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The Synthesis and Properties of 3-Arylcyclohepta[d]isoxazolylium Ions
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3-Arylcyclohepta[d]isoxazolylium tetrafluoroborates were
synthesized by the cycloaddition of tricarbonyl (2-5-n-2,4,6-cyclo-
heptatrienone)iron with aromatic nitrile oxides followed by sever-
al reactions. The pKR+ values of these ions are less than +1.0
showing that the stability of the tropylium ions is much decreased

by the fusion of the isoxazole ring.

Tropylium cations annelated with heteroaromatic ring are interested because of

1-10) 2) or furan ringg)

their stabilities and propérties. The fusion of thiophene
with its b-side onto the tropylium ion increases the stability (la: pKR+==+6.0; 1b:
pKR+==+6.9), while isoelectronic benzoannelation decreases the stability (pKR+==+

13)

1.6),12) compared to that of the tropylium ion (pKR+==+4.7). Several factors

for the increased stabilization of la,b as compared to benzoannelation are postu-
11)

lated:

charge of benzylic type more effectively than the benzene ring,

i) the w-excessive five membered heterocyclic ring stabilizes a positive
2) ii) due to the
heteroatom, peri interaction of hydrogens is deminished, iii) less angular strain
upon annelation of thiophene or furan ring onto the tropylium ion (the ideal angle
of the seven-membered ring is 129°) might be expected as compared to that of benzo-
annelation. Recently, 9—thiatricyclo[4.3.1.01’6]deca-2,4,7-triene (2a) has been
shown to exist in equilibrium with its valence isomer, 2,7-methanothial[9]annulene

14) On the other hand, we have previously shown that

(3a) (10m electron system).
1,6

]deca-2,4,8-triene derivative exists as the closed

7-oxa-8-azatricyclo[4.3.1.0
15)

norcaradiene structure (2b) rather than the bridged oxazonine (3b).
then raise the question as to whether cycloheptald]isoxazolylium ion might be more

These facts

destabilized than the tropylium cation or not.

We report here the synthesis and properties of novel 3-arylcycloheptal[d]isoxa-

16)

zolylium tetrafluoroborates. The cycloaddition of aromatic nitrile oxides (4a),

(4b) , and (4c) with tricarbonyl (2-5-n-2,4,6-cycloheptatrienone)iron (5) afforded

the adducts 6a, 6b, and 6c in 88, 92, and 93% yields, respectively.l7’18) The
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compounds 6a-c could be decomplexed and dehydrogenated in a single step by oxidation

19) (5.0 mol equiv.) in the presence of chloranil (1.0 mol

with trimethylamine oxide
equiv.) in dichloromethane at room temperature. From the crude reaction mixture,
3-aryl-4H-cyclohepta[d]isoxazol- 4 ~ones (7a-c) were obtained in 62, 61, and 41%
yields, respectively.zo) Then, the reduction of 7a-c with sodium borohydride (4.0
mol equiv.) at room temperature resulted in the formation of alcohols 8a-c in 82,
73, and 76% yields, respectively.l7) When the alcohols 8a-c and triethylamine
(7.0 mol equiv.) dissolved in xylene were allowed to react under reflux with meth-
anesulfonyl chloride (2.7 mol equiv.), desired 3-aryl-6H-cycloheptal[d]lisoxazoles
(9a-c) were obtained in 95, 81, and 80% yields, respectively, after chromatography
on Florisil (hexane-AcOEt 5:1).21) The hydride abstraction of 9a-c was accom-
plished by the reaction with triphenylmethyl tetrafluoroborate (1.0 mol equiv.) in
dichloromethane at room temperature to give 3-arylcycloheptal[d]isoxazolylium tetra-
fluoroborates (10a-c) in 80, 82, and 65% yields, respectively. The reduction of
10a with sodium borohydride gave 9a and a mixture (4H and 8H-isomers of %9a) in a
ratio of 1:3 in 78% yield. The mixture could regenerate 1l0a in 60% yield by the
reaction with triphenylmethyl tetrafluoroborate. These chemical transformations

2)

and the physical data2 support the structures of l0a-c.

The electronic spectra of 10a-c in ethanol [) (loge), 228 (sh, 4.54), 279

max
(4.10) for 10a; 237 (4.28), 278 (3.83) for 10b; 245 (4.23), 278 (sh, 3.99), 284 (sh,
3.97) for 10c] are quite different from those taken in acetonitrile.zz) These
spectra were changed to those in acetonitrile by adding sulfuric acid. The pKR+

values of l0a~c were measured and evaluated to be less than +1.0 in 23% aqueous
23) These facts clearly suggest that the cations l0a-c are

12)

acetonitrile solution.

much less stable than the benzotropylium ion.

The 13C NMR spectral data of 9a-c and l0a-c are summarized in Table 1. The

13C chemical shifts of the isoxazole moieties were assigned by comparison with

those of several compounds.24) All the signals of the tropylium moiety were obser-
ved for 1l0a-c. Since it was difficult to assign each signals to the corresponding
carbons in the tropylium moieties of 10a-c, we assigned them in the decreasing
order of the calculated electron densities for five carbon atoms, C4-8. Fig. 1
shows the shifts for compound 1l0a plotted against the electron densities calculat-

ed by HMO method. 25) The points fall on a straight line, except the one for oxy-
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Table 1. 13C NMR spectral data of 9a-c and 1l0a-c in CD3CNa)
9a 129.2, 129.9, 130.0, 130.9 (Ar), 27.9 (Cc6), 117.9, 120.3, 120.8
128.8 (c4,5,7,8), 132.9 (C3a), 161.2 (C3), 168.6 (C8a) A6A==-26.4
10a 124.7, 130.5, 130.7, 133.1 (Ar), 136.4 (C5), 140.2 (C3a), 147.7 A6B==-2.8
(C7), 149.3 (c8), 152.1 (C6), 156.3 (C4), 164.0 (C3), 175.1 (C8a)
9b 128.6, 130.1, 130.7, 136.5 (Ar), 27.9 (Ce6), 117.9, 120.0, 121.1
129.1 (c4,5,7,8), 160.2 (C3), 168.8 (CBa), (one peak is over-
lapping) A6A==—26.4
10b 123.5, 130.9, 132.1, 139.0 (Ar), 136.5 (C5), 140.0 (C3a), 147.7 A6B==—3.0
(C7), 149.4 (C8), 152.0 (C6), 156.5 (C4), 163.2 (C3), 175.0 (C8a)
9c 56.1, 115.3, 122.1, 130.5, 161.9 (Ar), 27.9 (c6), 117.9, 120.2,
120.4, 128.3 (c4,5,7,8), 130.8 (C3a), 160.6 (C3), 168.3 (C8a) A6A==-26.5
10c 56.4, 116.3, 132.2, 163.7 (Ar), 136.3 (C5), 140.4 (C3a), 147.5 A6B==—3.1

(C7), 149.2 (C8), 152.1 (c6), 156.1 (c4), 163.5 (C3), 175.2 (C8a),

(one peak is overlapping)

a) The spectra were recorded on a JMN-FX90Q spectrometer, and the chemical shifts

are given in ppm (8) relative to an internal Me4Si standard.

Ar Ar
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5 140
E gen-bonded carbon (C8a) which is more de-
9]
< 130 shielded (ca. 25 ppm) than that expected from
0 the calculated value. The correlations sim-
™
— . , , , ilar to 1l0a were also obtained for 10b,c.
0.85 0.90 0.95 1.00 The difference of the mean values of the
electron density . : - 2 _ 510
. 13 . ' chemical shifts [ASA"6C4,5,7,8 (mean) 8Ca-8
Fig. 1. C chemical shifts vs. (mean) ] and the deshielding effect at C3 [A5B

electron densities for 10a.

_ 52 _sl0 i -
= 5C3 6C3] of tropylium ion for each pairs

is also listed in Table 1. The appearance

of 13

finic signals of

C signals for C4-8 of l0a-c at lower field compared with the corresponding ole-
9a-c (large AGA values) suggests that the contribution of the
The small values

structures l0a-c to the resonance hybrids must be important.g)

of AéB seem also to suggest the minor importance of the contribution of structures

lla-c and l2a-c both of which might act as to increase the pKR+ values of the cat-

ions l0a-c.

The values of AGA and ASB for each pairs of 9a-c and l0a-c are very
similar to each other, and no significant substituent effect of the Cl of 10b and

the OMe of 10c was observed.
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