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Abstract: A series of azulene analogues of trlphenylmethyl catlon, trl(l-azulenyl)- 
methyl cation, dl( 1-azulenyl)phenylmethyl cation, (1 -azulenyl)dlphenylmethyl cation, 
and their methyl and methoxycarbonyl derivatives were synthesized Their pKR+ 
values showed that the stability of these catlons dramatically increases with the 
number of azulene rings, and the pKR+ values of trl(l-azulenyl)methyl cation (11 3) 
and its trimethyl derlvatlve (11 4) are the highest ever reported for methyl cdtlons 
substituted with hydrocarbon groups 

The syntheses of extremely stable cyclic hydrocarbon carbocatlon 1, wh*Lh 
consists of tropyllum ion annelated with three blcyclo[2 2 2loctenes (~KR* 13 0, the 

highest value ever reported), and trlcyclopropylcyclopropemum ion 2 (~KR+ 10 Oj, 

have recently been reported I*’ Theoretical calculatlons3 and a large dipole moment4 

of azulene suggested that azulene should stabilize cations attached at 1-posltlon 

through p-p mteractlon as shown by trl(3-gualazulenyl)cyclopropenlum ion 3 (pKR+ > 
10) 5 Accordingly, trl( 1 -azulenyl)methyl cation 4 can be expected to show 

extraordlonary stablllty by the contrlbutlon of resonance forms, e g 4’ 

Here, we report the synthesis and the pKa+ values of azulene analogues of 
trlphenylmethyl cation 5, tn( 1 -azulenyl)methyl, dl( 1 -azulenyl)phenylmethyl, and (l- 

azulenyl)dlphenylmethyl cations and their methyl and methoxycarbonyl derlvatlves 
Tn(l-azulenyl)methyl cation and its 3,3’,3”-tnmethyl derivative show pKR+ 11 3 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 trl(l- 
azulenyljmethyl cation 4,6S7 but we found neither method gave the desired cation, 

namely, 1) the reaction of azulene with tetraethyl orthocarbonate In mtromethane m 

the presence of HCl was found to give polymeric cation, whose stracture has not been 
clarified yet, 2) the reaction of tn(l-azulenyl)methane with Ph3C’PF6- was found to 

give not tn(l-azulenyljmethyl cation by hydride abstractlon but dl(l-azulenyl)- 
methyl caaon by extrusion of one azulene rmg 
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Synthesis of tn( 1 -azulenyl)methyl cation 4 was finally accomplished by the 
hydride abstraction of tn( 1 -azulenyl)methane with DDQ 

Trl(l -azulenyl)methane 6a has been obtamed by the auto-oxldatlon of azulene 
with 02 m 3 2% yield as one of many products 7 The compound 6a was effectively 
synthesized by the reaction of 1-formylazulene with azulene under an acldlc 
condltlon A mixture of I-formylazulene with two molar equivalents of azulene in 

acetic acid was stirred at room temperature for 3 days to yield trl( l-azulenyl)- 

methane 6a m 30% yield, accompamed with 1,3-bls[dl( 1 -azulenyl)methyl]azulene 7 m 
14% yield Trl[l-(3-methylazulenyl)]methane 6b8 and trl[l-(3-methoxycarbonyl- 
azulenyl)]methane 6c9 were also obtamed by slmllar reactlons of 3-methyl- and 3- 
methoxycarbonyl-1 -formylazulenes with the respective l-methyl- and 1 -methoxy- 
carbonylazulenes in 70% and 94% yields, respectively 
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Hydride abstraction of these trl(l-azulenyl)methanes 6a, 6b, 6c by the reaction 
Ph3C+PFsW afforded the correspondmg dlazulenylmethyl cations 8a,” 8b, 8c m 
98%, and 98%, yields, respectively, by extrusion of one azulene ring each, and the 
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corresponding I-trlphenylmethylazulenes 9a,” 9b and 9c, and 1,3-bls(trlphenyl- 

methyl)azulene 10” from 6a 
However, hydnde abstractlon of 6a by the reactlon with DDQ m CHKJlz, followed 

by exchange of counter amon with PF 6 by addltron of 60% HPF6 aqueous solution was 

found to yield tn( 1 -azulenyl)methyl hexafluorophosphate 4a quantltatlvely as a 
deep-blue powder.12 Slmllarly, Its 3,3’,3”-tnmethyl- 4b and 3,3’,3”-trlmethoxy- 

carbonyl derivatives 4c were also obtained quantltatlvely from the correspondmg 

methanes 6b, 6c, respectively Reduction of 4a and 4b with LlAlH4 m THF-CH2Clp 

afforded the corresponding trlazulenylmethanes m around 20% yields 

In a similar manner, dl(1 -azulenyl)phenylmethyl cation (12a) and (1 -azulenyl)- 

dlphenylmethyl catlon (14a) and their methyl (12 b, 14 b) and methoxycarbonyl 
(12c, 14~) derlvatlves were also synthesized,’ startmg from the substituted methanes 

(11, 13) which had been obtained by the reactlon13 of the correspondmg azulenes 
with benzaldehyde and benzhydrol, respectively 

H Ph- 

4a R=H 6a R=H 9a RcH 10 
4b R=Me Bb R=Me 9b Rch4e 
4c R=COOMe EC R=COOMe 9c R = COOMe 

11 12a R=H 13 
12b R=h4e 
12~ R q  COOMs 

Table I pKa+ Values of (1-azulenyl)methyl cations a 

14a R=H 
l4b R=Me 
14c R q  COOMe 

Compounds 4 12 8 14 5 

a, R=H 11 3 10 5 73 30 -6 b 
b, R=Me 11 4 10 8 87 37 

c, R=COOMe 10 3 34 21 0 OSb 

a Measured at 24 “C m buffered solution m 50% aqueous MeCN 
b Measured m H2S04-H20 system 



776 

The pKa+ values of all cations obtained here were determmed spectrophoto- 

metrically at 24 “C m buffer solutions prepared in 50% aqueous MeCN, and are shown 
m Table I The ~KR+ values dramatlcally increase with the number of azulene rings 
As expected, the methyl substltuent slightly increases the value and the 
methoxycarbonyl group decreases the stab&y of the cation The pKR+ VaheS Of trl(l- 

azulenyl)methyl catlons 4a (11 3), 4b (11 4), and 4c (10 3) are higher by 4 0, 2 7 and 
8 2 ~KR+ umt than those of the correspondmg dl(l-azulenyl)methyl catlons Sa, 8b, 8c, 

and the value of 4a 1s 17 7 ~KR+ unit higher than that of trlphenylmethyl cation (~KR+ 
-6 4) l4 The ~KR+ of 4b 1s the highest values as a methyl catlon substituted with 
hydrocarbon groups ever reported 

Table I also shows that the methoxycarbonyl group particularly destabilizes dl- 

and monoazulenylmethyl catlons as observed in 8c, 12c, and 14c However, there IS 

a small difference m ~KR+ values between 4a,b, and 4c, compared to others The 

small difference m tn(l-azulenyl)methyl cations can be explained m terms of sterlcal 

protection of the catlon from an attack of bases by large azulene rings Therefore, It 1s 

considered that the extreme stablllty of tn( 1-azulenyl)methyl cations mainly depends 
on the contrlbutlon of the resonance structure 4’ and to some extent on the sterlc 

effect of azulene rings 
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