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Recently we have reported the syntheses of some salts of a new type carbonium ion with a
positive charge delocalized throughout two rings.1’2) Since this system should be of a con-
siderable interest to both theoretieal and organic chemists, we

have determined its detailed structure by X-ray analyses of two

\ég' ) _;/, salts, C24H]8NBF4 and (I1), C]GH]2N0104. We believe that there

1@ O are the first structural studies of this system,

The fluoroborate salt of I, m.p, 228°C and crystallized from
acetonitrile-ether belongs to the monoclinic space group P2]/c with cell dimensions a=7.816,
b=16.602, c=15.495 R, 8=104.43°, Dc=1.17 g/cm3, Z=4, On the other hamd, since the fluoroborate
salt of II was twinning, the perchlorate salt of II, m.p. 160° and crystallized from methylene
chloride-ether was suitable for X-ray analysis and belongs to the monoclinic space group PZ]/c,
a=9,284, b=11.798, ¢=14.082 R, $=111.15°, Dc=1.126 g/cma, Z=4, Both salts of I and II were
stable in air over the period of data collection. Three dimensional X-ray data were collected
using the Rigaku automatically controlled Four Circle Diffractometer with Mo-Ka radiation.
Independent reflections within 2e=55° were applied in the successive calculations. The struc-
tures were solved by a symbolic addition method, and refined by the block-diagonal least-
squares method with anisotropic thermal motion allowed for non-hydrogen atoms, A difference
Fourier synthesis led to the assignment of positional parameters for all hydrogen atoms, The
final R-Factors are 0.080 and 0,074 for the salts of I and I, respectively,

Some details of the molecular geometries are shown in Figures 1 and 2, As a main feature
of this system, it should be noted that a pair of cationic rings in molecule have bond alter-
nations to some degree and thus differs from fully conjugated (4n+2)x aromatic system, such
as triphenylcyclopropenium cation, 1113) and tropylium cation, IV4) where all bond lengths

in rings are identical. The distribution of the longer and the shorter bonds seem to be
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appear in a triafulvene or a heptafulvene

structure, However, the length variation

i between 1.35 and 1.43 R reflect only a
W > / @ partial double and single bond character,
Thus, it may be concluded that this sys-
Ib tem is represented as a formal structure,

C laeIb or Ila«IIb where the two reso-

nance hybrids contribute mainly to the
S 7
@ ] ground state.
In molecule, I, a pair cationic
IIb

value for the corresponding bonds for three membered ring system.al Thus, the detailed bond

rings (three- and seven-membered) have
lengths between 1.353-1,403 R and 1,357-
1.420 R, respectively and thus the bond
alternation of the same degree, The short-

v ening of the C(10)-C(8) by 0.036 R from

©

the C(8)-C(7) bond is a generally accepted

lengths seem to indicate that the two resonance hybrids mentioned above contribute almost equal-
1y to each other. This is supported further by its molecular conformation (Figure 1} where the
cationic moiety induces planarity while the phenyl ring at the C(11} is twisted to 27.0°.

In contrast, the two seven-membered rings in II, which would be expected to be equivalent,
are not cited in any symmetrical situation. This non-equivalence is clearly beyond our experi-
mental error. The exocyclic bonds have a decided difference both in the lengths (1,442 and
1.401 X) and in the twist angle (36.0 and 13.6°), The more single bond character in the C(7)-
C(8) bond than in the C(7')-C(8) may be explained by the greater non-planarity around the bond.
Such non-equivalent character among exocyclic bonds seems to cause a small but significant
difference in the degree of alternation in the seven-membered ring as compared to the range of
the lengths (1.360-1.417 R in A ring and 1,345-1.433 R in A' ring), It is interesting to note
that these observations suggest a slight inclination toward a 67 cation in A ring and a hepta-
fulvene in A' ring in its character (toward structure Ila), As shown in the twist angles, the
entire molecule of II takes a marked non-planar and propeller-like conformation where two rings

approximately planar are twisted in the same direction around the exocyclic bonds., In such a
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conformation, it is unavoidable to make a large angle of 31}6° between planes of rings by a
steric force to achieve a limited separation of 2.90 R for non-bonded C{1)---C(1'} distance.
This surely results in a great preventation of resonance effect such as Ilae1Ib,

However, H NMR and C13 NMR spectral data support equivalent character of the two rings
in II, and therefore it is doubtful that the present structure is exclusively adoped in solu-
tion. Another plausible model may be a symmetrical propeller conformation with equal twist

angle, which would be about 25° by a similar estimation to the case of the triphenylmethylium
5)

cation.

Figure 1. Bond lengths (3) and angles (°) in the moiety excluding two phenyl groups in the
molecule of (I). The estimated standard deviations are av. 0,009 A and 0.8° for the dimen-
sions in this mofety. The twist angles of exocyclic bonds are C{7)-C(8); 15.2° and C(8)-
€(10); 7.6°. The phenyl rings are twisted to 27.0° and 6.5° for one of C(11) and the other
of C(12). The dihedral angle between the approximate plane of the seven-membered ring and
the plane of the three-membered ring is 10,7°.
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Figure 2. Bond lengths and angles in the molecule of (II), The e.s.d.s' are av. 0.008 A and
0.7°. The twist angles are C(7)-C(8); 36,0° and C(7')-C(8); 13.6°. The dihedral angle among
the approximate planes of the seven-membered rings is 31.5°.
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