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SYNTHESIS AND PROPERTIES OF A SERIES OF 1,2,3,4-TETRAHYDRO-1,4-
ETHYLIDENEBENZOTROPYLIUM SALTS
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A series of tropylium ions incorporated into bicyclo[2.2.1]heptane
skeleton having exo-methylene w-system, 1,2,3,4-tetrahydro-1,4-
ethylidenebenzotropylium salts, has been synthesized and their

charge-transfer interaction and the thermodynamic stability have
been examined.

In our recent studies on the synthesis and intramolecular charge-transfer (CT)
phenomena of some bicyclic compounds which consist of the donor and acceptor com-
ponents with rigid and nonparallel spatial arrangement, we have described the
synthesis of 1,4-dihydro-1,4-ethano- (%)1) and 1,4-dihydro-1,4-ethenobenzotropylium
tetrafluoroborate salts (%)2) and their CT phenomena between the tropylium ion and

remote ethylenic m-system. In this paper we wish to report our study on the title
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/ N—R?
1 2 3 KR

compounds 3 in which the donor ethylene 7-system is in more disadvantageous po-
sition than in % and % with respect to spatial orbital overlap between two T-
systems.

We have previously developed a facile synthetic method for construction of the
bridged tropylium ion which is based on the Diels-Alder reaction of 4,5-dehydro-
3)

tropone generated in situ with appropriate diene and subsequent conversion of the

tropone ring into the tropylium ion.4) Application of this method to fulvenes is
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expected to give the desired skeleton leading to 3. Thus, reaction of l-amino-

6 (1H) -cycloheptatriazolone (é)s) with an equivalent of lead tetraacetate in the
presence of a large excess of 6,6-dimethylfulvene (Ra) in dichloromethane at 0 °C
for 3 h gave the adduct QQS) in 40% yield which was reduced with diimide

(KOOCNNCOOK/MeOH/AcOH, rt.) to give Z@S) in 46% yield. Reduction of IR (NaBH4/H20-

o
N
1
NH, HN:=NH
R' R? Pb(OCOCH3)4
5 R? R2
= 6 R R'
~ OH 7
Jab e (PhO)3PMe I~ NaBH,
9 8

MeOH, rt., overnight) gave an epimeric mixture of the alcohol @gs) in 65% yield.

Dehydration of §a to the tropilidene ggs) was best achieved with methyltriphenoxy-

6)

phosphonium iodide in HMPA, which gave 9a at 50 °C for 1.5 h under nitrogen in

46% yield. Final conversion of da into the tropylium ion é@7) was carried out by

usual hydride abstraction with trityl tetrafluoroborate. The cation salts éks) and

9)

ég were also obtained in a similar

manner. Because of the highly hygro- T T v T v T
scopic nature of its tetrafluoro- log€
borate salt, the cation ék was iso-

lated as the perchlorate in a pure 40
form.

In the electronic spectra in

dichloromethane shown in Figure 1, 30r 7
the cation ~@&» 3b, and ¢ exhibit

long wavelength absorption bands at .,
374, 388, and 416 nm, respectively,lo) 2800 ‘ 3&0 . 450 . 550|u;

which show marked blue shift to 358,

Figure 1. Electronic spectra of 3a (

),

368, and 387 nm upon changing the
3b (===), and 3¢ (sseeeene ) in dichloromethane.

solvent to more polar acetonitrile.



Chemistry Letters, 1982 461

These observations together with the concentration independence of the absorption
intensities suggested that the bands observed in the long wavelength region are to
be assigned to the intramolecular CT transitions between exocyclic methylenes and
the remote tropylium moieties.

This assignment is further supported by the substituent effect; for a
series of tropylium ions 3 there is a progressive red shift of the absorption

maximum in the long wavelength region with decreasing ionization potentials of the

donor moieties, 1,1-dimethylethylene (9.45 eV),ll) styrene (8.50 eV),lz) and 1,1-
diphenylethylene (8.25 eV).lz’ls)
+03
gs
- 3b -1+03
ol L d
B 7 °'r7\ Figure 2. Plots of pKR+ values for
oF - 3a, 3b, and 3¢ against g and o; values
Qg of the substituents on the exocyclic
B 10 double bond.
-03} -1-02
1 | 1
9.0 8.0 70 PKg*

In order to examine the thermodynamic stability of s, the pKR+ values were
determined spectrophotometrically in 20% aqueous acetonitrile. It is apparent that
the stability of the tropylium ion is substantially enhanced in 3a (pKR+ = 8.55)
compared with 3b (pKR+ = 7.32) and K] (pKR+ = 6.92). This trend can be attributed
to the increase in the electron donating inductive effect of the substituents on

the bridged exocyclic methylene moiety. This is further supported by the fact that

+14)

the plots of the pKR+ data against the sum of On

or 0114) for the substituents
on the exocyclic methylene group provide good straight lines (correlation coef-
ficient, 0.9998 and 0.9954, respectively) as shown in Figure 2. Like the tropylium
ions such as %1) and %,2) a dominant factor affecting the thermodynamic stability
of the present system is also the electron donating inductive effect of the bridged

segment and the stabilization by electron supply from the remote ethylene m-system

would not be significant in the ground-states of these molecules.
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In the long wavelength region of weak absorption (320-450 nm), both KF) and Ko
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