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Formation of a Novel Cage Compound with a
Pentacyclo[6.3.0.14,11.02,6.05,10]dodecane Skeleton
by Photolysis of [34](1,2,4,5)Cyclophane**
Chultack Lim, Mikio Yasutake, and Teruo Shinmyozu*

Prismanes constitute a fascinating family of (CH)n poly-
hedra,[1] several members of which, namely, prismane,[2]

cubane,[3] and pentaprismane,[4, 5] have been successfully
synthesized. Recently, attention has focused on the challeng-
ing objective of synthesizing the higher prismanes, in partic-
ular, hexaprismanes 1. Despite many efforts, they have so far
eluded synthesis, mainly because of the lack of proper
synthetic routes and the expected higher strain energies than
the lower prismanes. In our approach to construct the
hexaprismane skeleton by photolysis of multibridged [3n]cy-
clophanes (n� 3 ± 6) we first optimized the reaction condi-
tions using the lowest homologue [33](1,3,5)cyclophane (2),

diffractometer, MoKa radiation (l� 0.71073 �), and a graphite monochro-
mator. A total of 14022 reflections were measured using a w/2V scan mode
(3.38� 2V� 54.08). Crystal system: tetragonal, space group P42/n, Z� 8,
a� 24.846(3), b� 24.846(3), c� 7.8219(13) �; V� 4828.6(12) �3; 1calcd�
1.262 g cmÿ3; m� 0.084 mmÿ1. The structure was solved directly with
SHELXS97 with 7011 independent reflections, the structure was refined
according to full-matrix least-squares procedures (SHELXL 97); wR2�
0.1919 for 7011 reflections, R1� 0.0986 for 2706 observed reflections
[I0> 2.0s(I0)] and 311 refined parameters. The positions of the hydrogen
atoms were calculated according to geometric considerations and refined
isotropically.

X-ray crystal structure analysis of 4 a : A yellow crystal 0.57� 0.48�
0.34 mm3 in size was measured at room temperature with a STADI4
diffractometer, MoKa radiation (l� 0.71073 �), and a graphite monochro-
mator. A total of 13516 reflections were measured using a w/2V scan mode
(3.38� 2V� 54.98). Crystal system: triclinic, space group P1Å, Z� 2, a�
9.6489(3), b� 9.8280(5), c� 13.2209(6) �, a� 82.092(5), b� 69.261(5), g�
84.237(4)8 ; V� 1159.53(10) �3; 1calcd� 1.313 g cmÿ3; m� 0.088 mmÿ1. The
structure was solved directly with SHELXS97 using 6758 independent
reflections, the structure was refined according to full-matrix least-squares
procedures (SHELXL 97); wR2� 0.1340 for 6758 reflections, R1� 0.0477
for 5035 observed reflections [I0> 2.0s(I0)] and 405 refined parameters.
The positions of the hydrogen atoms were calculated geometrically and
refined isotropically.

Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication no. CCDC-133187.
Copies of the data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (fax: (�44) 1223-336-033;
e-mail : deposit@ccdc.cam.ac.uk).
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and found that 2 was converted into the bishomopentapris-
mane skeleton 3 upon irradiation in H2O-saturated CH2Cl2

with a low-pressure Hg lamp.[6] The photolysis of the next
higher homologue of 2, [34](1,2,4,5)cyclophane (4),[7] was
studied to obtain the hexaprismane derivatives and further
information on the reaction mechanism. Recently, an im-
proved and practical synthetic method has made 4 readily
available.[8]

A solution of 4 in H2O-saturated CH2Cl2 (6.9� 10ÿ4 mol
Lÿ1) was irradiated with a low-pressure Hg lamp for 1.5 h at
room temperature under Ar. The reaction was monitored by
HPLC and TLC. Separation of the crude product by column
chromatography on silica gel with AcOEt/hexane (1/2)
afforded the starting material 4 (45%) and a new cage
compound 5 as colorless crystals (7 %; Scheme 1).[9] The mass

Scheme 1. Photochemical reaction of 4 in H2O-saturated CH2Cl2 by
irradiation with a low pressure Hg lamp provided the novel cage compound
5. The skeleton of 5 (6) and diamantane 7 are also shown.

spectrum indicates a molecular formula of C24H32O2 (m/z
352.2) and the base peak (m/z 335.2) arises from the
dehydration of M�. The hydroxy proton signals appear as a
singlet in the 1H NMR spectrum at d� 4.15. The proton-
decoupled 13C NMR spectrum of 5 shows six signals (d� 17.7,
19.2, 23.0, 25.6, 26.1, 35.8) for the secondary carbon atoms, five
(d� 44.9, 48.1, 52.5, 57.4, 58.3) for the tertiary carbon atoms,
and three (d� 50.6, 54.6, 85.1) for the quaternary carbon
atoms, which suggests a structure with some symmetry. The
highly deshielded quaternary carbon signal at d� 85.1 is
assigned to those bearing a hydroxy group. The structure was
finally identified as 5 on the basis of an X-ray structural
analysis.[10]

The novel polycyclic compound is composed of six cyclo-
hexane rings in the chair conformation, four of which are
transformed from the original trimethylene bridges and the
remaining two originate from the benzene rings (Figure 1). To
the best of our knowledge the pentacyclo[6.3.0.14,11.02,6.05,10]-
dodecane skeleton 6 was designed by Evtushenko et al. as a
member of the C12H16 family,[11] but its synthesis has not yet

Figure 1. ORTEP drawing of 5 (30 % probability ellipsoids).

been described in the literature. The skeleton 6 resembles
diamantane 7 (pentacyclo[7.3.1.14,12.02,7.06,11]tetradecane),
which was first synthesized by Schleyer et al. in 1965 and
named ªcongressaneº.[12] However, the upper and lower
cyclohexane rings in the chair conformation are directly
connected at four positions (C2-C8, C4-C12, C3-C10, C6-C7)
in 5, whereas the latter two positions are connected with C1

units in 7. Structure 5 has Cs symmetry with only one
symmetry plane (C3-C6-C7-C10) located between the two
hydroxy groups. Although the bond lengths and bond angles
of diamantane 7 are normal,[13] the C3-C10 and C6-C7 bonds
of 5, which are connected to the upper and lower cyclohexane
rings in the chair conformation, are abnormally long (1.603(4),
1.610(4) �) as compared with the RHF/6-31G* optimized
CÿC bond length (1.552 �) of a cyclopentane ring. These
elongated bond lengths are regenerated within the range of
�0.003 � by the RHF/6-31G* level MO calculations. The
upper and lower six-membered rings of the skeleton 6 are
cyclohexanes with a distorted chair conformation; the dihe-
dral angles of the C1-C2-C4-C5 and C5-C6-C1 planes (104.28)
as well as the C8-C9-C11-C12 and C9-C10-C11 planes (101.98)
are much smaller than those of the C1-C2-C4-C5 and C2-C3-
C4 planes (152.88) as well as the C8-C9-C11-C12 and C8-C7-
C12 planes (155.68 ; Figure 2). The corresponding value of a
cyclohexane ring in the chair conformation as estimated by
the RHF/6-31G* level MO calculations is 130.58. Thus
shortening of the C1 bridges in diamantane 7 to no bridges
causes a significant deformation of the chair-cyclohexane
rings in 6, by elongation of the C3-C10 and C6-C7 bond
lengths, and a much higher strain energy for 6 than for 7.
According to the MM3 calculations,[14] the steric energy of 6 is
54.8 kcal molÿ1 higher than that of 7.
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Figure 2. Crystal structure of the skeleton of 5 (6, hydrogen atoms are
omitted for clarity). Selected bond lengths [�] and angles [8]: C(1)-C(2)
1.521(4), C(1)-C(6) 1.546(4), C(2)-C(3) 1.587(4), C(2)-C(8) 1.537(4), C(3)-
C(4) 1.588(4), C(3)-C(10) 1.603(4), C(4)-C(5) 1.526(4), C(4)-C(12)
1.536(4), C(5)-C(6) 1.548(4), C(6)-C(7) 1.610(4), C(7)-C(8) 1.578(4),
C(7)-C(12) 1.578(4), C(8)-C(9) 1.528(4), C(9)-C(10) 1.531(4), C(10)-
C(11) 1.532(4), C(11)-C(12) 1.534(4); C(1)-C(2)-C(3) 115.6(2), C(1)-C(6)-
C(7) 103.8(2), C(1)-C(2)-C(8) 100.6(2), C(2)-C(3)-C(4) 116.0(2), C(2)-
C(3)-C(10) 102.3(2), C(3)-C(4)-C(5) 115.9(2), C(3)-C(4)-C(12) 97.9(2),
C(4)-C(5)-C(6) 99.8(2), C(5)-C(6)-C(1) 111.9(3), C(5)-C(6)-C(7) 103.8(2),
C(6)-C(7)-C(8) 103.6(2), C(6)-C(1)-C(2) 100.0(2), C(6)-C(7)-C(12)
103.8(2), C(7)-C(8)-C(9) 115.7(2), C(7)-C(8)-C(2) 97.9(2), C(8)-C(9)-
C(10) 100.3(2), C(8)-C(2)-C(3) 98.3(2), C(9)-C(10)-C(11) 106.9(3), C(10)-
C(11)-C(12) 99.9(2), C(10)-C(3)-C(4) 102.7(2), C(11)-C(12)-C(7) 115.9(2)
C(11)-C(12)-C(4) 100.8(3), C(12)-C(7)-C(8) 114.7(2), C(12)-C(4)-C(5)
100.7(2), C(6)-C(1)-C(5)-C(4) 104.2(2), C(10)-C(11)-C(9)-C(8) 101.9(2),
C(3)-C(2)-C(4)-C(5) 152.8(2), C(7)-C(12)-C(8)-C(9) 155.6(2).

Thus a new polycyclic compound 5 having a pentacy-
clo[6.3.0.14,11.02,6.05,10]dodecane skeleton was formed by the
photolysis of 4 in a H2O-saturated CH2Cl2 solution. The series
of reactions involving first the formation of the hexaprismane
derivative followed by protonation and equilibration of the
resultant carbocations, and interception of the most stable
cation with a hydroxide ion are proposed, similar to the
photochemical reaction of 2.[6]
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