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Dibenzo[3.3]orthocyclophanes ([3.3]0CPs) with a bicyclo[4.4.1]undecane substructure form charge-transfer (C-T)
complexes with tetracyanoethylene (TCNE). 3,4 : 8,9-Dibenzobicyclo[4.4.1]Jundecane (9) and its 11-methylene derivative
8 are flexible molecules and take a chair-boat conformation. Complexes 8- and 9-TCNE exhibit the absorption maximum at
ca. 420 nm, which coincides with the value for the TCNE complex of o-xylene. On the other hand, acetal 5, methylcarbinol
6, and dimethylmethylene derivative 7 are rigid, layered [3.3]JOCPs with stacked benzene rings. Compounds 5, 6, and 7
form a 1:1 complex with TCNE in solution. The absorption maxima of the complexes at ca. 500 nm suggest an enhanced
C-T complexation due to a m— through-space interaction in 5, 6, and 7. A 2: 1 complex of rigid [3.3]OCP 7 with TCNE
crystallized from dichloromethane, while OCP 8 gave a red crystalline 2 : 3 complex with TCNE. X-ray crystallographic

analyses of these two complexes is given.

C-T complexes of cyclophanes with TCNE have been
studied in order to evaluate the ;t basicity of the cyclophane
rings and to demonstrate transannular interactions in such
systems." To this effect, the complexes of para- and metacy-
clophanes (PCPs and MCPs) have been extensively studied
(Fig. 1).>

Thus, Cram and Bauer® established the order of the 7t base
strength for [m.n]PCPs and compared them to those of open-
chain arenes. Additionally, Singer and Cram® investigated
transannular substituent effects in {2.2] and [3.3]PCP-TCNE
complexes 1a, b. Furthermore, Misumi et al.* reported that
the absorption maxima of C-T complexes of multilayered
PCPs with a TCNE shift to longer wavelengths with increas-
ing number of layers. In the field of MCPs, Hayashi and
Sato” showed that [2.2]MCP affords a 1: 1 complex 2 with
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Fig. 1. C-T complex of cyclophanes with TCNE in CH,Cl,.
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TCNE, which is stabilized due to a — interaction.

Relatively little is known about TCNE-complexes of
orthocyclophanes (OCPs). Usually, OCPs are of less inter-
est in studying the s—s interaction. Many known [2.2] and
[3.3]OCPs possess a flexible structure, and they do not show
any 7i— interaction.'® However, there are a few marked
examples of OCPs that have rigid structures with layered
7t systems.! ' It must be noted that in most MCPs and
PCPs the aromatic rings are distorted, which unavoidably af-
fects their electronic structures. The aromatic rings of OCPs,
however, are virtually non-distorted, thus making them inter-
esting candidates for studying the s— interaction of closely
layered, rigidly-held aromatic systems.

A typical OCP with layered aromatic rings, which has
been studied recently by the authors,' is the dibenzobicyclo-
[4.4.1Jundecane system in its twin-chair conformation. The
twin-chair conformation is realized by introducing the bulky
substituents onto the methylene bridge of 3,4 : 8,9-dibenzobi-
cyclo[4.4.1]undeca-3,8-dien-11-one (4), as exemplified by
acetal 5, the corresponding thioacetal,'¥ the tertiary alcohol
6, and the dimethyl compound 7 (Scheme 1). Compound
5 and the thioacetal as well as 6 and 7 show a transannular
interaction between the two benzo rings, as is evidenced by a
long wavelength shift observed in their UV/vis spectra.!*19
The present article reports on C-T complexes of a series of
these [3.3]JOCP-TCNE complexes 3.
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Results and Discussion

Synthesis.  Dimethyl 11-oxo0-3,4 : 8,9-dibenzobicyclo-
[4.4.1]undeca-3,8-diene-1,6-dicarboxylate was prepared by
reaction of 1,2-bis(bromomethyl)benzene with dimethyl 3-
oxoglutarate under a phase-transfer-catalysis with the base
sodium hydroxide, as previously reported.'” The hydrolysis
and pyrolysis of the obtained dicarboxylate gave 4.1 Ketone
4 was reduced to the methylene compound 9 upon a treatment
with LiAIH;~TiCl;.!” In order to transform the functional
group at the bridge into a bulkier group, 4 was converted to
acetal 5 and #-alcohol 6 in a fair yield.'” The alcohol 6 was
dehydrated with 20% sulfuric acid in ethanol under reflux, to
give olefin 8.'® The spirocyclopropane 10 was synthesized by
the Simmons—Smith reaction of 8. The dimethyl compound
7 can be obtained by the hydrogenation of 10 (Scheme 2).'9

UV/vis Absorption Spectra of the C-T Complexes of
[3.3]0CPs with TCNE. Generally, the TCNE complexes
of the OCPs (4, 5, 6, 7, 8, and 9) have been prepared by
adding a solution of 0.02 M (1 M = 1 moldm—3) TCNE
in dichloromethane to a solution of 0.02 M [3.3]OCPs in
dichloromethane in various ratios.

a) TCNE Complexes of Flexible [3.3]0CPs. (0)3
the possible conformers of flexible dibenzobicyclo[4.4.1]-
undeca-3,8-dien-11-one 4, the twin-chair conformer is not
prefered, due to an electronic repulsion between the m-elec-
trons of the two layered benzo-units. Ketone 4 exists in an
equilibrium of chair-boat and boat-chair conformers.!” Sim-
ilarly, [3.3]OCPs 8 and 9 are flexible, and exist as chair-boat
and boat-chair conformers. With TCNE, 8 and 9 give light-
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orange C-T complexes in dichloromethane. The absorbance
spectra and Job plot of C-T complexes of flexible [3.3]OCPs
(4, 8, and 9) with TCNE are shown in Fig. 2.

The absorption maxima of the C-T bands of 8- and
9-TCNE complexes (Anax, 426 and 424 nm) correspond to
that found for a single arene—TCNE complex, where the
substituents of the benzo units due to the bridges are not
quite equivalent to two methyl substituents (0-xylene-TCNE
complex; Amax 430 nm!). The positions of the maxima, the
shapes of the curves, and the relative intensities of the absorp-
tion bands were virtually unchanged when the concentrations
of TCNE and the [3.3]OCPs were varied. On the other hand,
4 formed a light-yellow C-T complex of TCNE with an ab-
sorption maximum at 392 nm. This value is shorter than the
absorption maximum of the C-T complex of o-xylene with
TCNE, indicating that the presence of the carbony!l group
impedes the formation of an arene~TCNE charge-transfer
complex in 4. Whether this is due to a repulsion between
TCNE and the lone-pair electrons of the carbonyl group or
due to another type of interaction with the ketone is not yet
fully understood. It is difficult to ascertain the stoichiometry
of the TCNE complexes of 4 and 8 in solution from the Job
plot,® since the presence of 1:1 and 1:2 complex-species
(Fig. 3) gives rise to two peaks, which overlap.

b) TCNE Complexes of Rigid, Layered [3.3]OCPs.
Layered [3.3]OCPs 5, 6, and 7 form purple C-T complexes
with TCNE in dichloromethane. It can be deduced from
the corresponding Job plots that they form 1:1 complexes
(Fig. 4). _

Similar absorption spectra were observed for all TCNE
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(a) UV/vis spectra of 4-, 8-, and 9-TCNE complexes (4, 8, and 9:0.01 M, TCNE:0.01 M) and (b) Job plot of 4— and

Fig. 3. 1:1and 1:2 Complexes of flexible [3.3]0CPs (X = O, CHz, C=CHa).
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7-TCNE complexes (0.02 M).

complexes of layered [3.3]J0CPs 5, 6, and 7, both in the
position of the absorption maxima and the shape of the
curve [Amax 502 (5-TCNE), 502 (6-TCNE), and 500 nm
(7-TCNE)]. The presence of the lone-pair electrons of the
o-bonded oxygen atoms of the acetal and alcohol function-
alities in 5 and 6 does not hinder the formation of C-T com-
plexes. The relative position of the absorption maximum
reflects a significant enhancement of m-basicity in the lay-
ered [3.3]OCPs 5, 6, and 7 in comparison to the flexible
[3.3]0CPs 4, 8, and 9. These findings strongly support the
possibility of a transannular release of electron density to the
complexed ring.

In TCNE complexes of PCPs, the absorption maxima were
observed at 521 nm for 1a® and at 599 nm for 1b,? whereas
the absorption maximum of the C-T band of the [2.2]-
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(a) UV/vis spectra of 5—, 6—, and 7-TCNE complexes (5, 6, and 7: 0.01 M, TCNE: 0.01M) and (b) Job plot of 5—, 6—, and

MCP-TCNE complex 2 was reported to be at 486 nm.” In
cyclophanes, there is a direct relationship between the wave-
lengths of the C-T bands and mi-basicities.” Thus, the order
of decreasing m-basicity may be given as: [3.3]PCP > [2.2]-
PCP > layered [3.3]OCPs 5, 6, and 7 > [2.2]MCP. This
means that the interaction of the two benzo rings in the lay-
ered [3.3]OCPs is smaller than that in the [2.2]PCPs and the
[3.3]PCPs. This overlap is given by geometric restrictions
in the molecule.

Figure 5 shows geometrical data provided by a known
X-ray crystallographic analysis of [2.2]PCP*) [3.3]PCP?
and [3.3]OCP 5." An X-ray crystallographic analysis of the
[3.3]0CP 5 supports the fact that in such compounds the
interaction of the r-systems may be smaller than that in the
[2.2]PCP and the [3.3]PCP, due to geometrical reasons. The
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mean distance between the two benzo rings of 5 (357 pm) is
larger than the corresponding distances in either the [2.2]PCP
or the [3.3]PCP. Additionally, the aromatic rings of 5 exhibit
an angle of 25° from parallel. From this, it can be deduced
that the overlap of the mt-electrons and the m-basicities of the
layered [3.3]OCP 5 is smaller than those of the PCPs.

X-Ray Crystal Structures of [3.3]0CP-TCNE Com-
plexes. In the solid state, very few complexes of cyclo-
phanes with TCNE have been investigated.>*—>" The com-
plexes of [2.2]PCPs 1a, [3.3]PCPs 1b,>** and [2.2]MCPs
2% with TCNE have been found to exhibit a sandwich-type
stacking. In these systems, the donor cyclophanes and TCNE
as an acceptor are stacked in an alternate arrangement, and
afford 1:1 complexes. In the present work, the structures
of the complexes of [3.3]OCPs with TCNE in the crystalline
state were investigated in order to compare them with the
structures of the above-mentioned compounds and to study
the effect of complexation on the conformation of the [3.3]-
OCPs.

a) X-Ray Crystal Structure of the Flexible [3.3]OCP 8
and 8-TCNE Complex.  Crystallization from a 1: 1 solu-
tion of 8 and TCNE in dichloromethane gave fine wine-red
crystals of a C-T complex of 8. The X-ray crystal structure
of the C-T complex of 8 is shown in Fig. 6.

The distances between atoms of the nearest-neighboring
benzo ring and TCNE are also given in Fig. 6. The benzo ring
annelated to that side of the [4.4.1]Jundecane unit of 8, which

Fig. 6. ORTEP drawing of C-T complex of 8 with TCNE.

C-T Complexes of [3.3]Orthocyclophanes with TCNE

is in the boat conformation, is coordinated to two TCNE
molecules having different surroundings. The shortest inter-
atomic distance between one benzo ring of 8 and a TCNE
molecule is 305 pm. This value is slightly smaller than that
found for other C-T complexes of the type TCNE-arene,
reported previously.”® The shortest interatomic distance be-
tween the benzo ring of 8 and the upper coordinated TCNE
molecule is 373 pm. These findings indicate that the exo-
methylene bridge of 8 prevents coordination of the upper
coordinated TCNE molecule to the benzo ring.

One molecule of TCNE is stacked between the facing
benzo units of two.[3.3]OCPs. Both of these benzo units are
annelated to that side of the bicyclo[4.4.1]undecane substruc-
ture, which is in the chair form. Thus, an isolated D-A-D
assembly is formed. The remaining benzo unit, which is
annelated to the boat conformation side-of bicyclo[4.4.1]-
undecane, interacts with TCNE in D-A-D-A--- stacks. On
the whole, TCNE molecules coordinate both benzo rings of
the [3.3]OCP 8, and a 2 : 3 complex is formed.

In order to assess the effect of TCNE complexation on the
conformation and the crystal packing of the flexible [3.3]-
OCPs, an X-ray crystal structural analysis of 8, itself, was
performed (Fig. 7).

From the X-ray crystal structure it can be seen that 8
exists in a chair-boat conformation in the crystal, just as
its C-T complex. The crystal system changes drastically
from trigonal in 8 to monoclinic in the TCNE complex. An
increase in the angle between the two benzo rings of the
OCP has been observed. The angle is changed from 117°
and 120° in 8 to 128° in the C-T complex of 8 (Fig. 8).

b) X-Ray Crystal Structure of the Layered [3.3]JOCP 7
and 7-TCNE. A 1:1 solution of layered [3.3]OCP 7 and
TCNE affords a crystalline purple C-T complex. The X-ray
diffraction structure of a single crystal of the C-T complex
of 7 is shown in Fig. 9

This crystalline complex shows sandwich Donor—Accep-
tor—Donor assemblies. The TCNE molecule lies on a center
of symmetry (point of inversion of a D-A-D assembly unit)
between two OCP molecules. In contrast to [2.2]PCP>®
[3.3]PCP*? and [2.2]MCP,*® which form 1: 1 TCNE com-
plexes 1a, 1b, and 2, [3.3]JOCP 7 and TCNE form a 2:1
complex. The stacking of the C-T complexes of 7 is similar
to that observed for other structures, such as for the anthra-
cenophane—TCNE complex.”” The largest distance between
the two benzo rings of the [3.3]OCP 7 is as small as 421 pm.
This makes coordination of the TCNE within the cavity of
7 impossible. The shortest interatomic distance between the
7t system of the [3.3]0OCP 7 and TCNE is 345 pm, and is
slightly larger than that found for other C-T complexes of
cyclophanes (320 pm in 1a,® 325 pm in 1b,*® and 326 pm
in 2%9).

An X-ray crystal-structural analysis of [3.3]OCP 7, itself,
was performed for a comparison. The structure of 7 is shown
in Fig. 10

A slight, but insignificant, increase in the plane-to-plane
distances and in the angle between the two benzo rings is
observed in the complex, the angle varying from 27° in 7 to
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8 C-T Complex of 8

Fig. 8. Angles between benzene rings of 8.

28° in the complex (Fig. 11). The arrangement of [3.3]OCP 7
in the crystal is compared with that of the C-T complex. With
TCNE, D-A-D D—-A-D assemblies are formed. This means
that there is an insertion of TCNE between the columns of
the cyclophanes. Otherwise, the arrangement of the cyclo-
phanes, themselves, is not altered. This is in contrast to the
result found for the flexible [3.3]OCP 8.

Solid-State Reflectance Spectra of the C-T Complexes
of [3.310CP with TCNE. There is a correlation between

Bull. Chem. Soc. Jpn., 71, No. 11 (1998) 2665

Fig. 10. ORTEP drawing of 7.

the solid-state reflectance spectra and the UV/vis spectra of
the solution. While the shapes of the curves are not the
same, the order of the reflectance maxima has not changed
(4-TCNE 420 nm, 7-TCNE 425 and 559 nm, 8-TCNE 422
nm) (Fig. 12). In the layered cyclophane 7, the long-wave-
length shift is more pronounced than in the flexible cyclo-
phanes (4 and 8). From this finding, we can say that a
through-space m—r interaction in 7-TCNE can be observed
in the solid state. Unfortunately, a simple correlation be-
tween the position of A,y in the solid-state reflectance spectra
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and the distances between the donor molecules and TCNE
observed in the X-ray crystallographic analyses cannot be
formulated.

Conclusion

C-T complexes of flexible and rigid, layered [3.3]OCPs
with TCNE have been studied. The rigid, layered [3.3]-
OCPs, which possess bulky functionalities on the methylene
bridge of the bicyclo[4.4.1lundecane subunit, form 1:1 C-
T complexes in solution. In the crystal, however, they form
2: 1 complexes. Insolution, a transannular interaction within
the molecule is evidenced by a C-T absorption maximum at
about 500 nm. On the other hand, the C-T bands of the
complexes of the flexible [3.3]0CPs with TCNE at about

C-T Complexes of [3.3]Orthocyclophanes with TCNE
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Fig. 12.  Solid-state reflectance spectra of 4—, 7—, and

8-TCNE complexes.

420 nm indicate that in these cases there is no through-space
m—7 interaction within the molecules. Here, a 2:3 ([3.3]
OCP-TCNE) C-T complex could be observed in the crystal.

Experimental

The UV/vis spectra of the [3.3]JOCP-TCNE complexes were

Table 1. Summary of the Crystal Data of 7 and 7-TCNE

Compound 7 T-TCNE (2: 1)
Formula Ca1Has (C21H24)2-CgNy
Formula weight 276.421 680.934
Crystal system Monoclinic Triclinic
Space group P2i/a P1
alA 16.677(3) 9.409(5)
b/A 8.275(2) 13.743(5)
clA 11.395(2) 7.519(5)
a/° 104.391(5)
B/° 91.850(10) 95.457(5)
y/° 93.973(5)
VIA3 1571.72(0.55) 933.13(0.86)
z 4 1
D./gem™? 1.1682 1.2117
plem™ 0.484 0.540
Crystal size/mm 0.50  0.30 x 0.10 0.53x0.33%0.23
0 range 3.88—64.98 4.74—64.94
Index ranges h —19—19 —11—11
k —9—0 -16—0
! —13—0 —8—8
F(000) 600.0 364.0
No. Refl. Measd. 2820 3307
No. Unique Refl. 2676 3307
No. Refl. 2275, F > 20 (F) 2442, F > 20 (F)
No. of parameters 191 469
R 0.0436 0.0764
Ry, 0.1215 0.1947
Largest Diff. Peak/Hole 0.160/—0.128 0.439/—0.280
(eA™)
Weighting scheme w=1/[0*(F2)+(0.0711P) w=1/[0*(F2)+(0.1669P)*
+0.2718P], +0.1426P),
P=(F2+2F%)/3 P=(F2+2F)/3
Direct methods SIR 92 SIR 92
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Table 2. Summary of the Crystal Data of 8 and 8-TCNE

Compound 8 8-TCNE (1: 1.5)
Formula (CxoHz0)s CaoHa20(CNu)1s
Formula weight 1562.268 452.517
Crystal system Trigonal Monoclinic
Space group R3 P2 /n
alA 40.485(5) 7.328(2)
b/A 40.485(5) 50.542(17)
c/A 9.587(5) 7.155(2)
a/°
B/° 116.24(2)
y o
VIA 13608.23(7.48) 2376.93(1.29)
z 6 4
D./gem™> 1.1438 1.2645
ulem™! 0.479 0.616
Crystal size/mm 0.40x0.33x0.26 0.23 x0.23x0.23
O range 3.78—64.94 3.50—64.93
Index ranges & —41—0 —8—0
k —41—0 —-59—0
{ —11—11 —7—8
F(000) 5040.0 944.0
No. Refl. Measd. 5392 4363
No. Unique Refl. 5147 4040
No. Refl. 3062, F> 20 (F) 1711, F>20 (F)
No. of parameters 362 316
R 0.0930 0.0643
Ry 0.2679 0.1408
Largest Diff. Peak/Hole 0.753/—0.467 0.359/—-0.254
€A™ ’
Weighting scheme w=1/[0*(F2)+(0.2286P), w=1/[0*(F2)+(0.0659P)*

P=(F2+2F%/3

+2.6019P],

Direct methods SIR 92

P=(F2+2F)/3
SIR 92

recorded on a Hitachi 220A spectrophotometer. Reflectance spec-
troscopy were recorded on a JASCO V-570 (ISV-470) spectropho-
tometer. X-Ray crystallographic analyses were carried out on an
Enraf~Nonius FR-590 diffractometer.

Synthesis of the Dibenzobicyclo[4.4.1Jundecane Derivatives.
3,4:8,9-Dibenzobicyclo[4.4.1]undeca-3,8-dien-11-one (4),'9 3,
4:8,9-dibenzobicyclo{4.4.1]Jundeca-3,8-dien- 1 1-one ethylene ac-
etal (5),"® 11-hydroxy-3,4 : 8,9-dibenzobicyclo[4.4.1]Jundeca-3,8-
dien-11-o0l (6),'¥ 11,11-dimethyl-3,4 : 8,9-dibenzobicyclo[4.4.1]-
undeca-3,8-diene (7)," 11-methylidene-3,4 : 8,9-dibenzobicyclo-
[4.4.1]Jundeca-3,8-diene (8),"” and 3,4 : 8,9-dibenzobicyclo[4.4.11-
undeca-3,8-diene (9)'® were prepared as previously reported.

Preparation of the Charge-Transfer Complexes of [3.3]0OCPs
4,5,6,7,8, and 9 with TCNE. Commercial TCNE was re-
crystallized from chlorobenzene and sublimed twice under reduced
pressure. Dichloromethane was of spectroscopic grade and used
without further purification. The complexes were prepared in di-
chloromethane at 298 K. For preparing a Job plot,? the concen-
tration of the two solutions used for the reactions was 0.02 M in
[3.310CPs 4, 5, 6,7, 8, and 9, respectively, and 0.02 M in TCNE.

The crystalline 2: 1 complex of the [3.3]0CP 7 and TCNE and
the 2:3 complex of the [3.3]JOCP 8 and TCNE were prepared
as follows. Equimolar quantities of [3.3]J0CP and TCNE were
weighed into a flask, and dichloromethane (5 cm’) was added to
give an orange or purple solution. Single crystals were obtained by
slow evaporation of the solvent in a refrigerator at normal pressure.

X-Ray Crystallographic Analysis of Structure Determination
and Refinement. All crystallographic measurements were carried
out at 296 K, except for 7-TCNE (at 293 K), on an Enraf-Nonius
FR-590 diffractometer operating in the w—26 scan mode, using
graphite-monochromated Cu Ka-irradiation (1 = 1.54184 A). The
structures were solved by direct methods using SIR 92?% and refined
by a full-matrix least squares calculation for F2 using SHEL.X1.93 .37
The refinement was essentially the same for the four compounds
in that all-non-hydrogen atoms were refined with anisotropic dis-
placement parameters. All hydrogen atoms were included in the
refinement, but were restrained to ride on the atom to which they
were bonded.

The final R-factors and other crystallographic information are
summarized in Tables 1 and 2. The atomic coordinates, thermal
parameters, bond lengths and angles for all of the compounds and
salts have been deposited at the Cambridge Crystallographic Data
Centre. For details concerning the deposition scheme, see “Notice
to Authors of Papers.”

References

1) For studies on intramolecular electron (charge) transfer in
cyclophanes, see: H. A. Staab, G. Voit, J. Weisener, and M.
Futscher, Chem. Ber., 125, 2303 (1992); for an overview on charge-
transfer host guest interactions, see: H. J. Schneider and A. K.
Mohammad-Ali, in “Comprehensive Supramolecular Chemistry,”



2668 Bull. Chem. Soc. Jpn., 71, No. 11 (1998)

ed by F. Vogtle, Pergamon Press, Oxford (1996), Vol. 2, pp. 95—
99.

2) D.J. Cram and R. H. Bauer, J. Am. Chem. Soc., 81, 5971
(1959).

3) L. A. Singer and D. J. Cram, J. Am. Chem. Soc., 85, 1080
(1963).

4) T.Otsubo, S. Mizogami, I. Otsubo, Z. Tozuka, A. Sakagami,
Y. Sakata, and S. Misumi, Bull. Chem. Soc. Jpn., 46, 3519 (1973).

5) S. Hayashi and T. Sato, Nippon Kagaku Zasshi, 91, 950
(1970).

6) M. Sheehan and D. J. Cram, J. Am. Chem. Soc., 91, 3353
(1969).

7) D.T. Longone and H. S. Chow, J. Am. Chem. Soc., 92, 994
(1970).

8) T. Yamato, J. Matsumoto, N. Shinoda, S. Ide, M. Shigekuni,
and M. Tashiro, J. Chem. Res. (S), 1994, 178.

9) T. Ishi-i, T. Sawada, S. Mataka, M. Tashiro, and T.
Thiemann, Chem. Ber., 129, 289 (1996).

10) Cf., W.Baker, R. Banks, D. R. Lyon, and F. G. Mann, J. Am.
Chem. Soc., 67, 27 (1945); A. C. Cope and S. W. Fenton, J. Am.
Chem. Soc., 73, 1668 (1951); E. D. Bergmann and Z. Pelchowicz,
J. Am. Chem. Soc., 75, 4281 (1953); D. J. Brickwood, W. D. Ollis,
J. S. Stephanatou, and J. F. Stoddart, J. Chem. Soc., Perkin Trans.
1, 1978, 1398; G. Bodwell, L. Ermst, H. Hopf, and P. G. Jones,
Tetrahedron Lert., 30, 6005 (1989).

11) S.J. Cristol and D. C. Lewis, J. Am. Chem. Soc., 89, 1476
(1967).

12) H. Prinzbach, G. Sedelmeier, C. Kriiger, R. Goddard, H.-D.
Martin, and R. Gleiter, Angew. Chem., 90, 297 (1978); Angew.
Chem., Int. Ed. Engl., 17,271 (1978).

13) W.Grimme, H. T. Kammerling, J. Lex, R. Gleiter, J. Heinze,
and M. Dietrich, Angew. Chem., 103, 215 (1991); Angew. Chem.,
Int. Ed. Engl., 30, 205 (1991).

14) S. Mataka, K. Takahashi, T. Hirota, K. Takuma, H.
Kobayashi, and M. Tashiro, J. Chem. Soc., Chem. Commun., 1985,
973; S. Mataka, K. Takahashi, T. Mimura, T. Hirota, K. Takuma,
H. Kobayashi, M. Tashiro, K. Imada, and M. Kuniyoshi, J. Org.
Chem., 52,2653 (1987).

15) Cf., S. Mataka, J. Ma, T. Thiemann, J. M. Rudzifiski, T.
Sawada, and M. Tashiro, Tetrahedron Lett., 36, 6105 (19953); S.
Mataka, Y. Mitoma, T. Sawada, and M. Tashiro, Tetrahedron Lett.,

C-T Complexes of [3.3]Orthocyclophanes with TCNE

37, 65 (1996); S. Mataka, J. Ma, T. Thiemann, J. M. Rudzifiski, H.
Tsuzuki, T. Sawada, and M. Tashiro, Tetrahedron, 53, 885 (1997);
S. Mataka, Y. Mitoma, T. Thiemann, T. Sawada, M. Taniguchi, M.
Kobuchi, and M. Tashiro, Tetrahedron, 53, 3015 (1997).

16) Unpublished results.

17) S. Mataka, K. Takahashi, T. Hirota, K. Takuma, H.
Kobayashi, M. Tashiro, K. Imada, and M. Kuniyoshi, J. Org. Chem.,
51, 4618 (1986).

18) S. Mataka, M. Taniguchi, Y. Mitoma, T. Sawada, and M.
Tashiro, J. Chem. Res. (S), 1997, 48; J. Chem. Res. (M), 1997, 437.

19) J.E.Frey, A. M. Andrews, D. G. Ankoviac, D. N. Beaman,
L. E. Du Pont, T. E. Elsner, S. R. Lang, M. A. Oosterbaan Zwart,
R. E. Seagle, and L. A. Torreano, J. Org. Chem., 55, 606 (1990),
and references cited.

20) P.Job, Ann. Chem., 9, 113 (1928).

21) H. Hope, J. Bernstein, and K. N. Trueblood, Acta Crystal-
logr., Sect. B, B28, 1733 (1972).

22) P. K. Gantzel and K. N. Trueblood, Acta Crystallogr., 18,
958 (1965). _

23) A.Renault and C. Cohen-Addad, Acta Crystallogr., Sect. C,
C42, 1529 (1986).

24) C. C. Addad, M. Consigny, G. D’Assenza, and P. Baret,
Acta Crystallogr., Sect. C, C44, 1924 (1988).

25) J.Bernstein and K. N. Trueblood, Acta Crystallogr., Sect. B,
B27,2078 (1971).

26) C. Cohen-Addad, A. Renault, and G. Commandeur, Acta
Crystallogr., Sect. C, C44, 914 (1988).

27) J. M. Masnovi, J. K. Kochi, E. FE. Hilinski, and P. M.
Rentzepis, J. Phys. Chem., 89, 5387 (1985).

28) Cf., E. Maverick, K. N. Trueblood, and D. A. Bekoe,
Acta Crystallogr., Sect. C, C34, 2777 (1978): hexamethylben-
zene—TCNE complex (332 pm); I. Ikemoto and H. Kuroda, Acta
Crystallogr., Sect. B, B24, 383 (1968): pyrene-TCNE complex (325
pm); A. Renault and C. Cohen-Addad, Acta Crystallogr., Sect. C,
C42, 1529 (1986): [2.2.2]paracyclophanetriene-TCNE complex
(307 pm).

29) M. C. Altomare, M. Burla, G. Camalli, C. Cascarano, A.
Giacovazzo, G. Guagliardi, and J. Polidori, J. Appl. Crystallogr.,
27,435 (1994).

30) G.M. Sheldrick, University of Géttingen, Germany (1993).




