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DISCOVERY AND CRYSTAL STRUCTURE
OF A NOVEL CHLOROCARBON HOST:
PERCHLOROFLUORENE-9-SPIROCYCLOHEXA-2',5'~-DIENE

James H. Gall, David D. MacNicol*, Paul R. Mallinson, and Peter A. Welsh

Department of Chemistry, University of Glasgow, Glasgow G12 8QQ, Scotland

Summary. Chlorination of triphenylene (]a) employing a mixture of aluminium trichloride and
sulphur monochloride in sulphuryl chloride leads to rearrangement with formation of the title
chlorocarbon (3), a new host, as main product. X-ray crystal structure analyses of the
unsolvated spirocycle (2) as well as of its inclusion compounds with guests benzene and
cyclohexa-1,4-diene are described.

In the course of systematic studies1 on the design of novel host molecules we recently
wished to prepare the synthetic intermediate perchlorotriphenylene (1R). Chlorination of

triphenylene (]a) itself appeared to offer a viable route to this highly hindered2 chlorocarbon,
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provided that chlorinolysis or fragmentation of the carbon framework could be avoided. 1In view
of this we selected mild and efficient BMC conditions,3 employing mixtures of AlCl3 and 82Cl2 in
SOZClz' We now report that even under these conditions we could isolate none of the desired
compound, the main product (ca. 60%) being a new chlorocarbon (2), m.p. 293—294.50C (sublimed

+ . s . . - P
sample); m/e 706 (M ), with microanalysis establishing a composition C18Cl and exhibiting ten

singlets in its 13C n.m.r. spectrum.4 Perchloro-g-terphenyl (3), formed ;3 chlorinolysis, was
positively identified5 as a second product of the reaction. The structure (2) for the principal
product was unambiguously assigned on the basis of an X-ray crystal structure analysisT§ (vide
infra) of the unsolvated crystal. Most interestingly, compound (g) is itself a new host capable
of forming beautifully crystalline inclusion compounds with for example, benzene, cyclohexane,
The atomic co-ordinates for unsolvated (2) and its adducts are available on reguest from the

Director of the Cambridge Crystallographic Data Centre, University Chemical Laboratory,

Cambridge CB2 1EW. Any request should be accompanied by the full literature citation for this
communication.

§
Supplementary data available for (2) and its adducts, structure factors. See Announcement to
Authors, Tetrahedron Letters, 47, 5154 (1983).
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cyclohexene, cyclohexa-1,3-diene, cyclohexa-1,4-diene, and 1,4-dioxan; the host-guest ratio6
being 2:1 in each case.7 Following a detailed X-ray analysis of the benzene adduct, described
below, we went on to investigate the cyclohexa-1,4-diene inclusion compound of (2) at ambient
temperature and also at —105°C, with a view to determining the conformation of this non-conjug-
ated, carbocyclic guest. Crystal data8 for (2) and its inclusion compounds are summarised in

Table 1.

TABLE 1. Crystal data for unsolvated (2) and its benzene and cyclohexa-1,4-diene adducts

(2) 2(2) .CgH, 2(2) .C Hg 2(2).CHg
Temperature 20°C 20°C 20°C ~105°C
Space group 221/5 BT PT BT
a 12.234 (1) 7.377(3) 7.364(3) 7.325(1)
b 14.669 (3) 12.151(2) 12.170(4) 12.107(3)
c (K) 14.159 (2) 16.437(3) 16.575 (4) 16.377(6)
a 72.54 (1) 72.35(3) 72.59(3)
B8 107.65(1) 78.22(3) 78.45(3) 78.70(3)
v (%) 73.27(3) 73.10(3) 73.26(2)
u (53) 2421.3 1334.8 1344.2 1317.5
z 4 1 1 1
D, (gem ™) 1.95 1.87 1.86 1.90

Number of independent

reflections with 3242 3369 3983 5249
F2 > 20 (F2)

-0 —0

Final R 0.030 0.041 0.035 0.037

Figure 1 shows a general view of the host molecule (2) in its benzene adduct. Interesting-
ly, the molecule, which occupies a general position in the unit cell, has approximately C2 sym-
metry,9 the two-fold axis passing through the atoms C(4') and C(9), and bisecting the C(4a)-~-C(4b)
bond. As can be seen from the selected torsion angles in Table 2, only minor changes between
corresponding parameters are found for the benzene and the cyclohexa-1,4-diene adducts of (2).

The conformation of unsolvated (2), which retains approximate 92 symmetry, is however signific-

Figure 1

A general view of
perchloro-9-spirocyclo-
hexa-2',5'-diene (2) in
its inclusion compound
with benzene. There are
two host molecules and
one benzene guest in the
triclinic unit cell.
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TABLE 2. Selected torsion angles (°) for (a) unsolvated (2), (b) the benzene adduct of (2), and
(c) the cyclohexa-1,4-diene adduct of (2) at -105°C. Torsion angles related by the
approximate 2-fold axis are shown in pairs. Chlorine atoms are numbered according to
the carbon atom to which they are attached.

(a) (b} (c)

C(4) - C(4a) - C(4b) - C(5) 22.7(4) 27.1(5) 27.5(3)
C(4b)~- C(4a) - C(4) - Cl1l(4) 12.7(3) 14.0(4) 14.5(3)
C(4a)—~ C(4b) - C(5) - C1(5) 11.4(3) 6.4(4) 5.5(2)
Cl(4)- C(4) =~ C(3) - CL(3) -9.4(2) =11.3(3) -11.9(2)
Cl(5)- C(5) = C(6) - C1(6) -11.4(2) -7.8(3) -7.6(2)
Cl{3)~- C(3) =~ C(2) - Cl(2) ~5.9(2) -3.5(3) =3.1(2)
Cl(6)~ C(6) =~ C(7) - C1(7) 1.1(2) -2.0(3) -1.0(2)
Cl(2)- C(2) = C(1) - C1(1) 6.6(2) 4.8(3) 4.5(2)
CIL(7)- C(7) - C(8) - C1(8) 1.8(2) 0.3(3) 0.2(2)
Cl(1)- C(1) = C(%9a)- C(9) 5.6(3) 7.0(3) 7.4(2)
Cl1(8)- C(8) - C(8a)- C(9) 1.9(3) 10.6(3) 10.5(2)
C(1) - C(9a) - C(9) - Cc(2") 65.5(3) 62.5(4) 62.6(3)
C(8) - C(8a) - C(9) - C(6") 58.6(3) 56.2(4) 55.9(3)

antly different. The room-temperature mean C(spz)—Cl distance of 1.719(5)& for 36 independent
observations agrees well with the corresponding mean 1.717(8)3, found independently10 for a
number of perchlorinated aromatic hydrocarbons.

The host-guest packing in the cyclohexa-1,4-diene adduct (at -IOSOC) is illustrated in the

stereoview in Figure 2. The guest molecules are accommodated in continuous channels which run

Figure 2

A view of the host-guest packing
in the cyclohexa-1,4-diene
inclusion compound of host (2).
The guest molecules are located
in continuous channels running
along the a-direction.

parallel to the a-axis. Each diene guest is located on a point of T symmetry and this arrange-
ment is directly analogous to that found for the benzene adduct, where the centrosymmetric
benzene guest molecule is located in a unit cell of almost identical dimensions (Table 1). The
stereoview in Figure 3 shows a van der Waals plot,11 looking along the a-axis, for the cyclo-
hexa-1,4-diene adduct of (2). Notwithstanding the apparent efficiency of host-guest interactions
the diene guest molecule does not appear to be "clamped" in a unique orientation, and examination
of the guest's ring bond lengths was consistent with rotational disorder. WNone of the hydrogen
atoms of the guest could be unambiguously located. Careful inspection of the thermal ellipsoids,
however, gave no evidence for marked non-planarity of the cyclohexa-1,4-diene guest molecule,
though a limited degree of non-planarity cannot be excluded on this basis.12 It is interesting
to note that a planar conformation has been found by theoretical calculations13 and electron

. ; 1 . . X
diffraction measurements 4 for this non-conjugated diene in the vapour phase.
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Figure 3

A van der Waals stereoview
looking along the a-axis
illustrating the efficiency

of host-guest packing in the
cyclohexa-1,4-diene adduct of
(2) at -105°C. Sections normal
to the a-axis are shown at

1 & intervals.
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