowed to fall to
288C and a 0.5% (w/v) solution of iodine in benzene
(1.6 mL) was added. The solution was then irradiated at
288C for 13.5 h. The course of the reaction was followed by
TLC. The reaction mixture was then extracted with a
saturated Na2SO3 solution (2£100 mL); the aqueous phases
were extracted with toluene (3£100 mL). The organic
phases were collected and the solvent was removed under
reduced pressure, affording 156 mg of solid residue, further
purified by flash chromatography (eluent: light petroleum/
methylene chloride 7:3) to give 113 mg of 1 (0.281 mmol,
80%); mp 2698C; UV (CH2Cl2; lmax; (log 1)) 208 (4.67),
226 (4.73), 246 (4.74), 370 (4.40), 387 (4.41) nm; 1H NMR
(300 MHz, CDCl3) d 6.74 (d, J¼5.6 Hz, 1H), 6.91 (d, J¼
5.6 Hz, 1H), 7.96 (d, J¼8.5 Hz, 1H), 8.04 (d, J¼8.5 Hz,
1H), 8.02 (s, 1H); HRMS calculated for C22H10S4:
401.9665, found: 401.9682, EIMS m/z: 402 (Mþ), 368
(28), 355 (20), 184 (14).

4.2.4. Monodeuterated-tetrathia-[7]-helicene (9). An
n-BuLi 1.6 M hexane solution (0.171 mmol) was added
dropwise under stirring to a solution of tetrathia-[7]-
helicene 1 (62 mg, 0.154 mmol) in dry THF (5 mL) at
2788C. The solution was stirred for 40 min at 2788C, and
the resulting pale orange solution was quenched with D2O
(0.5 mL) and allowed to warm to room temperature (the
colour of the solution changes from pale orange to light
yellow). The THF was removed under reduced pressure, and
the crude material taken up with CH2Cl2 (15 mL) and
washed with water (5 mL). The organic phases were dried
over Na2SO4 and the solvent removed under reduced
pressure, affording 56 mg (0.139 mmol, yield 90%) of
[7]-monodeuterated-thia-heteroelicene 9 as a pale yellow
solid. mp 2658C; UV (CH2Cl2; lmax; (log 1)) 210 (4.61),
226 (4.59), 245 (4.63), 369 (4.28), 388 (4.30) nm. 1H NMR
(300 MHz, CDCl3) d 6.67 (d, J¼5.6 Hz, 1H), 6.83 (d,
J¼5.6 Hz, 1H), 6.67 (s, 1H), 7.90 (d, J¼8.5 Hz, 2H), 7.96
(d, J¼8.5 Hz, 2H), 7.95 (s, 2H). HRMS calculated for
C22H9DS4: 402.9727, found: 402.9755, EIMS m/z: 403
(Mþ), 369 (35), 356 (17), 184 (16).

4.2.5. Tetrathia-[7]-helicene-2-carbaldehyde (2). Method
A. Freshly distilled POCl3 (3.53 g, 23.1 mmol) was added to
a solution of N-methyl-formanilide (71 mg, 0.525 mmol) in
DCE (0.5 mL) and cooled to 08C. The mixture was allowed
to warm to room temperature and stirred for 30 min, and
the resulting yellow-orange solution (the colour indicates
the formation of Vilsmeier salt) was added dropwise to a
solution of tetrathia-[7]-helicene 1 (89 mg, 0.221 mmol) in
DCE (2 mL). The mixture was refluxed for 33 h and the
progress of the reaction was monitored by TLC (eluent:
light petroleum/methylene chloride 1:1). During this period,
three supplementary additions of Vilsmeier salt were

needed in order to achieve a satisfactory conversion of
[7]-thiaheteroelicene. The reaction was quenched by adding
a 1 M water solution of sodium acetate (90 mL) and
extracted with methylene chloride (2£100 mL). The
collected organic phases were dried over Na2SO4, the
solvent removed under reduced pressure and the crude
material purified by flash column chromatography (eluent:
light petroleum/methylene chloride 7:3 and then 1:1)
affording 33 mg (0.077 mmol, yield 34%) of thia-[7]-
helicene-2-carbaldehyde 2 as a yellow solid: mp 2558C;
IR (CH2Cl2) 1667 cm21; UV (CH2Cl2; lmax; (log 1)) 225
(4.69), 244 (4.69), 334 (3.93), 346 (4.04), 364 (4.13), 398
(3.83) nm; 1H NMR (300 MHz, CDCl3) d 6.65 (d, J¼
5.6 Hz, 1H), 6.95 (d, J¼5.6 Hz, 1H), 7.32 (s, 1H), 7.99–
8.16 (m, 6H), 9.26 (s, 1H); 13C NMR (75 MHz, CDCl3) d
118.8, 120.5, 121.1, 121.5, 121.6, 122.7, 125.1, 125.2, 135.5
(CH),129.3, 129.7, 130.0, 131.8, 134.9, 136.7, 137.1, 137.2,
137.4, 137.9, 138.2, 140.2, 140.9 (Cq), 184.0 (CHO); HRMS
calculated for C23H10OS4: 429.9614, found: 429.9676,
EIMS m/z: 430 (Mþ), 368 (34), 355 (17), 184 (10).

Method B. A n-BuLi 1.6 M hexane solution (0.171 mmol)
was added dropwise under stirring to a solution of tetrathia-
[7]-helicene (62 mg, 0.155 mmol) in dry THF (5 mL) at
2788C. The solution was stirred for 40 min at 2788C, and
the resulting pale orange solution was treated with dry DMF
(24 mg, 0.329 mmol). The progress of the reaction was
monitored by, TLC (light petroleum/CH2Cl2 1:1). After
17.5 h at 2788C, the solution was warmed to room
temperature (during this period the colour changes from
orange to dark red) and quenched with a saturated aqueous
solution of NH4Cl (5 mL). The THF was removed under
reduced pressure, and the crude was taken up with CH2Cl2
(15 mL) and washed with water (5 mL), saturated water
solution of NH4Cl until pH 5. The organic phases were dried
over Na2SO4, the solvent was removed under reduced
pressure, and the crude material was purified by flash
column chromatography (eluent: light petroleum/methylene
chloride 7:3 and then 1:1, 4:6, finally 2:8) affording 44 mg
(0.102 mmol, yield 66%) of [7]-thiaheterohelicen-2-carb-
aldehyde 2 as a yellow solid.

Method C. An n-BuLi 1.6 M hexane solution (0.533 mmol)
was added dropwise under stirring to a solution of tetrathia-
[7]-helicene (195 mg, 0.485 mmol) in dry THF (13.5 mL) at
2788C, followed by the addition of freshly distilled (over
CaH2) TMEDA (62 mg, 0.534 mmol). The solution was
stirred for 40 min at 2788C, and the resulting pale orange
solution was treated with dry DMF (24 mg, 0.329 mmol).
The progress of the reaction monitored by TLC (light
petroleum/CH2Cl2 1:1). After 17.5 h at 2788C, the solution
was warmed to room temperature (during this period the
colour changes from orange to dark red) and quenched with
a saturated water solution of NH4Cl (5 mL). The solvent
was removed under reduced pressure, and the crude was
taken up with CH2Cl2 (15 mL) and washed with water
(5 mL) saturated water solution of NH4Cl until pH 5. The
organic phases were dried over Na2SO4 and the solvent
removed under reduced pressure; the crude material was
purified by flash column chromatography (eluent: light
petroleum/methylene chloride 7:3 and then 1:1, 4:6, finally
2:8) affording 115 mg (0.267 mmol, yield 55%) of tetrathia-
[7]-helicene-2-carbaldehyde as yellow solid.
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4.2.6. Compound (6). A 1 M solution of SnCl4 in CH2Cl2
(65 mg, 0.250 mmol) was carefully added dropwise under
stirring to a solution of tetrathia-[7]-helicene (77 mg,
0.192 mmol) in dry CH2Cl2 (6 mL) cooled to 08C. The
solution was kept under stirring at 08C for 45 min, and then
the a,a-dichloromethyl methyl ether (29 mg, 0.253 mmol)
was added and the solution was kept under stirring at 08C
for 45 min. The reaction was monitored by, TLC (light
petroleum/CH2Cl2 1:1). The solution was allowed to warm
to room temperature and stirred for 45 min. The reaction
was quenched with ice (15 mL), and the mixture was stirred
for 1 h and then filtered on celite and extracted with CH2Cl2
(20 mL). The collected organic phases were dried over
Na2SO4, the solvent was removed under reduced pressure,
and the crude material was purified by flash column
chromatography (eluent: light petroleum/methylene
chloride 1:1 and then 2:8) affording 52 mg (0.121 mmol,
yield 63%) of 6 as an orange solid: mp 3018C; IR (nujol)
1645 cm21; UV (CH2Cl2; lmax; (log 1)) 206 (4.39), 219
(4.50), 222 (4.49), 248 (4.55), 339 (4.01), 357 (4.05) nm; 1H
NMR (300 MHz, DMSO) d 3.80 (H13A), 4.10 (H13B), 6.20
(H14), 8.0 (H10), 8.03 (H4), 8.11 (H7), 8.22 (H5), 8.34
(H8), 11.09 (CHO), 13C NMR (75 MHz, DMSO) d 50.0
(C13), 55.5 (C14), 121.3 (C4), 121.9 (C7), 123.1 (C11),
124.1 (C8), 124.1 (C10), 124.3 (C5), 130.0 (C6b), 131.8
(C5b), 132.8 (C8b), 134.0 (C5a), 135.0 (C11b), 135.3 (C9a),
136.9 (C11a), 138.1 (C6a), 138.5 (C3b), 139.0 (C9b), 139.2
(C1), 139.6 (C8a), 140.1 (C3a), 146.9 (C2), 189.4 (CHO);
HRMS calculated for C23H10OS4 429.9614, found:
429.9608, FABMS (positive mode) m/z: 430 [M]þ.
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