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Abstract The t&d cahon 4 has been syntheszzed and US properties and chemcal reacttvtttes rnvesttgated m detail 

The catton 4 was shown to be formed tn hrgh yrelds not only by hydrtde abstrachon from but also by the actton of 

ha~O&%?nOaCehC ads upOn the cycloheptatrene denvattve 6 Based on lhe results of UV-Vts and NMR spec~roscoples 

together wuh wdometnc analysrs, thas reaction was shown to proceed via protonatwn of bfollowed by dehydrogenatton 

with molecular oxygen The cahon 4 was also shown w befonned by the actwn of rather weak Br@nsted acrdr such as 
H3POq. H2CO3, H3BO3, QHjOH, and CH3NO2 upon the 7-methoxycycloheptatnene IO These facts are m 

agreement wzth the extraordmarrly hrgh themwdynatmc stab&y of 4 as 1s shown by Its pKR + value, 13 0 (50% 

aqueous CH3CN. 25 97) The cation 4 does not show any reactrvrty towards the nucleophzles wrth the pKa of 

conjugate acid smaller than IO 3 except for the case of a slow reactwn wrth CN- (pKa(NuH) 9 21) Also 4 does not 

react with the carbamons R- with pK,(RH) below 8 3. such as the tns(7H-&enzo[c,gjfluorenyltdenemethyl)methyl 

amon (Kuhn’s amon, C67H393 and the 9-cyanofluorenyl atuon, and a new hydrocarbon salt, 4 C67H39-0 was tsolated 

In contrast, the reaction of 4 wtth the carbontons R- wtth pK,(RH) larger than ll( such as dtcyanomethyl. #-cyano-p- 

nrtrobenzyl, l.l-dJcyanoethy1, and &benzo[c.gjfluorenyl atuons. a#or&d the covalent compounds 4-R Whereas the 

compound 4-R (as represented by the case of R=dtbenzo[c.&i’uorenyl) only regenerated the catton 4 upon treatment 

wrth the tntyl cation, the 7-methylcycloheptatnene 13 &or&d the fully substrtuted catwn 14. which was found to be 
rather destahltzed (pKR+ 12 4) as compared wtth the hexasubstttuted catwn 4 

It 1s of great tmpottance tn carbocatton chemistry to pursue the highest thermodynamic stablhty for the 
carbocanons havmg no coqugatlvely stablhzmg hetero-atoms and clanfy the mode of stablhzatlon operating 
therem 

For cyclopropenyhum Ions, the o-coqugatlon of cyclopropyl groups has been shown to be far more 
stabdrzmg than the mduchve effect of simple alkyl groups,2 which m turn was known to be more stablllzmg than 
x-coqugatlon with phenyl groups 3 In the tropylmm ion senes, the same order of substltuent effects holds, but 
the stabthzatlon by cyclopropyl groups met with hmltatlon due to the saturation effect 4 Apparently, the 
requirement for the cyclopropyl group to assume the bisected conformanon decreases as the canon becomes more 
stablhzed by higher substltutlon 

These obsPrvatlons led us to examine the effect of annelatlon of the tropyhum ion with a 
blcyclo[2 1 Ilhcxene umt as in the cation 2, whose &ramework 1s stramed sundarly to a cyclopropyl group and 

yet ngldly fixed to the catlomc n-system The expected u-x coqugatlon with the tropyhum nng, however, was 
opposed by destabdlzatlon of the catlomc rmg due to the increased angle stram brought about by annelanon wnh 
such a h:ghly stramed system5 (Table 1) 
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Table 1 Comparison of ~KR+ aud Reduchon Potential (E& for 
RepresentaWe Dtsubstttuted Tropyhum Ions 

Tropylmm mn PKR+ &ed (CH3cN) 
(50% aq. CH3CN) V vs Ag/Ag+ 

Subsmuent effects 

Unsubsmuted a 3 88 -051 
l/l-(t-Bu)2- (1 5.42 -0 72 
1,4-(cyclo-prh- u 7 63 -0 76 
1,2-blcyclo[Z 1 llhexeno- (2)b 5 10 -071 
1,2-blcyclo[Z 2 Zlocteno- (3) b 7 80 -0.765 

None 
Inductive 
o-Conjugahve 

O-Conjugative nunus angle stram 
o-ConJugattve plus Inductive 

a&f 4 bfief 5 

Rather, annelation ~th a much less stramed blcyclo[Z 2 Zloctene umt as m the canon 3 was found to be as 
effective as substitution with two cyclopropyl groups m stablhzmg the tropyhum ion as shown m Table 1 
Apparently, the stablllnng effect of a brcyclo[Z 2 Z]octene umt 1s due to both the mductlve electron donaaon and 
(s-x: conJugatlon of the tropylmm 2p orbltals wtth the o-bonds which are ngdly fmed at the posmon nearly 
parallel to the vacant 2p orbttals These facts are m agreement with the resuhs of theoreacal calculations by 
INDO (Table Z), which demonstrate that, for the three model canons 1.2, and 3, the total charge density on the 
tropylmm rmg decreases while the n-bond order between the catiomc carbon and the u-carbon of the substltuent 
increases, m this order The charge hsmbuaon m the catiomc rmg of 3 does not show too much altemmon such 
as in 2 

Table 2 Results of MO Calculanons by INDO 

Canon x-Bond order Total charge Charge density 
(Ca-Cl) density on the C-l c-2 c-3 c-4 

troPYbum Mg 

1 0 2277 +0 6423 +00968 +00805 +00986 +00906 
2 0 2359 +0 6202 +0 1089 +0 0546 +0 1135 +0 0662 
3 0 2500 +o 6098 +00910 +00765 +00940 +00868 

From these results, tns-annelation of the tropyhum nng wth blcyclo[Z 2 Zloctene units 1s expected to 
afford a highly stablhzed new carbocatlon, and this was shown to be true as has been xeporkd m a prehmmary 
commumcation 6 the ms-annelated canon 4 was found to exhibit the 
highest ~KR+ value ever reported (13 0 m 50% aqueous acetomtrde) 
In the present paper are described the full accounts on the formation 
and propemes of this highly stabilized carbocauon as well as Its 
chemical reacnvlty 4 
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RESULTS AND DISCUSSION 

synthesrs of the cation 4 
In spite of the severe stenc hmdrance caused by the blcychc o-frameworks, the central n-system of 

ms(blcyclo[2 2 2locteno)benzene (5)7 was enlarged by the CuBr-catalyzed reaction ~th a large excess (ca 30 
eqmv) of bazomethane to gwe the cycloheptamene denvanve 6 m 30% yield (73% based on the consumed 5) 

Conventional hydnde abstraction from 6 by the use of a mtyl salt afforded the ObJectlve canon 4 in high 
yield The spectral data of 4 are given m Table 3 together with those of the mono-annelated cation 3 and the 
fully subsmuted canon 14 (vlde mfi-a) The &fimte upfield shifts observed for both the l3C and 1H NMR 
signals of the tropylmm nng in 4 as compared with 3 m&cate decreased 
charge density on the cahomc nng m 4 m agreement with Its enhanced 
thermodynamic stablhty 

Table 3 Spectral F’ropertles of the Cations 3,4, and 14 

Cation lH NMR (CD3CN) 6 13C NMR (CD3CN) 6 IR(KBr) v UV (CH3CN) 
XH+- 4X-K CH2< XT+< XH+- -CH< CH2< cm-l Lax nm (log E) 

3 898 376 211 
CW (5 H) (2H) (4I-I) 

146 
(4 H) 

1765 1522 425 245 
1515 
1512 

4 855 413 205 
SbF6- (1 H) (2 H) (12 H) 

407 144 
(2H) (12H) 
3 56 

(2 H) 

1683 1442 427 250 
166.0 366 248 
163 9 361 247 

14 - 396 203 1649 - 366 24 8 
SbF+j- (6H) (12H) 162 6 360 247 

143 1624 35 8 2455 
(12 H) 162 3 

2 82 (3 H, CH3) 24 6 (9, c~3) 

2950 2874 1636 
1479 1466 1450 
1319 1122 1024 
812 758 625 

2951 2873 1625 
1458 1420 1320 
1270 1245 1173 
1040 1025 814 
658 

2950 2870 1620 
1448 1322 1287 
1172 1137 1024 
818 650 

225 (4 64) 
285 (3 68) 
297 (3 64) 

256 (471) 
308 (4 01) 

262 (4 73) 
317 (3 93) 
330 (3 91) 

Formatwn of the cahon 4 by prodyhc wwzatwn (m&non) of the hydrocarbon 6 
In the course of a pmparanve study of the cation 4, It was found that the cycloheptamene 6 can be cleanly 

lomzed to 4 simply by bsolvmg m tiu oroace~ acid (TFA) m dichlommethane 
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Duect conversron of hydrocarbons mto carbocaaons by the acaon of strong acid such as superacrds* has 
been of constderable mterest as one of the fundamental teacaons m petrochemrcal processes However, the 
mechamsm for such a reacaon, as represented by duect hydrtde abstracaon by a proton, has been a SubJect of 
controversy, except for a very clean macaon yteldmg a stable saturated carbocatron of a rather unusual structure 

recently reported by McMurry 9 For the formaaon of x-conjugated carbocattons, it has been reported that the 
strong acid having oxtdtzmg abthty such as fluorosulfomc acid 1s effectrve 10 The acrd-catalyzed oxtdaaon of 
cycloheptamene has also been reported. but the yield of the tropyluun ton based on cycloheptamene 1s low wtth 
consrderable polymenzaaon 11 

Compared with these results, the present observatton, 1 e the highly efficient conversron of the 
hydrocarbon 6 to the caaon 4 by the use of a simple aceac acid denvaave 1s quite remarkable As 1s shown m 
Table 4. the romzaaon rate apparently depends on the acid strength In aceac acid, the reacaon 1s qmte slow, but 
after about one month, the caaon 4 was formed m 65% ytekl 

Table 4 Iomzaaon of 6 to 4 by the Acuon of Aceac 
Acrd Denvaaves m Dtchloromethsne under Au at 25 OC 

Acld (PKa, Concentratton, M Tie 4 
[Acrd] 161 hr Yreld % = 

CCl3CW-I (0 89) 1 0 1 0 x10-3 4 71 
32 3 0 x10-5 2 99 

CHCl2CO2H (130) 10 1 0 x10-3 4 64 
CH2ClCO2H (2 86) 10 1 0 x10-3 4 58 

29 3 0 x10-5 03 85 
CH$@H (4 76) 10 10 x10-3 4 -0 

15” 3 0 x10-4 890 65 

“Dete-munedbyWqectacopy bN~ 

The mechanism of thts reacaon was examined by the use of UV-Vrs and NMR spectroscoptes When the 
cycloheptamene 6 was dissolved m TFA, yellow coloraaon (h ,nax 452 mu) was immedrately observed. As 
shown m Figure l(a), thts absorpaon gradually decreased wtth concomitant mcrease of the absorpaon at 308 nm 
cortespondmg to the cauon 4 In contrast to this, the first-formed yellow species was much more stable m the 
absence of au (Figure l(b)) The 1H NMR spectrum of this yellow soluaon prepared under vacuum (Frgure 
2(b)) exhibited three groups of signals, 1 e a group of broad singlets (8 3 68, 3 53, 3 43, 3 31, 3 18 and 2 09) 
correspondmg to the bndgehead protons, a group of broad multrplets (6 2 26143) of the bndgmg ethylene 
protons, and a group of mulaplets which were wtped out m TFA-d and were therefore assigned to the 
exchangeable protons, Ha (S 2.98 (dd, J = 19 5, 19 2 Hz)), Hb (6 2 88 (dd, J = 19 5,s 4 Hz)), and He (6 2 53 
(dd, J = 19 2.5 4 Hz)) These assignments were further confitmed by the use of 2D (COSY and C/H COW) 
NMR techmque Smce the 1% NMR spectrum exlubtted the signals typrcal for the subsatuted pentadrenyl cauon 
(S 202 1,200 7, 199 4, 150 3, 147 2), the most probable structure of thrs species 1s supposed as the caaon 7 
(Scheme 1) After 2 days at room temperature, the *H NMR spectrum exhibited an appmctable change, although 
the color and the UV-Vrs spectrum of the soluaon stayed almost unchanged The typical spectrum is shown m 
Figure 2(e) here, the ongmal srgnals assrgned to 7 are greatly reduced and mstead 1s observed the growth of 
new signals assignable to another pentadrenyl caaon 8 (Scheme 1) (81~ 7 27 (s, Ha), 2.71 and 2 61 (d x 2, J = 
214 Hz, Hh and H,& 81%~ (sp2 carbons) 212 0,205 0.202 1, 149 0. 1315) as well as the mgnals of the final 
product 4 
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a 
300 460 500 

Wavelength (nm) 
300 

Wavel::gth (nm) 
500 

Fig 1 UV-VIS special change of 6 (1x10-3 M) m a soluaon of TFA (1 M) m 
CH$l2 at room temperature (a) under au; (b) under vacuum (~10-4 Torr) 

Fig 2 *H NMR spectra (270 MHz) of 6 (ca 0 05 M) m a solution of TFA or TFA-d 
(ca 6 M) m C!D$I!l2 under vacuum at room temperature (a) after 0 2 hr m TFA-d - CD$l2, 
(b) after 0 2 hr in TFA-CD2C12 (an expanded spectrum IS shown m (c)), (d) after 30 days III 

TFA-d - CD$Il;?, (e) after 30 days ut TFA-CD$12 (.L denotes stgnals of 4) 

The time-dependent change m &smbutlon of the canons 7,8, and 4 estunated fkom the 1H NMR spectra is 
shown m Figure 3 From Figure 3(a) it IS apparent that at about 2 days after preparatmn of the sohtton a quasl- 
cqulllbnum between the canons 7 and 8 IS attamed and IS followed by very slow formanon of 4 at the expense of 
the cahon 7 l2 However, when air was introduced at 2 hr after preparation of the solution, the amount of the 
tropylmm ion 4 smoothly increased with a concomitant decrease in the cation 7 as 1s shown m Figure 3(b) Thus 
molecular oxygen must be playing an important role m the formanon of 4 In fact, fonnanon of a peroxide (most 
probably H2@) m an amount corresponding to more than 60% of the product 4 was confiied by mdomemcal 
analysis of the final sample solution 
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(a) Under Vacuum 

Time (day) 

(b) Under Aa 

+ ‘Air Time (hr) 

Fig 3 The time dependent change m dsmbuuon, estunated from tH NMR spectra, of the cauons 
7.8, and 4 m a solution ongmally prepared ~th 6 (ca. 0 05 M) m a solution of TFA @a 6 M) 

m CDZQZ, (a) under vacuum, (b) after mtroducuon of W, both at room temperatmz 

From these results, the overall reacuon IS supposed to proceed as shown in Scheme 1 Among the 
pentadenyl cations 7,8, and 9 produced m the protonauon-deprotonation eqmhbna, the canons 7 and 8, in 
which the pentadlenyl’s C-l, C-3, and C-5 carbons are all substituted, are supposedly more stabilized than the 
cation 9 and were duectly observable Abstracnon of two hydrogen atoms by mplet oxygen from either 7 or 8 
can afford the final tropyhum ion 4 To the best of our knowledge there seems to be no precedent for such high- 
yield transformanon of a hydrocarbon to a carbocaaon by the action of carboxyhc acid and w The most 
unportant factor leadmg to the present result appears to be the remarkably hgh thermodynamic stablhty of the 
product cation 4, m addmon to the sauctural protection, by surroundmg o-frameworks, of the mtermedate 
pentienyl canons agamst polymenzation 

Scheme 1 

Reactions of the tropylzum ion 4 
The ~KR+ value of the cation 4 has been determined spectrophotometncally as 13 0 in 50% aqueous 

acetomtnle at 25 OC 6 The spectral change was completely reversible, the canon bemg quantitatively regenerated 
upon acl&fication 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 Bransted acid of pKaC12 In good accordance, 
besides strong acids such as HBr, rather weak Brprnsted acids such as H3P04 (pKa13 2 15), carbonated water 
(H2CO3.6 36), H3B03 (9 24), C6HsOH (9 99), and CH3NO2 (10 21) were found to be able to ionize the 
methoxycycloheptamene 10 mto 4 (Scheme 2) when exammed by tH NMR spectroscopy m CD3CN 
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Hx 
- 4x- + CH&H 

Scheme 2 

These facts are also m agreement with quite low reacuvlty of the canon 4 towards various nucleophdes When 
examined by W spectroscopy m H20, the canon 4 showed no reactlvlty toward the nucleophdes (added as Na+ 
or K+ salts) such as NCO- (cyanate ion) (pKa 13 of the conjugate acid, 3 46). N3- (4 59) CH3CO2- (4 76), 
CrO42- (6 50), C&S- (6 50). SO$- (7 21), CgHsO- (9 99), and CO32- (10 33) The only one exception was 
the reaction with CN- (pKa13 of the conjugate acid 9.21), which was very slow (tin 130 mm at 25 “C, when 
[4]=1xlO-5 M, [CN-1=5x10” M) but afforded a mixture of lsomenc 7-cyanocycloheptamenes lla, llb, and 
llc (m a ratio of approximately 10 0 4 0 2), among which the least strained isomer lla14 was the major 
product It may be inferred here that not only the baslclty of the nucleophde but the bond energy of the newly 
formed covalent bond 1s playmg an unportant role m detenmmng the reactivity of 4 

lla llb 

In tinon to the extraordmanly high ~KR+ value, the cation 4 1s also characterized by a highly negative 
reduction potential (-1 120 V vs Ag/Ag+ m acetomtie) as compared with the unsubstltuted canon ( -0 510 V),4 
and resists any attempt for chemical one-electron reduction wtth metalhc powder such as Zn, Mg, and Al 

Reactwns of the tropyluun ran 4 wrth carbanwns 
In onier to obtam further insight mto the correlatmn between the c&on’s reactivity and amon’s stablhty, the 

reactions of the catton 4 with potassium salts of various carbamons were investigated next The reactions were 
camed out either m &methyl sulfoxlde (DMSO) (followed with UV-Va spectroscopy) or m tetrahydrofuran 
(THF) - CH3CN on a preparative scale 

As summarized in Table 5, the covalent bond formanon becomes dommant as the stability of carbamon R- 
decreases A borderline between carbocatlon-carbamon coexistence (1 e no reaction between 4 and R-) and 
covalent-bond formation appears to be present between the entnes 2 and 3, that 1s. between the reacttons urlth the 
carbamons whose precursor’s pKa values are 8 3 and 110 

Accordmg to the Amett’s thermodynamic “master equation” for carbocatton-carbamon reaction (equation 
1),‘5 

AI&t = -AI&,, = 1198 - 1 178pK~’ + 1 176pKa (1) 

the value of AI&n should be negative, that 1s. the covalent-bond formauon should be. favorable between the 
present catlon 4 @KR+ 13 0) and the carbamons with precursor’s pKa (= pKa(RH)) larger than 2 8 A 
&screpancy between this predated value (2 8) and observed pKa(RH) value (8.3 - 110) may be atmbuted to the 
considerable stenc hmdrance between cationic carbons of 4 and the reaction center of vanous carbamons In 
fact, a change in reachvlty due to the stenc hmdrance is apparent from the comparison of enmes 3 and 5 us Table 
5 The 1,1-dlcyanoethyl amon. which 1s a tertmry carbamon. exhlblts no reactivity towards the cation 4 m 
DMSO m spite of Its lower thermodynanuc stabtity than the &cyanomethyl amon 
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Table 5 Results of the Reacaon of the Catmn 4 wuh carbamons R- 

Products” 
Entry R- NL(Rd m DMSO’ in THF-CH$.JNd 

1 5 9 e 4 + R- 4 R-f 

2 CN 83’ 4 + R- 4 + R- 

3 NC 
‘CH- 

h 110 4-R 

NC’ (s~nglz troduct) (srngle product) 

4 No2acK 12 3 ’ 4-R 4-R 

NC’ 
(single product) (single product) 

5 
NC 

‘C-kHs 12.5 g 
4-R 

NC’ 
4 + R- (+ byproducts) 

6 168 J 4-R 4-R 
(single product) (single product) 

a 4-R = 
H 

R - 
W 

b DetermIned III DMSO 

c [+[R-]=SxlOJ M d {Q]+R-]= 5~10‘~ M ’ Ref. 17 
f The salt 4 R- was isolated (see text) 
d Bordwell. F G, Hughes, D L J Org Chem 1983.48, 2206 
h Bordwell, F G Act Chem Res, 1988.21. 456 
’ Amen, E M. Cbswls, B, Amwnath. K W~tescll, Jr. L G 

Energy and Fuels. 1987, I $ 17 
‘Kuhn. R ; Rewu~lu. D. Lsubtgr Ana Chca 1961,704. 9 
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3800 2200 1800 1000 600 

Wavenumber (cm-') 

Fig 4 The IR spectrum (KBr disk) of the salt 4 G$-Ijg- 
closed cn-cle, absorpuons of 4, open cucle, absorptions of CHH3g- 

1 5 

10 
m 
0 

. 

*05 

0 I 
!OO 

Wavelength (nm) 

Fig 5 The UV-Vls spectrum of the salt 4 &H3g- in DMSO 
solid line, an observed spectrum, broken hne, 4, dotted line, QHsg- 

Reactlonr of the covalent compounds 4-R 
In order to prepare the 7-substituted tropyhum-ion denvatlve 13, the cycloheptamene 12 obtamed from 

the reacuon of entry 6 m Table 5 was treated with the mtyl cauon However, the result was not the formation of 
13 but only the regeneration of the canon 4, as shown m Scheme 3 This may be ascribed to the considerable 
difference in thermodynamic stablhty between the hepta- and hexa-substituted tropylmm ions, the hepta- 
substituted tropyhum ion being destabdlzed due to severe stenc constramt agamst the plananty of the tropyhum 
rmg l8 Dlssolutlon of 12 m TFA m CH2Cl2 (vlde supra) also resulted m the formanon of 4 instead of 13 
Furthermore, the cycloheptatnene 12 resisted any attempt for thermal19 or photochemlca120 slgmatroplc 
hydrogen mlgratlon, which 1s commonly observed for ordmary cycloheptamenes 

+ Ph&+Sb&j- 

Scheme 3 

Only the 7-methylcycloheptatnene denvatlve, which was obtamed by a reactlon of 4 with methylhthmm, 
was converted to the corresponding catlon 14 upon treatment with the mtyl cation Among the spectral 
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properhes of 14 shown m Table 3 (vlde supra), it 1s to be noted that NMR signals of all the bndgehead protons 
(and carbons) resonate at almost the same position m&catmg that they are suffermg from the stenc compression 
effect to a sirmlar extent. Thus, the tropyhum rmg m 14 might be somewhat dstorted fmm complete planar@ to 
muumlze the stetlc constramt The general upfield shift observed for the 13C NMR signals of substlmted 
tropyhum-nng carbons of 14 relattve to those of 4 1s considered to be resultmg from a shght change m 
hybmhzatton due to this &stomon of the tropylmm rmg. 21 Such stenc effect seems to be reflected m a decrease 
m thermodynamic stab&y of the cation 14 as 1s shown by lowered values of Its ~KR+ (12 4 + 0 5 in 50% 
aqueous CH3CN) and reduction potenttal (-1094 V vs Ag/Ag+) compared with those of the cauon 4 These 
results suggest the dtfficulty m r;llsmg the stab&y of the catron 4 sunply by placing an extra subsntuent at the C- 
7 positton 

EXPERIMENTAL 

Meltmg points were determined on a Yamato MP-21 apparatus and are uncorrected Elemental analyses 
were performed by Mlcroanalytlcal Center, Kyoto Umverslty, Kyoto NMR spectra were recorded on a JEOL 
GSX270 (270 MHz for lH and 67 8 MHz for 13C NMR) or on a JEOL FX90 (90 MHz for 1H and 22 5 MHz 
for l3C NMR) spectrometer using Me& as an Internal standard unless otherwlse noted. IR spectra were taken 
on a Nlcolet 20DXB FT IR spectrometer or on a mtachl215 spectrometer UV-Vzs spectra were taken on a 
&tachl200-10 spectrometer &gh resolution mass (HRMS) spectra we= taken on a mtachl M-80 spectrometer 
at 70 eV unless otherwise noted. Cycbc voltammograms were obtamed by the method and apparata described in 
a previous paper 16~ A Sartorms 4503MP6 mlcrobalance was employed for welghmg samples of less than 2 mg 

TIFF was freshly distilled from sodmm benzophenone ketyl before use DMSO and methanol were 
d~snlled over CaH2 CH$Zl2 and CH3CN were &stdled over P205 

1,2 3,4 $6Trrs(brcyclo[22.2]octeno)cycloheptatrzene (6) 
To a heated and stured suspension of CuBr (0 10 g, 0.70 mmol) and ms(blcyclo[2 2 2locteno)benzene 

(5)7 (1282 g, 4 03 mmol) m ClCH$ZH2Cl(l2 ml) was added dropwtse a solunon of dmzometbane (120 mmol) 
m ClCH2CH2Cl (200 ml), prepared from N-methyl-N-mtrosomea** and 50% KOH. at 80 “C over 30 mm 
After refluxmg for 10 mm, the mixture was filtered and evaporated to gwe 152 g of a crude product, which was 
chmmatographed over s&a gel (90 g) impregnated wtth AgN@ (7% by weight) Elunon with hexane afforded 
the unchanged benzene 5 (0 752 g, 58 6%). The followmg fractton eluted with hexane-ether (20 1 by volume) 
gave the cycloheptatnene 6 as white crystals (0 402 g, 30 0%). mp 175 8-177 “C (recrystalhzed from CH$12), 
lH NMR (CDC13,270 MHz) S 2 89 (br s, 2 H, CH), 2 82 (br s, 2 H, CH), 2 49 (br s, 2 H, CH). 2 38 (s. 2 H, 
CH2(cycloheptamene)). 1 66-l 01 (m, 24 H, CH2), 13C NMR (CDC13, 67 8 MHz) 6 139.3 (s), 133 5 (s), 
130 1 (s), 37 4 (t), 36 8 (d), 32 1 (d), 31 0 (d), 27 0 (t), 26 2 (t), 26 1 (t), IR (KBr) 2935, 2855, 1600, 1450, 
1318, 1248, 1178. 1144, 1126, 1020, 862, 812 cm-l, UV (&OH) h,, 276 nm (log E 3 75) HRMS (M+. 
C25H32) calcd 332 2502, found 332 2495 

1.2 3,4 S,6-Trrs(brcyclo[2 22]octeno)tropylwn hexafluoroantwnonate (4 SbFh-) 
To a stured solunon of 6 (0 306 g, 0 922 mmol) m CH2C12 (9 ml) was added PhjC+SbFe- 23 (0 400 g, 

0 835 mmol) m one pomon After stmmg for 30 mm at room temperature, the solution was concentrated to ca 
3 ml To dus solutton was added ether (50 ml) to cause the formanon of white preclpltates, which were collected 
by filtration and drted under vacuum to give 4 SbF& as a yelloHrlsh powder (0 431 g, 82 6%) Colorless 
crystals were obtamed by recrystalhzanon from CCL+CH3CN (2 1) mp 289 5-292 ‘C (dec) The spectral data 
are shown m Table 3 Anal Calcd for C25H31FgSb C, 52 93, H. 5 51 Found C. 52 72, H, 5 51 

7-Methyl-l,2 3,4 S,6-trrs(buyclo[222]octeno)tropyluun he.qq%uroantmonate (14 SbFb-) 
To a smred suspension of 4 SbFg (0 0831 g, 0 147 mmol) in THF (10 ml) was added dropwise a 

solunon of 1 86 M methylhthlum (0 3 ml, 0 56 mmol) m ether under argon atmosphere After stunng for 30 



6961 
1,2 3,4 5,6-Tns(blcyclo[2 2 2locteno)tropyhum ion 

mm at room temperature, the mixture was treated nnth Hz0 (10 ml) and extracted ~th ether (20 ml x 4) The 
ethereal soluuon was washed ~th 10% NaCl, dried (MgSOd), and evaporated to gwe 0 0664 g of a viscous 011, 
which was shown to contam 0 0372 g (0 103 mmol, 70.1%) of 7-methyl-l,2 3,4 5,6_ms(blcyclo[2 2 Z]octeno)- 
cycloheptatnene by 1H NMR analysis (In a separate expenment, the 7-methylcycloheptatnene denvatlve was 
isolated by chromatography over a short slhca gel column, lH NMR (CDCl3,90 MHz) 6 2 85 (br s, 6 H, CH), 
1 41 (br s, 24 H, CH2). 1 26 (s, 3 H, CH3), 13C NMR (CDC13, 22 5 MHz) 6 139 1 (s), 132 7 (s), 128 6 (s), 
32 1 (d), 31 3 (d), 31 2 (d), 27 1 (t), 26 5 (q), 26 2 (t), 25 8 (t) ) The crude product from the above reaction 
was dissolved m 0 8 ml of CH3CN-CH2Cl2 (4 1 by volume), and to 011s soluaon was added dropHrlse a solunon 
of Ph$YSb&j- (0.0498 g, 0 104 mmol) m 0 6 ml of CH$N-CH2C12 (4 1) with magnetic stmmg and heatmg at 
60 “C under argon After sarrmg for 1 hr at 60 “C, the resultmg browmsh solution was evaporated and the 
residue redissolved m CH2Cl2 (1 ml) To the stmed CH2Cl2 solution which was cooled with a dry-Ice/methanol 
bath was added ether (15 ml) under mtrogen to cause formanon of white preclpltates After stmmg for 30 mm 
with coolmg, the supematent solution was removed by the use of a syrmge leaving 14 SbF6- as a beige-colored 
powder (0 0339 g, 56 6%) after drymg under vacuum The salt 14 SbF6- was found to gradually decompose 
either m a solution (CH2C12) or as a solid and therefore sahsfactory analyncal data could not be obtamed mp 
>300 “C (chamng at >200 “C) The spectral data are shown m Table 3 Anal Calcd for C@j&Sb C, 53 72, 
H, 5 72 Found C, 55 21, H, 5 86 

7-Methoxy-I,2 3,4 5,6-tns(bxyclo[2.2 2]octeno)cycloheptatrtene (10) 
To a stmed suspension of 4 Sb&- (0 0941 g, 0 166 mmol) m dry methanol (10 ml) was added dropwlse a 

0 303 M solution of NaOCH3 m methanol (3 5 ml, 1 1 mmol) After samng for 15 mm the mixture was 
evaporated and the residue extracted with pentane (10 ml x 6) Evaporanon of pentane afforded 10 as a pale 
yellow oll(0 0543 g, 90 2%) tH NMR (CDC13,270 MHz, 25 “C) 6 -3 6 (v br s. 1 H, CH(cycloheptatnene)). 
3 21 (br s, 3 H, OCH3), 2 97 (br s, 2 H. CH), 2 91 (br s, 2 H, CH), 2 80 (br s, 2 H, CH), 1 67-l 22 (br m, 
24 H, CH2), 13C! NMR (CDC13.67 8 MHz, 25 ‘C, considerable lme broadenmg was observed resultmg from 
partly frozen ring-inversion of the cycloheptatnene system) 6 139 1. 132 9 (br), 132 6, 81 6 (br), 56 2. 32 1, 
31 1, 27 1, 27 0, 26 9. 26 4, 25 8, 13C NMR (CDC13, 67 8 MHz. -55 ‘C, two sets of signals were observed 
corresponding to two isomers havmg the 0CH3 group at an equatonal posltlon (lO(eq-OCH3)) and at an axial 
posmon (lO(ax-0CH3)) m a raho of ca 2 1, the assignment was made based on the data of frozen 1H NMR 
spectra exhlbmng H-7 of lO(eq-OCHg), whch 1s known to resonate at the higher field, at 6 2 97 and that of 
lO(ax-OCHg) at 6 4 58) 6 (lO(eq-OCH3)) 139 4 (s), 132 0 (s), 131 3 (s), 79 9 (d), 57 8 (q), 31 8 (d), 30 3 
(d), 27 3 (t), 27 0 (d), 26 4 (0. 26 1 (t), 25 9 (t). 25.5 (t). 25 3 (t). 6 (lO(ax-OCH3)) 137 9 (s). 134 8 (s), 
131 6 (s), 83 4 (d), 53 7 (q), 36 3 (d), 31 3 (d), 31 1 (d), 27 6 (t), 26 4 (t), 26 3 (t), 25.6 (t), 25 3 (t) HRMS 
(20 eV) (M+, Cfi~0) calcd 362 2608, found 362 2610 

Protolyac o&anon (wtuzatton) of the cycloheptamene 6 
(a) Experiment on a preparanve scale Into a glass tube contammg 6 (0 0225 g, 0 0677 mmol) was 

vacuum-dlstdled 0 5 ml of CF3CO2H (0 739 g, 6 48 mmol) to @ve a deep yellow-orange solunon The tube 
was opened under a~, dduted ~th 3 ml of CH$!lz, and let stand for 2 hr Evaporation of the solvent and acid 
tiorded a highly viscous 011, wluch exhlblted a 1H NMR spectrum idenncal to that for the canon 4 

(b) Spectral tnvesttgatron The UV-VIS (Figure l(a)) and NMR measurements under a~ were camed out 
by the use of an ordmary quartz cell (100 mm) and an NMR tube (o d 5 mm) The UV-Vls measurements 
under vacuum were conducted by the use of a vacuum quartz cell (1.00 mm) described m a previous paper l6~ a 
precisely welghed amount of 6 was placed m a side arm, and known amounts of CHzC12 and CF3C@H were 
vacuum&s&d mto the bottom part. The whole appamtus was sealed under vacuum, and after thorough mung 
of the solution the spectrum was recorded to gve the result shown m Figure l(b) Sample solutions for NMR 
measurements under vacuum were slmllarly prepared using a smular apparatus eqmpped v&h an NMR sample 
tube The *H NMR spectra are shown in Figure 2 (The chemical sh&s we= read urlth reference to the signal of 
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trace amount of CH2Cl2 taken as 6 5 32 ) The 13C NMR data are as follows (the chemical shtits were read ~th 
reference to the signal of ClWl2 taken as 6 53 80) the cabon 7, 6 202.1 (s), 200 7 (s), 199 4 (s), 150 3 (s), 
147 2 (s). 45 4 (d. CHc), 44 8 (d), 40 9 (d), 39 1 (t, CI&Hb), 37 2 (d), 34 4 (d), 34 3 (d), 33.0 (d), 28.0 (t), 
27 8 (t), 27 5 0). 25.9 (t). 25 6 (t), 25 5 (t), 25 4 (t). 25.1 (t), 24 6 (t), 24 5 (t). 24 2 (t), 21 2 (t), the cation 8, 
6 212 0 (s), 205 0 (s), 202.1 (s), 149 0 (s), 131.5 (d. CHa), 47 4 (d), 45 7 (d, CHb or CI&), 44 9 (d, CH, or 
CHb), 43 4 (d), 37 5 (d), 33 4 (d), 30 3 (d), 30 0 (d), 29 5 (t), 28 2 (t). 27 7 (t), 25 6 (t), 25 5 (t), 25 3 (t), 
24 9 (t), 24.6 (t), 24 3 (t), 23 9 (t). 21 5 (t), 21 3 (t) 

Ionuanon of the metho~cycloheptene 10 by Brsnsted acrds 
To a O&ml ahquot of a solution of 10 (0 0035 g, 0 0097 mmol) in CD3CN (3 5 ml) was added each of 

the followmg acids ~th vigorous mwng 75% H3pO4 (0 031 g. 0 24 mmol). saturated carbonated water (0 1 
ml, calculated to contam 0 003 mmol of HzCO3), H3B03 (0 041 g, 0 66 mmol), and phenol (0 120 g, 128 
mmol) Each soluhon exhlhted 1H NMR (270 MHz) signals of the cahon 4 m place of those of 10 

In the case of HBr, the gaseous acid was bubbled mto a solution of 10 (0 0092 g, 0 0254 mmol) in ether 
(5 ml) Evaporation of the solvent afforded a brownish powder (0 0123 g, 98 4% as 4 Br- HBr), which 
exhibited lH NMR (270 MHz) and *SC NMR (67 8 MHz) spectra identical to those of 4, m CD$N 

A solunon of 10 (0 001 g, 0 002 mmol) m CD3N02 (0 8 ml) also showed the *H NMR (270 MHz) 
signals of the canon 4 

Reactwns of the cahon 4 with nucleophdes 
To 3.00 ml of a 5 73 x 10-S M aqueous solution of 4 SbFe- was added 0 50 ml each of 6 x l@ M aqueous 

solution of the following nucleophdes NaOCN, NaN3, CH3mNa. K2CrO4. C&SNa, NazSO3, C!&ONa, 
and Na$Q 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 10-S M) was added to 1 ml of an aqueous solution of 
4 SbFe- (4 58 x 10-S M), an appreciable decrease m the W 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 stmed 
suspension of 4 SbF6- (0 0386 g. 0 0679 mmol) m Hz0 (15 ml) and the stunng contmued for 2 hr at room 
temperahue Then the soluhon was extracted ~th ether (20 ml x 3). and the ethereal solunon washed with 10% 
NaCl, dned (MgSO& and evaporated to p;lve 0 0197 g of a pale yellow viscous 011. which was shown to be a 
mixture of 7-cyano-1.2 3,4 6,7-tns(blcyclo[2 2 2locteno)cycloheptamene (lla), 7-cyano-1,2-4,5*6,7- 
ms(blcyclo[2.2 2locteno)cycloheptamene (llb), and 7-cyano-2,3*4,5 6,7-ms(blcyclo[2 2 Z]octeno)cyclo- 
heptamene (11~) (total yield, 81 1%) based on the followmg findings The 1H NMR (CDC13, 270 MHz) 
spectrum of the crude product exbbited three smglets of =CH- at 6 6 29.6.02, and 5 11 with the integrated rano 
of 0 4 1 0 0 2, together with broad singlets of XI-k at 6 3.1-2 3 and broad mulnplets of -CH2- at 6 1 2-O 8 In 
the l3C NMR (CDCl3.67.8 MHz) were observed three singlets of CN groups at 6 121 8. 1216, and 1212, 
together with ca. 20 srgnals at the range of 6 147 3-123.3 and ca 55 signals at the range of 6 44 2-20 8 By the 
reaction of the crude product (0 0031 g, 0.0087 mmol) with Ph$+SbFe- (0.0048 g, 0 010 mmol) m CH2Cl2 
(0 5 ml) for 3 hr at room tempemture followed by add~aon of ether (30 ml), the= was obtamed 4.SbFg- (0.0045 
g, 91%), which was ldentied by 1H NMR (270 MHz) and IR spectxoscoples From ca. 0 020 g of the crude 
product mixture from the same reactton was Isolated lla as a colorless viscous od(0 0078 g) by HPLC usmg a 
mlcropomsd column (Waters) eluted W&I hexane-ether (98 2 by volume), though isolation of either llb or llc 
m a pure state was not successful lla. 1H NMR (CDCl3,270 MHz) 6 6 02 (s, 1 H, =CH-), 3 01 (br s, 1 H, 
CH). 2 95 (br s, 1 H, CH), 2 91 (br s, 1 H, CH), 2 61 (br s, 1 I-I, CH), 2 40-2 37 (br m, 2 H, CH x 2), 2 17- 
127 (m, 24 H. CH2), 13C NMR (CDC13, 67.8 MHz) 6 142.0 (s), 141 9 (s), 139.7 (s). 138.5 (s), 131 8 (s), 
123 3 (d), 121.8 (s), 43.4 (s), 35 9 (d), 35 3 (d), 32.6 (d), 32.5 (d), 32.4 (d). 32 3 (d), 27.7 (t), 27.5 (t), 26.5 
(t). 26 4 (t), 26.2 (t). 26 1 (t). 25 8 (t). 25 7 (t), 25 4 (t), 25 2 (t), 23 9 (t), 22 2 (t), IR (CC4) 2942. 2864, 
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2221, 1469, 1456,1360, 1264. 1218,1147,1089,866 cm- 1. HRMS (M+, C+I31N) calcd 357 2454, found 
357.2450. 

Reactions of 4 SbF6 with carbanwns 
(II) A general procedure for the reacnon m DMSO The carbamons were generated by the rtactlon of 

0 00570 M DMSO solution of t-BuOK (0 40 ml, 2.3 x 10-J mmol) with the correspondmg carbon acuis (2 5 x 
IO-3 mmol) in DMSO (5 0 ml) either under argon or under vacuum m a vacuum quartz cell described 
prevtously 16c After thorough nuxmg of the carbamon with 4 SbFe- (2 5 x 10-3 mmol), which had been placed 
in a side arm of the cell, the UV-Vis spectrum was reco&d 

(b) Reactlon on a preparatwe scale As a representative case for the reactions of enmes 3-6 III Table 5, a 
procedure for the entry 3 IS described below To a stmed solution of 4 SbFs- (0 0565 g. 0 100 mmol) in 
CH3CN (IO ml) was added under argon a suspension of K+CH(CN)z- (0.10 mmol) m THF. prepared from 
CHz(CN)p and 0 578 M THF solution of t-BuOK. After stimng for 10 nun, Hz0 (4 ml) was added and the 
mixture extracted with ether (5 ml x 3) The ethereal solution was washed wtth 10% NaCl, dned (MgSO4). and 
evaporated to @ve ‘I-ticyanomethyl-12 3.4 5,6-ms(blcyclo[2 2 2locteno)cycloheptamene as white crystals 
(0 0327 g, 82 4%). mp 172 5-174 0 ‘Xl+, tH NMR (CDCl3,270 MHz) 6 3 89 (d, J = 10 6 Hz, 1 H, CH(CNk), 
3.41 (d, J = 10 6 Hz, 1 H, CH(cycloheptamene)). 3 05 (br s. 2 H. U-I), 2 99 (br s. 2 H, U-I). 2 59 (br s. 2 H, 
CH), 1.83-O 71 (m, 24 H, CHz), t3C NMR (CDC13, 67.8 MHz) 6 139 9 (s), 136 0 (s), 130 1 (s), 113 4 (s), 
53 2 (d), 37 8 (d), 31 9 (d, two agnals), 27 7 (t). 26 1 (t). 25 8 (t). 25 5 (t), 25 3 (t), 25 25 (t), 17 9 (d), IR 
(KBr) 2938,2862,2250, 1470, 1455, 1319, 1192. 1148, 1019,862, 810 cm-t, A,,,, (QHt2) 228 mu (log E 
4.23), 277 (4 11). Anal Calcd for Cz$-I32N2 C, 84 80, H. 8 13 Found C. 84 95, H, 8.27 

The products from the enmes 4-6 m Table 5 were as follows 
7-(a-Cyano-p-mtrobenzyl)-1.2 3,4 5,6-ms(blcyclo[2 2.2locteno)cycloheptamene. white powder. mp 

217 5-219 ‘C, tH NMR (CDC13.270 MHz) 6 8 17 (d, J = 8 8 Hz, 2 H. Ar-H). 7 27 (d, J = 8.8 Hz, 2 H, Ar- 
H), 3 62 (d, J = 10.9 Hz, 1 H, CHCN), 3 43 (d, J = 10 9 Hz, 1 H, CH(cycloheptamene) ), 3 12 (br s, 2 H, 
CH), 3 02 (br s, 1 H, CH), 2 91 (br s, 1 H, CH), 2 66 (br s, 1 H, CH), 2 05 (br s, 1 H, CH), 1 80-O 79 (m, 
24 H, CH2), l3C NMR (CDC13, 67 8 MHz) 6 147.5 (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), 31 99 (d), 31 95 (d), 31 59 (d), 27 90 (t). 
27 80 (t), 26 61 (t), 26 10 (t), 25.95 (t), 25.72 (t), 25.51 (t), 25.46 (t), 25 20 (t). 24.38 (t); IR (KBr) 2930, 
2855, 2240. 1600, 1531, 1465, 1450, 1340, 1270, 1120, 1070.850.750, 690 cm-l, kmax (QH12) 226 nm 

(log & 4 21), 261 (4 00) HRMS (20 eV) (TW. C33H3@J#&) calcd 492 2774, found 492 2766 
7-( 1,1-D~cyanoethyl)-1,2 3,4-5,6_ms(hcyclo[2 2.2locteno)cycloheptatnene white crystals, mp 152 7- 

154 0 ‘C. *H NMR (CDCl3, 270 MHz) 6 3 85 (s, 1 H, CH(cycloheptatnene)), 2.98 (br s, 4 H, CH). 2.47 (br s. 

2 H, CH), 1 79-O 80 (m, 24 H, CH2), 158 (s. 3 H, CH3). ‘SC NMR (CDC13, 67 8 MHz) 6 140 35 (s). 
139 40 (s), 129 74 (s), 117 10 (s), 61 03 (d), 40 30 (d), 35 23 (s), 32 61 (d), 32 14 (d), 27 82 (t), 26 51 (t). 
25 51 (t), 25 47 (t), 24 87 (t), 24 79 (t), 22 99 (q) HRMS (M+, C2gH34NZ) calcd 410 2719, found 
410 2715 

7-@ibenzo[c,g]fluoren-9-yl)-1,2 3,4 5,6-ms(blcyclo[2 2 2]octeno)cycbheptamene white crystals, mp 
249 5-251 ‘C, 1H NMR (CDC13,270 MHz) 6 8.70 (d, J = 7 7 Hz, 2 H, H-6,7(rhbenzofluorene)), 7 94 (d, J = 
7 3 Hz, 2 H, H-3,1O(Qbenzofluorene)), 7 72, 7 68 (d x 2, J = 8 1 Hz, 4 H, H-1,2,11,12(&benzofluorene)), 
7 50 (qmnt, 4 H, H-4,5,8,9(&benzofluorcne) ). 3 74 (d, J = 10 6 Hz, 1 H, CH(&benzofluorcne)), 3 23 (br s, 2 
H, CH), 3 11 (br s. 2 H. CH), 2 76 (d, J = 10 6 Hz, 1 H, CH(cycloheptatnene)). 2 05 (br s, 2 H, CH). 183- 
0 72 (m. 24 H, CH2), 13C NMR (CDCl3,67 8 M Hz) 6 148 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 (t), 26.82 (t), 26 15 (t). 25 92 (t, two signals), 25 37 (t), IR 
(KBr) 2950,2875,1580, 1460, 1428, 1368, 1328, 1180, 1132,1013,820,750 cm-t? b, (cyclohexane) 218 
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nm (log E 4 89). 245 (4.64), (263 sh (4 38)), 352 (4.13). 370 (4 10). Anal Calcd for Qh C, 92 57; H. 
7 43 Found C, 92 70, H, 7 43. 

A reacnon of 4 SbF6- (0 0168 g, 0.0296 mmol) urlth the 9cyanofluorenyl amon (Table 5, entry 2) was 
camed out in the same way However, upon treatment ~th Hz0 were formed a large amount of white 
precipitates, which were collected by filtration, dned under vacuum, and identdied as the unchanged 4 SbFs- 
(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 m Table 5, see the next secnon 

Isolation of the hydrocarbon salt 4 Ca7I-i39- (I,2 3,4 5,6-trrs(brcyclot2 2 2]octeno)tropylwn trrs(7H- 
dlbenzo[c,guluorenylrdenemerhyl)merSude) 

To a stmed soluaon of ms(7H-&benzo[c,g]fluorenyhdenemethyl)methane, c67N40?~ (0.0223 g, 0 0264 
mmol) m THF (1 3 ml) was added a 0 100 M solution of t-BuOK m THF (0 245 ml, 0.0245 mmol) under 
argon After sturmg for 5 mm, a sohmon of 4 SbF6- (0 0150 g, 0 0264 mmol) m THF (1.5 ml) and CH3CN 
(0 2 ml) was added to the resulhng deep green solutmn After stunng for 5 mm m the da& pentane (30 ml) was 
added to cause the formation of dark green pxeclp~tates. which were collected by filtrauon under argon To the 
preclpltates was agam added THF (1.5 ml) under argon, and the mutture was cenmfuged. The supematent 
solution was filtered by a membrane filter (0.45 pm), the filtrate bemg dnectly dropped into pentane (30 ml) with 
sarrmg The unme&ately formed dark green preclpltates were collected by fdtrahon and dned under vacuum to 
@ve a dark green powder analyzed as 4 Q7H39- 2H20 in spite of severe precautions taken agamst moisture 
(0 0133 g, 416%). mp 192 ‘Qdec) For the IR and UV-VIS spectral data, see Figures 5 and 6 Anal Calcd for 
C92H7& C. 9120, H. 6 16, F, 0 00 Four& C, 9129, H, 6 40, F, 0 00 

The incorporation of the cation 4 and the amon Q7H39- was further confiied as follows The salt 
4 C&7H39- 2Hfl(O 00664 g, 5 48 x 104 mmol) was dissolved m DMSO (0.5 ml) under argon, and was shaken 
with 10% HCl(10 ml) and CC4 (1 ml) From the specific absorpaon of the cation 4 at ii,,,= 308 nm m the W 
spectrum of the separated aqueous solution, the amount of 4 was calculated as 5 37 x lOA mm01 (97 9%). The 
TLC analysis (hexane-benzene( 1*1)/s&a gel) of the CC4 solution m&cated the presence of c67H40 as a smgle 
component 

Reacnons of 7-(dlbenzo[c,g#luoren-9-yl)-I,2 3,4 5,6-trw(bxyclo[2.2.2]octeno)cycloheptatrme (12) 
(a) Wuh mtyl hexqt7uoroantunonate. To a soluaon of 12 (0 0061 g, 0.010 mmol) m CD$l2 (0.5 ml) m 

an NMR tube (o.d. 5 mm) was added Ph#?SbFh- (0 01 g, 0 02 mmol) m one porhon under mtrogen. After 
mmmg with vibration for 5 mm, the resultmg browmsh solution was subJected to NMR analyses The 1H NMR 
(270 MHz) showed the signals of 4 together with multiplets at 6 8 3-7 2 and a smglet at 6 6 10. The t3C NMR 
(67 8 MHz) exhhted the following signals besldes those of 4 6 144 7, 143 9, 143 2, 1310. 130 3, 128 4, 
128 2, 127 6, 127.0, 1267, 1262, 125 4. 1247, 124 6, 63 6, 53 0 

(b) With CF3COzH m CH2C12 A solution of 12 (0 0279 g, 0 0468 mmol) m CF3COzH (0 36 ml, 4 7 
mmol) and CH2Cl2 (3 ml) was stured at room temperature for 2 days Evaporanon of the acid and solvent and 
washmg of the residue with ether afforded a brown VISCOUS 011, which exhlhted the tH (270 MHz) and l3C 
NMR (67 8 MHz) agnals completely identical to those of 4 

The p&+ determmatwn 
A buffer solution of pH 10 was prepared by mlxmg a 0 2 M solution of glycme and a 0.2 M solution of 

NaOH both m CHjCN-Hz0 (1 1) For the preparation of a sample solution, each l-ml pomon of the stock 
solunon, prepared by &ssolvmg 3-4 mg of the canon salt m CH3CN (10 ml), was pipetted out and made up to 
10 ml by addmg Hz0 (1 ml) and the buffer solution The sample soluaons ~th hrgher basiclty were made by 
addition of l-3 drops of 20% or 50% NaOH, or by mlxmg the sample soluuons of appropnately different 
baslcmes The UV-VIS spectrum of the sample solution was recorded usmg a l-cm cell thermostated at 25 “C 
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Imme&ately after xecordmg the spectrum, the pH of each sample solunon was determined on a Hitachi-Honba 
M-8S pH meter After complete neutrahzaton of the cation, the reversibility was confirmed by quanmatlve 
regenerahon of the catlOn spectrum upon aci&fication of the sample solutton with a few drops of coned H2SO4 
The observed absorbance at the spectfic absorption wavelength of the cation was plotted against pH to give a 
class& Utratatlon curve, whose mldpomt was taken as the ~KR+ For the catlon 4, mphcated runs gave the 
values, 13 15,12 95, and 12 88, whle duphcated runs gave the values 12 70 and 12 00 for the canon 14 
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