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NO+-2,3-dimethyl-2-butene complex
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H and 13C NMR studies involving the 13C NMR deuterium perturbation method and ab initio calculations showed the interaction
between 2,3-dimethyl-2-butene and the nitrosonium cation to form a dynamic T-complex.

Olefin—-NO* Tecomplexes have often been postulated as inter-

mediates in reactions of olefins with nitrosyl halid@sThese me NO cp, me N cp;
reactions play an important role in the syntheses of various y% —_— +
organic compounds such as nitroso and nitro halideaza Mé CDy Me CD;
heterocycle$, etc However, available experimental data on 4 y
theset-complexes are few in numbeef(refs. 6-8), and the
fine structure of the complexes is obscufergfs. 8, 9). Scheme 3
NO* In order to determine the fine structure of the olefin=NO
Me R Me | R T-complexes, we performeab initio calculations of the energy
>=< + NO© —— >=< and chemical shift for compleda. The geometry was optimized
Me R Me R at the 6-31G* level using the GAMESS-94 progrénthe

results are indicative of the two modes of interaction of the

1ap 2ab nitrosonium cation with the olefin resulting in the formation of
a R=Me Tecomplexes:A (C,, symmetry) andB (a little disturbedCg
b R=CDh symmetry). The Hessian analysis demonstrated that the structures
Scheme 1 A andB correspond to minima on the potential energy surface.

These results are in accordance with those found earlier for the

We examined the interaction of 2,3-dimethyl-2-butéaevith parent NO—ethylene model systetnFigure 1 represents the
the NO cation in low-nucleophilicity media at low temperatures key geometrical features, Mulliken charges and bond orders.
in detail. The formation of a cationic complex between compoundhe heats of formation of the complextsandB from olefin
la and the NO cation was detected by the downfield shifts of laand NGO are 93.7 and 117.6 kJ mb[exothermic reactions),
the signals of C-2, C-3 and hydrogen atoms in @ and and the distances between the N atom and th€ond are
1H NMR spectra, respectively (Table 1), when the olefin andl.22 and 2.18 A, respectively. In thecomplex B, the C-N
NO*AICI; were mixed in S@-SO,CIF-CD,Cl, at —100 °C.  bonds are very long (2.266 and 2.315 A), and the bond orders
Ther-complex character of bonding in this cation follows from are 0.293 and 0.272, respectively.
the consideration given below. The chemical shift of the signals

of C-1 and C-5, as well as C-2 and C-4 atoms ofthemplex 10040
NO*—octamethyl-1,4-cyclohexadier® which are ‘averaged’ 0019 léofésA
owing to a degenerate rearrangement (Scheme 2), is 159.¢ ppm. 1152 A (2158) N
(1.789) 112.4°
Me Me Me Me N 0277 2266 A
Me Me Me Me N\ 1451 A (0.293)/ 35.1°\ (0.
NO' =——= *ON 648\ (0.751) 1509 A
1523 A ! 0.984)
Me Me Me Me (o.%cifA "O'g mé 001240026
. .38
Me Me Me Me Me [ Geam N\, Me Meitosa (iw wsosiMe
5 3 Me AC.) Me (0.980) B (0.983)
Scheme 2 2

Figure 1 Ab initio optimized structures of the N&2,3-dimethyl-2-buter
Assuming that the chemical shift of the C-4 and C-5 atoms ofomplexes. Mulliken charges are italicised. Bond orders are giv
complex3 is equal to that of the olefinic carbon atoms in theparentheses.
parent octamethyl-1,4-cyclohexadiene (129.7 ppmg come
to the conclusion that the chemical shift of C-1 and C-2 atom&able 1 *H and *3C NMR chemical shifts for olefin 1 and NO-2,3-
in complex3 is to be 189.7 ppm (159.7x2 — 129.7). This valuedimethyl-2-butene complexes.
is very close to that found for the complex formed as a result

of the interaction between olefida and the NO cation g\ cture Solvene 1o Ou Mel Oclppm
Ve e stained further evid f theomplex charact T C2andcs e

e have obtained further evidence of theomplex character
of cation 2 using the isotope perturbation metH8d! The la g%:ggjgllé—cqu —13)8 1'22 igg; igé
corresponding deuterated complex (as tetrachloroaluminate) was SOZ—SOZC":—CDzCl; 100 237 1902 1808
prepared from corresponding precurddi and NGAICI; in Ad 67.2 17.6
SO~SO,CIF-CD,CI,. Thel3C NMR spectrum of this complex pd 183.4,189.8 21.9

shows ‘isotope spllttmg_é(_100 o= 1.1 ppm),‘wh_lch does not aRelative to MgSi with CHCI, (H, & 5.33 ppm) and CEEl, (1°C, 6
correspond to an alternative version, namely, fluxiooatomplex 53 6 ppm) as internal standardhe SQ-CD,Cl, and SG-SOCIF-
4 (Scheme 3)df. refs. 10, 11). CD,Cl, volume ratios are ~4:1 and ~1:2:1, respectivéljhe exac
- chemical shift was not determined because the signal is masked k
T Olefin 1b was prepared fron®ifiglacetone and gl followed by  signals of Me groups of polymeric productShifts calculated by the IGL
dehydration of the resulting carbinol under the action of oxalicécid. = methodeAveraged chemical shift.
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The IGLO chemical shift DZ calculatiofswere performed References
usingab initio calculated geometries. Table 1 demonstrates thal; p p adzyauskas and N. S. Zefirtdsp. Khim, 1968,37, 1243 (in

the chemical shifts of the C-2 and C-3 atoms in the contplex

are equal to 183.4 and 189.8 ppm, respectively. The averages

value is very close to that found farcomplex 2a. The

equivalence of the C-2 and C-3 atoms and also that of methys

groups observed in thBC NMR spectrum ofrecomplex 2a

can be explained by fast inversion at the N atom or rotation of
the NO group around the axis crossing the N atom an

perpendicular to the £C; bond and by fast migration of this
group €f. ref. 6).

It is well known that the addition of nitrosyl chloride to <
norbornene and other cyclic olefins in low-polarity solvents
results in the formation afynadducts; skeletal rearrangements 8
did not occur during the nitrosati@d> A mechanism has been 9
propose#?s that involves a four-centre transition state of the1

type C.
o=N-cl |*
il
||
c

Our results indicate that the absence of any skeletal rear-
rangement during nitrosation does not contradict the classicaf
mechanism of the reactibitf because the positive charge on

basal carbon atoms imcomplex intermediat@ is very small.
The capture of the chloride anion combined with cafian a
tight ion pair from the frontal side of thcomplex is quite

accessible, because the C-N bond orders in this complex are

very small.
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