
Inorganica Chimica Acta, 36 (1979) 27-30 
@Elsevier Sequoia S.A., Lausanne - Printed in Switzerland 

Bioinorganic Chemistry Paper 27 

A lH NMR Study of the Factors affecting the Intramolecular Interaction between 
the Phenyl Rings and the Mercury(I1) Ion of several Methyhnercury(I1) Complexes 
containing Substituted Phenyl Groups 

PAUL A. LAMPE and PETER MOORE* 

Department of Chemistry and Molecular Sciences, University of Warwick, Coventry CV4 7AL, U.K. 

Received January 23,1979 

Complexes of methylmercury ion have been 
prepared with several homologous series of ligands 
which contain phenyl rings: (1) CeHs(CHz),X (X = 
NH,, S, n = 1, 2, 3; and X = COT, n = 0, I, 2) and 
(2) pR-CeH~(CHz),_lCH(NHJCO~ (R = H, n = 2, 
3; R = OH, n = 2). The observation of a high field 
shift of the [MeHg] ’ ‘H nmr resonance is interpreted 
as an anisotropic shielding effect due to an intra- 
molecuktr interaction between the mercury(H) ion 
and the phenyl ring. Such an interaction is only 
observed for series (I) when X = NH, or S and n = 
I or 2. In the case of the N-bound methyqltyrosi- 
nato)mercury(II), there is fairly good agreement be- 
tween the crystal structure and that observed in solu- 
tion, as estimated from the anisotropic shift and 
conformational analysis based on the backbone 
vicinal coupling constants. A similar conformational 
analysis is reported for the complex formed with L-3- 
phenylalanine. 

Introduction 

Methylmercury(I1) ion is known to favour a linear 
two-co-ordinate structure in most of its complexes 
and, with flexible multidentate ligands such as amino 
acids or peptides, it usually forms a strong bond to 
only one of the donor atoms and only weaker inter- 
actions occur with some of the other donor atoms 
or groups in the molecule [l-3]. Even with a rigid 
bidentate ligand like l,IO-phenanthroline, this 
tendency to stay linear is apparent with a very 
distorted structure resulting from the strong, almost 
linear, interaction with one N-atom and a weaker 
angled co-ordination to the other N-atom [2]. We 
have also observed similar behaviour in a crystal struc- 
ture of a complex formed between methylmercury- 
(II) ion and the potentially bidentate ligand trans- 
(1,2-dithiol)cyclohexane [4] . 

This tendency of [MeHg] + ion to form linear com- 
plexes and to co-ordinate primarily with unidentate 
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donor molecules makes it difficult to enhance the 
affinity of ligands for this very toxic species, and 
accordingly we have been investigating other factors 
which might increase the stability of the complexes 
it forms [5-71. We have observed, for example, that 
methylmercury(I1) binds much more strongly (by a 
factor of 103.2) to the single cysteinyl thiol-group in 
the active site of the enzyme papain than to the thiol 
group of cysteine itself [6]. One factor which might 
account for this enhanced affinity for the thiol 
group of papain is the known intramolecular inter- 
action which occurs between the aromatic rings of 
some amine-bound amino-acids such as phenyl- 
alanine, tyrosine and I-dopa [3, 5-81. This inter- 
action arises from an edge-on ‘co-ordination’ (at ca. 
3.2 A) between the mercury(I1) ion and the 1,2- 
carbon atoms of the phenyl ring, as shown by the 
recent crystal structure (Fig. 1) of the complex 

Fig. 1. Structure of the tyrosinato complex. 

formed with tyroslnate ion (A; R = OH, m = 1) [7]. 
It was demonstrated that the presence of this type of 
interaction depends on the length of the carbon chain 
between the donor amino-group and the phenyl-ring, 
since the interaction is absent in the complex formed 
with the longer L-2-amine-4.phenyl-butonate ion (A; 
R=H,m=2) [7]. 

In the present work, we have searched for the pres- 
ence of other phenyl ring-mercury(H) interactions, 
and the importance of the donor atom (X), using 
as models the ligands C,Hs(CH,),X (X = NHa, S-, 
n = 1, 2, 3; X = CO;, n = 0, 1, 2) and p-RC6H4- 
(CH2),_rCH(NH2)CO; (R = H, n = 2,3; R = OH, n = 
2). It has been established that when a phenyl ring 
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interaction is present, there is an upfield shift in the 
‘H nmr resonance of [MeHg] + ion arising from the 
anisotropic shielding produced by the close proximity 
of the ring current of the arene ring [3, 7-91. We 
have used the upfield shift in the position of the 
methyl group resonance as an indicator of the 
presence of an aromatic ring interaction in the 
present investigation, as well as the 2J(1H-199Hg) 
coupling constants as a guide to the type of co-ordi- 
nation involved (e.g. amino- or carboxylato- in the 
case of the amino acid complexes studied). The 
amino acid complexes are known from previous work 
to show a pH-dependent equilibrium between amino- 
and carboxylato-bound species, the latter being 
favoured at low pH when the amino group is proto- 
nated [1,7,8]. 

We have also compared the structure of the com- 
plex formed with L-tyrosinate ion in solution with 
that observed in the solid state [7] , using the chemi- 
cal shift of the methyl group and the backbone 
proton coupling constants, as an indicator of the 
complex conformation in solution. An analogous 
conformational analysis for the complex formed with 
L-3-phenylalanine is also reported. 

Experimental 

Physical Measurements 
‘H nmr spectra were obtained at 90 MHz with a 

Bruker WH 90 Fourier-transform spectrometer. 
Chemical shifts are quoted relative to dioxane as 
internal standard (6 = 3.56 ppm). Typically, a sweep 
width of 1200 Hz and 8K data points were used for 
data acquisition. Estimated errors are +0.5 Hz for the 
coupling constants and kO.01 ppm for the chemical 
shifts. Theoretical spectra were calculated with the 
Nicolet BNC-12 computer of the Bruker WH 90, 
using the program NMRCAL. Iterative fitting of 
observed spectra to obtain vicinal coupling constants 
was carried out with the program ITRCAL. 

Preparation 2-Phenylethylmercaptan 
Thiourea (7.5 g) was dissolved in water (31 cm3) 

and bromoethylbenzene (18.5 g) added. The mixture 
was refluxed with vigorous stirring for 2 h, sodium 
hydroxide (6.6 g) added, and the mixture refluxed 
for a further 2 h. The aqueous (lower) layer was 
separated, acidified and then extracted several times 
with ether. The ether extracts were combined with 
the separated upper layer and dried over anhydrous 
magnesium sulphate. Ether was removed under 
reduced pressure and the resulting oil distilled in 
vacua (b.p. lop”, 17 mm). 

Other ligands were of the highest grade commer- 
cially available and were used without further 
purification. 

The mercaptide complexes were prepared mixing 
equimolar amounts of mercaptan, methylmercury(I1) 
chloride (Pfaltz and Bauer) and sodium hydroxide 
in methanol. The solvent was removed by rotary 
evaporation, the solid extracted with ether and dried 
over anhydrous magnesium sulphate. Ether was 
removed to give products which were used without 
further purification. Methylmercury(I1) nitrate was 
prepared from methyhnercury(I1) chloride and silver 
nitrate [lo] and recrystallized from water. Both 
amine and carboxylate complexes were prepared 
in situ by mixing equimolar amounts of methyl- 
mercury(I1) nitrate and the appropriate ligand in 
either D20 or CD30D. 

Results and Discussion 

The 2J(1H-199Hg) coupling constants (Table I) 
confirm previous findings [7] and allow a distinction 
to be made between amino- and carboxylato-bound 
species in the case of the amino acids. 

Several of the complexes show the expected 
upfield shift (A) of the methyl resonance of [MeHg- 
(II)] indicating an aromatic ring interaction (Table I). 
Only when [MeHg(II)] is co-ordinated to a car- 
boxylate group is there no evidence for such an 
interaction in any of the complexes studied. 
Presumably this is because of the lower flexibility of 
the carboxylate moiety which restricts the ease with 
which the ligand can bend to bring the phenyl ring 
into a ‘co-ordinating’ position. Although the car- 
boxylatocomplexes are less stable than the other 
complexes studied [l-3], all of the complexes are 
very labile [2], and the absence of an interaction for 
the carboxylato-species cannot be attributed to a 
kinetic effect. 

The dependence on the length of the alkyl chain 
can be seen to be similar for all of the amino- and 
mercapto-ligands examined. A mercury(II)-arene 
interaction is present for Ph(CH,),X (X = S-, NH2) 
or NH2-bound Ph(CH2)CH(COaNH2 whenever 
n = 1 or 2; these produce five- and six-membered 
‘chelate’ rings respectively. When n = 3, entropy con- 
siderations presumably overcome the relatively weak 
binding energy, the ‘chelate’ ring is not formed (ex- 
cept possibly for 3-phenyl propylamine where the shift 
is small), and there is no upfield shift of the methyl 
resonance. The findings in solution are entirely in ac- 
cord with the two published crystal structures [7]. 

Using the crystal geometry for methyl(tyrosinato)- 
mercury(H), the relationship can be examined be- 
tween the centroid of the methyl protons (calculated 
positions) and plane of the phenyl ring; it is 4.8 A 
above the plane of the ring and in the notation of 
Johnson and Bovey 191, the co-ordinates of this 
position are p = 1.19 and Z = 3.43. Therefore, using 
published tables [ 1 l] one can predict an upfield shift 
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interaction imposing stereochemical rigidity on the 
carbon backbone, and that both complexes have a 
similar conformation to that observed for methyl- 
(tyrosinato)mercury(II) in the crystal. 
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