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ABSTRACT

A concise synthesis of halogenated chrysene derivatives from 2,2,2-trifluoroethyl tosylate and halostyrene was established. Friedel-Crafts
type cyclization of a 1,1-difluoro-1-alkene bearing halogenated phenyl moieties involved skeletal rearrangement and dehydrogenation to afford
the title compound in good to moderate yield. X-ray analysis revealed that the halogen substituents induce π-stack packing of the molecules
in the crystals.

Polycyclic aromatic hydrocarbons (PAHs) are attracting
renewed interest as base molecules for electronic devices
such as field-effect transistors (FETs) or light-emitting diodes
(LEDs). Acenes, PAHs with fused benzene rings in a
rectilinear arrangement, have long been notable molecules
of particular interest, especially those with more than four
rings, and the derivatives of acenes with improved properties
such as thermal stability or packing structures have contrib-
uted significantly to the development of the field of organic
devices.1 Phenacenes, PAHs with fused benzene rings in a
zigzag arrangement, have recently emerged as new candidate
molecules with ideal properties, such as stability in FETs or

blue light emission in LEDs.2,3 However, synthetic access
to the phenacene derivatives is scarce,4,5 which hampers
further exploration of the potential applications of the
phenacenes. Here we report on a concise two-step method
for the synthesis of chrysene ([4]phenacene) derivatives.
Detailed analysis of the crystal structures revealed unique
packing features of the π-stack assembly in single crystals.

The method for the synthesis of chrysene derivatives was
found unexpectedly during an investigation into the synthesis
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of halogenated [4]helicene derivatives using a method
developed by one of the authors.6 Thus, we prepared the
starting material, difluoroalkene 1a bearing a 4-bromophenyl
group, by a slightly modified method in 66% yield from
commercially available CF3CH2OTs (Scheme 1),7 and 1a was

subjected to the acid-promoted reaction conditions previously
optimized for nonhalogenated [4]helicene derivatives. To-
gether with the expected tetrahydro[4]helicene derivative 2,
an aromatic compound was obtained as a white precipitate.
Structural analysis of this aromatic compound by NMR
spectroscopy and X-ray diffraction of the single crystal (Vide
infra) unequivocally showed that the compound was the
unexpected product 3,9-dibromo-6,12-dimethylchrysene 3a.
We then optimized the reaction conditions simply by
extending the reaction time to six hours, and obtained 3a in
72% yield (Scheme 1). A similar reaction involving the
skeletal rearrangement and dehydrogenation took place with
other difluoroalkenes 1 with different halogen substituents
or regiochemistry, and we obtained a series of halogenated
chrysene derivatives 3b-3f in 14-70% yields (Scheme 1).
The reaction of 1 bearing nonhalogenated phenyl moieties
or 2-bromophenyl moieties did not afford the corresponding
chrysene derivatives.

When we analyzed the reaction of 1a, tetrahydro[4]-
helicene 2 was detected as the immediate intermediate

after the addition of magic acid within a few minutes,8

which is followed by the formation of chrysene derivative
3a as the result of the skeletal rearrangement and
dehydrogenation. Since a similar rearrangement of non-
halogenated tetrahydro[4]helicene 2 is promoted by poly-
phosphoric acid,5 we suppose that the present reaction is
also initiated by the protonation of 2 with magic acid.
However, the nonhalogenated tetrahydro[4]helicene itself
did not afford 3 under the present reaction conditions, and
hence we assume that the rearrangement and subsequent
dehydrogenation may also involve the reaction/interaction
of aromatic moieties with magic acid.9,10 Details of the
reaction may be of theoretical interest and will be investigated
in a further mechanistic study.

The halogen substituents provide an access to further
derivatization of chrysene, and we preliminarily examined
two basic transformations (Scheme 2). Thus, lithium-halogen

exchange reaction and protonation afforded 6,12-dimethyl-
chrysene 4 in 74% yield, and Suzuki-Miyaura coupling
reaction with arylboronate gave 3,9-di(tert-butylphenyl)-6,12-
chrysene 5 in 83% yield.

We obtained single crystals of all the halogenated chrysene
derivatives 3 as well as the nonhalogenated congener 4 and
found that the halogen substituents induce π-stack packing
of the molecules in the crystals. Defining the x and y vectors
along the short and long axes of the molecule, we measured
the packing parameters of nearest-neighbor cofacial mol-
ecules in the crystal structures in order to determine the
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Scheme 1. Synthesis of Halogenated Chrysene Derivatives

Scheme 2. Derivatization of Halogenated Chrysenes
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angular and lateral deviations from the perfect cofacial
π-stack (Figure 1a, Table 1).11 The structure of the nonha-
logenated chrysene derivative 4 was a herringbone packing,
similar to that of the parent chrysene,12 and showed that two
cofacial molecules were far separated by a distance of 7.4
Å (Table 1). On the other hand, all the halogenated chrysene
derivatives 3 showed π-stack structures with distances in the
range of a typical π-π contact distance (∼3.4 Å). The results
show that the halogen substituents induce the cofacial contact
of chrysene molecules, which is similar to what is observed
with haloarenes such as halogenated tetracenes in FET
devices.13-15

Among the π-stack structures we observed three different
motifs that differed in the angular and lateral deviation from
the perfect cofacial stack (Figure 1b). Thus, halogen sub-
stituents on the roll-side (3,9-position) of the molecule induce
the “pitched” π-stack (motif A for F, Cl, Br and motif B for
I), and the bromine substituent on the pitch-side (2,8-position)

induces the “rolled” π-stack of 3e (motif C; Figure 2, Table
1). The halogenated chrysene molecules in this study have
quadrupolar charge fields on the π-systems due to the
halogen substituents at the symmetric positions, and such
characteristics may have allowed the structural variations in
the π-stack motifs.16,17 It is also interesting to note that both
the pitched or rolled slides resulted in the shift of the
molecules along the nodal plane of HOMO wave functions
and maintain the intermolecular in-phase overlap of the
orbitals (Figures 1b and c).18-20

In summary, we have developed a concise method for the
synthesis of halogenated chrysene derivatives. The synthesis,
which can be easily upscaled and tolerate the structural
variations especially at 6,12-positions, may facilitate further
investigation of the molecules in organic electronics. Cofacial
π-stacking of phenacene molecules in single crystals has
rarely been observed, and the first π-stack motifs of
halogenated series may be useful for designs of device
molecules.1,2,11,13 The fine-tuning of electronic and packing
structures of π-systems with halogenated phenacenes and
derivatives may be of great interest in future studies.
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Figure 1. Structural features of chrysene derivatives in single
crystals. (a) Definition of the packing parameters (angles and
distances) listed in Table 1. (b) Three π-stack motifs observed with
halogenated chrysenes in single crystals. A for X ) F, Cl, Br; B
for X ) I; C for X ) Br. Bond orders are not shown for clarity.
See Supporting Information for the details of crystal structures. Red
dotted lines show the nodal plane of HOMO wave functions
generated by the halogen substituents. (c) A HOMO wave function
of chrysene π-systems with blue dotted lines showing the nodal
plane.

Table 1. Packing Parameters of Nearest-Neighbor Cofacial
Molecules in Single Crystals of Chrysene Derivatives

packing structure d (Å) R (deg) P (deg) dp (Å) dr (Å)

3a π-stack 3.42 2.3 58.3 5.54 0.14
3b π-stack 3.40 2.1 39.1 2.76 0.13
3c π-stack 3.36 1.0 59.1 5.61 0.06
3d π-stack 3.39 0.3 59.2 5.69 0.02
3e π-stack 3.41 37.7 32.6 2.18 2.64
4 herringbone 7.39 13.2 17.4 1.73 2.31
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