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preparing substituted cis-cyclopenta[b]pyrrolidines.
Moreover, the facile rearrangement observed in these
trans-“divinyl”-cyclobutane systems provides, perhaps, the
best illustration to date of the powerful accelerating effect
on [8,3]-sigmatropic rearrangements provided by the
positively charged iminium ion grouping.
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Methyl- and Ethylvinylhalonium Ions!

Summary: The first hitherto unknown alkylvinylhalonium
ions, the methyl- and ethylvinylbromonium and -chloro-
nium ions, have been prepared by the alkylation of the
corresponding vinyl halides with CH F(C,H;F)-SbF; in
SO, or SO,CIF solution and characterized by *C NMR
spectroscopy.

Sir: The only known divinylhalonium ion is the bis-
(trans-2-chlorovinyl)iodonium chloride (1) prepared by
Nesmeyanov? in 6% yield by reacting (trans-2-chloro-
vinyl)mercuric chloride with iodine trichloride. Several

(CICH=CH},I*CI” (CICH==CHIT'CeHsCI™
1 2
a R
(CeHsCIC=CH)I'CeHsBF4" 8N
3 4, X=C), Bri R=CHj, CoHs

vinylaryliodonium ions such as the chlorovinylphenyl-

(1) Onium Ions. 30. For part 29, see: Olah, G. A.; Laali, K.; Farnia,
M.; Shih, J.; Singh, B. P.; Schack, C. J.; Christe, K. O. J. Org. Chem. 1985,
50, 1338.

(2) Nesmeyanov, A. M. Bull. Acad. Sci. USSR Cl. Sci. Chim. 1945,
239; Chem. Abstr. 1946, 40, 2122.
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iodonium chloride (2) and (a-chlorostyrylphenyl)iodonium
tetrafluoroborate (3) have been prepared.®* To date,
however, no alkylvinylhalonium ions 4 have been reported.

We are now able to prepare alkylvinylhalonium ions 4-R
(X = Br, Cl) by alkylating vinyl halides with methyl and
ethyl fluoride-antimony pentafluoride complexes in either
SO, or SO,CIF solvent. A solution of vinyl bromide in
SO,CIF at —-78 °C was slowly added with stirring to a
fourfold excess of freshly prepared CH;F:SbF; complex in
SO,CIF at =78 °C to obtain a light yellow colored solution
whose 3C NMR spectrum at -90 °C showed three ab-
sorptions at 8'°C 132.9 (triplet, Jo_x = 170.0 Hz), 120.9
(doublet, Joy = 227.0 Hz) and 44.1 (quartet, Joy = 163.0
Hz). The observed chemical shifts and multiplicities are
consistent with the ion being the methylvinylbromonium
ion 4-CH; (X = Br). Similarly, the ethylvinylbromonium
ion 4-C,H; (X = Br) was prepared by using the CH;CH,F
— SbF; complex in SO, solution. The ion 4-C,H; (X =
Br) exhibited four 13C NMR absorptions at 3°C 136.0
(triplet, Jo_y = 169.4 Hz), 116.9 (doublet, Jcoy = 225.0 Hz),
72.3 (triplet, Jo_y = 164.0 Hz), and 15.1 (quartet). It is
interesting to compare the *C NMR chemical shifts of
4-CH; (X = Br) and 4-C,H; (X = Br) with those of pro-
genitor vinyl bromide [observed at 8'3C 122.4 (triplet, Jc_y
= 161.9 Hz) and 114.3 (doublet, Jc.z = 198.0 Hz)]. Ap-
parently in the bromonium ions the 8-methylene carbons
are much more deshielded [10.5 ppm for 4-CH; (X = Br)
and 13.6 ppm for 4-C,H; (X = Br)] than the a-methine
carbons [6.6 ppm for 4-CH; (X = Br) and 2.6 ppm for
4-CH,CH; (X = Br)]. Relatively less deshielding of the
a-methine carbon in 4-C,Hy (X = Br) compared to that
in 4-CH, (X = Br) can be rationalized by a v-CHj sub-
stituent effect in the former.> The best evidence for the
formation of the alkylvinylbromonium ion comes from the
change in the carbon-hydrogen coupling constant in the
a-methine carbons compared to that in the progenitor
vinyl bromide [the difference is 29.0 Hz in 4-CH; (X = Br)
and 27.0 Hz in 4-C;H; (X = Br)]. Such large increase in
coupling constant can only occur by the placement of
positive charge on the bromine (effect of a strongly elec-
tron-withdrawing group). It is, however, not clear why the
B-methylene carbons in these alkylvinylbromonium ions
get much more deshielded than a-methine carbons similar
to those observed in regular allyl cations,® although in the
latter such phenomenon can be readily rationalized by allyl
delocalization. The methyl- and ethylvinylhalonium ions
were stable at —78 °C for only several hours (~4 h) after
which polymerization sets in.

Compared to the alkylvinylbromonium ions, the corre-
sponding alkylvinylchloronium ions were found to be less
stable. In fact, we were able to prepare only the me-
thylvinylchloronium ion by methylating vinyl chloride
using CHyF — SbF; in SO,CIF solution at -90 °C. The
ion 4-CH; (X = Cl) was stable at —78 °C for less than an
hour. In the ¥C NMR spectrum at —90 °C it showed three
resonances at 3'3C 131.7 (triplet, Jo_y = 168.9 Hz), 127.2
(doublet, Jc y = 220.0 Hz), and 50.4 (quartet, Jcy = 161.0
Hz). Compared to the *C NMR chemical shifts of vinyl
chloride (Table I) the 8-methylene carbon in 4-CH; (X =
Cl) is much more deshielded (14.5 ppm) than the a-mthine

(3) Freidlia, R. Kh.; Brainia, E. M.; Nesmeyanov, A. M. Bull. Acad.
Sci. USSR Cl. Sci. Chim. 1945, 647; Chem. Abstr. 1946, 40, 4686.

(4) (a) Beringer, F. M.; Galton, S. A. J. Org. Chem. 1965, 30, 1930. (b)
Nesmeyanov, A, M,; Tolstaya, T. P.; Soklova, N. F.; Varfolomessva, V.
N.; Petrakov, A. V. Dokl. Akad. Nauk. USSR 1971, 198, 115; Chem.
Abstr. 1971, 75, 48576t. (c) For recent related work, see: Ochiai, M.;
Sumi, K.; Nagao, Y.; Fujite, E. Tetrahedron Lett. 1985, 26, 2351.

(5) Stothers, J. B. “Carbon-13 NMR Spectroscopy™; Academic Press:
New York, 1972,

(6) Olah, G. A.; Spear, R. J. J. Am. Chem. Soc. 1975, 97, 1539.
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Table I. !*C NMR Chemical Shifts% of
Alkylvinythalonium Ions and Their Precursors

ion or
precursor 813C, §3Cg 8"3C other
A~ 126.1 117.2
(Jen = (Jenu =
197 Hz) 161.7 Hz)
P /CH3B 127.2 131.7 50.4, CH,
7 (Jog = (Jen = (Jou =
4-CHy (X=C) 220 Hz) 168.9 Hz) 161 Hz)
A g, 114.3 122.4
(Jen = (Jou =
198 Hz) 161.9 Hz)
, oRy 120.9 132.9 44.1, CH
AB'/ ? JcH = (JCH = (J ; = :
CH
4-CHy (X+Br) 227 Hz) 170 Hz) 163 Hz)
N NP S X 136.0 72.3, CH,
o (Jou = (Jeu = (164.0)
4-CoftslxBr) 225 Hz) 169.4 Hz) 15.1, CH,

@ In ppm from external capillary Me Si. ¥ In SO,CIF,
-90°C. °¢InSO,, -78 °C.

carbon (1.1 ppm). The placement of positive charge on
the chlorine atom in 4-CHj (X = Cl) is again evident from
the increase in the magnitude of a carbon-hydrogen cou-
pling constant relative to that in the progenitor vinyl
chloride (AJ = 23.0 Hz). 1t is also useful to compare the
methyl carbon chemical shifts of 4-CH; (X = Cl) with that
of 4-CH; (X = Br). The larger deshielding observed in the
chloronium ion (§ CH; = 50.4) compared to the bromonium
ion (8 CH; = 44.1) is indicative of the well-known’ de-

shielding order of halogens
+ +

P Cl < /Br\

Attempts to prepare the corresponding ethylvinyl-
chloronium ion in CH;CH,F — SbF;/SO,CIF even at -130
°C was unsuccessful. Even at these low temperatures rapid

(7) Olah, G. A. “Halonium Ions”; Wiley: New York, 1975; p 15.

Communications

polymerization occurs. It is possible that ethylation of
vinyl chloride probably occurs on the chloride first, but
since chloronium ions are very reactive and ethyl cation
is a reactive primary cation, it is readily transferred from
the chlorine atom to the w-bond, via either an intra- or
intermolecular process to give a carbocation. This car-
bocation acts as an initiator to polymerize the excess vinyl
chloride. In fact, even in the preparation of 4-CH; (X =
Br, Cl) and 4-C,H; (X = Br) substantial polymeric side
products were obtained and hence no satisfactory 'H NMR
spectra could be obtained. However, these polymeric side
products did not hamper the 13C NMR study.
/ Z
4\C,’/CZH5 ] [CH3CH 2CHZCHCI1 Tha polymers

4-CoHs(X+Cl)

We also attempted to prepare the corresponding al-
kylvinyliodonium ions and all our efforts failed under the
reaction conditions. Vinyl iodide seems to be preferentially
oxidized under the alkylation conditions. The reported
preparation of alkylvinylhalonium ions represents an ex-
ample of a kinetically controlled selective alkylation of the
halogen atoms of the vinyl halides, instead of the car-
bon—-carbon double bond, which subsequently react to give
polymeric side products.
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