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Abstract The titled cation 4 has been synthesized and its properties and chemical reacuvities investigated in detail

The cation 4 was shown to be formed in high yields not only by hydride abstraction from but also by the action of
halogenoacetic acids upon the cycloheptatriene derivative 6 Based on the results of UV-Vis and NMR spectroscopies
together with 1odometric analysis, this reaction was shown to proceed via protonation of 6 followed by dehydrogenation
with molecular oxygen The cation 4 was also shown to be formed by the action of rather weak Brgnsted acids such as
H3PO4, H2CO3, H3BO3, CeHSOH, and CH3NO) upon the 7-methoxycycloheptatriene 10 These facts are in
agreement with the extraordinarily high thermodynamic stability of 4 as is shown by uts pKR + value, 13 0 (50%
aqueous CH3CN, 25 °C) The cation 4 does not show any reactivity towards the nucleophiles with the pKg4 of
conjugate acid smaller than 10 3 except for the case of a slow reaction with CN™ (pK4(Nut) 9 21} Also 4 does not
react with the carbanions R™ with pK4(RH) below 8 3, such as the ins(7H-dibenzo[c,g]fluorenylidenemethyl)methyl
amon (Kuhn's amon, C67H39™) and the 9-cyanofluorenyl anion, and a new hydrocarbon salt, 4 Cg71139°, was 1solated

In contrast, the reaction of 4 with the carbanions R~ with pK o(RH) larger than 11, such as dicyanomethyl, a-cyano-p-
nitrobenzyl, 1,1-dicyanoethyl, and dibenzo[c.g]fluorenyl amons, afforded the covalent compounds 4-R Whereas the
compound 4-R (as represented by the case of R=dibenzo[c.glfluorenyl) only regenerated the cation 4 upon treatment
with the trityl cation, the 7-methylcycloheptatriene 13 afforded the fully substituted cation 14, which was found to be
rather destabilized (pKg+ 12 4) as compared with the hexasubstituted cation 4

It 15 of great importance 1n carbocation chemistry to pursue the highest thermodynamic stability for the
carbocations having no conjugatively stabilizing hetero-atoms and clanfy the mode of stabihizauon operating
therein

For cyclopropenylium 1ons, the ¢-conjugation of cyclopropyl groups has been shown to be far more
stabihizing than the inductve effect of simple alky] groups,2 which in turn was known to be more stabilizing than
n-conjugation with phenyl groups 3 In the tropylium 1on senes, the same order of substituent effects holds, but
the stabihzation by cyclopropyl groups met with limitation due to the saturation effect4 Apparently, the
requirement for the cyclopropyl group to assume the bisected conformation decreases as the cation becomes more
stabilized by higher substitution

These observations led us to examine the effect of annelation of the tropylium ion with a
bicyclo[2 1 1]hcxene unit as 1n the cation 2, whose G-framework 15 strained simlarly to a cyclopropyl group and
yet ngidly fixed to the cationic n-system The expected -1t conjugation wath the tropylium ring, however, was
opposed by destabilization of the catiomic ring due to the increased angle strain brought about by annelation with
such a highly stramned system3 (Table 1)
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Table 1 Companson of pKgr+ and Reduction Potential (Epeq) for
Representative Disubstituted Tropylium Ions

Tropylum 10n PKR+ Ered (CH3CN) Substituent effects
(50% aq. CH3CN) V vs Ag/Agt
Unsubstituted ¢ 388 -051 None
1,4-(t-Bu);- 9 5.42 -072 Inductive
1,4-(cyclo-Pr)p- 4 763 076 o-Conjugative
1,2-bicyclo[2 1 1]hexeno- (2)° 510 071 o-Conjugative munus angle stramn

1,2-bicyclo[2 2 2]octeno- (3) # 780 -0.765 o-Conjugative plus Inductive

GRef 4 DRef 5

Rather, annelation with a much less strained bicyclo[2 2 2Z]octene unit as in the cation 3 was found to be as
effective as substitution with two cyclopropyl groups 1n stabilizing the tropylium 10n as shown 1n Table 1
Apparently, the stabiizing effect of a bicyclo[2 2 2]Joctene unit 1s due to both the inductive electron donation and
o-% conjugation of the tropylium 2p orbitals with the ¢-bonds which are ngidly fixed at the position nearly
parallel to the vacant 2p orbitals These facts are 1n agreement with the resulis of theoretical calculations by
INDO (Table 2), which demonstrate that, for the three model cauons 1, 2, and 3, the total charge density on the
tropylum ring decreases while the x-bond order between the cationic carbon and the a-carbon of the substituent
increases, in this order The charge distribution 1n the cationic ring of 3 does not show too much alternation such

as1n 2
2 2 o
A = =
1 2 3

Table 2 Results of MO Calculations by INDO

Cation n-Bond order  Total charge Charge density
(Ca-Cl) density on the C-1 C-2 C-3 C4
tropyllum nng
1 02277 +0 6423 +00968 +00805 +00986 +00906
2 02359 +0 6202 +01089 +00546 +01135 +00662
3 02500 +0 6098 +00910 +00765 +00940 +0 0868

From these results, tris-annelation of the tropylium ring with bicyclo[2 2 2]octene umits 1s expected to
afford a highly stabilized new carbocation, and this was shown to be true as has been reported 1n a preliminary
communication 6 the tris-annelated cation 4 was found to exhibit the
highest pKr+ value ever reported (13 0 1n 50% aqueous acetonitrile) ‘

In the present paper are described the full accounts on the formation @"
and properties of this highly stabilized carbocation as well as its
chemical reactuvity ‘ 4
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Synthests of the cation 4

In spite of the severe steric hindrance caused by the bicyclic o-frameworks, the central n-system of
tnis(bicyclof2 2 2]Jocteno)benzene (5)7 was enlarged by the CuBr-catalyzed reaction with a large excess (ca 30
equiv) of diazomethane to give the cycloheptatriene derivative 6 1n 30% yield (73% based on the consumed 5)

RESULTS AND DISCUSSION

5

6
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Conventional hydnide abstraction from 6 by the use of a trityl salt afforded the objective cation 4 1n high
yield The spectral data of 4 are given 1n Table 3 together with those of the mono-annelated cation 3 and the
fully substituted cation 14 (vide infra) The definte upfield shifts observed for both the 13C and 1H NMR
signals of the tropylium ring 1n 4 as compared with 3 indicate decreased

charge density on the cationic ring in 4 in agreement with 1ts enhanced ‘ "
thermodynamic stabihity CH, T
| 14
Table 3 Spectral Properties of the Cations 3, 4, and 14
Cation !HNMR (CD3CN) & 13C NMR (CD3CN) & IR (KBr) v UV (CH3CN)
=CH*- _CH< CHp< =C*< :CH*- -CH< CHp< cm-l Amax nm (log £)
3 898 376 211 1765 1522 425 245 2950 2874 1636 225 (4 64)
Clos (GH) QH) “4H 1515 1479 1466 1450 285 (3 68)
146 1512 1319 1122 1024 297 (3 64)
4H) 812 758 625
4 855 413 205 1683 1442 427 250 2951 2873 1625 256 (471)
SbFg (1H) 2H) (12 H) 166.0 366 248 1458 1420 1320 308 (4 01)
407 144 1639 361 247 1270 1245 1173
(ZH) (12H) 1040 1025 814
356 658
2H
14 - 396 203 1649 - 366 248 2950 2870 1620 262 (473)
SbFe¢- (6H) (12H) 162 6 360 247 1448 1322 1287 317 (393)
143 162 4 358 2455 1172 1137 1024 330 (391)
(12 H) 1623 818 650
282 (3H, CH3) 246 (q, CH3)

Formation of the cation 4 by protolytic iomzation (oxidation) of the hydrocarbon 6
In the course of a preparative study of the cation 4, 1t was found that the cycloheptatriene 6 can be cleanly
1omzed to 4 simply by dissolving 1n trifluoroacetic acid (TFA) 1n dichloromethane
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Direct conversion of hydrocarbons 1nto carbocations by the action of strong acid such as superacids® has
been of considerable interest as one of the fundamental reactions in petrochemcal processes However, the
mechamsm for such a reaction, as represented by direct hydnde abstraction by a proton, has been a subject of
controversy, except for a very clean reaction yielding a stable saturated carbocation of a rather unusual structure
recently reported by McMurry 9 For the formation of n-conjugated carbocations, 1t has been reported that the
strong acid having oxidizing ability such as fluorosulfomc acid 1s effective 10 The acid-catalyzed oxidation of
cycloheptatriene has also been reported, but the yield of the tropylium 10n based on cycloheptatriene 15 low with
considerable polymenzation 11

Compared with these results, the present observation, 1e the highly efficient conversion of the
hydrocarbon 6 to the cation 4 by the use of a simple acetic acid denvative 1s quite remarkable  As 1s shown 1n
Table 4, the 10nzation rate apparently depends on the acid strength In acetic acid, the reaction 1s quute slow, but
after about one month, the cation 4 was formed 1n 65% yield

Table 4 Iomzation of 6 to 4 by the Action of Acetic
Acid Denvatives 1n Dichloromethane under Air at 25 °C

Acd PKa) Concentration, M Time 4
fAcd]  [6] hr  Yild %4

CClCOH (0 89) 10 10x103 4 71

32 30x105 2 99

CHCI,CO2H (1 30) 10 10x10-3 4 64

CHCICO;H (2 86) 10 10x10-3 4 58

29 30x10-5 03 85

CH3COH 4176) 10 10x10-3 4 ~0

156 30 x10-4 890 65

@ Determined by UV spectroscopy b Neat.

The mechamsm of this reaction was examined by the use of UV-Vis and NMR spectroscopies  When the
cycloheptatriene 6 was dissolved in TFA, yellow coloration (Amax 452 nm) was immediately observed. As
shown 1n Figure 1(a), this absorption gradually decreased with concomitant increase of the absorption at 308 nm
corresponding to the cation 4 In contrast to this, the first-formed yellow species was much more stable i the
absence of air (Fagure 1(b)) The 'H NMR spectrum of this yellow solution prepared under vacuum (Figure
2(b)) exhibited three groups of signals, 1e a group of broad singlets (8 3 68, 3 53,343, 331,318 and 2 09)
corresponding to the bridgehead protons, a group of broad multiplets (8 2 26-1 43) of the bnidging ethylene
protons, and a group of multiplets which were wiped out in TFA-d and were therefore assigned to the
exchangeable protons, Hy, (8 2.98 (dd, J = 19 5, 19 2 Hz)), Hp (8 288 (dd, J = 19 5, 5 4 Hz)), and H¢ (8 2 53
(dd, J=192,54 Hz)) These assignments were further confirmed by the use of 2D (COSY and C/H COSY)
NMR techmique Since the 13C NMR spectrum exhibited the signals typical for the substituted pentadienyl cation
(8202 1, 2007, 199 4, 150 3, 147 2), the most probable structure of this species 1s supposed as the caton 7
(Scheme 1) After 2 days at room temperature, the 1H NMR spectrum exhibited an appreciable change, although
the color and the UV-Vis spectrum of the solution stayed almost unchanged The typical spectrum is shown 1n
Figure 2(e) here, the onginal signals assigned to 7 are greatly reduced and instead 1s observed the growth of
new signals assignable to another pentadienyl cation 8 (Scheme 1) (8157 27 (s, Hg), 271 and 261 (dx 2,/ =
21 4 Hz, Hp and H.), 813¢ (sp2 carbons) 212 0, 205 0, 202 1, 149 0, 131 5) as well as the signals of the final
product 4
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Fig 1 UV-Vis spectral change of 6 (1x10-3 M) 1n a solution of TFA (1 M) m
CH,Cl5 at room temperature (a) under arr; (b) under vacuum (<104 Torr)

Hy 7
Ha Hp (Y In TFA-d - CO,CT,
He § In TFA-d ~CD,C1 (d)
(a) 22 .
Ha Hpe
(c) + T
(e)
—_——
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Fig 2 1H NMR spectra (270 MHz) of 6 (ca 0 05 M) 1n a solution of TFA or TFA-d
(ca 6 M) in CD,Cly under vacuum at room temperature (a) after 0 2 hr in TFA-d - CD2Cly,
(b) after 0 2 hr in TFA-CD,;Cl; (an expanded spectrum is shown m (c)), (d) after 30 days in

TFA-d - CD2Cly, (e) after 30 days m TFA-CD»Cly ({ denotes signals of 4)

The time-dependent change 1n distribution of the canons 7, 8, and 4 estimated from the 1H NMR spectra 1s
shown 1n Figure 3 From Figure 3(a) 1t 1s apparent that at about 2 days after preparation of the solution a quasi-
equilibrium between the cations 7 and 8 1s attained and 1s followed by very slow formation of 4 at the expense of
the cation 7 12 However, when air was introduced at 2 hr after preparation of the solution, the amount of the
tropylium 10n 4 smoothly increased with a concomitant decrease 1n the cation 7 as 1s shown in Figure 3(b) Thus
molecular oxygen must be playing an important role 1n the formaton of 4 In fact, farmation of a peroxide (most
probably H2O2) 1n an amount corresponding to more than 60% of the product 4 was confirmed by rodometrical
analysis of the final sample solution
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Fig 3 The ume dependent change 1n distribution, estimated from H NMR spectra, of the cations
7.8, and 4 1n a solution ongnally prepared with 6 (ca. 0 05 M) 1n a solution of TFA (ca 6 M)
m CD,Cly, (a) under vacuum, (b) after introduction of arr, both at room temperature

From these results, the overall reaction 1s supposed to proceed as shown in Scheme 1 Among the
pentadienyl cations 7, 8, and 9 produced 1n the protonation-deprotonation equilibna, the cations 7 and 8, 1n
which the pentadienyl's C-1, C-3, and C-5 carbons are all substituted, are supposedly more stabilized than the
cation 9 and were directly observable Abstraction of two hydrogen atoms by triplet oxygen from either 7 or 8
can afford the final tropylium 1on 4 To the best of our knowledge there seems to be no precedent for such high-
yield transformation of a hydrocarbon to a carbocation by the action of carboxylic acid and air The most
mmportant factor leading to the present result appears to be the remarkably high thermodynamic stability of the
product cation 4, 1n additton to the structural protection, by surrounding o-frameworks, of the intermediate
pentadienyl cations against polymernzation

Scheme 1

Reacnions of the tropylium on 4

The pKRr+ value of the cation 4 has been determined spectrophotometnically as 13 0 1n 50% aqueous
acetonitrile at 25 °C 6 The spectral change was completely reversible, the cation bemng quantitatively regenerated
upon acidification of the once neutralized solution This implies that the cation 4 can be generated from its
covalent counterparts (alcohols or ethers) upon treatment with a Brgnsted acid of pK3<12 In good accordance,
besides strong acids such as HBr, rather weak Brgnsted acids such as H3POy4 (pKa!3 2 15), carbonated water
(H2CO3, 6 36), H3BO3 (9 24), C¢H50H (9 99), and CH3NO> (10 21) were found to be able to 1onize the
methoxycycloheptatriene 10 1nto 4 (Scheme 2) when examined by 1H NMR spectroscopy in CD3CN
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HX
CH;O —» 4X° + CH3OH

10

Scheme 2

These facts are also 1n agreement with quite low reactivity of the cation 4 towards various nucleophiles When
examined by UV spectroscopy 1n Hz0O, the cation 4 showed no reactivity toward the nucleophiles (added as Na*
or K+ salts) such as NCO- (cyanate 1on) (pK,!3 of the conjugate acid, 3 46), N3- (4 59) CH3CO2" (4 76),
Cr042- (6 50), CeH5S- (6 50), SO32- (7 21), C¢HsO- (9 99), and CO32- (10 33) The only one exception was
the reaction with CN- (pKa!3 of the conjugate acid 9.21), which was very slow (t12 130 m1n at 25 °C, when
[4]=1x10-3 M, [CN-]=5x104 M) but afforded a mixture of 1somernic 7-cyanocycloheptatnienes 11a, 11b, and
11c¢ (in a ratio of approxmmately 10 04 0 2), among which the least strained 1somer 11al4 was the major
product It may be inferred here that not only the basicity of the nucleophile but the bond energy of the newly
formed covalent bond 1s playing an important role 1n determiming the reactivity of 4

NC NC H NC
H

11a 11b 11c

In addition to the extraordinarily high pKg* value, the cation 4 1s also charactenzed by a highly negative
reduction potential (-1 120 V vs Ag/Ag* 1n acetomtrile) as compared with the unsubstituted cation (-0 510 V),
and resists any attempt for chemical one-electron reduction with metallic powder such as Zn, Mg, and Al

Reactions of the tropylium ion 4 with carbanions

In order to obtain further insight 1nto the correlation between the cation’s reactivity and amon’s stability, the
reactions of the cation 4 with potassium salts of various carbanions were investigated next The reactions were
carried out either in dimethyl sulfoxide (DMSO) (followed with UV-Vis spectroscopy) or in tetrahydrofuran
(THF) - CH3CN on a preparative scale

As summanzed 1n Table 5, the covalent bond formation becomes dominant as the stability of carbanion R-
decreases A borderline between carbocation-carbanion coexistence (1 ¢ no reaction between 4 and R-) and
covalent-bond formation appears to be present between the entries 2 and 3, that 15, between the reactions with the
carbanions whose precursor's pK, values are 8 3 and 11 0

According to the Amett's thermodynamic "master equation” for carbocation-carbanion reaction (equation
1),15

AHpet = ~AHxp = 11 98 -1 178pKR* + 1 176pK, ¢))

the value of AHxp should be negative, that 1s, the covalent-bond formation should be favorable between the
present cation 4 (pKgr* 13 0) and the carbamons with precursor's pKa (= pKa(RH)) larger than 28 A
discrepancy between this predicted value (2 8) and observed pKo(RH) value (8.3 - 11 0) may be attributed to the
considerable steric hindrance between cationic carbons of 4 and the reaction center of various carbanions In
fact, a change 1n reactivity due to the steric hindrance 1s apparent from the companson of entries 3 and 5 i Table
5 The 1,1-dicyanoethyl anion, which 1s a tertiary carbanion, exhibits no reactivity towards the cation 4 1n
DMSO 1n spate of 1ts lower thermodynamic stability than the dicyanomethyl anmion
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Table 5 Results of the Reaction of the Cation 4 with Carbamions R~

Products?

m DMSO®  in THF-CH3;CN?

1 (%CH)—SC- 59°¢ 4 + R” 4 RS
2 gtcn 83¢ 4 + R 4 +R

Entry R~ pK.RH)Y

h
3 NC, - 4-R 4-R
NC'CH 110 (single product) (single product)
R - 123 4-R 4R
4 P (single product) (single product)
NC
NC, - g - 4-R
5 Nc’c-CHs 12.5 4 + R (+ byproducts)

6 - 16 8 J 4-R 4-R
(single product) (single product)

H
4R = n)‘% b Determined n DMSO

¢ [4]=[R’]=Sx104 M 44=R1= 5><10'2 M ¢ Ref. 17

/ The salt 4 R* was 1solated (see text)

& Bordwell, F G, Hughes, D L J Org Chem. 1983,48, 2206

k Bordwell, F G Acc Chem Res,1988,21, 456

t Amett, E M, Chawla, B, Amarnath, K Witesell, Jr, L G
Energy and Fuels, 1987,1, 17

4 Kuhn, R; Rewicki, D. Liebigs Ann Chem 1967,704, 9

Preparation of a new hydrocarbon salt

We have already reported 1solation and properties of a senies of new "hydrocarbon salts,” 1.e carbocation-
carbamon salts composed of only carbon and hydrogen.16 In the present work another such salt was isolated
from the reaction of 4 with the highly n-conjugated carbanion, tris(7H-dibenzo{c.g]flucrenylidenemethyl)methyl
anton!7 (Kuhn's carbamion, CsaH3g™), carned out 1a THF-CH3SCN (entry 1 1n Table 5). The salt (4 Cs4H3g7) 15
adark green powder and 1ts structure was established based on clemental analysis and on the IR (sohid sample 1n
a KBr disk; Figure 4) and the UV-v1s spectra (solution in DMSO; Figure 5), each of which consisted of the
spectra of the respective cation and anton superimposed.
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Fig 4 The IR spectrum (KBr disk) of the salt 4 Cg4H3g"
closed circle, absorptions of 4, open circle, absorptions of CeaH3g™
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Fig 5 The UV-Vis spectrum of the salt 4 Cg4H3g™ tn DMSO

solid line, an observed spectrum, broken line, 4, dotted line, CgqHzy"
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Reactions of the covalent compounds 4-R

In order to prepare the 7-substituted tropylium-ion derivanve 13, the cycloheptatriene 12 obtained from
the reaction of entry 6 1n Table 5 was treated with the trityl cation However, the result was not the formation of
13 but only the regeneration of the cation 4, as shown 1n Scheme 3  This may be ascribed to the considerable
difference in thermodynamic stability between the hepta- and hexa-substituted tropyhum ions, the hepta-
substituted tropylium 10n being destabilized due to severe steric constraint against the plananity of the tropyhum
ring 18 Dissolution of 12 in TFA 1n CHCly (vide supra) also resulted 1n the formation of 4 instead of 13

Furthermore, the cycloheptatniene 12 resisted any attempt for thermat!? or photochemical20 sigmatropic
hydrogen migration, which is commonly observed for ordinary cycloheptatrienes

+ PhaC* SbFg’
2 e

Scheme 3

Only the 7-methylcycloheptatnene derivative, which was obtained by a reaction of 4 with methyllithium,
was converted to the corresponding cation 14 upon treatment with the tntyl cation Among the spectral
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properties of 14 shown 1n Table 3 (vide supra), 1t 1s to be noted that NMR signals of all the bndgehead protons
(and carbons) resonate at almost the same position indicating that they are suffering from the steric compression
effect to a simular extent. Thus, the tropyhum ring 1n 14 might be somewhat distorted from complete plananty to
munimuze the steric constraint  The general upfield shift observed for the 13C NMR signals of substituted
tropyllum-ring carbons of 14 relanve to those of 4 1s considered to be resulting from a slight change n
hybnidization due to this distortion of the tropylum ring.2! Such stenic effect seems to be reflected 1n a decrease
1n thermodynamic stability of the cation 14 as 1s shown by lowered values of its pKr+ (124 + 05 1n 50%
aqueous CH3CN) and reduction potential (-1 094 V vs Ag/Ag*) compared with those of the cation 4 These
results suggest the difficulty 1n raising the stability of the cation 4 sumply by placing an extra substituent at the C-
7 position

EXPERIMENTAL

Melung points were determined on a Yamato MP-21 apparatus and are uncorrected Elemental analyses
were performed by Microanalytical Center, Kyoto University, Kyoto NMR spectra were recorded on a JEOL
GSX270 (270 MHz for 1H and 67 8 MHz for 13C NMR) or on a JEOL FX90 (90 MHz for !H and 22 5 MHz
for 13C NMR) spectrometer using Me4S1 as an mternal standard unless otherwise noted. IR spectra were taken
on a Nicolet 20DXB FT IR spectrometer or on a Hitachi 215 spectrometer UV-Vis spectra were taken on a
Hatach1 200-10 spectrometer High resolution mass (HRMS) spectra were taken on a Hitachu M-80 spectrometer
at 70 eV unless otherwise noted. Cyclic voltammograms were obtained by the method and apparata described 1n
a previous paper 16¢ A Sartorius 4503MP6 microbalance was employed for weighing samples of less than 2 mg

THF was freshly distilled from sodium benzophenone ketyl before use DMSO and methanol were
distilled over CaHy CH,Cl, and CH3CN were distilled over P2Os

1,2 3,4 5,6-Tris(bicyclo{2.2 2 ]octeno)cycloheptatriene (6)

To a heated and sturred suspension of CuBr (0 10 g, 0.70 mmol) and tnis(bicyclo[2 2 2]Jocteno)benzene
(5)7 (1 282 g, 4 03 mmol) n CICH2CH2Cl (12 ml) was added dropwise a solution of diazomethane (120 mmol)
in CICH2CH2CI (200 ml), prepared from N-methyl-N-mitrosourea?2 and 50% KOH, at 80 °C over 30 min
After refluxing for 10 min, the mixture was filtered and evaporated to give 1 52 g of a crude product, which was
chromatographed over silica gel (90 g) impregnated with AgNO3 (7% by weight) Elution with hexane afforded
the unchanged benzene 5 (0 752 g, 58 6%). The following fraction eluted with hexane-ether (20 1 by volume)
gave the cycloheptatriene 6 as whate crystals (0 402 g, 30 0%). mp 175 8-177 °C (recrystalhized from CH2Clp),
IH NMR (CDCl3, 270 MHz) 8 289 (br s, 2 H, CH), 2 82 (brs, 2 H, CH), 2 49 (brs,2 H,CH), 238 (s, 2 H,
CHa(cycloheptatriene)), 1 66-1 01 (m, 24 H, CHy), 13C NMR (CDCl3, 67 8 MHz) 3§ 139.3 (5), 133 5 (s),
1301 (s), 374 (1), 36 8 (d), 32 1 (d), 31 0 (d), 27 0 (1), 26 2 (1), 26 1 (1), IR (KBr) 2935, 2855, 1600, 1450,
1318, 1248, 1178, 1144, 1126, 1020, 862, 812 cm-!, UV (EtOH) Amax 276 nm (log € 375) HRMS (M*,
Ca5H3)) caled 332 2502, found 332 2495

1,2 3.4 5,6-Tris(bicyclo[2 2 2]octeno)tropylium hexafluoroantimonate (4 SbF ")

To a stirred solution of 6 (0 306 g, 0 922 mmol) 1n CH2Cl (9 ml) was added Ph3C*SbFg- 23 (0400 g,
0 835 mmol) 1n one portion After sturing for 30 min at room temperature, the solution was concentrated to ca
3ml To this solution was added ether (50 ml) to cause the formation of white precipitates, which were collected
by filtration and dried under vacuum to give 4 SbFg" as a yellowish powder (0 431 g, 82 6%) Colorless
crystals were obtained by recrystallization from CCly-CH3CN (2 1) mp 289 5-292 °C (dec) The spectral data
are shown 1n Table 3 Anal Calcd for CosH31FgSb C, 5293, H, 551 Found C, 5272,H, 551

7-Methyl-1,2 3,4 5,6-tnis(bicyclo[2.2 2 ]octeno)tropylium hexafluoroantimonate (14 SbF¢-)
To a stured suspension of 4 SbFg- (0 0831 g, 0 147 mmol) 1n THF (10 ml) was added dropwise a
solution of 1 86 M methyllithium (0 3 ml, 0 56 mmol) 1n ether under argon atmosphere After stirming for 30
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min at room temperature, the mixture was treated with H2O (10 ml) and extracted with ether (20 ml x 4) The
ethereal solution was washed with 10% NaCl, dried (MgSO4), and evaporated to give 0 0664 g of a viscous o1l,
which was shown to contain 0 0372 g (0 103 mmol, 70.1%) of 7-methyl-1,2 3.4 5,6-tnis(bicyclo[2 2 2]octeno)-
cycloheptatriene by 1H NMR analysis (In a separate expeniment, the 7-methylcycloheptatriene denvative was
1solated by chromatography over a short silica gel column, !H NMR (CDCl3, 90 MHz) § 2 85 (br s, 6 H, CH),
141 (br s, 24 H, CHy), 126 (s, 3 H, CH3), 13C NMR (CDCl3, 22 5 MHz) 8 139 1 (s), 132 7 (s), 128 6 (s),
321 (d), 313 (d), 312(d), 271 (1), 265 (q), 262 (), 25 8 (1)) The crude product from the above reaction
was dissolved 1n 0 8 ml of CH3CN-CH;Cl3 (4 1 by volume), and to this solution was added dropwise a solution
of Ph3C+SbFg- (0.0498 g, 0 104 mmol) 1n 0 6 ml of CH3CN-CH2Cl; (4 1) wath magnetic stirnng and heating at
60 °C under argon After sturing for 1 hr at 60 °C, the resulung brownish solution was evaporated and the
residue redissolved in CH2Clp (1 ml) To the stirred CH2Cla solution which was cooled with a dry-1ce/methanol
bath was added ether (15 ml) under nitrogen to cause formation of white precipitates  After sturring for 30 min
with cooling, the supernatent solution was removed by the use of a syringe leaving 14 SbFe- as a beige-colored
powder (0 0339 g, 56 6%) after drying under vacuum The salt 14 SbFg- was found to gradually decompose
either 1n a solution (CH2Cl2) or as a solid and therefore satisfactory analytical data could not be obtained mp
>300 °C (charring at >200 °C) The spectral data are shown 1n Table 3 Anal Calcd for CogH33FsSb C, 53 72,
H, 572 Found C, 5521, H, 5 86

7-Methoxy-1,2 3,4 5,6-tns(bicyclo[2 2 2 Jocteno)cycloheptatriene (10)

To a stirred suspension of 4 SbFg" (0 0941 g, 0 166 mmol) in dry methanol (10 ml) was added dropwise a
0303 M solution of NaOCH3 1n methanol (35 ml, 1 1 mmol) After surring for 15 min the mixture was
evaporated and the residue extracted with pentane (10 ml x 6) Evaporation of pentane afforded 10 as a pale
yellow o1l (0 0543 g, 90 2%) 'H NMR (CDCl3, 270 MHz, 25 °C) 8 ~3 6 (v br s, 1 H, CH(cycloheptatriene)),
321 (brs, 3 H, OCH3), 297 (brs, 2 H, CH), 291 (brs, 2 H, CH), 2 80 (br s, 2 H, CH), 1 67-1 22 (br m,
24 H, CHjy), 13C NMR (CDCl3, 67 8 MHz, 25 °C, considerable line broadening was observed resulting from
partly frozen ring-inversion of the cycloheptatriene system) & 139 1, 132 9 (br), 132 6, 81 6 (br), 56 2, 32 1,
311,271,270,269, 264,258, 13C NMR (CDCl3, 67 8 MHz, -55 °C, two sets of signals were observed
corresponding to two 1somers having the OCH3 group at an equatonal position (10(eq-OCH3)) and at an axial
position (10(ax-OCH3)) 1n a rato of ca. 2 1, the assignment was made based on the data of frozen 1TH NMR
spectra exhubiing H-7 of 10(eq-OCH3), which 1s known to resonate at the higher field, at § 2 97 and that of
10(ax-OCH3) at § 4 58) & (10(eq-OCHz)) 139 4 (s), 1320 (s), 131 3 (s), 799 (d), 57 8 (q), 318 (d), 303
(d), 273 (1), 270 (d), 264 (1), 26 1 (1), 259 (t), 25.5 (1), 25 3 (1), & (10(ax-OCH3)) 137 9 (s), 134 8 (5),
131 6 (s), 83 4 (d), 537 (q), 36 3 (d), 313 (d), 311 (d), 27 6 (1), 26 4 (1), 26 3 (1), 25.6 (1), 253 (t) HRMS
(20 eV) (M, CogH340) calcd 362 2608, found 362 2610

Protolync oxidation (womzation) of the cycloheptatriene 6

(a) Experiment on a preparative scale Into a glass tube contaimng 6 (0 0225 g, 0 0677 mmol) was
vacuum-distilled 0 5 ml of CF3CO,H (0 739 g, 6 48 mmol) to give a deep yellow-orange solution The tube
was opened under air, diluted with 3 ml of CH2Cly, and let stand for 2 hr Evaporation of the solvent and acid
afforded a highly viscous o1l, which exhibited a IH NMR spectrum 1dentical to that for the cation 4

(b) Spectral invesngation The UV-Vis (Figure 1(a)) and NMR measurements under air were carried out
by the use of an ordinary quartz cell (1 00 mm) and an NMR tube (0 d. 5 mm) The UV-Vis measurements
under vacuum were conducted by the use of a vacuum quartz cell (1.00 mm) described 1n a previous paper 16¢ a
precisely weighed amount of 6 was placed 1n a side arm, and known amounts of CH»Cl; and CF3CO;H were
vacuum-distilled into the bottom part. The whole apparatus was sealed under vacuum, and after thorough mixing
of the solution the spectrum was recorded to give the result shown n Figure 1(b) Sample solutions for NMR
measurements under vacuum were similarly prepared using a similar apparatus equipped with an NMR sample
tube The !H NMR spectra are shown in Figure 2 (The chemical shifts were read wath reference to the signal of
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trace amount of CHxCl; taken as § 5 32 ) The 13C NMR data are as follows (the chemical shifts were read with
reference to the signal of CD;Clj taken as 8 53 80) the cation 7, § 202.1 (s), 200 7 (s), 199 4 (s), 150 3 (5),
147 2 (s), 45 4 (d, CHy), 44 8 (d), 40 9 (d), 39 1 (t, CHaHyp), 37 2 (d), 34 4 (d), 34 3 (d), 33.0 (d), 28.0 (1),
27 8 (1), 27 5 (1), 25.9 (1), 25 6 (1), 25 5 (1), 25 4 (1), 25.1 (1), 24 6 (1), 24 5 (1), 24 2 (1), 21 2 (1), the cation 8,
8 2120 (5), 205 0 (5), 202.1 (5), 149 0 (s), 131.5 (d, CHp), 47 4 (d), 457 (d, CHp or CH¢), 449 (d, CH¢ or
CHyp), 434 (d), 375 (d), 334 (d), 303 (d), 300 (d), 295 (1), 282 (1), 277 (1), 256 (1), 255 (1), 253 (1),
249 (1), 24.6 (1),243(1),239(1),215(), 213 (1)

Tonization of the methoxycycloheptatriene 10 by Brensted acids

To a 0.6-ml aliquot of a solution of 10 (0 0035 g, 0 0097 mmol) in CD3CN (3 5 ml) was added each of
the following acids with vigorous mixing 75% H3POj4 (0 031 g, 0 24 mmol), saturated carbonated water (0 1
ml, calculated to contain 0 003 mmol of HoCO3), H3BO3 (0 041 g, 0 66 mmol), and phenol (0120 g, 128
mmol) Each solution exhibited IH NMR (270 MHz) signals of the cation 4 1n place of those of 10

In the case of HBr, the gaseous acid was bubbled 1nto a solution of 10 (0 0092 g, 0 0254 mmol) in ether
(5 ml) Evaporation of the solvent afforded a browmsh powder (0 0123 g, 98 4% as 4 Br- HBr), which
exhibited 1H NMR (270 MHz) and 13C NMR (67 8 MHz) spectra :dentical to those of 4, in CD3CN

A solution of 10 (0 001 g, 0002 mmol) in CD3NO; (0 8 ml) also showed the 1H NMR (270 MHz)
signals of the cation 4

Reactions of the cation 4 with nucleophiles

To 3.00 ml of a 5 73 x 10-5 M aqueous solution of 4 SbFg" was added 0 50 ml each of 6 x 104 M aqueous
solution of the following nucleophiles NaOCN, NaN3, CH3CO2Na, K2CrO4, CsgHsSNa, NazSO3, CgH50Na,
and Na;CO3 In each case, no spectral change was observed for the specific absorption of 4 at 308 nm over 1 hr
at room temperature

When 3 ml of an aqueous solution of KCN (6 59 x 104 M) was added to 1 ml of an aqueous solution of
4 SbFg~ (4 58 x 10-5 M), an appreciable decrease 1n the UV absorption of 4 was observed (see text) For a
preparative purpose, an aqueous solution (10 ml) of KCN (0 0091 g, 0 140 mmol) was added to a surred
suspension of 4 SbFe- (0 0386 g, 0 0679 mmol) in H20 (15 ml) and the stuming continued for 2 hr at room
temperature Then the solution was extracted with ether (20 ml x 3), and the ethereal solution washed with 10%
NaCl, dried (MgSO4), and evaporated to give 0 0197 g of a pale yellow viscous oil, which was shown to be a
mixture of 7-cyano-1,2 3,4 6,7-tns(bicyclo[2 2 2]octeno)cycloheptatriene (11a), 7-cyano-1,2+4,5'6,7-
tris(bicyclo[2.2 2]octeno)cycloheptatriene (11b), and 7-cyano-2,3:4,5 6,7-tns(bicyclof2 2 2ZJocteno)cyclo-
heptatriene (11c) (total yield, 81 1%) based on the following findings The !H NMR (CDCl3, 270 MHz)
spectrum of the crude product exhibited three singlets of =CH- at 8 6 29, 6.02, and 5 11 with the integrated ratio
of 04 1 002, together with broad singlets of -CH< at & 3.1-2 3 and broad muluplets of -CH2- at12-08 In
the 13C NMR (CDCl3, 67.8 MHz) were observed three singlets of CN groups at § 121 8, 121 6, and 121 2,

together with ca. 20 signals at the range of 8 147 3-123.3 and ca. 55 signals at the range of 8 44 2-20 8 By the
reaction of the crude product (0 0031 g, 0.0087 mmol) with Ph3C+SbFg- (0.0048 g, 0 010 mmol) in CH2Cl2
(0 5 ml) for 3 hr at room temperature followed by addition of ether (30 ml), there was obtained 4-SbFg- (0.0045
g 91%), which was 1dentified by 'H NMR (270 MHz) and IR spectroscopies From ca. 0 020 g of the crude
product mixture from the same reaction was 1solated 11a as a colorless viscous o1l (0 0078 g) by HPLC using a
microporasil column (Waters) eluted with hexane-ether (98 2 by volume), though 1solation of exther 11b or 11c
1n a pure state was not successful* 11a, 1H NMR (CDCl3, 270 MHz) 5 6 02 (s, 1 H, =CH-), 301 (brs, 1 H,
CH), 295 (brs, 1 H, CH), 291 (brs, 1 H, CH), 261 (brs, 1 H, CH), 2 40-237 (brm, 2 H, CHx 2), 2 17-
127 (m, 24 H, CH3), 13C NMR (CDCl3, 67.8 MHz) § 142.0 (s), 141 9 (s), 139.7 (s), 138.5 (5), 131 8 (5),
123 3 (d), 121.8 (s), 43.4 (s), 35 9 (d), 35 3 (d), 32.6 (d), 32.5 (d), 32.4 (d), 323 (d), 27.7 (1), 27.5 (1), 26.5
(1), 26 4 (1), 26.2 (1), 26 1 (1), 258 (1), 257 (1), 254 (1), 252 (1), 239 (1), 22 2 (1), IR (CCly) 2942, 2864,
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2221, 1469, 1456, 1360, 1264, 1218, 1147, 1089, 866 cm-1. HRMS (M*, Ca6H31N) calcd 357 2454, found
357.2450.

Reactions of 4 SbF ¢~ with carbamons

(n) A general procedure for the reaction in DMSO The carbanions were generated by the reaction of
000570 M DMSO solution of -BuOK (0 40 ml, 2.3 x 10-3 mmol) with the corresponding carbon acids (2 5 x
10-3 mmol) 1n DMSO (5 0 ml) either under argon or under vacuum 1 a vacuum quartz cell described
previously 16¢ After thorough mixing of the carbanion with 4 SbFg- (2 5 x 10-3 mmol), which had been placed
1n a side arm of the cell, the UV-Vis spectrum was recorded

(b) Reaction on a preparative scale As a representative case for the reactions of entries 3-6 1n Table 5, a
procedure for the entry 3 1s descnibed below To a stirred solution of 4 SbFg- (0 0565 g, 0 100 mmol) in
CH3CN (1 0 ml) was added under argon a suspension of K+CH(CN)>- (0.10 mmol) in THF, prepared from
CH2(CN)2 and 0 578 M THEF solution of r-BuOK. After stirnng for 10 min, H2O (4 ml) was added and the
mixture extracted with ether (5 ml x 3) The ethereal solution was washed with 10% NaCl, dried (MgSOjy), and
evaporated to give 7-dicyanomethyl-1,2 3,4 5,6-tns(bicyclo[2 2 2]Jocteno)cycloheptatrniene as white crystals
(00327 g, 82 4%)- mp 172 5-174 0 °C, TH NMR (CDCl3, 270 MHz) & 3 89 (d, / = 10 6 Hz, 1 H, CH(CN)y),
3.41 (d, J = 10 6 Hz, 1 H, CH(cycloheptatriene)), 3 05 (br s, 2 H, CH), 299 (br s, 2 H, CH), 259 (brs, 2 H,
CH), 1.83-071 (m, 24 H, CHy), 13C NMR (CDCl3, 67.8 MHz) 8 139 9 (s), 136 0 (s), 1301 (s), 113 4 (),
532 (d), 37 8 (d), 319 (d, two signals), 27 7 (1), 261 (1), 258 (1), 255 (1), 253 (1), 2525 (1), 179 (d), IR
(KBr) 2938, 2862, 2250, 1470, 1455, 1319, 1192, 1148, 1019, 862, 810 cm-1, Apax (CeH12) 228 nm (log €
4.23), 277 (4 11). Anal Calcd for C2gH32N2 C, 84 80, H, 8 13 Found C, 84 95, H, 8.27

The products from the entries 4-6 1 Table 5 were as follows

7-(a-Cyano-p-mitrobenzyl)-1,2 3,4 5,6-tnis(bicyclo[2 2.2Jocteno)cycloheptatriene. white powder; mp
217 5-219 °C, 1H NMR (CDCl3, 270 MHz) § 8 17 (d, / = 8 8 Hz, 2 H, Ar-H), 7 27 (d, J = 8.8 Hz, 2 H, Ar-
H),362 (d, /=109 Hz, 1 H, CHCN), 343 (d, J = 109 Hz, 1 H, CH(cycloheptatriene) ), 3 12 (br s, 2 H,
CH), 302 (brs, 1 H, CH), 291 (brs, 1 H, CH), 266 (br s, 1 H, CH), 205 (br s, 1 H, CH), 1 80-079 (m,
24 H, CH3), 13C NMR (CDCl3, 67 8 MHz) & 147.5 (s), 143 2 (s), 138 7 (s), 135 3 (s), 132 5 (s), 129 5 (d),
123.6 (d), 120 8 (s), 58 3 (d), 38 36 (d), 38 31 (d), 32 06 (d), 3199 (d), 31 95 (d), 31 59 (d), 27 90 (v),
27 80 (1), 26 61 (1), 26 10 (1), 25.95 (1), 25.72 (t), 25.51 (t), 25.46 (1), 25 20 (1), 24.38 (1); IR (KBr) 2930,
2855, 2240, 1600, 1531, 1465, 1450, 1340, 1270, 1120, 1070, 850, 750, 690 cm-!, Apmax (CsH12) 226 nm
(log e 4 21), 261 (4 00) HRMS (20 eV) (M+, C33H3gN202) calcd 492 2774, found 492 2766

7-(1,1-Dicyanoethyl)-1,2 3,4-5,6-ms(bicyclof2 2.2]Jocteno)cycloheptatnene white crystals, mp 152 7-
154 0 °C, 'H NMR (CDCl3, 270 MHz) 8 3 85 (s, 1 H, CH(cycloheptatriene)), 2.98 (br s, 4 H, CH), 2.47 (br s,
2 H, CH), 179-080 (m, 24 H, CHj), 1 58 (s, 3 H, CH3), 13C NMR (CDCl3, 67 8 MHz) § 140 35 (s),
139 40 (s), 129 74 (s), 117 10 (s), 61 03 (d), 40 30 (d), 35 23 (s), 32 61 (@), 32 14 (d), 27 82 (1), 26 51 (1),
2551 (1), 2547 (1), 24 87 (1), 2479 (1), 2299 (@) HRMS (M*, Co9H34N2) caled 410 2719, found
4102715

7-(Dtbenzo[c,glfluoren-9-y1)-1,2 3,4 5,6-trnis(bicyclo[2 2 2]octeno)cycloheptatriene  whate crystals, mp
249 5-251 °C, 1H NMR (CDCls, 270 MHz) 3 8.70 (d, J = 7 7 Hz, 2 H, H-6,7(dibenzofluorene)), 7 94 (d, J =
7 3 Hz, 2 H, H-3,10(dibenzofluorene)), 7 72, 768 (d x 2, J = 8 1 Hz, 4 H, H-1,2,11,12(dibenzofluorene)),
7 50 (quint, 4 H, H-4,5,8,9(dibenzofluorene) ), 3 74 (d, 7 = 10 6 Hz, 1 H, CH(dibenzofluorene)), 3 23 (br s, 2
H, CH), 311 (br s, 2 H, CH), 276 (d, J = 10 6 Hz, 1 H, CH(cycloheptatniene)), 2 05 (br s, 2 H, CH), 1 83-
072 (m, 24 H, CHj), 13C NMR (CDCl3, 67 8 M Hz) & 148 37 (s), 139 53 (s), 137 39 (s), 137 35 (s), 133 86
(s), 133 16 (s), 133 11 (s), 128 45 (d), 128 33 (d), 126.81 (d), 125 61 (d), 124.33 (d), 124.04 (d), 58 13 (d),
44 06 (d), 37 44 (d), 32 22 (d), 32 08 (d), 28 89 (1), 26.82 (1), 26 15 (1), 25 92 (t, two signals), 25 37 (1), IR
(KBr) 2950, 2875, 1580, 1460, 1428, 1368, 1328, 1180, 1132, 1013, 820, 750 cm-1. A5, (cyclohexane) 218
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nm (log € 4 89), 245 (4.64), (263 sh (4 38)), 352 (4.13), 370 (4 10). Anal Calcd for C46Haq C, 92 57; H,
743 Found C, 9270, H, 7 43.

A reaction of 4 SbFg™ (00168 g, 0.0296 mmol) with the 9-cyanofluorenyl anion (Table 5, entry 2) was
carried out 1n the same way However, upon treatment with HyO were formed a large amount of white
precipitates, which were collected by filtration, dried under vacuum, and identified as the unchanged 4 SbFg-
(0 0090 g, 54%) by NMR analysis From the ethereal extract was recovered 9-cyanofluorene (0 0082 g,
140%)

For reaction of the entry 1 1n Table 5, see the next section

Isolation of the hydrocarbon salt 4 Cg7H39™ (1,2 3,4 5,6-tris(bicyclo[2 2 2]octeno)tropylium tris(7H-
dibenzo[c,g]fluorenylidenemethyl)methide)

To a stirred solution of tns(7H-dibenzo[c,g]fluorenylidenemethyl)methane, C67H4o,16c (0.0223 g, 00264
mmol) 1n THF (1 3 ml) was added a 0 100 M solution of z-BuOK 1n THF (0 245 m], 0.0245 mmol) under
argon After stirring for 5 min, a solution of 4 SbFg- (0 0150 g, 0 0264 mmol) 1n THF (1.5 ml) and CH3CN
(0 2 ml) was added to the resultng deep green solution After string for 5 min 1n the dark, pentane (30 ml) was
added to cause the formation of dark green precipitates, which were collected by filtraton under argon To the
precipitates was again added THF (1.5 ml) under argon, and the mixture was centrifuged. The supernatent
solution was filtered by a membrane filter (0.45 pm), the filtrate being directly dropped 1nto pentane (30 ml) with
stmng The immediately formed dark green precipitates were collected by filtranon and dried under vacuum to
give a dark green powder analyzed as 4 Cg7H39™ 2H20 in spite of severe precautions taken against moisture
(00133 g, 41 6%). mp 192 °C(dec) For the IR and UV-Vis spectral data, see Figures 5and 6 Anal Calcd for
C9oH7402 C,9120,H,616,F, 000 Found: C, 9129, H, 640, F, 000

The 1ncorporation of the cation 4 and the amon Cg7H39- was further confirmed as follows The salt
4 Cg7H39~ 2H20 (0 00664 g, 5 48 x 104 mmol) was dissolved 1n DMSO (0.5 ml) under argon, and was shaken
with 10% HCI (10 ml) and CCl4 (1 ml) From the specific absorption of the cation 4 at Aqax 308 nm 1n the UV
spectrum of the separated aqueous solution, the amount of 4 was calculated as 5 37 x 10-4 mmol (97 9%). The
TLC analysis (hexane-benzene(1-1)/silica gel) of the CCl4 solution indicated the presence of Cg7Hag as a single
component

Reactions of 7-(dibenzo[c,g]fluoren-9-yl)-1,2 34 5,6-tns(bicyclo[2 2.2]octeno)cycloheptatriene (12)

(a) With trityl hexafluoroantimonate. To a solution of 12 (0 0061 g, 0.010 mmol) 1n CD,Cl; (0.5 ml) 1n
an NMR tube (0.d. 5 mm) was added Ph3C*SbFg- (0 01 g, 0 02 mmol) 1n one portion under mitrogen. After
mixing with vibration for 5 min, the resulting browmsh solution was subjected to NMR analyses The !H NMR
(270 MHz) showed the signals of 4 together with multplets at 8 8 3-7 2 and a singlet at 3 6 10. The 13C NMR
(67 8 MHz) exhibited the following signals besides those of 4 § 144 7, 1439, 143 2, 1310, 1303, 128 4,
128 2, 127 6, 127.0, 1267, 1262, 1254, 1247, 124 6, 63 6, 53 0

(b) With CF3CO2H in CH2Clz A solution of 12 (0 0279 g, 0 0468 mmol) in CF3CO2H (036 ml, 4 7
mmol) and CH2Cl; (3 ml) was sturred at room temperature for 2 days Evaporation of the acid and solvent and
washing of the residue with ether afforded a brown viscous o1l, which exhibited the 1H (270 MHz) and 13C
NMR (67 8 MHz) signals completely identical to those of 4

The pKr+ determination

A buffer solution of pH 10 was prepared by mixing a 0 2 M solution of glycine and a 0.2 M solution of
NaOH both 1n CH3CN-H20 (1 1) For the preparation of a sample solution, each 1-ml portion of the stock
solution, prepared by dissolving 3-4 mg of the cation salt in CH3CN (10 ml), was pipetted out and made up to
10 ml by adding H2O (1 ml) and the buffer solution The sample solutions with higher basicity were made by
addition of 1-3 drops of 20% or 50% NaOH, or by mixing the sample solutions of appropnately different
basicities The UV-Vis spectrum of the sample solution was recorded using a 1-cm cell thermostated at 25 °C
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Immedately after recording the spectrum, the pH of each sample solution was determined on a Hitachi-Horiba
M-8S pH meter After complete neutrahization of the cation, the reversibility was confirmed by quantitative
regeneration of the cation spectrumn upon acidification of the sample solution with a few drops of concd HySO4
The observed absorbance at the specific absorption wavelength of the cation was plotted against pH to give a
classical nitration curve, whose midpoint was taken as the pKr+ For the cation 4, tniplicated runs gave the
values, 13 15, 12 95, and 12 88, while duplicated runs gave the values 12 70 and 12 00 for the cation 14
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