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Spiro[1H-azulenium-1,9'-fluorene] (3) perchlorate was synthesized in five steps starting from fluorenone
and trimethylsilyl enol ether of 1-acetylcycloheptatriene. The pKg+ value of 3 was determined to be 7.8. A
characteristic absorption band of 3 in acetonitrile was observed at 430 nm, which shows a bathochromic
shift in dichloromethane, indicating the first example of the intramolecular charge-transfer interaction

between orthogonally arranged units of an azulenium ion having a tropylium ion ring and fluorene

having two benzene rings.

© 2008 Elsevier Ltd. All rights reserved.

A typical absorption band based on the intramolecular charge-
transfer (CT) interaction! between the tropylium cation and benz-
ene has been observed in UV-vis spectra of cyclophane 12 and a
triptycene-type compound 2.3 The dihedral angles between the
tropylium cation ring and the benzene ring in 1 and 2 are approx-
imately 180° and 120°, respectively. However, a compound com-
posed of these rings arranged orthogonally has never been
synthesized. In this Letter, we describe synthesis of the title com-
pound 3, which is composed of a fluorene part having two benzene
rings and the azulenium cation part having a tropylium ion ring,
and also its intramolecular CT interaction (Fig. 1).

The title cation 3 was synthesized by our previously reported
method,%” as shown in Scheme 1. The Mukaiyama aldol reaction®
of 4 with fluorenone in dichloromethane gave 5 in 47% yield. The
Nazarov cyclization® of 5 produced tetrahydroazulenone 6 in 87%
yield. The subsequent Shapiro reaction'® via the tosylhydrazone re-
sulted in 7 in 59% yield. Hydride abstraction from 7 with trityl per-
chlorate gave 3 in 75% yield. The perchlorate salt of 3 was isolated
as yellow solids (Table 1). The pKg+ value of 3 was determined to
be 7.8 by the UV method in 50% aqueous acetonitrile."! Thus, the
stability of 3 is greater than that of the tropylium ion (3.9)'! and
is less by about 2 pKg+ units than that of the spiroannulated azule-
nium ion 8 (9.9).5¢12

A perpendicular relationship between two five-membered rings
in 3 is expected from the bisected spiroannulation at the central
1(9') carbon atom. Also, calculations of 3 at the B3LYP/6-
311+G(d,p) level of theory predict that it has an arrangement with
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Figure 1. Tropylium ion and cations composed of the tropylium ion and at least one
benzene ring.

planar azulenyl and fluorenyl rings, as depicted in Figure 2.'>1* In
the 'H NMR spectrum of 3, the hydrogens at the 2 and 8 positions
resonate at a slightly higher magnetic field compared with those of
other 1,1-substituted azulenium ions,®!° probably due to a shield-
ing effect of the benzene rings of the fluorene part. There is a weak
NOE correlation (2%) between the H-8 and H1/(8') hydrogen atoms,
indicating relatively short distance between them. An interesting
spectroscopic feature of 3 was found in its UV-vis absorption spec-
trum. While UV spectra of spiroannulated and dialkylazulenium
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Scheme 1. Synthetic method for preparing 3.

Table 1
Physical properties of cations 3 and 8
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Cation PKrt+ UV-vis (CH5CN) "H NMR Sppm (CD5CN)
/lmax(IOgS) nm
3 Clo, Yellow solids, 7.8 212sh (4.18), 220 (4.40), 226sh (4.39), 6.98 (dd, J=7.8, 1.1 Hz, H-1'.8"),
mp = 98-100 °C 233sh (4.24), 255 (4.32), 266sh (4.15), 7.30 (dt, J = 7.8, 1.1 Hz, H-3,6'),
280sh (4.01), 291sh (3.77), 303 (3.80), 7.52 (d, ] = 5.4 Hz, H-2), 7.57 (dt,
360 (3.56), 430sh (2.99) J=7.8,1.1Hz, H-2/,7"), 7.77 (d,
J=5.4Hz, H-3), 7.95 (d, ] = 10.0 Hz,
H-8), 8.05 (td, J = 7.8 Hz, 1.0 Hz, H-4',5'),
8.45 (dt, J = 10.0, 1.0 Hz, H-7), 8.67
(tt, J=10.0, 1.0 Hz, H-6), 8.96 (dt,
J=10.0, 1.0 Hz, H-5), 9.12 (dd, J = 10.0,
1.0 Hz, H-4)
8 BF,” ° 9.9 230 (4.30), 270 (4.42), 1.97 (m, 2H), 2.01 (m, 2H), 2.14 (m, 2H),

A dark green oil

287sh (3.88), 363 (3.94)

2.30 (m, 2H), 7.33 (d, J = 5.4 Hz, H-3), 7.72
(d,J=5.4 Hz, H-2), 8.75 (tt, J = 8.8, 0.4 Hz,
H-6), 8.77 (t, ] = 8.8 Hz, H-7), 8.90 (t, J = 8.8 Hz,
H-5), 8.96 (dd, J = 8.8, 0.4 Hz, H-4), 9.00

(dm, J = 8.8 Hz, H-8)"

¢ Taken from Ref. 6¢.
° Data of 8PF;".

Figure 2. Structure (Chem3D output) of cation 3 calculated at the B3LYP/6-
311+G(d,p) level of theory.

ions in acetonitrile show three absorption bands at 220-230, 260-
270, and 350-365 nm®“? and the spectrum of fluorene has a band
at 300 nm,'® the UV-vis absorption spectrum of 3 in acetonitrile
shows four slightly complex bands at 200-380 nm and a weak
broad band around 430 nm (Fig. 3). The latter band shifts to
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Figure 3. UV-vis absorption spectra of cation 3 in acetonitrile (red) and dichloro-
methane (blue).
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Figure 4. HOMO (left) and LUMO (right) of cation 3 calculated at the B3LYP/6-
311+G(d,p) level of theory.

Table 2

Calculated C-C bond lengths (A) around the spiro center carbon atoms in 3 and 9
3 9

C1-C2 1.502 C1-C2 1.525

C1-C8a 1.524 C1-C7a 1.528 ) U‘

C9'-C9a’ 1.540 C9'-C9a’ 1.532 7

C8a'-C9Y’ 1.540 C8a'-C9Y 1.532

446 nm in the less polar solvent of dichloromethane and the molar
absorption coefficient does not change in the concentrations of the
cation, indicating that this absorption band is due to the intramo-
lecular CT interaction between the fluorene part and the azulenium
cation part.!” Calculated HOMO and LUMO orbitals are shown in
Figure 4, which indicate that the fluorene part mainly contributes
to the HOMO of 3 and the azulenium cation part contributes to the
LUMO. To the best of our knowledge, this is the first synthesis of a
cation composed of the tropylium ion and benzene rings arranged
orthogonally, and the intramolecular CT interaction between these
parts has been confirmed. Unfavorable matching between coeffi-
cients at the C2 and C8a positions in the LUMO and those at the
C8a’ and C9a’ positions in the HOMO'® suggests that an orbital
interaction between them via space in its ground state can be ex-
cluded to stabilize this molecule.'® In the calculated structures of
3 and the isoelectronic neutral compound 9, single bond lengths
of C1-C2 and C1-C8a are shorter and those of C8a'-C9’ and C9'-
C9a’ are longer in 3 than the corresponding bonds in 9 (Table 2).
These results imply that c-electrons of the C8a'-C9’ and C9'-C9a’
bonds tend to be donated to the cationic part in 3, even though
the C8a’ and C9a’ carbons are relatively electronegative sp? hybrid-
ized atoms. Thus, the tropylium ion part in 3 is stabilized not only
by m-m conjugation with the C2-C3 ethylene unit but also by o-1t
conjugation between the ¢-bonds of the C8a’'-C9’ and C9'-C9a’ and
p-orbitals at the C2 and C8a positions. However, 3 is less stable
than 8 probably due to a less effective - conjugation of the
relatively electronegative C8a’ and C9a’ sp? carbon atoms.

Acknowledgments

We deeply thank Nobuhiro Hori, Hitoshi Kainuma, and Shinji
Nakano for their preliminary efforts in synthesizing the cation 3.
We also acknowledge financial support from the Faculty of Science
at Shinshu University.

References and notes

1. For reviews on inter- and intramolecular CT interactions of tropylium ions and,
see: (a) Okamoto, K.; Takeuchi, K.; Komatsu, K.; Kubota, Y.; Ohara, R.; Arima,
M.; Takahashi, K.; Waki, Y.; Shirai, S. Tetrahedron 1983, 39, 4011-4024; (b)
Komatsu, K. J. Synth. Org. Chem. Jpn. (Yuki Gosei Kagaku Kyokaishi) 1987, 45,
850-862.

3.

12.

13.
14.

15.

M. Oda et al./ Tetrahedron Letters 49 (2008) 7058-7061

. (a) Hirota, H.; Otsubo, T.; Sakata, Y.; Misumi, S. Tetrahedron Lett. 1976, 19,

3899-3902; (b) O’Connor, ]. G.; Keehn, P. M. J. Am. Chem. Soc. 1976, 98, 8446-
8450.

(a) Nakazawa, T.; Murata, I. J. Am. Chem. Soc. 1977, 99, 1996-1997; (b) Butler, D.
N.; Gupta, L. Can. J. Chem. 1978, 56, 80-84; (c) Nakazawa, T.; Abe, N.; Kubo, K.;
Murata, 1. Tetrahedron Lett. 1979, 20, 4995-4998.

. For other examples on intramolecular CT interaction of tropylium ions, see: (a)

Horita, H.; Otsubo, T.; Misumi, S. Chem. Lett. 1977, 1309-1312; (b) Horita, H.;
Otsubo, T.; Misumi, S. Chem. Lett. 1978, 807-810; (c) Gray, R.; Boekelheide, V. J.
Am. Chem. Soc. 1979, 101, 2128-2136; (d) Sekine, Y.; Brown, M.; Boekelheide, V.
J. Am. Chem. Soc. 1979, 101, 3126-3127; (e) Komatsu, K.; Takahashi, K.;
Okamoto, K. Tetrahedron Lett. 1979, 20, 4747-4750; (f) Yamamura, K.; Nakatsu,
K.; Nakao, K.; Nakazawa, T.; Murata, I. Tetrahedron Lett. 1979, 20, 4999-5002;
(g) Komatsu, K.; Abe, N.; Takahashi, K.; Okamoto, K. J. Org. Chem. 1979, 44,
2712-2717; (h) Nakazawa, T.; Niimoto, Y.; Kubo, K.; Murata, I. Angew. Chem.,
Int. Ed. Engl. 1980, 19, 545-546; (i) Nakazawa, T.; Kubo, K.; Murata, L. . Angew.
Chem., Int. Ed. Engl 1981, 20, 189-190; (j) Nakazawa, T.; Kubo, K.; Okimoto, A.;
Segawa, ].; Murata, I. Angew. Chem., Int. Ed. Engl. 1981, 20, 813-814; (k)
Yamochi, H.; Nakasuji, K.; Nakazawa, T.; Murata, I. Chem. Lett. 1982, 459-462;
(1) Sekine, Y.; Boekelheide, V. J. Am. Chem. Soc. 1982, 103, 1777-1785; (m)
Nakazawa, T.; Nishikawa, F.; Ashizawa, M.; Hinguji, M.; Yomochi, H.; Murata, I.
Chem. Lett. 1985, 1281-1284; (n) Komatsu, K., Tsuji, R.; Takeuchi, K.
Tetrahedron Lett. 1989, 30, 4689-4692; (o) Fakazawa, Y.; Harada, S.; Inai, A.;
Okujima, T. Tetrahedron Lett. 1993, 34, 8493-8496.

. For examples of intramolecular CT interaction of the azulemium ion: (

a)
O’Connor, J. G.; Keehn, P. M. J. Am. Chem. Soc. 1976, 98, 8446-8450; (b)
Fukazawa, Y.; Aoyagi, M.; Ito, S. Tetrahedron Lett. 1978, 19, 1067-1070; (c)
Kawashima, T.; Otsubo, T.; Sakata, Y.; Misumi, S. Tetrahedron Lett. 1978, 19,
1063-1066; (d) Kato, N.; Matsunaga, H.; Oeda, S.; Fukazawa, Y.; Ito, S.
Tetrahedron Lett. 1979, 20, 2419-2422.

. (a) Kajioka, T.; Oda, M.; Yamada, S.; Miyatake, R.; Kuroda, S. Synthesis 1999,

184-187; (b) Oda, M.; Kajioka, T.; Ikeshima, K.; Miyatake, R.; Kuroda, S. Synth.
Commun. 2000, 30, 2335-2343; (c) Oda, M.; Sakamoto, A.; Kajioka, T.;
Uchiyama, T.; Kainuma, T.; Miyatake, R.; Kuroda, S. Tetradedron 2000, 56,
9917-9925; (d) Oda, M.; Kainuma, H.; Miyatake, R.; Kuroda, S. Tetrahedron Lett.
2002, 43, 3485-3488; (e) Oda, M.; Kainuma, H.; Uchiyama, T.; Miyatake, R.;
Kuroda, S. Tetrahedron 2003, 59, 2831-2841; (f) Oda, M.; Nakajima, N.; Thanh,
N. C.; Kajioka, T.; Kuroda, S. Tetrahedron 2006, 62, 8177-8183.

. All new compounds are characterized by spectroscopic and combustion

analyses. Selected data are as follows. Compound 4: Colorless solids, mp
126-128 °C; Vimax (KBr) = 16265, 1388s, 1203s, 1172s, 771s, 740s, 708s cm™'; oy
(CDCl3) =2.67 (d, J=7.2 Hz, 2H), 3.26 (s, 2H), 5.46 (br, 1H), 5.60 (dt, J=9.2,
7.2 Hz, 1H), 6.26 (dd, J = 9.2, 6.0 Hz, 1H), 6.54 (dd, J = 11.3, 6.0 Hz, 1H), 6.81 (dd,
J=11.3, 5.8 Hz, 1H), 6.86 (d, J=5.8 Hz, 1H), 7.23 (td, J = 7.5, 1.2 Hz, 2H), 7.33
(td, J=7.5, 1.2 Hz, 2H), 7.50 (d, J = 7.5 Hz, 2H), 7.61 (d, J = 7.5 Hz, 2H) ppm; dc¢
(CDCl3) = 25.1, 45.7, 80.9, 112.0, 124.1, 125.8, 127.4, 127.9, 128.9, 129.0, 131.1,
134.0, 136.7, 139.1, 148.3, 200.8 ppm; m/z (rel. int) = 314 (M*, 15%), 181 (40),
180 (100), 152 (44), 134 (25), 133 (23), 118 (30), 91 (43), 76 (13), 65 (13).
Compound 5: A viscous yellow oil; vinax (KBr)=1692s, 1613s, 1447s, 1274s,
770s, 752m, 735s cm™'; &y (CDCl3) =2.90 (d, J = 6.3 Hz, 1H), 3.03 (s, 2H), 5.56
(d,J=11.4Hz, 1H), 5.73 (dt, J = 10.0, 6.3 Hz, 1H), 6.07 (dt, J=10.0, 6.2 Hz, 1H),
6.42 (dd, J=11.4, 6.2 Hz, 1H), 7.17 (d, J = 7.3 Hz, 2H), 7.28 (m, 2H), 7.40 (t,
J=7.3Hz, 2H), 7.76 (d, ] = 7.3 Hz, 2H) ppm; J¢ (CDCl5) = 22.1, 48.8, 57.0, 120.1,
123.1, 125.5, 127.8, 127.9, 128.0, 132.9, 137.5, 140.5, 148.4, 167.0, 205.8 ppm;
m/z (rel. int) = 296 (M*, 100%), 267 (22), 265 (23), 254 (47), 253 (45), 252 (51),
126 (19), 118 (43), 90 (34). Compound 6: An air-sensitive yellow oil; Viax
(KBr) = 2924s, 1446s, 759s, 732s cm ™ '; 6, (CDCl3) = 2.90 (d, ] = 6.5 Hz, 2H), 5.44
(td,J=9.5, 6.5 Hz, 1H), 5.68 (d, J = 11.0 Hz, 1H), 6.07 (m, 2H), 6.25 (d, ] = 5.3 Hz,
1H), 6.49 (d, ] = 5.3 Hz, 1H), 6.92 (d, J = 7.6 Hz, 2H), 7.17 (td, J = 7.6, 1.0 Hz, 2H),
7.32 (td,J = 7.6, 1.0 Hz, 2H), 7.75 (d, J = 7.6 Hz, 2H) ppm; ¢ (CDCl3) = 27.9, 70.6,
120.1,120.6, 123.3,125.3,127.4,127.5, 127.8, 128.4, 135.6, 136.6, 141.7, 142.1,
143.1,143.2 ppm; m/z (rel. int) = 281(M*+1, 34%), 280 (M, 100), 279 (100), 278
(45), 277 (38), 276 (42), 266 (25), 265 (77), 252 (25), 138 (28), 133 (21), 132
(20). Compound 3: Vpax (KBr) =1448s, 1091s cm™'; 6c (CDsCN)=74.7, 122.7,
124.8,129.8,131.2,136.5, 138.7, 144.9, 146.4, 146.5, 150.7, 151.1, 153.9, 159.5,
173.0, 176.9 ppm; m/z (rel. int) = 280 (CoH;5+1, 55%), 279 (Cy,H; 57 +1, 100),
278 (68), 277 (33), 276 (34), 265 (35). Calcd for Cx,H;5Cl04: C, 69.79: H, 3.99.
Found: C, 69.35: H, 4.24. Caution! The perchlorate salt is potentially explosive.

. Mukaiyama, K.; Narasaka, K. Org. Synth. 1987, 65, 6-11.
. For recent reviews of the Nazarov cyclizations, see: (a) Tius, M. A. Eur. J. Org.

Chem. 2005, 2193-2206; (b) Pellissier, H. Tetrahedron 2005, 61, 6479-6517.

. Shapiro, R. H. Org. React. 1976, 23, 405-507.
. The UV spectra in various pH of 50% aqueous acetonitrile solutions were

measured by the same method of Komatsu et al.: (a) Komatsu, K.; Takeuchi, K.;
Arima, M.; Waki, Y.; Shirai, S.; Okamoto, K. Bull. Soc. Chem. Jpn. 1982, 55, 3257-
3261; (b) Komatsu, K.; Akamatsu, H.; Jinbu, Y.; Okamoto, K. J. Am. Chem. Soc.
1988, 110, 633-634; (c¢) Komatsu, K.; Akamatsu, H.; Aonuma, S.; Jinbu, Y.;
Maekawa, N.; Takeuchi, K. Tetrahedron 1991, 47, 6951-6966.

Also the reduction potential (—0.37 V vs SCE, irreversible) of 3 obtained by
cyclic voltammetry evidences relative instability compared with that (-0.41 V
vs SCE, irreversible) of 8.

Despite many efforts X-ray analysis of 3 was unsuccessful so far.

DFT calculations were carried out with the caussian 03 program, Revision D.01
program, Gaussian, Inc.: Pittsburgh, PA, 2003.

Oda, M.; Nakajima, N.; Thanh, N. C.; Kajioka, T.; Kuroda, S. Tetrahedron 20086, 62,
8177-8183.



16.

17.
18.

M. Oda et al./Tetrahedron Letters 49 (2008) 7058-7061

The datum in dichloromethane was taken from the following reference: Satoh,
H.; Yamamoto, G.; Mazaki, Y. Bull. Soc. Chem. Jpn. 2006, 79, 938-943.

The log¢ of the CT band for 3 is less than those for 1 and 2 (~3.5).
Interaction between occupied orbitals was suggested in spiro[4,4]-
nonatetraene, the structure of which is incorporated in 3: (a) Simmons, H. E.;
Fukunaga, T. J. Am. Chem. Soc. 1967, 89, 5208-5215; (b) Hoffmann, R.; Imamura,
A.; Zeiss, G. D. J. Am. Chem. Soc. 1967, 89, 5215-5220; (c) Semmelhack, M. F.;
Foos, ].S.; Katz, S. J. Am. Chem. Soc. 1973, 95, 7325-7336; (d) Diirr, H.; Gleiter, R.

19.

7061

Angew. Chem., Int. Ed. Engl 1978, 17, 559-569; (e) Smolinski, S.; Balazy, M.;
Iwamura, H.; Sugawara, T.; Kawada, Y.; Iwamura, M. Bull. Soc. Chem. Soc. 1982,
55,1106-1111.

(a) Inagaki, S.; Fujimoto, H.; Fukui, K. J. Am. Chem. Soc. 1976, 98, 4693-4701; (b)
Inagaki, S.; Yamamura, K.; Nakasuji, K.; Nakazawa, T.; Murata, L. J. Am. Chem.
Soc. 1981, 103, 2093-2094; (c) Nakasuji, K.; Yomochi, H.; Murata, I;
Yamamura, K.; Inagaki, S. J. Org. Chem. 1983, 48, 2384-2388; (d) Ling, R;;
Yoshida, M.; Mariano, P. S. J. Org. Chem. 1996, 61, 4439-4449.



	Spiro[1H-azulenium-1,9'-fluorene] perchlorate. I
	AcknowledgementAcknowledgments
	References and notes


