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The “‘Hg chemical shifts in a number of benzylmercuric chlorides containing 
methyl substituents in various positions of the benzene nucleus are studied by 
the heteronuclear ‘H- { lggHg} double resonance technique. Meta- and par-a-methyl 
substituents are shown to have no pronounced action on the shielding whereas 
ortho-methyl groups each shift the signal by 30 ppm downfield. The observed 
effect is due to an increase in the population of conformers with the C-Hg 
bond lying out of the aromatic cycle plane. The departure from planarity favours 
conjugation between the electrons of the C-Hg bond and the n-electronic sys- 
tem of the ring. The J(‘H--“‘Hg) and J(13C -* ggHg) coupling constant values 
obtained in this work confirm the latter conclusion. 

Hyperconjugative interaction of the o-electrons of the easily polarizable 
metal-carbon bonds with adjacent unsaturated groups (o,r-conjugation), which 
was first put forward by Nesmeyanov in the late forties fl], has been postulated 
to be responsible for the peculiarities in the chemical reactivity, physical prop- 
erties and structure of cY-metallated carbonyl compounds [2], ally1 [3], cyclo- 
pentadienyl [4], indenyl [5] and indanyl [5] metal derivatives. Reutov, Bundel’ 
et al. have reported the reaction center transfer to the aromatic ring occurring 
with mercury-carbon bond cleavage in benzylmercury derivatives under the 
action of electrophiles. Almost exclusive deuterium incorporation to the ortho- 
position of the benzene ring had taken place when benzylmercuric chloride was 
treated with DC1 in dioxane [6]. The dual reactivity of ar-metallated carbonyl 
compounds and their metallotropic rearrangements were studied extensively 
171. 

Hyperconjugation of the metal-carbon bond with adjacent unsaturated bond 
systems in metal ally1 [3] and benzyl [8,9] derivatives favonrs conformations 
in which the metal-carbon bond lies in the plane parallel to m-orbit&s of dou- 
ble bonds (Ia, b). According to the electron diffraction and X-ray data, such 
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conformations are preferable in both gas and crystal phases. 

(Ib) 

Bach et al. [lOI have reported the value of 8’7” for the dihedral angle in 
CsHsCHZHgSC(C,H5)3 which is near to the theoretical preferred value of 90”. 
The angle between the metal-carbon bond and the cyclopentadienyl ring plane 
in cyclopentadienyl derivatives of Si, Ge and Sn in the gas phase has been found 
to be larger than half the tetrahedral angle by 8 to 14” [ll]. 

Partial deioc,alization of an electron from the metal--carbon bond over the 
n-bond system of the unsaturated moiety causes essential destabilization of the 
highest filleell n-orbital and lowering of the ionization potential, as follows from 
the VIS-spectra of the charge transfer complexes [12], photoelectron spectros- 
copy [Sfi and mass spectrometry data [ 5,131. The MO LCAU SCF calculations 
have heen carried out using the CNDO/Z and extended Hiickel approaches [14] 
to show that hyperconjugation invariably stabilizes the conformations described 
above with 8 = 90”) increasing the positive charge on the metal atoms iJ1volved 
in the adjacent unsaturated bond system. 

The NMR parameters are highly sensitive to electron density distribution 
and molecular geometry. The 13C chemical shift deviations and values of the 
metal-carbon coupling constants in oc-metallated ketones [Z] and some indenyf 
compounds [ 221 were attributed to the ci,r-conjugation. Shielding constants of 
metal magnetic isotopes should be especially sensitive towards the hypercon- 
jugation as was shown for the “%n nuclei 1151. The study of shielding constants 
of the lggHg nuclei in mercury allyl, benzyl and related compounds as well as 
in cY-metallated carbonyl compounds7 thus appears to be of considerable interest. 
A number of factors influence mercury chemical shifts, such as the nature of 
the radicals and the substituents X in R,Hg and RHgX, and intermolecular inter- 
actions of organomercury compounds with solvents [ 16-203. 

As the lgQHg chemical shifts vary within the range of 3500 ppm, even the 
slightest changes in the electronic environment of this nucleus cause significant 
changes in the positions of signals in the spectrum. In the present work, we 
report the results of our study of methyl substituted benzylmercuric chlorides 
with 13C NMR and INDOR rH-{199Hg} techniques. 

Experimental 

The synthetic routes to the compounds studied (I-V) have been reported 
elsewhere [Zl]. All the samples were solutions in purified chloroform (0.5 M). 
The proton and INDOR spectra were recorded on a XLlOO-15 instrument. The 
13C NMR spectra were obtained with a CFT-20 spectrometer. The proton and 
carbon chemical shifts were measured from the chloroform signal and scaled 
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with respect to TMS. The lggHg chemical shifts were measured using dimethyl- 
mercury as external reference. 

CH3 
ugci / 

-42 

(I) (II) tm, 

Results and discussion 

Comparison of the “‘Hg spectra of compounds I-V (Fig. 1) reveals that the 
methyl substituents in the meta end para positions of the aromatic ring do not 
cause significant changes in the shielding of the mercury nuclei compared with 
benzylmercuric chloride. However, the ortho-methyl substituent having a similar 
electronic effect to the para-methyl one shifts the lggHg signal downfield by 30 
ppm. The two ortho-methyl substituents produce an even stronger deshielding 
and the effect is nearly additive. Successive increase in the population of the 
nonplanar rotamer (Ia) which leads to increase of the mean (effective) 6 angle 
provides the most reasonable explanation fdr these observations. Actually, any 
neutral substituent that favours displacement of the mercury atom from the 
aromatic ring plane should facilitate o,n-conjugation thus increasing the positive 
charge on the mercury atom and deshielding the lggHg nuclei. The ‘J( 13C-1ggHg) 

TABLE 1 

PROTON CHEMICAL SHIFTS <ppm) AND COUPLING CONSTANTS J(lH-*ggHg) (Hz) FOR 
ORGANOMERCURIALS 

Com- CH2 = CH3 = *J(‘=‘HP--CH~) J<1ggHg-XH3) J(‘ggHg--CH3) ’ 
pound 

--~-__-____ 

I 3.28 259 
II 3.15 2.36 263 28 26 
III 3.24 2.34 259 15 14 
IV 3.25 2.33 254 43 38 
V 3.11 2.38= 263 30 c 

234 d 51 d 

a Referenced to TMS using convertion CHCls is 7.28 ppm from TMS. b From ref. 23. c o-CH% ’ pCH3. 
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Fig. 1. lggHg chemical shifts (ppm) of organomercurials referenced to external neat dimethylmercury. 

values (coupling between Hg and the para-carbon atoms) provide additional 
evidence for increasing of the effect in the series I -+ II + V (Tables 1, 2). These 
values, which are known to depend mainly on 7r-contributions [22], increase 
successively from I to II to V (62.8, 66.4, and 74.3 Hz, respectively). The 7J- 
(lH-lggHg) values increase nearly as strongly on passing from IV to V (43 and 
51 Hz, respectively); this coupling constant has a similar nature to 5J(13C-1ggHg). 
The direct constant ‘J( 13C-“‘Hg) decreases in the same series indicating a 
decrease in electron density on the Hg-C bond. The proton and carbon chemi- 
cal shifts of the CH,-groups also show characteristic trends. Thus we conclude 
that the lggHg NMR technique provides the most sensitive tool for the detection 
of subtle electronic effects in organomercury compounds. 
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