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Abstract: A series of azulene analogues of tniphenylmethyl cation, tri(1-azulenyl)-
methyl cation, di(l-azulenyl)phenylmethyl cation, (l-azulenyl)diphenylmethyl cation,
and their methyl and methoxycarbonyl derivatives were synthesized Their pKg+
values showed that the stability of these cations dramatically 1increases with the
number of azulene mings, and the pKg* values of tri(l-azulenyl)methyl cation (11 3)
and uts tnimethyl denvanve (11 4) are the highest ever reported for methyl cations
substituted with hydrocarbon groups

The syntheses of extremely stable cyclic hydrocarbon carbocation 1, wh'oh
consists of tropylium 1on annelated with three bicyclo[2 2 2]octenes (pKgr+ 130, the
highest value ever reported), and tricyclopropyleyclopropenium ion 2 (pKg+ 100,
have rtecently been rteported ? Theoretical calculations® and a large dipole moment*
of azulene suggested that azulene should stabilize cations attached at 1-position
through p-p interaction as shown by tri(3-guaiazulenyl)cyclopropenium 1on 3 (pKgr+ >
10) ° Accordingly, tri(1-azulenyl)methyl cation 4 can be expected to show
extraordionary stability by the contnbution of resonance forms, eg 4'

Here, we report the synthesis and the pKgr+ values of azulene analogues of
triphenylmethyl cation §, tri(l-azulenyl)methyl, di(1-azulenyl)phenylmethyl, and (1-
azulenyl)diphenylmethyl cations and their methyl and methoxycarbonyl derivatives
Tri{1-azulenyl)methyl cation and 1ts 3,3',3"-trimethyl derivative show pKg* 113 and
11 4, respectively, the highest values as methyl cation substituted with hydrocarbon
groups ever reported

Two methods have been reported respectively for the synthesis of tri(1-
azulenyl)methyl cation 4, but we found neither method gave the desired cation,
namely, 1) the reaction of azulene with tetraethyl orthocarbonate in nitromethane 1n
the presence of HCl was found to give polymeric cation, whose stracture has not been
clanfied yet, 2) the reaction of tri(1-azulenyl)methane with Ph;C*PF;" was found to
give not tri(1-azulenyl)methyl cation by hydride abstraction but di(1-azulenyl)-
methyl cation by extrusion of one azulene ring
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Synthesis of tri(1-azulenyl)methyl cation 4 was finally accomplished by the
hydride abstraction of tri(l-azulenyl)methane with DDQ

Tri(1-azulenyl)methane 6a has been obtained by the auto-oxidation of azulene
with Oy 1n 32% yield as one of many products7 The compound 6a was effectively
synthesized by the reaction of 1-formylazulene with azulene under an acidic
condition A muxture of 1-formylazulene with two molar equivalents of azulene 1n
acetic acid was stirred at room temperature for 3 days to yield tri(l-azulenyl)-
methane 6a m 30% yield, accompanied with 1,3-bis[d1(1-azulenyl)methyl]azulene 7 1n
14% yield Tri[1-(3-methylazulenyl)]methane 6b® and tri[1-(3-methoxycarbonyl-
azulenyl)]methane 6¢’ were also obtained by similar reactions of 3-methyl- and 3-
methoxycarbonyl-1-formylazulenes with the respective 1-methyl- and 1-methoxy-
carbonylazulenes 1n 70% and 94% yields, respectuively

6a R=zH 7
6b R = Me
6c R = COOMe

Hydnde abstraction of these tri(1-azulenyl)methanes 6a, 6b, 6¢ by the reaction
with PhsC*PF¢  afforded the corresponding diazulenylmethyl cations 8a,'’ 8b, 8¢ n
98%, 98%, and 98%, yields, respectively, by extrusion of one azulene ming each, and the
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corresponding 1-triphenylmethylazulenes 9a,'' 9b and 9¢, and 1,3-bis(triphenyl-
methyl)azulene 10'! from 6a

However, hydnide abstraction of 6a by the reaction with DDQ m CH,Cl,, followed
by exchange of counter amion with PFs by addition of 60% HPFs aqueous solution was
found to yield tri(l-azulenyl)methyl hexafluorophosphate 4a quantutatively as a
deep-blue powdc:‘,r.12 Similarly, its 3,3',3"-trimethyl- 4b and 3,3',3"-trimethoxy-
carbonyl derivatives 4c¢ were also obtained quantitatively from the corresponding
methanes 6b, 6¢, respectively Reduction of 4a and 4b with LiAlH; in THF-CH)Cl,
afforded the corresponding triazulenylmethanes in around 20% yields

In a similar manner, di{l-azulenyl)phenylmethyl cation (12a) and (l-azulenyl)-
diphenylmethyl cation (14a) and theirr methyl (12b, 14b) and methoxycarbonyl
(12¢, 14¢) dervatives were also synthes1zed,9 starting from the substituted methanes
(11, 13) which had been obtained by the reaction’?
with benzaldehyde and benzhydrol, respectively

of the corresponding azulenes

PFs H PF&
+ CPh
1) DDQ 6 ph:,c°l='|=t-,!;i O ﬁ ’
+2) HPF Q O OQ OQ
CPh, CPhy
4a R=H 8a R=H 9a R=H 10
4b R = Me 8b A=Me 9b R = Me
4¢ R = COOMe 8c R=COOMe 9c R = COOMe
R
o '; .z ;:
11 12a R=H 14a R=H
12b R = Me 14b R = Ms
12¢ R = COOMs 14c R = COOMe
Table I pKg*+ Values of (l-azulenyl)methyl cations ®
Compounds 4 12 8 14 5
a, R=H 113 105 73 30 -6 !
b, R=Me 11 4 10 8 87 37
¢, R=COOMe 10 3 34 21 008"

* Measured at 24 °C m buffered solution m 50% aqueous MeCN
® Measured 1n H,S0,4-H,0 system
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The pKr+ values of all cations obtained here were determined spectrophoto-
metrically at 24 °C i buffer solutions prepared in 50% aqueous MeCN, and are shown
m Table I The pKg+ values dramatically increase with the number of azulene rings
As expected, the methyl substituent slightly 1ncreases the value and the
methoxycarbonyl group decreases the stability of the caton  The pKg* values of tri(l-
azulenyl)methyl cations 4a (11 3), 4b (114), and 4c¢ (103) are higher by 40, 27 and
82 pKp* unit than those of the corresponding di(l-azulenyl)methyl cations 8a, 8b, 8¢,
and the value of 4a 1s 17 7 pKr* umt higher than that of triphenylmethyl cation (pKr*
-6 4) '* The pKg* of 4b 1s the highest values as a methyl cation substituted with
hydrocarbon groups ever reported

Table 1 also shows that the methoxycarbonyl group particularly destabilizes di-
and monoazulenylmethyl cations as observed in 8¢, 12¢, and 14c  However, there 1s
a small difference in pKgr* values between 4a,b, and 4c, compared to others  The
small difference in tri(1-azulenyl)methyl cations can be explained in terms of stencal
protection of the cation from an attack of bases by large azulene rings Therefore, 1t 1s
considered that the extreme stability of tri(1-azulenylymethyl cations mainly depends
on the contribution of the resonance structure 4' and to some extent on the steric
effect of azulene rings
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