
1,12-Dimethylbenzo[c]phenanthrene-5,8-dinitrile is nitrat-
ed at symmetrical positions giving 2,11-dinitro-, 4,9-dinitro,
and 2,4,9,11-tetranitrohelicenes depending on the reaction con-
ditions.  The electron-deficient helicenes form charge-transfer
(CT) complexes with pyrene in the solution as well as in the
solid state.  Crystal of the CT complex obtained from either
(P)- or (±)-tetranitrohelicene possesses columnar structure but
with different helicity, diameter, and pitch.          

Helicenes are polycyclic aromatic compounds which can
exhibit chirality based on the steric repulsions between the ter-
minal aromatic rings.1 Previously, we developed a multigram
synthesis of an optically pure helicene, 1,12-dimethyl-
benzo[c]phenanthrene-5,8-dicarboxylic acid (1).2 Since deriva-
tives of 1 exhibit interesting behaviors in chiral recognition,3

chiral LB film formation,4 or chiral catalysis,2 introduction of
functional groups at the aromatic ring of 1 appears interesting.
Described here are 1) polynitration reactions of 1 at symmetri-
cal positions, and 2) charge-transfer (CT) complexation of the
polynitrohelicenes and pyrene.  The crystal structures of the CT
complexes derived from the racemic and optically active
helicene are compared.  

Nitration of optically pure dinitrile (P)-25 obtained from
(P)-1 shows different regioselectivity depending on the condi-
tions (Scheme 1).  When (P)-2 is reacted in fuming nitric acid
at –40 °C for 30 min in the presence of sulfuric acid on silica
gel,6 2,11-dinitrated (P)-4 is obtained in 50% yield.  In contrast,
4,9-dinitration of (P)-2 takes place by the reaction with fuming
nitric acid in dichloromethane at room temperature for 5 min
giving (P)-3 in 42% yield, which is accompanied by 2,9-dini-
trated compound (42%).  Nitration of (P)-4 in fuming nitric
acid under forcing reaction conditions (r.t., 6 h) gives 2,4,9,11-
tetranitrohelicene (P)-5 in 80% yield.  No racemization is
observed in the synthesis of (P)-5.5 It should be noted that 2
can be nitrated regioselectively at symmetrical positions.  Such
optically active polynitrohelicenes have not been known before.

The electron-deficient helicenes form CT complexes with
pyrene in organic solvents such as THF or acetone.  CT absorp-
tion band appears at approximately 500 nm, when (P)-5 and
pyrene are mixed in acetone (Figure 1a).  The complexation is
also examined by NMR spectroscopy.  The spectra of 7.0 × 10–3

mol dm–3 (P)-4 in THF-d8 and 2.0 × 10–3 mol dm–3 (P)-5 in ace-
tone-d6 are measured as a function of pyrene concentration.
The signals due to 6-H of (P)-4 and (P)-5 shift to higher mag-
netic field upon addition of pyrene (Figure 1b).  The curve fit-
ting of the data of NMR titration using non-linear least-square
method provides the binding constants (K) for complexation in
THF-d8; (P)-4, 0.6 ± 0.2 mol–1 dm3; (P)-5, 2.0 ± 0.2 mol–1 dm3.
In acetone-d6;  (P)-5, 5.0 ± 0.2 mol–1 dm3.  The K values are in
the range of those of the known achiral CT complexes.7 The

complex of tetranitrated (P)-5 and pyrene is more stable than that
of the dinitrated (P)-4.  The K value of (±)-5 and pyrene is identi-
cal to that of (P)-5 and pyrene both in THF-d8 and acetone-d6.

The dark red CT complexes of (P)-5•pyrene and (±)-
5•pyrene precipitate by mixing 5 and pyrene in acetone.  X-ray
studies of the two complexes were carried out using crystals
recrystallized from acetone.8 In both crystals, 5 manifests a
cylindrical helix, and is sandwiched by pyrene as shown in
Figure 2.  However, the structures are significantly different to
each other as indicated by the crystallographic symmetries of
trigonal and tetragonal lattice.  In (P)-5•pyrene complex, the
pyrene is stacked between the AB rings of the upper 5 and the
CD rings of the lower 5, and the helix consists of three com-
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plexes by 31 axis symmetry along c cell axis.  The molecules
arrange straight into the slender cylinder with one-pitch length
of 27.9 Å and ca. 12 Å diameter (Figure 2a and 2c).  The helix
is right-handed which probably is reflecting the helicity of (P)-
5.  On the other hand, pyrene in the racemic complex is stacked
between the central BC rings of 5, and the helix consists of four
complexes by 41 axis symmetry along c cell axis.  The mole-
cules arrange zigzag into the thick helix cylinder, having crys-
tallographic C2 symmetry, with one-pitch length of 24.5 Å and
ca. 18 Å diameter (Figure 2b and 2d), and overlap slightly with
the molecules in the adjacent inversion helix cylinder.  It is
worthwhile to note that the enamtiomers (P)-5 and (M)-5 form
a separate helix, which is different from the usual pattern of the
racemic mixed stack in helicene CT complexes,9 and also that
each helix possesses a reverse helicity to the chirarity of 5, i.e.,
left-handed for (P)-5 and right-handed for (M)-5.  To our
knowledge, this is the first example to indicate clear differences
in the crystal structures between optically active and racemic
helicene CT complexes.  Use of chiral helicene can be an inter-
esting approach to control the crystal structures. 
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