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In continued study of the ethylenemercurinium ion its high-resolution carbon-13 NMR spectrum is reported.
Based on the carbon chemical shift, and the carbon—proton coupling constant, the nature of bonding in the ethy-
lenemercurinium ion is best characterized by the predominance of the forward donating ¢ component with a sig-
nificant decrease in the electron density at the olefinic carbons. The first nonconjugated diolefin—mercurinium
ion complexes, the norbornadiene- and 1,5-cyclooctadienemethylmercurinium ions, were also prepared by direct
mercuration of the diolefins with methylmercuric fluorosulfate, and studied by 'H and *C NMR spectroscopy.

In recent publications from this laboratory the first di-
rect observation of stable mercurinium ions of monoolefins
was reported.? We would like now to report the extension
of these studies, and a better understanding of the bonding
nature in the ethylenemercurinium ion 1 based on its high-
resolution ¥C NMR spectrum, as well the preparation of
first mercurinium ions formed by the direct mercuration of
the noncongugated diolefins, norbornadiene 2, and 1,5-cy-
clooctadiene 3.

Results and Discussion

Further Study of the Ethylenemercurinium Ion. The
ethylenemercurinium ion 1 was prepared, as described,
from the reaction of 2-methoxyethylmercuric chloride with
excess HSO3F-SbF5 in SO..3 The 'H NMR spectrum con-
sists of the reported singlet at & 7.68 with satellites due to
the proton-mercury coupling of Jwsgg y = 190 Hz.3 The
proton-coupled high-resolution '3C NMR spectrum con-

sists of a triplet centered at &3¢ 137.2 (from Me,Si) with'

the proton-carbon coupling of J¢c_py = 170 Hz.

If any electrophile Et approaches an olefin in electrophi-
lic addition reactions, the intial bonding interaction was
suggested to involve the formation of a molecularly bonded
bridged = complex to form a two-electron, three-center
bound species, as A4 If d, or its hydride orbitals are avail-
able in the electrophile, according to the Chatt-Dewar—
Duncanson bonding description,® back donation becomes
significant, as shown for the case of a mercurinium ion B.
Subsequently, the = complex can either interact further to
give a o-bonded, three-membered ring (¢ complex) C or
open the three-center bond to give the corresponding B3-
substituted rapidly equilibrating carbenium ion D.
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Recently, the ability of 13C NMR spectroscopy to distin-
guish between ¢- and 7-complex intermediates in electro-
philic addition reaction to alkenes has been demon-
strated.67 The 13C shift and Jc_u coupling constants are
dependent on a combination of factors.® A net deshielding

at a nucleus is accompanied by a decrease of electron densi-

" ty, an increase in 7 character, or a decrease in the average

electronic excitation-energy.® An increase of Jc_g is ob-
served when the electron density is decreased, the = char-
acter is increased, or especially a strained ring is formed.
Based on both 13C shifts (513c 69-74 for the parent, unsub-
stituted ions) and J¢_yg values (~187 Hz), it has been pro-
posed that the ethylenehalonium ions”™1911 are best formu-
lated as three-membered ring o-bonded ions C. The sub-
stantial deshielding results from a decrease of = character
by the formation of the bridged ion being more than com-
pensated for by a decrease of electron density due to the
polarization of positive charge on the electrophile. The in-
crease of Jc_y results from a preponderant increase of ring
strain by the formation of a three-membered ring cyclic ion
over the decrease of electron density and of 7 character. An
approximately linear relation between 3C shifts and Jc_y
coupling constants exists among cyclic halonium ions, ethy-
lenearenium ions, and typical three-membered ring sys-
tems such as cyclopropane, ethylene oxide, ethylene sul-
fide, and N-methylaziridine.'® However, the ethylenemer-
curinium ion falls far away from this correlation.

Recent studies indicate that isolable halogen complexes
of adamantylideneadamantane are = complexes due to ste-
ric hindrance.? The significant deshielding observed (22-26
ppm) was proposed to result from a decrease of the electron
density at the olefinic carbons predominating over a de-
crease of the = character. The same deshielding effect is
now observed in the ethylenemercurinium ion, which is,
therefore, also best formulated as the molecularly bonded =
complex. The smaller deshielding (12.7 ppm) can be ex-
plained either by the weaker interaction or by the back
donation of the = component in bonding as B, since back
donation not only increases the total electron density but
also reduces the 7 character of the olefinic carbons and re-
sults in an increase of shielding. Recent 13C NMR studies
on transition metal = complexes showed that the shielding
for olefinic carbons is correlated with the relative magni-
tude of the = component in bonding. As the magnitude of
the = component increases, a net increase in shielding is
observed from Hg* (—12.7 ppm), Cu* (+28 ppm),i?
Ag*(+14 ppm) 512 Pt(+39-84 ppm),’* Rh(+61-85 ppm).1?
The present 13C study, consistent with theoretical calcula-
tion,'® indicates the predominance of the ¢-bonding com-
ponent in mercurinium ions due to the greater separation
of the 6s and 5d orbitals in mercury.

The increase of the Jc_g coupling constant (13.6 Hz) in
ethylenemercurinium ion is consistent with the formation
of B.12b:15 Comparison with the increase of coupling con-
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Table I
Proton NMR Parameters of Methyl in Mercurinium Ions and Their Diolefinic Percursors4
Compd Solvent, temp, °C —CH== —CH, - —~CH- CH,Hg—
2b SO, 6.70 (t,J=1.9 1.96 (t,J=1.6 3.53 (sep)
%b Hz) Hz)
4 CH,HgOS0O,F-S0,, 7.76 (t,J = 1.8 217 (t,J=14 4.43 (sep) 1.37 (s)
-70° Hz) Hz)
3b SO, 5.58 (s) 2.38 (uq)
5 CH,HgOSO0,F-80,, 6.67 (um) 2.73 (um) 1.23 (s)

-=70°

@ The proton NMR spectra were obtained on a Varian 56-60 instrument with a capillary of Me, Si as reference. All chemi-
cal shifts are given relative to Me,Si (parts per million). Multiplicity and coupling constants are given in parentheses: s,
singlet; t, triplet; sep, septuplet; um, unresolved multiplet; and uq, unresolved quartet. ¥ For previously reported proton

NMR data, see ref 3.

stant from ethylene (Jcu = 157 Hz) to the highly strained
cyclopropane ring (Jeu = 162 Hz) indicates that the even
greater increase of coupling constant in ethylenemercurin-
ium ion (Jcy = 170 Hz) can be due to the decrease in elec-
tron density upon complexation.!” Unlike other intermedi-
ate complexes of olefins with electrophiles, the observed
ethylenemercurinium = complex, as the preferred stable
species, seems to indicate that the participation of the =
back donation (although a minor contribution) prevents
rehybridization and formation of o-bonded three-mem-
bered ring ion C.

The complete !H and 13C NMR spectra of the symmetri-
cal ethylenemercurinium ion exclude the possibility of a
static primary B-mercuryethyl cation D, even if Traylor
suggested the possibility of vertical stabilization by o—=
conjugation'® (meaning electron delocalization with no
subsequent molecular movement, i.e., bridging). The ob-
tained 13C NMR data do not completely rule out the possi-
bility of a rapidly equilibrating 8-mercuryethyl cation sys-
tem. However, the observed Jissp, g coupling of 190 Hz ex-
cludes any exchange process and argues against a rapidly
equilibrating open chain ion, such as D.

The ethylenemercurinium ion is thus, based on its high-
resolution 13C NMR spectroscopic study, a molecularly
w-bonded species. As in most transition metal = complexes,
both ¢ and = components are involved in bonding, but in
the mercurinium ions the ¢ component is predominant.
Furthermore, the electron density is reduced upon com-
plexation and significant positive charge is developed on
the carbon atoms.

Preparation and Study of Norbornadiene and 1,5-
Cyclooctadienemethylmercurinium Ions. The methyl-
mercurating agent used, methylmercuric fluorosulfate, was
prepared by the reaction of a slight excess of dimethylmer-
cury with fluorosulfuric acid in sulfur dioxide solution at
~70°.2 The lack of excess acid results in a suitable and
clear system for the investigation of mercurinium ions.
Norbornadienemercurinium ion 4 and 1,5-cyclooctadi-
enemercurinium ion 5 are formed when precooled 2 or 3 in
pentane solution is slowly added with vigorous stirring to
methylmercuric fluorosulfate in sulfur dioxide at —78°.
The proton NMR data of 4 and 5 at —60° are summarized
in Table L.

Both ions show similar NMR absorptions to those of
their precursors, indicating that the dienes have not isom-
erized in the mercurinium complexes. The 'H NMR spec-
tra of the mercurinium ions are deshielded, especially the
olefinic protons (where the deshielding is ‘more than 1
ppm). Except for group 1B metals, most transition metal =
complexes result in net shielding of olefinic protons.l?
Whereas the silver ion complexes exhibit net deshielding,20
the copper ion complexes are borderline cases.!3 According
to Dewar-Chatt-Duncanson,® the bonding in transition
metal = complexes is composed of ¢ forward donation and

~ TableII
Carbon-13 NMR Parameters of Mercurinium Ions and Their
Precursors4
CH me-
Compd —~CH= CH, thine
2b 144.26 74.86 50,23
ﬂb (173.6) (135.2) (149.0)
4 152.69 76.71 53.46
(180.4) (137.2) (158.3)
( 3¢ 130.19 27.83
5 139.68 29.84

2 The spectra were recorded on a Varian HA-100 or XL-
100 instrument by the Fourier transform method, at 25.2
MHz with a capillary of enriched CH,I or Me,Si as lock or
reference at —60° in SO,. ? Previously reported spectra;
see ref 23. ¢ Previously reported spectra; see ref 14.

m back donation. The shielding effect of olefinic protons in
'H NMR spectra has been proposed2? to result, at least in
part, from the relative contributions of the ¢ and 7= compo-
nents.20b2! From these considerations, a greater =-bonding
component results in the net shielding of the olefinic pro-
tons. The marked difference in silver ion complexes
suggests that in these the ¢ component may predominate.
Because of the greater separation of 5d and 6s orbitals of
mercury, it is not surprising that the mercury = complexes
consist almost entirely of the s-bonding component. Based
on molecular orbital calculations,'® the olefin transfers
electron density to mercury and a significant positive
charge is developed on the olefinic carbons. Therefore, the
greatest deshielding is cbserved in mercurinium ions (2.1-
2.4 ppm for monoolefinic protons).2 However, both ions 4
and 5 show only half of the deshielding in comparison with
that observed for the mercurinium ions of monoolefins.
This indicates the participation of the second olefinic bond
in the mercurinium ion formation of diolefins. As no pro-
ton-mercury coupling is observed in ions 8 and 4, it could
indicate that fast exchange takes place in the system.

The carbon-13 NMR data of ions 4 and 5 are summa-
rized in Table II. According to recent discussion of the car-
bon chemical shifts of transition metal = complex-
es,13:14221.24 the observed deshielding of olefinic carbons
upon formation of mercurinium ions, consistent with the
proton NMR spectra, is best rationalized on the basis of
predominance of the s-bonding component resulting in a
significant decrease in the electron density at the olefinic
carbons. Generally, norbornadiene complexes with transi-
tion metals in two distinct ways:!92 as a chelating ligand
where the metal is situated in the endo position, and alter-
natively when the metal is situated in the exo position.
When the metal is situated in the endo position, the m-elec-
tron density should concentrate between the ligand and the
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metal. The electron density on the exo side decreases upon
complexation, and the methylene carbons should be
shielded, as observed in C;HgPt(CHs)9,25 C,HgFe(C0)3,28
C7HsMo(CO0)3,27 and C;HgCr(CQ0)3.2" The observed de-
shielding on the methylene carbons upon formation of mer-
curinium ions rules cut the possible structure § to repre-
sent ion 7. Upon further consideration an exo-bonded

structure is also consistent with the known norbornadiene .

= complexes of group 1B metals.?8

Based on the formation of nortricyclanic product upon
the mercuration of 12° ion 3 is best rationalized by the fol-
lowing equilibrium.

The 1,5-cyclooctadiene-methylmercurinium ion is also
considered to undergo similar equilibration. However, the
small increase of Jc_u coupling constant (9 Hz) of the
methine carbons upon formation of the mercurinium ion
does not give definite proof for the homoallylic participa-
tion.

Experimental Section

Norbornadiene, 1,5-cyclooctadiene, and dimethylmercury were
commercially available and used without further purification.

Methylmercuric fluorosulfate was prepared as previously de-
scribed? except that a slight excess of dimethylmercury was used.
Mercurinium ions were prepared by adding the corresponding di-
olefins in cold SOs to the stirred solution of methylmercuric fluo-
rosulfate in SO at —70°, as reported previously for alkenemercuri-
nium ions.? .

The 'H NMR spectra were obtained on a Varian A56/60A 'H
NMR spectrometer. )

The 13C NMR spectra were obtained on a Varian XL-100 spec-
trometer. Fluorcbenzene was used as external lock, and all chemi-
cal shifts are referred to the external MesSi (5% enriched) capil-
lary.
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