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lQQHg and 13C NMR spectra of a large number of aryl- and benzyl-mercuric 
compounds (ArHgX and ArCH,HgX) have been obtained, in order to throw 
more light on the relationship between the coordination state of the mercury 
atom and its NMR parameters_ For the aryl series ArHgCl there is a good cor- 
relation between the lggHg chemical .&rift and cr+, with electron releasing substi- 
tuents in Ar resulting in an upfield chemical shift. This correlation arises from 
the contribution of the paramagnetic term to the ChemicaLshift. Comparison of 
the NMR parameters in ArHgCl and ArCH,HgCl provides unambiguous evi- 
dence for conjugation between the C-Hg bond in ArCHzHgCl and the aromatic 
ring, the C-Hg system behaving as a strongly donating group. This is explained 
in terms of vertical stabilization, as proposed by Traylor. 

In our investigation of the reactivity of organomercuric compounds [ 11, we 
have made use of the magnetic properties of the lQgHg isotope, which has spin 
l/Z, and natural abundance 16.8%. Our initial studies involved satellite peaks in 
‘H NMR spectra due to lggHg-H coupling [ 2]_ Recently, we have turned to 
direct measurement of the rQgHg NMR spectra. Examination of the literature 
shows that although certain features of lgQHg NMR spectra have been investi- 
gated [3], more results need to be obtained before there is a thorough under- 
standing of the correlation between lggHg chemical shift and the structure and 
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coordination about the mercury atom. Such a correlation would be particularly 
useful in the study of biological processes of environmental importance. 

We have therefore measured the lggHg chemical shift and the iggHg coupling 
with ‘H and 13C atoms for compounds of the type RHgX, R = aryl or benzyl. 
Relatively little NMR investigation has been carried out on such compounds, as 
compared to that devoted to the molecules of the RzHg type, perhaps because 
of the generally low solubility of RHgX. The RHgX molecules however offer 
more scope for the study of concentration and solvent effects, because of their 
greater tendency for self association and complexation [4]_ We have chosen 
aromatic mercuric compounds to investigate through Hammett correlations 
electronic effects on the lggHg resonances. It has been suggested that the para- 
magnetic term makes the predominant contribution to the chemical shift [ 3d] _ 
The exi&ence of a contrary proposal [ 51, however, convinced us that further 
investigation was necessary. 

We have compared aryl and benzyl compounds. On the simplest picture this 
should allow a comparison of the change in the lggHg resonance produced by 
the same electronic effect as the distance to the lggHg atom is varied. There is 
moreover considerable evidence for some form of unusual behavior in unsatu- 
rated compounds bearing a C-Hg bond. This has been seen previously in 
photoelectron spectroscopy ]6,7] and in reactivity variations [ S,9]. The special 
behavior has been rationalized in terms of a conjugation between the C-Hg 
bond and the 7r system, a conjugation which has been ascribed to “d orbital 
participation” [lo], orl conjugation [9a], or vertical stabilization [ 9b 1, and 
this special effect is not present in neopentylmercuric compounds 1111 _ The 
effect accoun’ts for certain reactivity effects in organometallic compounds; for 
example, there is a recently reported case of stereoelectronic control by the 
C-Hg bond on substitution reactions [ 121. We therefore thought if of interest 
to see if this conjugation effect also shows up in the NMR spectra. 

Results and discussion 

Concentration effects 
Table 1 lists values of the lggHg chemical shift for C,H,HgX and C.H,CH2- 

HgX in DMSO and CDCI,. The data show that there is not dependence on con- 
centration for RHgCl in either solvent, or for RHgOAc in DMSO. The latter 
compounds, however, do show some dependence on concentration in CD&. 
This behavior can be ascribed to the tendency of RHgOAc to dimerize in this 
weakly complexing solvent E43, while the strongly donating DMSO inhibits 
dimerization. In the case of R,Hg, where there is known to be little self associa- 
tion, no concentration effect is observed in either solvent. In the light of these 
results, on further discussions will usually be restricted to spectra obtained in 
DMSO. 

Effect of Iigand X 
With both C,H,HgX and C,H,CH,HgX, the 19gHg chemical shift shows a 

dependence on the amount of ionic character in the Hg-X bond, moving 
increasingly downfield as the ionic character increases (Table 1). This variation 
is attributed to the contribution of the pammagnetic term to the chemical 



TABLE 1 

lggHg CHEMICAL SHIFTS FOR CSHSHgX AND C~H&HZH& (IN pgn RELATIVE TO <CH3)2Hg) 

Compound Solvent Conventration chemicalshift 

<W 

C6&_HgCl DMSO 

C&@!ZOAC CD1213 

DMSO 

Pyridine 

DMSO 

DMSO 

DMSO 

CDC13 

CDCl, 

DMSO 

Pyridine 

CDC13 

DMSO 

Pyridine 

CDC13 

DMSO 

C&H5CH2HgC10.+ DMSO 

C6H&HZHgCH3 CDC13 

DMSO 

1 
0.125 

1 
0.5 
0.125 

1 
0.5 
0.125 

1 

3 

1 

1 

1 

0.5 
0.125 

1 
0.5 
0.125 

1 

1 

00:1525 
0.065 

L25 

1 

0.5 
0.125 

0.5 
0.125 

1 

1 

1 

1186 

1187 

1440 

1438 
1435 

1442 
1442 
1442 

1377 

1123 

812 

1358 

752 

1146 
1146 
1146 

1184 
1185 
1185 

1109 

1401 
1399. 
13Y5 
1395 

1399 
1398 

1338 

1010 
1001 

1057 
1058 

1247 

692 

757 

shift. For the two cases for which information is available on the proportion 
of s character in the Hg-X bond, viz. C6H;HgCH3 (67%) and C&H,HgCI (53%) 
[l] the lggHg chemical shifts show that the resonance lies further upfield the 
greater the s character. 

Solvent effects 
Large solvent effects have previously been observed in the lggHg NMR spec- 

tra of compounds of general formula R,Hg, both on the actual chemical shifts 
[3e] and on various coupling constants 1141. The shielding effect of basic sol- 
vents was interpreted in terms of a Lewis type interaction, while the variation 
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in the coupling constants was related to changing s character in the orbitals 
about the mercury atom. 

As in R,Hg type compounds [3d], the unsymmetrical derivatives studied are 
sensitive to solvent effects, the chemical shift moving downfield in the 
sequence DMSO < CDCL < pyridine (Table 1); effects other than the solvent 
basicity must be involved, since pyridine and DMSO have similar b&cities on 
the Gutman scale [ 171. 

A second factor which must be considered is the variation with solvent of 
the amount of s character in the orbitals around the mercury atom. As seen in 
Table 2, the 1ggHg-‘3C coupling constant for the benzylic carbon in &H&H,- 
HgCl increases considerably on going from CDCl, to pyridine. These coupling 
constants are related to the s character through the ar*Hg term in the equation 
below [15] (the OL* term corresponds to the s character in the hybrid atomic 
orbital contributing to the C-Hg bond). 

J(r”Hg-“C) = 7Hg713C( 4Ig d3c/m) i*H,1* I*,,, 1’ 

A third consideration involves the question of the actual form of the com- 
pound in solution, since these mercuric compounds are capable of forming sta- 
ble solvates in strongly donating solvents. For example, the iggHg chemical shift 
of 2,2’-bipyridylmethylmercury nitrate is shifted 143 ppm compared to that of 
pyridylmethylmercury nitrate [ 161, the main difference between these two 
compounds being that the coordination number of mercury is 3 in the former 
compound and 2 in the latter. In other words there may be a sizeable contribu- 
tion to the upfield shift observed in our studies on pyridine solutions due to 
coordination of a soIvent molecule to the mercury atom. It is also known that 
DMSO is capable of forming solvates by coordination through its oxygen atom 
1181, but the effect of this on the lggHg chemical shift is unknown. 

Aryl Derivatives 
Table 3 lists values of the lgg Hg chemical shift for a series of compounds of 

general formula ArHgCl in DMSO. As seen in Figure 1 the shifts are reasonably 

TABLE 3 

lgg%z CHEMICAL SHIFTS RELATIVE TO <CHg)tHg OF ARYL- AND BENZYL-h¶ERCURIC CHLO- 
RIDES IN DMSO <CONCENTRATION. 0.75 M) 

xC,$&gCl 6 199Hg 
X <PPm) 

XC@&H2HgCI 
X 

6 lg9Hg 

@Pm) 

P-CH~ 1162.1 
p-C2H5CO0 1212.3 

p-CH30 1142.3 
p-Br 1182.4 

p-NO2 1231.7 
H 1182.6 
m-CH3 1181.9 
m-CF3 1222.9 

m-CH30 1129.3 
m-Br 1234.3 
m-NO2 1238.1 
m-F 1206.2 

p-C=3 1172.6 

P-a 1181.0 

P-F x183.2 

p-CH30 1133.2 

p-NO2 1210.3 
H 1184.4 
m-CH3 1172.6’ 
m-C1 1168.2 
m-F 1182.6 
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Fig. 1. Substituent effects on the 1 g9Hg chemical shifts of a&mercury compounds. 

well correlated with the o+ parameter of the aromatic substituent, with upfield 
chemical shifts for electron donating substituents. This observation confirms 
that the important contribution to the chemical shift is the magnetic aniso- 
tropy. Interestingly an opposite order is found for compounds of the type 
Ar$ig, for which electron-releasing substituents cause a downfield chemical 
shift. It is not obvious why the two series should have completely opposite 
orders. With the diary1 compounds it is possible that the cumulative effect of 
the substituents produces a large change in the electron density about the mer- 
cury atom, with a subsequent change in solvation, the combination of these 
effects resulting in the observed difference. 

Table 4 lists 13C NMR chemical shifts and 13C-1ggHg coupling constants for 
ArHgCl in DMSQ. 13C chemical shifts have previously been reported for such 
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compounds [ 21,221 but for rather limited sets of substituents, and peak assign- 
ments were made by use of additivity relationships. Our peak assignments are 
based on comparison of 13C chemical shifts and 13C-‘ggHg coupling constants 
of the compound in question with the same parameters in m-C&,HgCl. Assign- 
ment of the peaks in the latter compound can be made unambiguously by using 
the 13C coupling constants with both the lggHg atom and the F atom. Our 
assignments do, in fact, agree with those published previously [ 21,22]_ 

Benzyl deriua tives 
Tables 3 and 4 also list lggHg and 13C chemical shifts for a set of compounds 

of general formula ArCH,HgCl. The lggHg chemical shifts show a similar overall 
dependence on the electronic nature of the substituents as is in the ArHgCl 
series, in that electron-releasing groups cause an upfield chemical shift. As 
expected, there is attenuation by the insulating benzylic carbon, so that the 
range of shifts observed is smaller in the benzylic series. This contrasts with the 
pattern observed in the “C NMR parameter (see later). 

As in the ArHgCl series, 13C chemical shift assignments were made on the 
basis of a comparison with a meta fluoro compound m-FC,H&H,HgCl. An inter- 
esting feature with this compound is that the two coupling constants between 
the mercury atom and the ortho carbons are identical. This is consistent with 
the conformation shown in the structure below, a conformation predicted to 
be an energy minimum by extended Huckel calculations [ 231 and rationalized 
in terms of err conjugation. 

CiHg 

‘C 0 
H/:- 

-9 
H‘ F 

More substantial evidence for such an interaction can be seen in comparing 
the NMR parameters for ArHgCl and ArCH,HgCl, as is summarized in Table 5. 
In particular, the introduction of the CH, group causes a significant upfield 
shift in the position of the resonance foY the ortho and para carbon atoms, but 
has very little effect for the meta carbon. In addition, the coupling constants 
between the mercury atom and the ipso ring carbon atom, and the mercury and 
the meta carbon decrease on introduction of the CH, group, from 2800 to 100 
Hz, and 200 to 50 Hz, respectively. However the couplings between the mer- 
cury atom and the ortho and para carbon atoms are only slightly changed, that 
with the para carbon actually increasing. These two observations are best inter- 
preted in terms of an increase in the electron density on the aromatic ring on 
replacing HgCl by CH,HgCl, the effect being greatest at the ortho and para 
positions. The CHg group thus behaves as an electron-donating system. 

Further evidence is provided by the data in Table 6, where relative 13C chem- 
ical s&f& for a seties uf compounds AS I &C!H,X are &s&d. Except for X = 
HgCl, a downfield shift at the ortho and para positions is observed on going 
from the aryl to the benzyl compound, probably because the heteroatom is no 
longer conjugated in the latter case. With the mercuric compounds, however, a 
large upfield shift is observed, as a consequence of the increased electron den- 
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TABLE 6 

CHEMICAL SHIFT DIFFERENCES OF AROMATIC CARBON ATOMS FOR CgH5X + CgH&HzX 

@Pm) 

X CC?) C(2) (ortho) C(3) C(4) (Para) 

-H +9.1 +a3 a.3 -2.8 

-OH -14.1 +11.4 -1.5 +6.2 

-NH2 -2.6 +12.2 -0.6 +7.5 

-Cl -t3.2 0 -1 +2.3 

-HgCl -10 -8 0 -3.5 

sity. We conclude, therefore, that the NMR spectia provide further evidence for 
the orl conjugation effect of the C-Hg bond in compounds where it can be 
expected to operate, 

Experimental section 

Arylmercuric chlorides (Table 7) were prepared by the action of finely 
divided copper on the diazonium chloride-mercuric chloride double salt [ 241. 
C,H,HgCN was obtained by mixing stoichiometric amounts of silver cyanide 
and phenylmercuric chloride in dimethylformamide. C6H,HgC10, was prepared 
by reaction of an aqueous solution of sodium perchlorate with phenylmercuric 
acetate in chloroform. &H,HgCH, was prepared by the addition at 0°C of 0.02 
mole of phenylmercuric chloride to 0.04 mole of methyl iodide. 

Benzylmercuric chlorides (Table 8) were usually obtained by reaction of 
mercuric chloride with the corresponding Grignard reagent, as previously 
described for the parent compound [ 251; we obtained significantly better 
yields by using tetrahydrofm-an as solvent in place of diethyl ether. 

TABLE 7 

ARYLMERCURIC COMPOUNDS 

X-CbH,HgY Starting material Yield 

<S) 

M.p. 

eo 

Cf,H@gC1 
P-CH3C6H4HgC1 
m-CH3C6H4HgCI 
P-CH30C#&gCl 

m-CH3OC5H‘,HgCL 
F-BrC@4HgCI 
m-B+HqHgCl 
P-EtOOCC6HqHgCL 
m-CF3C6H4HgCl 

P-N02C&$I#21 

m-NOZC6HqHgCl 
m-FC6H4HgCI 
C6HsHgOAc 

P-CH3C6H4HgOAc 
C6H5HgCN 

C&gHgClO< 

CbHsHgCH3 
C6HgHg--CgHg 

Mei-ck 

P-CH~C~.H~NH~ 
m-CH3C6H4NH2 
P-CH~OC~H~NH~ 

m-CH3OC5HqNH2 
P-BrChHqNH2 
?WBrV6H@H2 
P-EtOOCC5H4NHZ 

mCF&jH&H2 
P-NO2CgHqNH2 
wN02CgHqNH2 
m-FCgHqNH2 
Merck 
PCH3C5H4HgCI 
C6HsHgCl f- AgCN 
C6HsHgOAc + N&IO4 
C6H5HgCI + CH3Mgl 
Eastman Kodak 

62 
68 
46 
42 
30 
40 
44 
50 
55 
59 
33 

80 

258 
240@enzene) 
177 
250(EtOAc) 
164 
256(benzene) 
206(ethanol) 
218(ethanol+ acetone) 
148(ethanoi + w.) 
264. 
238(sublim.) 
254(acetone) 

147 
183 
204 
250(decomp.) 

122 
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TABLE 8 

BENZYLMERCURY COMPOUNDS 

xC6H4CH$IgY Starting material Yield 

<Z) 

M.P. 

<“C) 

C6H@-$HgCl 
p-CHJC6H&H2HgCl 
mCH3C6H4CHZHgCl 
p-C%&H&HIIHgC1 
rn~lC&&H~Hid 

p-FC6H4CHZHgCL 
m-FC6H4CH2HgC1 
p-CH3OC6H&H,HgCl 
p-NO&jH4CH2HgC1 
+,H&H2HgOAc 
C5H5CH2HgCN 
C6H.$H2HgCH3 

CgH&H2HgC104 

CgH.$H+l 
P-CH~C~H~CH~CI 
m-cI-i3C@4CH-$l 

P-CIC,H,CH$l 

m-f%+$I4CH2Cl 

P-FC&&H$I 

m-FC6H4CH2Cl 
P-CH~OC~H~CHZOC~H~ 
P-N02C6H4CH2CI 
C6H&H2HgCl+ AgOAc 
C6HSCH2H?ZCI + AgCN 
C6H&H2HgCl+ IMgCH3 
C6H5CHZHgOAc + N&lo4 

I96 
76 

70 
48 
47 
30 
72 
33 
31 
97 
95 
80 

105(sylene f ethanol) 
143 
109.5 
146 
110 
144 
118 
107-110 
152-155 
122 
104 

p-Methoxybenzylmercuric chloride was prepared as follows. p-Methoxy- 
benzyl ethyl ether (0.05 moles), made from p-CH,OC,H,CH,ONa and ethyl 
bromide [ 251, was added to 3 g of finely divided lithium at -15O C under argon 
to produce p-CH30C,H4CH&i. After one hour the excess lithium was separated 
by decantation under argon, and 0.05 moles of HgCl, in 30 ml of anhydrous 
THF added. The mixture was poured into 400 ml of ice mixed with 20 ml of 
concentrated hydrochloric acid, the resulting solid filtered, washed with water, 
and recrystallized from acetone (yield, 33%; mp, 138°C). 

p-Nitrobenzylmercuric chloride was made as above from the reaction of 
HgCl, and p-NO,C,H,CH,Li, the latter prepared from 2 g of finely divided 
lithium and 0.03 mole of p-N02C6H4CH2CI in anhydrous ether. P-N02C6H4- 
HgCl was crystallized from 1 : 1 xylene : ethanol (yield, 31%; mp, 155°C). This 
compound was also prepared by nitration of C,H,CH,HgC!. (0.18 mole) dis- 
solved in glacial acetic acid, and addition at 0°C of a mixture of 5 ml of con- 
centrated sulfuric acid (d = 1.83) and 5 ml of nitric acid (d = 1.4). The mixture 
was stirred at 20°C for 2 h before work-up (yield, 29%; mp, 158°C). 

C,H,CH,HgOAc was obtained by adding a stoichiometric amount of silver- 
acetate to a solution of C,H,CH,HgCl in methanol. C6H,CH,HgCN was ob- 
tamed similarly by use of silver cyanide. C6H,CH2HgCH, was obtained as 
described above for C,H,HgCH,. C,H,CH,HgClo, was obtained by treating a 
solution of C6H,CH2HgCl in benzene with aqueous sodium perchlorate, using 
triethylbenzylammonium chloride as a phase transfer agent. This procedure 
gave a 60 : 40 mixture of C,H,CH,HgCIO, and C6H,CH2HgC1. 

13C NMR spectra were recorded on a Cameca 250 MHz spectrometer, with 
Fourier transform: frequency for 13C 62.82 MHz; pulse, 7 PS: acquisition time 
0.65 set; delay, 3.4 set; 5000 to 150&O scans. 

lggHg NMR spectra were obtained on a Brucker 90 MHz spectrometer, fre- 
quency for lggHg, 16.044 MHz: pulse, 4 ps; acquisition time, 0.8 set; delay 
450 psec; 5000 to 200,000 scans. Calibration was made with dimethylmercury 
as reference zero, Hg(OAc),, 0.5 _%I in HOAc, 6 = 2398.9.ppm; Hg(OAc),, 
0.5 M in pyridine, S = 1946 ppm; Hg(OAc),, 0.5 M in DMSO, 6 = 2303.8 ppm; 
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Hg(NO,),, 2 M in HN03, 6 = 2317.6 ppm, values in agreement with those pre- 
viously determined [ 3c,3d] _ The commonly used diphenylmercury (6 = 211 
ppm) was employed as an external reference. 
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