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ABSTRACT

1+

Triphenylene 1 was synthesized by palladium-catalyzed cyclotrimerization of a benzyne annelated with two bicyclo[2.2.2]octene (BCO) units.
Theoretical calculations indicated that 1 is constrained to a twisted conformation with a C, symmetry as a result of steric repulsion between
the BCO units. The one-electron oxidation of 1 with SbCls gave the corresponding radical cation 1**, which abstracted a chlorine atom in the
medium with the concomitant rearrangement to form novel arenium ion 2.

Since the discovery of fullerenes, increasing attention hasthes-system of which was also expected to be highly twisted
been paid to the polycyclic aromatic hydrocarbons (PAHS) as a result of steric repulsion between the BCO units. In
with curveds-systems.Because one of the most intensively this paper, we report the synthesis and properties of triph-
investigated properties of fullerenes is their ionic staiess enylenel and its radical catiorl*t, which was found to

of curv_ed PAHs are also studied in or.der to compare their (3) (a) Komatsu, K.. Akamatsu, H. Jinbu, Y. Okamoto JKAm. Chen.
properties with those of the fullerenyl ions. Although there sqc.1988,110, 633—634. (b) Nishinaga, T.; Komatsu, K.; Sugita,JN.
has been extensive study of the anionic species of curvedghemt- Solg-,N_Cf;]em- Conr$U£994H2§1?<—%3fO-£ (8 K%%ayaT9%4A.;

1 . omaitsu, K.; Nishinaga, 1.; lakeuchl, K.; Kabuto, rg. em ,
PA_Hs as well as .tho_se of ful_lerenéwss attention hag be_en. 59, 4999-5004. (d) Komatsu, KBull. Chem. Soc. Jpr2001, 74, 407—
paid to the cationic species because of their intrinsic 419.

; i ; ; ; i (4) (a) Nishinaga, T.; Komatsu, K.; Sugita, N.; Lindner, H. J.; Richter.
instability. Previously, we prepared various cyctieconju J. Am. Chem. S0d993 115 11642-11643. (b) Nishinaga, T.; Wakamiya,
gated systems annelated with bicyclo[2.2.2]octene (BCO) A;; Komatsu, K. Tetrahedron Lett1999,40, 4375—4378. (c) Matsuura,
units, which have been found to be quite effective for the 'i\(-)?o'i‘gh'”agar T.. Komatsu, KJ. Am. Chem. So@00Q 122, 10007
stabilization of cationic spec_iéincluding radical cationé._ (5) (a) Pefia, D.; Escudero, S.; Pérez, D.; Guitian, E.; Caestedogew.
In the course of these studies, reports on the synthesis ofghen:.,ldnt. 58.1938&31%55?9;5256311. ég%l?e;ig, D; IEereCz,kl)D.; GAume:tp, E.;
. . . . . aestedao, rg. Lett. y .(C) Pena, D.; Cobas, A.; Perez,
highly twisted triphenylene derivatives appeatetiSuch D.. Guitian, E.. Caestedo, 10Tg. Leit. 2000, 2, 1620—1632.

studies motivated us to prepare triphenylene derivative (6) (a) Shibata, K.; Kulkarni, A. A.; Ho, D. M.; Pascal R. A., Jr.Am.
Chem. So0c1994,116, 5983—5984. (b) Shibata, K.; Kulkarni, A. A.; Ho,
D. M.; Pascal, R. A., JJ. Org. Chem1995,60, 428—434. (c) Barnett, L.;

(1) (a) Rabideau, P. W.; Sygula, Acc. Chem. Resl996,29, 235— Ho, D. M.; Baldridge, K. K.; Pascal, R. A., J. Am. Chem. S0d.999,
242. (b) Scott, L. T.; Bronstein, H. E.; Preda, D. V.; Ansems, R. B. M.; 121, 727—733.
Bratcher, M. S.; Hagen Sure Appl. Chem1999,71, 209—219. (7) Frampton, C. S.; MacNicol, D. D.; Rowan, SJJMol. Struct.1997,
(2) Reed, C. A.; Bolskar, R. BChem. Re»2000,100, 1075—1120. 405, 169—178.
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undergo a novel rearrangement to form arenium #on
having a spiro connection with a fluorene moiety.

In our previous study, BCO-annelated benz@gener-
ated from the corresponding-dibromobenzene by the
treatment withn-BuLi in THF at —78 °C, was shown to
give biphenylene ® However, in the presence of Pd(Rph
as a catalystthe cyclotrimerization o8 took place, instead
of cyclodimerization, to give triphenylenkin a 9% yield
(Scheme 1).

Scheme 1
Br hBuLi
—_— | —_—
Br THF
3
_ 1
Pd(PPhg),

The severe steric congestion between the BCO units

surrounding the triphenylene-system inl is expected to
cause twisting of ther-system, and the degree of twisting

Table 1. Calculated Energy Differences betwe€nand D3
Conformers and End-to-End Twist Andlef C, Conformer ofl

AE(Ds — Cy) end-to-end twist
method (kcal/mol) (deg)
AM1 3.6° 64.3
HF/3-21G 11.9 61.5
HF/6-31G(d) 8.8 62.6
B3LYP/6-31(d) c 61.0

2The angle between C2C3 and C8a—C9a bonds. See Figure 1 for the
numbering? The difference of the calculated heats of formatidfihe
optimization for theDs conformer was not completed.

In the reported examples, perfluof§-perchloro-$2 and
peraryloxy-triphenylenéshowedC, structures, whereas only
the hexabenzo derivati®%epreferred aDs conformation.
These results were well reproduced by AM1 and HF/3-21G
calculationg6 demonstrating the reliability of these calcula-
tions. The calculated results for triphenylehare shown in
Table 1 and Figure 1. From the comparison of the calculated

is quite intriguing. However, despite repeated attempts, no Figure 1. The optimized structure of with C, conformation at
single crystal suitable for X-ray structural analysis has thus the HF/6-31G(d) level. Hydrogen atoms are omitted for clarity.

far been obtained. Therefore, the geometry optimization of
1 was performed by theoretical calculations using AM1, HF/
3-21G, HF/6-31G(d), and B3LYP/6-31G(d) methddsor energies shown in Table 1, tl& conformer was found to
twisted triphenylenes possessing symmetrical substitutionbe more stable than th&; conformeri! and even in the case

patterns, both of two possible conformers with and D3
symmetries have been observed in the X-ray strucfufés.

(8) Matsuura, A.; Nishinaga, T.; Komatsu, Ketrahedron Lett1997,
38, 4125—-4128.

(9) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr,;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S;
Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,
I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;;
Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.
W.; Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.;
Head-Gordon, M.; Replogle, E. S.; Pople, J.Gaussian 98, revision A.5;
Gaussian, Inc.: Pittsburgh, PA, 1998.

(10) Hursthouse, M. B.; Smith V. B.; Massey, A. G.Fluorine Chem.
1977,10, 145—155.
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of the optimized structure with th&, conformation, a highly
twisted structure is apparent as shown in Figure 1. Thus,
the end-to-end twist of 1 (Table 1) is rather comparable to
that of the perchloro derivatives (97 6ab

As shown in Figure 2, the cyclic voltammetry (CV) bf
measured in ChCl, exhibited a reversible one-electron
oxidation wave atE;, +0.44 V vs Fc/F¢, which is
remarkably lower than the oxidation potential of the irrevers-
ible CV peak for unsubstituted triphenylene measured in
benzonitrile (Ea +1.50 V). This is apparently due to the
intrinsic electronic effects of annelation with BCO units,

(11) The HF calculations tend to overestimate the energy difference; see
ref 5c.

(12) For the definition, see: Pascal, R. A., Jr.; McMillan, W. D.; Van
Engan, D.; Eason, R. G. Am. Chem. S0d.987,109, 4660—4665.
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Figure 2. Cyclic voltammogram of in CH,Cl, with BuyN*CIO4~
as a supporting electrolyte (0.1 M); scan rate 100 mV/sec.

which can raise the HOMO level of the-system through
the inductive electron donation and—x interaction®#
Moreover, the large deviation from planarity would cause
additional elevation of the HOMO level ih These assump-

nection with the bicycloannelated fluorene moiety (Figure
3). The presence of a chlorine atom2Zhwas confirmed by

tions are supported by the HF/6-31G(d) calculations as

follows. The calculated HOMO level df (—6.73 eV) was
0.81 eV higher than that of the corresponding twisted
m-system inl (—7.54 eV) with all of the BCO groups
replaced by hydrogens, and it (i.e., the HOMO of the twisted
mr-system) was still 0.16 eV higher than that of unsubstituted
planar triphenylene (—7.70 eV).

On the other hand, the reversibility of this oxidation wave
indicates that the generated radical catiod of sufficiently

stable in the time-scale of the CV measurement (scan rate

100 mV/sec). Actually, the chemical one-electron oxidation
of 1 in CH,CI, with ShCk (1.5 equiv) gave a dark green
solution, which displayed an intense and broad single-line
signal in the ESR measurement at room temperatyire (

2.003). The yield of this radical species was almost quantita-

tive, judging from the comparison of the integrated peak
intensity with that of the previously isolated persistent radical
cation salts'® When the oxidation reaction df with SbCk
was conducted in less polar solvents such asa@8 hexane,

Figure 3. ORTEP drawing of2"SbCk~. A disordered solvent
molecule was eliminated with SQUEEZEprocessed with the
program implemented in PLATON-98.Thermal ellipsoids are
drawn at the 50% probability level. Hydrogen atoms are omitted
for clarity. Selected bond lengths (A) and angles (deg) are
1.363(4) (C1—C2), 1.432(5) (CZC3), 1.394(5) (C3-C4), 1.388-

(4) (C4-C5), 1.475(5) (C5C6), 1.489(5) (CEC6), 1.705(4) (Ct

Cl), 1.545(5) (C6-C7), 1.555(5) (C6-C18), 100.3(3) (C7—C6—

FAB-MS spectroscopyni/z 743 (M")), and the arenium-

ion character was apparent in tH€ NMR spectrum, which
demonstrated three signals for cationic carbong 212.9,
187.6, and 173.6 ppm. The safttSbCk~, was obtained
almost quantitatively froni, and it was stable as a solid at
room temperature in an inert atmosphere and could be stored
as a CHCI, solution for several months without apparent
decomposition. This stability can be ascribed to the effects

of annelation with the two BCO unit&ind also to the spiro-

a dark green solid was formed, which also exhibited an ESR conjugation effect of the fluorenyl unit.

signal. This was considered to be the radical cation salt

1**ShCk™, since it was reduced with {1~ in C$; to
reproducel almost quantitatively. The theoretical calcula-
tions (B3LYP/6-31G(d)) predicted thatG structure ofl*™
is also more stable than th2s structure by 5.9 kcal/mol
and that the end-to-end twist angle is 66.4°.

However, when a solution af**SbCk~ in CH,Cl, was
allowed to stand at room temperature, the green colar'of
gradually changed to purple as the intensity of the ESR signa

(13) Crystal data foR™ShCk: CssHgoCl7Sb, FW= 1078.92, triclinic;

space grouP-1; a =12.8788(12) Ap = 14.5910(14) Ac = 15.2880(15)

A, o0 =99.849 (2)° 8 = 94.577 (2)°,y = 112.193 (2)°V = 2587.8(4) &,

Z = 2, Dcalc = 1.385 Mg/ni. Intensity data were collected at 123 K on a
Bruker SMART APEX diffractometer with Mo K radiation (A= 0.71073

A) and graphite monochromator. A total of 25655 reflections were measured,
and 13115 were independent. The structure was solved by direct methods
(SHELXTL) and refined by the full-matrix least-squaresEA(SHELXL-

93). The presence of a disordered solvent molecule in the lattice was evident,
and the SQUEEZE data processed with the program implemented in
| PLATON-96" were used for the further refinement. All non-hydrogen atoms
were refined anisotropically; hydrogen atoms were located by calculation;

decreased, with a half-life of ca. 2 h, thus suggesting the the refinement converged ® = 0.0598wR, = 0.1270 (I> 20(l)), and

formation of a new closed-shell species. A slow diffusion
of hexane into the resulting purple solution in &H,
afforded purple-colored single crystals. The X-ray crystal-
lographic analysis revealed the newly formed product to
be the arenium-ion saR*SbCkE~ possessing a spiro con-
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GOF = 1.006.
(14) Van der Sluis, P.; Spek, A. lActa Crystalogr., Sect. A990,46,
194-201.

(15) Spek, A. L.Acta Crystalogr., Sect. A990,46, C34.

(16) As to the rare example of X-ray crystal structures of arenium-ion
salts, see: Rathore, R.; Hecht J.; Kochi, J.JKAm. Chem. Sod 998,
120, 13278—13279.

1437



The transformation ot** to 2* involves an abstraction ||| EGTGTNNN

of a chlorine atom and contraction of the central six- Scheme 2
membered ring. The source of the chlorine aton2inis
considered to be Sbgl, or a related species such as SpCl
or SbCk, and not to be CbkCl, becaus@' was not detected
by FAB-MS spectroscopy whettt was generated by one-
electron oxidation of with NO*SbF;~ in CH,Cl.. In general,
SbCE—CH,Cl, is a widely used medium for the one-electron
oxidation of PAH$*'8and a chlorine abstraction by a PAH
radical cation is rather unusual. On the other hand, the ring
contraction of the central six-membered ringlof to form
ao-radical cation is a highly endothermic process according
to the B3LYP/6-31G(d) calculation&E = +42.9 kcal/mol). o )
Thus, we assume that the abstraction of a chlorine atom and0Vel arenium-ion sal2*SbCt™, the precise structure of
the ring contraction take place in a concerted manner, asWhich was determined by X-ray crystallography. The stability
shown in Scheme 2. Apparently, the release of straittin of th|§ arenium ion is ascribed to the-z interaction _W|th_
upon transformation int@" is the most important driving th.e bicyclic frameworks, as well as to the spiro-conjugation
force of this unusual reaction. with the fluorenyl moiety.

In summary, we described the synthesis and properties of
highly strained triphenyleng and its radical catiod*, both
of which possess a twisted-system with aC, symmetry
according to the theoretical calculations. The radical cation
salt 1**SbCk~ was generated almost quantitatively with
SbCk n CHyCl,, but it regdlly abstrac.ted a Ch'?””e gtom Supporting Information Available: Detailed experi-
from el'Fher one of antimony chlongle _SPecies With @ o) procedures wittH and*C NMR spectra ofl and
concomitant rearrangement to quantitatively produce the 2+ ESR spectrum of+*, FAB-MS spectra o+, and CIF

(17) The theoretical calculations (B3LYP/6-31G(d)) indicated that the data of2"SbCk™. This material is available free of charge

coefficients of HOMO and LUMO were delocalized in both fluorene and via the Internet at http://pubs.acs.org.
arenium-ion moieties i+
(18) Lewis, I. C.; Singer, L. SJ. Chem. Phys1965,43, 2712—2727. OL0255662
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