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The synthesis of a series of thiacyclophanes and optically
active binaphthol-based chiral thiacyclophanes is reported
with XRD structure. Two diastereomeric tetrathiacyclo-
phanes are designed and synthesized. The two diastereomers
are evidenced by crystal structure; the single- crystal X-ray
studies reveal that one of the isomers possesses an inherent
property of self-assembling into a vertical stack of tunnel-
like structures.

The synthesis of [2.2]paracyclophane by Cram and
Steinberg1 in 1951 was a revolutionary breakthrough in
the field of cyclophane chemistry. Since then, many
methods have been developed for the synthesis of cyclo-
phanes in which a ring-closing step is very often crucial.2
The unique chemistry of cyclophane was applied to
molecular recognition, catalysis, liquid crystals, and
mimicry of natural enzymes.3

Thiacyclophanes are important members in the cyclo-
phane family since they can undergo functional group

transformations, interesting aromatic ring-tilting, and
bridge-flipping processes.4-6 Macrocyclic crownophanes
are important for creating highly organized linear su-
pramolecular assembly7 and neutral ditopic super struc-
tures.8 Herz has reported a series of diastereomeric
paracyclophanes9 by a coupling reaction of suitable
dibromide and dithiol. Only a few synthetic methods10

are available in the literature for the synthesis of
thiacyclophanes. The requirement of high dilution, slow
addition conditions, and long reaction time pose some
difficulties when using thiols in the synthesis of thiacy-
clophanes. Moreover, thiols are unstable, difficult to
synthesize, highly sensitive, and most of the time used
as such with out purification, resulting in poor yield of
thiacyclophanes.

With this in mind we report herein a novel synthesis
of thiacyclophanes by a simple one-pot reaction utilizing
dibromides and methane dithiolate (Scheme 1).

Methane dithiolate [-S-CH2-S-] was generated from
double reduction of CS2 with NaBH4, which displaces the
bromides via a two-step (inter- followed by an intramo-
lecular or two successive intermolecular) nucleophilic
substitution. However, the mode of cyclization was
entirely dependent on the nature of the substrate.
Recently, methane dithiolate (generated in situ) was used
for the synthesis of dithianes and dithiepines.11

Synthesis. The O-alkylation of 4-hydroxybenzalde-
hyde with xylenyl and pyridyl dibromides 1a-c furnished
the dialdehydes 2a-c. The dialdehyde groups present in
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SCHEME 1. Generation of Methane Dithiolate
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2a-c were reduced with NaBH4 to afford the hydroxy-
methyl compounds 3a-c, which on treatment with PBr3

gave the dibromides 4a-c.12 A solution of the dibromides
4a-c (5 mmol) and CS2 (10 mmol) in THF (75 mL) was
added to the slurry of NaBH4 (20 mmol) in THF (25 mL)
at room temperature followed by reflux for 6 h to afford
the thiacyclophanes 5-7 in 27%, 48%, and 32% yields,
respectively (Scheme 2). No appreciable change in the
yield of the cyclophanes was observed when the same
amount of the dibromides and CS2 in THF (150 mL) was
added dropwise for 2-3 h to the slurry of NaBH4 in
excess THF (300 mL). The ORTEP13 drawing of 6 is
shown in Figure 1.

The methodology was extended for the synthesis of
binaphthol-based chiral thiacyclophanes. The synthetic
pathway leading to chiral cyclophanes is outlined in
Scheme 3. Optically pure (S)-1,1-binaphthol was bis-
alkylated with m/p-carbethoxy-substituted benzyl bro-
mide in DMF in the presence of anhydrous K2CO3 to give
diester 8a/8b, which was then converted into the corre-
sponding diol 9a/9b using LiAlH4. The desired dibromide
10a/10b was obtained by treating the diol 9a/9b with
phosphorus tribromide in dry CH2Cl2 at 0 °C. The
dibromide 10a/10b underwent coupling reaction with in
situ generated methane dithiolate in THF to afford the

corresponding chiral thiacyclophanes 11 and 12 in 41%
and 55% yield, respectively.

Suitable crystals of 12 for X-ray14 diffraction study
were obtained by slow evaporation of its ethyl acetate
solution. The crystal structure of 12 is shown in Figure
2. The two molecules (A and B) in the asymmetric unit
of the chiral binaphthol moiety display a significant twist
about the C10-C11 bond by 78.4(1) and 85.1(1)°, respec-
tively. The dihedral angle between two benzene rings is
81.1(2) and 63.3(2)° for molecules A and B, respectively.
There is a short contact between H2A and H37A (2.09
Å) resulting in the widening of the bond angle C2A-
C1A-O1A ) 123.3(2)° from the ideal value. A similar
short contact is also observed in molecule B. The confor-
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FIGURE 1. ORTEP drawing of cyclophane 6 showing 30%
probability level.

SCHEME 2. Synthesis of Dithiacyclophanes FIGURE 2. ORTEP diagram of cyclophane 12 showing 20%
probability level.

SCHEME 3. Synthesis of Chiral Dithiacyclophanes

3268 J. Org. Chem., Vol. 70, No. 8, 2005



mation of the two benzene rings is maintained by edge-
tilted T-shape C-H‚‚‚π interaction between H36A and
the centroid of benzene ring (C22AfC26A) with a
distance of 2.81 Å. The molecular packing is stabilized
by weak C-H‚‚‚π and van der Waals forces.

Having succeeded in the process of assembling dithia-
cyclophanes 5, 6, 7, 11, and 12, we then focused our
attention on the synthesis of tetrathiacyclophane through
two successive intermolecular coupling reactions utilizing
methane dithiolate and dibromide. Reaction of m-xylenyl
dibromide 1b with CS2 and NaBH4 in THF afforded the
corresponding tetrathia[5.5]metacyclophane 13 in 28%
yield (Scheme 4). The ORTEP15 drawing of 13 is shown
in Figure 3.

Similarly two diastereomeric tetrathia[5.5]para-
cyclophanes 15 and 16 were designed and successfully
synthesized in 27% and 18% yields, respectively, from
the coupling reaction of 1,4-bis(bromomethyl)-2,5-di-
methoxy benzene (14) with in situ generated methane
dithiolate in THF (Scheme 5). The mixture of the two
diastereomers can be separated by column chromatog-
raphy, and the two isomeric cyclophanes 15 and 16 are
noninterconvertible.

The X-ray-quality crystals of the cyclophane 15 and
16 were grown from its ethyl acetate solution and
chloroform solution, respectively. The ORTEP drawing
of 15 is shown in Figure 4.

The X-ray structure16 of 15 shows that the asymmetric
unit contains two independent half molecules, each in
turn symmetrically related with the other half molecule.
In both molecules A and B, two benzene rings are
separated by 4.622(2) and 4.630(2) Å, respectively. The
orientation of the benzene ring can be defined by the
torsion angle, such as C2A-C7A-S1A-C8A ) -62.7-
(2)° and C2B-C7B-S1B-C8B ) 53.1(2)°. In the mol-
ecules A and B increase in bond angle at C5 [C6A-C5A-
C9A ) 123.6(2); C6B-C5B-C9B ) 124.2(2)°] from the
ideal value (120°) is due to intramolecular C9-H9A2‚‚‚
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0.71073 Å) using a colorless crystal with dimensions 0.25 × 0.20 ×
0.22 mm3. Intensity data were reduced with the XCAD4PC program.
The crystal structure was solved by direct methods with SHELXS and
refined by the full-matrix least-squares method using SHELXL. All of
the non-hydrogen atoms were refined anisotropically. The hydrogen
atoms were positioned geometrically and were allowed to ride on the
atoms to which they are attached: C18H20S4, FW ) 364.58 g/mol3,
monoclinic, space group ) P21/n (No. 14), unit cell dimensions a )
11.6920(10) Å, b ) 5.268(3) Å, c ) 15.011(4) Å; â ) 108.56(2)°, V )
876.5(6) Å3, Z ) 2, Dc ) 1.381 g/cm3, 2θmax ) 54.1°, R(F) ) 6.5% for
1848 reflections with Fo > 4σ(Fo) and wR(F2) ) 0.168 for all indepen-
dent reflections with 100 parameters, GOF(F2) ) 0.81 and CCDC
259796.
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The crystal structure was solved by direct methods with SHELXS and
refined by the full-matrix least-squares method using SHELXL. All of
the non-hydrogen atoms were refined anisotropically. The hydrogen
atoms were positioned geometrically and were allowed to ride on the
atoms to which they are attached: C22H28O4S4, FW ) 484.68 g/mol,
triclinic, space group ) Pıj (No.2), unit cell dimensions a ) 8.426(1) Å,
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for all independent reflections with 275 parameters, GOF(F2) ) 1.01,
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FIGURE 3. ORTEP drawing of cyclophane 13 showing 30%
probability level.

SCHEME 4. Synthesis of
Tetrathia[5.5]metacyclophane

SCHEME 5. Synthesis of Diastereomeric
[5.5]paracyclophanes

TABLE 1. Comparison of 1H NMR of Diastereomeric
[5,5]paracyclophanes

entry -S-CH2-S- (δ) Ar-CH2-S- (δ) -OCH3 (δ) Ar-H (δ)

15 2.98 (d, 2H), 3.35 (d, 4H), 3.71 (s, 12H) 6.67 (s, 4H)
3.27 (d, 2H) 4.15 (d, 4H)

16 3.15 (s, 4H) 3.31 (d, 4H), 3.72 (s, 12H) 6.75 (s, 4H)
4.13 (d, 4H)

FIGURE 4. ORTEP diagram of cyclophane 15 showing 30%
probability level.
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S1Ai [H9A2‚‚‚S1Ai ) 2.85, C9A‚‚‚S1Ai ) 3.326(3) Å and
C9-H9A2‚‚‚S1Ai ) 111.3°; i ) (2 - x, 1 - y, 1 - z)]
hydrogen bond. The area of the molecule is about 36.633
Å2. The C-H‚‚‚O hydrogen bond links the two molecules
in a tunnel like shape along the b axis (Figure 5). The
weak C-H‚‚‚π interaction exists between the centroid of
the ring (C1B f C6B) and hydrogen H9B2 of C9 with a
C9‚‚‚Cg at (-x, 2 - y, -z) [H9B2‚‚‚Cg ) 2.68, C9B‚‚‚ Cg
) 3.503(3) Å; Cg is centroid of the ring (C1BfC6B)]
riding along the a axis in the molecule B.17 The molecular
packing is controlled by C-H‚‚‚O and C-H‚‚‚π interac-
tions between neighboring molecules in the solid state.

The ORTEP18 drawing of 16 is shown in Figure 6. The
isomer 16 contains one molecule in the asymmetric unit,
which differs from 15 in the molecular packing. The
intramolecular C-H‚‚‚S [H6‚‚‚S1 ) 2.76, C6‚‚‚S1 )
3.181(3) Å and C6-H6‚‚‚S1 ) 108.6°] and C-H‚‚‚O [H9B‚
‚‚O3 ) 2.34, C9‚‚‚O3 ) 2.807(4) Å and C9B-H9B‚‚‚O3
) 108.2°] hydrogen bonds play a major role in stabilizing
the molecule. The maximum distance between sulfur
atoms S2 and S4 shows a cavity size of 8.814(2) Å. The
substitution of methoxy groups at C1 and C4 causes a
slight twist between the two rings [as indicated by
dihedral angle of 9.3(1)°] with an interplanar distance
of 4.135(3) Å. The intramolecular C-H‚‚‚S and C-H‚‚‚O
hydrogen bonds make an angular strain [C18-C2-C1,
O1-C1-C6, C6-C5-C7, O3-C15-C14, C15-C14-C13,
and C14-C13-C16] from the normal value of 120°. The
weak C-H‚‚‚π interactions [H16A‚‚‚Cg ) 2.80 Å and
C16‚‚‚Cg ) 3.506(1) Å, C16-H16A‚‚‚Cg ) 130°; Cg is
centroid of the ring (C10-C5)]17 and van der Waals forces
are involved in the crystal packing.

In summary, we have developed a simple and highly
efficient synthetic route to prepare thiacyclophanes via
coupling reaction of dibromides and methane dithiolate.
Crystal structure analyses of diastereomeric [5.5]para-
cyclophanes clearly demonstrated that the orientation of
the methoxy groups plays a vital role in deciding the self-
assembly property. The isomer 15 having syn orientation
of methoxy groups is capable of forming C-H‚‚‚O dimer
through intermolecular hydrogen bonds, which leads to
tunnel like structure (intermolecular stacking); whereas
the other isomer 16 did not show the intermolecular
stacking due to anti orientation of methoxy groups. The
present work describes a one-pot reaction for the syn-
thesis of thiacyclophanes involving intra and intermo-
lecular coupling with three components. Synthesis and
self-assembling properties of other related systems are
underway.

Experimental Section
General Experimental Procedure. A mixture of dibromide

(5 mmol) and CS2 (10 mmol) in dry THF (75 mL) was added to
a slurry of NaBH4 (20 mmol) in THF (25 mL) at room temper-
ature, and the resulting solution was refluxed for 6 h. The
reaction mixture was then quenched with aqueous ammonium
chloride, solvent was evaporated under reduced pressure, and
the crude product was extracted with CHCl3 (2 × 100 mL) and
dried over sodium sulfate. The product was purified by column
chromatography (SiO2) using ethyl acetate/hexane solvent mix-
ture as eluent.

Cyclophanes 7: 32% yield as a colorless solid; mp 196-198
°C; 1H NMR (CDCl3) δ 3.03 (s, 2H), 3.53 (s, 4H), 5.19 (s, 4H),
6.73 (d, 4H, J ) 8.8 Hz), 6.83 (d, 4H, J ) 8.8 Hz), 7.30 (d, 2H,
J ) 7.8 Hz), 7.62 (t, 1H, J ) 7.8 Hz); 13C NMR (CDCl3) δ 156.8,
156.7, 135.7, 129.8, 129.6, 122.3, 114.9, 70.2, 34.9, 29.3; MS (EI)
(m/z) 78, 105 (100), 213, 216, 316, 349, 395 (M+). Anal. Calcd
for C22H21NO2S2: C, 66.80; H, 5.35; N, 3.54. Found: C, 66.98;
H, 5.47; N, 3.48.
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FIGURE 5. View of self-assembly in cyclophane 15: (a)
vertical stack of rectangular tunnel; (b) linear chain forming
by C-H‚‚‚O intermolecular hydrogen bond.

FIGURE 6. ORTEP drawing of cyclophane 16 showing 30%
probability.
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