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Abstract The title cation, in which [2.2]paracyciopbane and the tropylium ring are rigidly fixedat the face-to-face 

arrangement, was synthesized, and was found to exhibit the highest stability in a series of (8-sub&ted l- 

mpbthyl)tro&ium ions prepared so far. 

A typical textbook description for the mode of carbocation stabilization is the inductive and conjugative 
electron donation from the substituems. The through-space n-&ctron supply from a rcdonor closely placed in 

the same molecule can also be regarded as another mode of autmcadon stabilization, which may be recognized 
as the intramolecular chargHransfer interaction.1 On the other hand, [2.2]paracyclophane is known to have the 
ncloud higbly expanded outside of the molecule due to the enforced stacking of the two benzene rings2 Then 

it is of particular intcrcst to examine how such a n-system can electronically stabilize a carboc&ion fixed closely 

in the same molecule. From such viewpoint, we have prcpamd the title cation 1 with the tropylium ring directly 
facing to the cyclophane group, together with tbc reference cation2, and compared their pr~rties with those of 
the previously reported cations 3.3 

The synthetic route is shown in Scheme 1. Grignard coupling of 1,bdibromonaphthalenc with 
[2.2lparacyclophan4yhnagnesium bromide was quite sluggish, but afforded the product 44 in 10 96 yield after 
hcadng for 4 days under the catalysis with dichloro[l,3-bis(diphenylphosphhto)propanc]nickel (Ni(dppp)Clz) . 
The bromide 4, isolated by medium pressure liquid chromatography, was converted to the cyclohcptatricnc 5. 5 
The dhect conversion of 5 to 1 was not successful, but the thermal [l,S]sigmatropy of 5 to its isomer 6 took 
place readily at 120 ‘C as compared with the case of the reference compound 7, 6 which required heathrg at -170 

7 ‘c for 1.5 h for completion. The hydride abstraction with Pl@SbF< at -4O’C afforded the SbW salt of the 
desired cation l8 as a dark-red powder after precipitation with ether. The SbF6 salt of the cation 2g was 
prepamd as an orange powder in the same way. 
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Scheme 

The ‘H and 13C NMR data of the cation 1 are shown in Table 1. The assignments were made based on 
the H/H and C/H COSY 2D-NMR technique. It is to be noted that the tropylium ring protons exhibit the 
sequential upfield shift in circulating order around the ring and correspondingly the H-8 signal of the cyclophane 
ring is upficld shifted to 8 5.47. These data indicate that the conformation of the tropylium ring is fixed so that 

half of the ring is heavily shielded by the closely positioned cyclophanc’s benxenc ring. 

Table 1. lH (270 MHx) and 13C NMR (67.8 MHZ) Data 63) for the Cation l*SbF6- in CDza 

(position) lH 13C (position) lH 13C (position) k-t 13C 

Tropyhm Cyclophane. Ammatii * NIpMhrkneO 
(1) - 171.2 (5) 6.70 132.2 136.7 

(2) 9.09 148.1 6.31 135.7 126.1 

8.73 151.0 5.47 137.4 (4) 8.31 134.5 
a.57 149.1 (12) 6.57 132.4 (5) 8.24 130.4 

(5) 8.42 151.8 (13) 6.57 132.5 (6) 8.01 127.9 

(6) 7.65 146.3 (1s) 6.41 133.4 0 8.06 132.4 
0 7.57 151.5 (16) 6.56 128.9 

Cycbphaae. Aliiatic 
(1) 258.2.42 34.7 
(2) 217,2.03 33.7 

(9) 3.10 35.4 
(10) 3.10 35.4 

= 8 (13C) for qnatenwy carbons: 143.2, 141.9,140.6, 140.3, 140.0, 138.0,137.3, 135.7, 129.8. 

Semiunpirical molecular orbital (MO) calculations (AM) indicated the optimixed structure of 1 to be as 
shown in Fig. l.r” The results suggest that the three aromatic rings are arrayed in a face-to-face arrangement in 
close proximity and the tropylium and benxene rings are mutually half-overlapped in good agreement with the 
‘H NMR data. The distance between the centers of tropylium and the facing benxene rhrgs is calcuiated to be 
3.4 A In this structure (the conformer A in Fig. 2), the tropylium and cyclophane rings are twisted with 
reference to the naphthalene plane by 49.8 and 60.9 mspectively, so that the close contact is avoided between 
the naphthalcnc’s H-7 and the mcthylene protons at the C-l (and C-2) of the cyclophane’s ethano-bridge. 
Another conformer (B) in which both of the aromatic substituents are twisted in an opposite direction, would 
involve steric congestion at the naphthalenc’s H-7 proton and is calculated to be 1.1 kcaUno1 less stable than the 
cmformcrA by AMl. 



101 

Head-on view Side view Topviews 

Fig. 1. The calculated structure of 1 by AMl. 
Fig. 2. S&mat& representations for 

conformers A and B. 

lltc cations 1 and 2 exhibited the longest-wavelength absorption in dichloromethane at 555 and 500 mn, 
mspcctively. The transition energy of these absorptions am linearly correlated with the ionization potential (IP) 
of the donor molecules, including the previously reported cations&r-e (correlation coefficient, 0.986, slope, 
0.70), suppotting the assigmncnt of these absarptions as the intramolecular charge-transfer bands. 

The data of pm+ and reduction potential, mgcthcrwith hvc~, for the cations 1, 2, and 3a-e arc shown 

in Table 2 in a decreasing order of the hvcT value. Also shown are the values for the energy gap, AI&-r. 

(calculated by AM), between the HOMO and LUMO which am localized at the donor and acceptor moieties 
mspcctively. The A&-L values exhibit, again, a good correlation with the observed bvCT values (correlation 

coefficient, 0.990, slope, 0.61). 

Table 2. Data of hvcT, A&-L pKR+, and Reduction Potential (Bed) for the Cations 1,2, and 3a-e 

Cation donor’s IP I eV 

3a 9.23 3.16 6.78 5.03 - 0.597 
2 8.44 2.48 5.84 5.37 - 0.627 
3b 8.26 2.43 5.68 6.27 - 0.649 
3c 8.26 2.36 5.62 5.45 - 0.601 

1 8.08 2.23 5.39 6.30 - 0.689 
3d 7.72 2.12 5.03 6.2s - 0.665 
3e 7.72 2.07 5.03 5.75 - 0.625 

pKR+ b 

o Wdned from the cbmge-~r rkaptioo in CH$B2. * Detemdal speclmphotom~ in 50% aq. CH3CN. c Catbodk 
peak potential obtained by cyclic vollammelry in CH3CN with (QEIg)@ClQq 18 a anpporiing elecldytc: sari rate, 0.1 V/s. 

The data of both the pKR+ and reduction potential indicate that the cation 1 is tkmodynamically 
stabilized to the same extent as the cation3 d having a comknsed aromatic x-system, pyrene, as a z-donor. The 

~KR+ value of 1 is nearly 1 unit increased as compared with the reference cation 2.” This stabilization is 
ey attributed to the n-electron donation from the stacked x-system of the [2.2]pa~yclophane moiety. 

The total electron density r&ding in the donor and acceptor moieties was calculated by the scmiunpirical MO 
(INDO) method and is shown in Fig. 3. It implies that the cyclophanc system does electronically stabilize the 
trupylium ion by the through-space nelectron supply which appcam to induce the ion-dipole interaction in the 

stacked x-systems. 



Benzene Tropylium ion fir+) S+ S- Tr+ 

+0.0062 
a 

+0.8017 
A to.041 8 

8 - 0.0284 

to. 1020 to. 1003 
Fig. 3. The total electron densities calculated by INDO MO method. 
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4; mp 211-212 ‘C; lH NMR (270 MHz, CDW B 7.92 (d, lH), 7.91 (a, 1H). 7.88 (d. 1H). 7.72 (dd, 1H). 7.70 (d. lH), 7.25 

(dd. 1H). 6.73 (d, 1H). 6.68 (8, Hi), 6.67 (d, lH), 6.60 (d. 1H). 6.58 (d, IH), 6.54 (d. 1H). 6.44 (d, 1H). 3.29-2.99 (m, SH), 

267 (dd. 1H). 2.47 (dd. lH), 208(dd, 1H); 13C NMR (22.5 MHz, CDC@ II 140.5 (s). 140.0 (s), 139.7 (s), 139.6 (s), 139.0 

(6). 138.9 (a). 135.9 (s), 135.1 (d), 133.7 (d), 133.1 (d), 133.1 (d), 132.5 (d), 131.8(d), 131.3 (d). 131.0 (d), 129.0 (d), 128.6 

(dX.128.6 (d), 128.3 (s), 125.8 (d). 125.5 (d), 119.8 (s), 35.5 (t), 35.4 (t), 34.9 (t), 32.8 (1). 

5; mp 71-72 %; lH NMR (270 MHz, CDQ) 8 7.91 (d. lH), 7.83 (d, lH), 7.71 (d, IH). 7.64 (d, 1~). 7.63 (dd, lH), 7.53 

(dd, lH), 6.66 (d. 1H). 6.56 (d, 1H). 6.55 (s, W6.51 (d. 1H). 6.47 (d. lH), 6.36 (d, 1H). 6.19-6.o8(m. 3H). 5.94 (dd, lH), 

5.70 (dd, lH), 5.32 (dd. lH), 4.71 (dd, lH), 3.18-2.86 (m, 4H). 2.63-2.29 (m, 4H). 2.11-1.99(m. 1H); l3C NMR (67.8 

MHz, CDQ) 6 144.1 (s), 140.9 (s), 140.0 (s), 139.4 (8). 138.9 (s), 138.7 (s), 138.0 (8). 136.7 (d), 134.8 (8). 132.8 (d), 

1323 (d), 132.2 (s), 132.1 (d), 131.8 (d). 130.6 (d), 130.4 (d), 129.9 (d), 129.8 (d), 128.9 (d), 128.7 (d), 128.7 (d), 128.5 (d). 

128.5 (d), 127.4 (d), 125.6 (d), 124.6 (d), 124.1 (d), 123.0 (d), 43.5 (d), 35.4 (t), 35.4 (t), 34.9 (1). 33.4 (t). 

7 oxepared in the same way as 5); mp 82-83 l C; lH NMR (90 MHz, CDCb) 8 7.84 (d, 2H). 7.69 (d, lH), 7.51 (dd. lH), 

7.41 (dd. lH), 7.13 (d. lH), 6.96 (d, lH), 6.90 (d, 1H). 6.88 (s, lH), 6.24 (dd, 2H), 5.92 (m, W), 5.26 (dd, 1H). 5.01 (dd, 

lH), 2.97 (dd, lH), 2.21 (s, 3H). 1.81 (s, 3H); 13C NMR (22.5 MHz, CDCJ3) 6 143.7 (s), 143.2 (s), 138.7 (s), 135.0 (s), 

134.5 (s), 132.2 (s), 130.9 (s), 130.0 (d), 129.7 (d). 129.7 (d), 129.6 (d), 129.2 (d), 129.0 (d), 128.9 (d), 128.8 (d), 12~3.0 (d), 

127.7 (d), 127.4 (d), 125.6 (d), 124.5 (d), 123.6 (d). 123.0 (d), 41.8 (d), 20.8 (q), 19.8 (q); Anal. Calcd for aH22: C, 

93.12; H. 6.88 %. Found: C, 92.96; H, 6.90 46. 

lhi would be ascribed to the greater nlease of steric strain upon thermal isomerization for s than for 7. 

l*SbF6 1 mp 158-159 % (dec); UV-vie (CH2Cl2) X mpx 272 nm (log e 4.13), 308 (3.94). 388 sh (3.72), 447 (3.89). 555 

sh (3.29); UV-vis (CJ&CN) Xm, 264 nm (logs 4.08). 303 (3.96). 421(3.86); Anal. C&d for C33H27FgSb: C, 60.12; H, 

4.13%. Found: C. 59.49; H. 4.19%. 

2*SbF6 -; mp 190-191 ‘C (dec); lH NMR (270 MHz. CD2CQ) 6 8.70 (d, 1H). 8.68-8.52 (m, 3H), 8.41 (m, 2H). 8.24 (d, 

1H). 8.12 (d, lH), 7.75 (dd, IH), 7.72 (dd. H-I), 7.52 (d. 1H). 7.51 (d, lH), 6.79 (8. 1H). 6.68 (d, lH), 6.54 (d. IH), 2.16 (I, 

3H). 1.76 (s, 3H); 13C NMR (67.8 MHz, C&Ch) 8 170.9 (s). 153.7 (d), 151.5 (d). 151.2 (d), 150.3 (d), 150.2 (d). 148.4 

(d), 142.4 (s), 137.6 (s), 137.6 (s), 137.3 (s), 135.6 (s), 135.4 (d), 134.2 (d), 133.7 (II). 132.9 (d), 1321 (d), 132.1 (d). 130.3 

(d), 130.1 (d), 128.9 (8). 127.5 (d). 125.9 (d), 20.8 (q), 19.7 (4); W-vis (CH2Cl2) Lmas 277 nm (log e 4.09). 368 (3.72). 

413 (3.72), 500 (3.57); uv-vis (CIIJCN) h- 274 nm (logs 4.09), 350 (3.70), 394 (3.72). 470 ah (3.53); Anal. Calcd for 

C25H21FgSb: C, 53.89; H, 3.80 %. Found: C, 53.60; H, 3.91%. 

Results of MMP2 calcubtions also gave a quite shnihu structure. 

The energy difference in the covalent structures is assumed tobe not so large as to affect the pKRt difference, since the 

nucleophilic attack of OH -should occur preferentially at the tropylium ring carbons far from the ipso-carbon. 
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