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Although quantum-chemical calculations indicate olefin—NO*
7-complexes to be rather stable,' to the best of our knowledge
there have been no reliable data yet on their preparation (cf. ref
3).

We have prepared the 7-complex 2a (as the tetrachloroalu-
minate) by reaction of NO*AICl,~ with 1,2,3,3,4,5,6,6-octam-
ethyl-1,4-cyclohexadiene (1a)* in SO,/CD-Cl, or SO,/SO;CIF/
CD,Cl, at —90 °C.

Complex 2a undergoes a degenerate 77,7-rearrangement by
Scheme 1 (pathways i and ii).” This is confirmed by the NMR
data, particularly by rather small downfield shifts of the pairwise
averaged signal of methyl groups (1-CH; and 5-CHj; as well as
2-CHj3 and 4-CHj3) in the '"H NMR spectrum and those of the
olefinic carbon atoms (C' and CS5 as well as C2 and C*) in the
13C NMR spectrum relative to the corresponding signals of
olefin 1a (Table 1, Figure 1) (¢f. refs 8—10). The difference
value in chemical shifts for the olefinic carbon atoms of 2a
and the precursor 1a (C, 245) (AS = 30 ppm) is much greater
than that for the C3¢ atoms (Ad = 6 ppm). This seems to be
due to a considerable transfer of positive charge from the NO™
group to the olefinic carbon atoms in 2a (cf. refs 2, 8—10).

An alternative variant which forms “fluxional” g-complexes
3 rather than 7z-complexes 2 (Scheme 2) (¢f. ref 9) is rejected
on the basis of the data which we have obtained by the isotope
perturbation method."’

Complexes 2b,c (as tetrachloroaluminates) have been pre-
pared from the corresponding deuterated precursors 1b,c'? and
NOTAICL;~ in SO/CD;Cl,. The '*C NMR spectrum of 2b
shows “isotope splitting” of C,245 signals (at —80 °C, d =
0.23 ppm). The '*C NMR spectrum of a mixture of complexes
2a,c at —80 °C showed shifts of —1.18, —0.91, and 1.02 ppm
for the atoms C;, C,, and Cys, respectively,'’ relative to the
averaged signal of the atoms C;, C;, C4, and Cs of the non-
deuterated 7-complex 2a. The small values of the “isotope

(1) Raghavachari, K.; Reents, W. D.; Haddon, R. C. J. Comput. Chem.
1986, 7, 265—273.

(2) Minyaev, R. M,; Kletskii, M. E.; Minkin, V. L. Zh. Org. Khim. 1987,
23, 2508—2521; Chem. Abstr. 1988, 109, 128103x.

(3) Olah, G. A.; Schilling, P.; Westerman, P. W.; Lin, H. C. J. Am. Chem.
Soc. 1974, 96, 3581—3589.

(4) Compound 1a was synthesized similarly to the literature procedure’
by reaction of heptamethylbenzenium tetrachloroaluminate® with CH;Mgl.
Satisfactory analytical and spectral data were obtained for this compound.

(5) Borodkin, G. I.; Nagy, Sh. M.; Trushchenko, T. N.; Shubin, V. G.
Zh. Org. Khim. 1989,.25, 217, Chem. Abstr. 1989, 111, 133691h.

(6) Doering, W. v. E.; Saunders, M.; Boyton, H. G.; Earhart, H. W.;
Wadley, E. F.; Edwards, W. R.; Laber, G. Tetrahedron 1958, 4, 178—185.

(7) Upon “quenching” of the SO,/CD;Cl; solution of 2a with methanol,
the starting diene 1a was recovered in 42% yield.

(8) Borodkin, G. I.; Nagy, Sh. M.; Gatilov, Yu. V.; Mamatyuk, V. L,
Mudrakovsky, I. L.; Shubin, V. G. Dokl. Akad. Nauk SSSR 1986, 288,
1364—1369; Chem. Abstr. 1987, 106, 32292v.

(9) Borodkin, G. L.; Elanov, I. R.; Shakirov, M. M.; Shubin, V. G. Zh.
Org. Khim. 1991, 27, 889—900; Chem. Abstr. 1992, 116, 20592m.

(10) Borodkin, G. I.; Elanov, I. R.; Shakirov, M. M.; Shubin, V. G. Izv.
Akad. Nauk, Ser. Khim. 1992, 2104—2109; Chem. Abstr. 1993, 118, 101445j.

(11) Saunders, M.; Chandrasekhar, J.; Schleyer, P. v. R. In Rearrange-
ments in Ground and Excited States; de Mayo, P., Ed.; Academic Press:
New York, 1980; Vol. I, pp 1-53.

o L

BRI S SRR PR

l P e e e
160 40 20

8/ppm

Figure 1. Variable-temperature 3C NMR spectra (50.3 MHz) of the
m-complex 2a in SO»/SO,CIF/CD,Cl, (~2:2:1) at —100 °C (a) and at
—80 °C (b) and in SO,/CD,CI; (~1:1) at —85 °C (c).
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splitting” correspond to the rearrangement of 2a according to
Scheme 1 (cf. refs 10, 11).

An equilibrium between nitrosonium cation, olefin 1a, and
m-complex 2a is virtually completely shifted toward the latter.
This is indicated by the low sensitivity of the 'H and '*C NMR
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Table 1. 'H and '3C Chemical Shifts® for 1a and 2a

Communications to the Editor

olefin/ NO*AICL,~ ¢ ('H) 4 (PO
solvent? ratio T,°C  33,66CH; 1245CH; 1245CH, 3.3.6,6-CH; Crass  Cas
1la CD.ClL -8 0.9 1.53 14.4 25.0 129.7 385
2a  SOJ/SO,CIF/CD,Cly 11 —100 1.2 (bry 1.90 17.6 15.1 (br), 283 (br) 1597 444
SO,/SO,CIF/CD:Cl 1:1 —80  1.2(br) 1.91 17.7 15.4 (br), 28.5(br) 159.9  44.6
SO,/CD,Cl, 11 =85 119 1.89 17.5 21.9 (br) 159.6 442
SO,/CDyCl, 1.4 -85 116 1.86 17.6 21.6 (br) 159.5  44.1

< In ppm relative to Me,Si with CH,Cl, ('H, 8 = 5.33 ppm) and CD,Cl; (*C, 6 = 53.6 ppm) as internal standards. * Volume ratios SO»/SO,CIF/

CD:Cl; and SO/CD:Cl; are ~2:2:1 and ~1:1, respectively. ° br, broad.
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spectra of 2a to variation of solvent, temperature, and the olefin/
NO'AICL, ™ ratio (Table 1).

It is interesting to note that the '3C NMR spectrum of 2a in
SO2/SO,CIF/CD,Cl; at —100 °C shows two slightly broadened
signals of the 3,3,6,6-CHj groups, which at —80 °C'6 become
still broader, while the '3C NMR spectrum of this complex in
SO,/CD:Cl; at —85 °C shows a coalesced signal of these groups
(Figure 1). This may be due to the greater rate of the
intramolecular migration of the NO group (Scheme 1, pathway
ii) compared to the intermolecular migration (Scheme 1,
pathway i). The rate of the latter in SO,/CDCl; is higher than
that in SO»/SO,CIF/CD,Cl», possibly because of the more
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Figure 2. Key geometrical features of complexes 4—6 calculated by
MINDO/3 (all bond distances in angstroms).

efficient solvation of the NO™T cation in the former case (cf.
refs 17—19). The intramolecular 77,7-rearrangement (Scheme
1, pathway ii) obviously proceeds via the structure of type 4,
which is energetically less favorable than the m-complex 2
because it does not satisfy the 8 electron rule.® This is
confirmed by MINDO/3 calculations?! (Figure 2). The structure
5 is 271 and 111 kJ/mol more favorable than the isomeric
structures 4 and 6, respectively. The geometry (Figure 2) and
calculated charge distribution in the fragment C,C;N are close
to those in the complex of NO™ with ethylene.?

Using the MNDO/PM3 method?? leads to the same relative
stabilities of structures 4—6, structure 4 not being a minimum
on the potential energy surface.

The results obtained demonstrate that diolefins can form
“fluxional” 7-complexes with NO™,
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