Tetrahedron Letters No. 52, pp 4999 -~ 5002, 0040-4039/79/1222-4999$02,00/0
© Pergamon Press Ltd. 1979. Printed in Great Britain.
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A series of o-tropyliobiphenyl tetrafluoroborates ée-g has been synthesized. Evidences
are presented to show that 3313 exhibit strong intramolecular charge-transfer interaction
between tropylium ion and remote aryl ring. The structure of é% was determined by single
crystal X-ray diffraction study.

We recently reported the synthesis and the intramolecular charge-transfer interaction in
9,10-dihydro-9,10(1,2-tropylio)anthracene tetrafluoroborate (l)1) and some of its derivatives.z)
An important aspect of the significance of the charge-transfer interaction in 4 is the fact that
donor and acceptor are not in parallel planes. It was noted that in these molecules the inter-
action is strong despite the minimized overlap of both donor and acceptor orbitals. In view of
the fact that the tropylium ion is shown to be an effective electron acceptor as was found in

4) study on the o-

[m.n](1,4)tropylioparacyclophane (%)3) and 1-aryl-8-tropylionaphthalene (%),
tropyliobiphenyl derivatives (Q) as the model compound for the intramolecular charge-transfer

interaction between nonparallel donor and acceptor would be of interest.

(cH ) (CH )
: L—<c;>—J .

Synthesis of a series of o-tropyliobiphenyl tetrafluoroborates Q&‘Q used in this study was
outlined in Scheme I. An isomeric mixture of o-bromophenyltropilidene (g) was prepared in 45%
yield utilizing a general approach previously developed by Hecks) that involve the palladium(II)
acetate catalyzed arylation of tropilidene with o-bromoiodobenzene. Reaction of the mixture é

6)

with the corresponding arylmagnesium bromide in the presence of nickel(II) acetylacetonate

4999
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resulted in the formation of the biphenyl derivatives, fa-d, in 40-50% yield, which when treated
with trityl tetrafluoroborate in dry dichloromethane followed by recrystallization from dichloro-

methane and ethyl acetate lead to the pure sa]ts 4a-d in 50-60% yield.

Ph3C BF
MgBr

n-Bu3N

R

a: R=H, b: R=CH3, c: R=t-C4H9, d: R= OCH
These tropylium salts are stable yellow orange crystals and their structure were evident by

the synthetic sequences, elemental analyses, and spectral data. As shown in Table 1 and Fig. 1,
the electronic spectrum of ﬁalexhibits besides ultraviolet absorptions at 236 and 270 nm, two ab-
sorption maxima at 365 and 420 nm in its visible region. According to the previous study on the
simple aryltropylium ions7) two bands observed in the UV region can be assigned to transitions
within the tropylium ring whereas the band at 365 nm is assigned to a directly bonded aryl-to-
tropylium charge-transfér excitation. The longest wavelength band at 420 nm, not found in the
spectrum of the phenyltropylium tetrafluoroborate, was considered to be a charge-transfer band
between the tropylium ion and remote (not directly bonded) aryl ring on the basis of the follow-
ing evidences.

Like the band at 365 nm, the longest wavelength band at 420 nm shows a substantial blue shift
accompanying the change from less polar dichloromethane to more polar acetonitrile as solvent
(see Fig. 1) consisting with the solvent sensitivity of the charge-transfer band.s) Furthermore,
in the visible spectra of a series of cations QRTQ’ there is a progressive red shift of the long-
est wavelength maximum with increasing donor ability whereas the band at 365 nm remains almost
unchanged (Fig. 2 and Table 1). For these cations, the variation of the energy of the longest
wavelength band with ionization potentialsg) of the donor aryl ring is shown graphically in Fig.
3. The fairly good linear relationship of the plot confirms that the bands are of donor-acceptor
type. Further evidence in support of the intramolecular charge-transfer interaction is obtained
by electrochemical reduction potential data measured in dichloromethane by polarography using
tetra-n-butylammonium perchlorate as supporting electrolyte (Table 1).10) The reduction potential
shifts in the negative direction with increasing donor ability of the remote aryl ring. A plot of
the reduction potentials against the ionization potentials for the donor moieties leads also to a

fair straight line (Fig. 3).
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Table 1. Physical Properties of 4a - 44
. E
R mp | W-Vis TH-NMR (CD,CT,) & 1/2
(°C) | nm (log €) V vs SCE
168- | 365 (3.90) | 8.86-9.08 (m,6H, ~C,Hg"), 7.54-7.84 (m,4H,-Cgh,-),
4a |H 175 | 420 (3.68)2) | 7.04-7.38 (m,5H,-CgHs ) -0.031,
161- | 370 (3.89) | 2.29 (s,3H,-CH,), 8.85-9.06 (m,6H,-C-H. '),

a | cH a) 3 76 -0.042
ib | O3 169 | 442 (3.60)2) | 7.52-7.80 (m,4H,-CeH), 7.10, 6.96 (AB,4H,-CgH,-) | ~0-0%%9
160- | 369 (3.91) | 1.28 (s,9H,t-C,H,), 8.84-9.18 (m,6H,-C,H ")
ac | t-C,H a) &9 76 -0.035
A Mg 164 | 446 (3.61)2) | 7.54-7.83 (m,4H,-CgHg), 7.32, 7.02 (AB,4H,~CeH,-) | ~0-0%%
78- | 373 (3.93) | 3.75 (s,3H,-OCH,), 8.86-9.04 (m,6H,-C;Hc"),
ad | ocH a) 3 776 *° -0.068
A 3 85 | 476 (3.50)%) | 7.52-7.80 (m,4H,-Cghg), 7.02, 6.88 (AB,4H,-CgH,-) | 0%

a) The CT bands are obtained by using a Du Pont 310 Curve Resolver.
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Fig. 1. Uv-Vis spectra of % in CH2C12 and

CH,CN. m
Fig, 2. Uv-Vis spectra of %—% in CH2012.
-30 |-
The molecular structure of the
o b + Fe 3 cation in 4a determined by X-ray crystal-
© Plots of the IPs of v
_ > the donor moieties lographic analysis is illustrated in Fig.
Z -50 '
o § of 4a-4d vs. the CT 4.”) The terminal phenyl (B) and tropy-
B 60 % transition energies ;.. rings (C) are twisted with respect
£ and reduction po- °
“é tentials. to the central benzene ring (A) by 54
-70 ° .
and 53 , respectively. Although the
3.5 intramolecular nonbonded distances be-

L.P. (ev) tween two terminal rings (B and C) are



5002 No, 52

found to be C(8)*-C(13)=3.168(8)A and C(8)- -
C(19)=3.290(8)i, which are somewhat shorter
than the sum of their van der Waals radii,

the overall o-type overlap of the interacting
p-orbitals in 4a is presumed to be smaller than
that of the two parallel oriented aromatic rings
such as in 2 (m=n=2) and 3. Above mentioned
results indicate that the intramolecular charge-

transfer interaction can be existed even in a

disadvantageous arrangement of the orbital Fig.4. Molecular structure of o-tropylio-
biphenyl cation in %, viewed perpendicular
systems of donor and acceptor such as §. to the ring A.
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