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Proton and carbon-13 nuclear magnetic resonance spectra and Raman spectra of some methylmercury com-
pounds, CH,;HgX, were measured. The spin-spin coupling constants, 2J(1**Hg-H) and 1J(33C-H) of methyl-
mercury nitrate in some strong acids were found to increase when the proton resonance of the methyl group at-

tached to the mercury shifts to lower magnetic field.

methyl group shift to higher frequency in the strong acids.

It was also found that the C-H stretching bands of the

The results are explained by an increase of the ef-

fective positive charge on the mercury. As has been observed in other alkylmercury compounds, the spin-spin
coupling constant between directly bonded mercury and carbon nuclei, 1/ (***Hg-'2C), of some methylmercury com-

pounds in organic solvents increased with the geminal spin-spin coupling constant, 2 J(1*Hg-H).

The 1 J(***Hg-

13C) value of methylmercury nitrate in strong acids was found to decrease, whereas the 2J(1**Hg-H) values

increased in these media.

The lowering of the mercury-carbon bond strengths in the strong acids, which was

revealed from the mercury-carbon stretching frequency in the Raman spectra, is considered one possible

reason for the decrease of the J(***Hg-'*C) value.

In recent years a great deal of information on heavy
atom—proton and —carbon-13 spin-spin couplings has
accumulated, particularly for the mercury system.
Hatton, Schneider, and Siebrand? have shown that in
a series of methylmercury compounds, CH;HgX, the
geminal spin-spin coupling constant, 2J(**Hg-H), is
approximately accounted for by the Fermi contact
mechanism. Henneike? has also shown from a semi-
empirical molecular orbital study of a number of
methylmercury compounds that the orbital contrac-
tion for the mercury 6S orbital with increasing electro-
negativity of the substituent, X, is an important con-
tributing factor to the spin-spin coupling constant.
Singh® and Ibusuki and Saito® have indicated that the
Fermi contanct interaction is predominant in the mer-
cury-proton and —carbon-13 spin-spin coupling con-
stants by showing linear relationships between the spin-
spin coupling constants !/ (1%Hg-13C) and 2] (1**Hg-H)
which pass almost through the origin for neopentyl-
mercury compounds, (CH,;);CCH,HgX, and 2-me-
thoxy-2-methylpropylmercury  compounds, (CH,),-
C(OCH,;)CH,HgX, respectively.

In parallel with these studies, the proton and car-
bon-13 nuclear magnetic resonance spectra of a variety
of organomercury compounds have been used for
structural and bonding studies,5-26) because the 1] (1%.-
Hg-13C) and 2j(*Hg-H) values are influenced
markedly by substituents at the mercury.

In the present paper, the proton and carbon-13
nuclear magnetic resonance spectra of methylmercury
nitrate, CH;HgNQj, in some strong acids were studied
to find out the effect of the effective positive charge on
the mercury on the spin-spin coupling constants, 1]
(19Hg-13C), 2 J (*%Hg-H), and 1 J(**C-H). The Raman
spectra of methylmercury nitrate were also measured in
the strong acids; the results are discussed with the
nuclear magnetic resonance spectral date.

Experimental

Preparation of Compounds. Methylmercury bromide
was prepared by Grignard reaction of methylmagnesium

* To whom correspondence should be addressed.

bromide and mercury dibromide in ether and purified by
recrystallization from methanol. Methylmercury cyanide
and nitrate were obtained by stirring a mixtures of methyl-
mercury bromide and appropriate silver salts in methanol
for 5h at ambient temperature. After filtering off the
silver bromide, concentration of the filtrate at reduced pres-
sure yielded crystalline compounds. The compounds were
dried in vaccuo and were stored in a desiccator.

NMR  Spectra. The Proton magnetic resonance
spectra were measured on a JEOL model JNM-PS-100
spectrometer operating at 100 MHz. The chemical shifts
were measured relative to internal tetramethylsilane and
sodium 2,2-dimethyl-2-silapentane-5-sulfonate, DSS. The
spin-spin coupling constants, 1J(**C-H) and 2J(***Hg-H),
and the chemical shift of the methyl group, §(Hg-CH,),
obtained for methylmercury compounds in about 10 wt%,
solution are shown in Table 1. The values of dimethyl-
mercury!® and methylmercury ion?V also appear in Table 1.

The carbon-13 nuclear magnetic resonance spectra were
run on a JEOL model JNM-PFT-100 pulse Fourier transform
spectrometer operating at 25.14 MHz. Broad band proton
noise decoupling was employed to eliminate the spin-spin
coupling with the protons and to enhance the signal-to-
noise ratio. (CD;),CGO was used as a lock signal. Good
spectra were obtained generally by scanning 1500—2000
times. The spin-spin coupling constant, !J(1%Hg-13C),
for some methylmercury compounds in about 20 wt%, solu-
tion is shown in Table 1.

Raman Spectra. The Raman spectra were recorded
on a JEOL model JRS-02AS spectrometer using laser light
of 4880 A. The mercury-carbon and carbon-hydrogen
stretching frequencies of methylmercury nitrate in some
strong acids are shown in Table 2. The concentration of
the compounds was about 20 wt%,. The data of some other
methylmercury compounds?’-2®) are also added for com-
parison.

Solvents. The organic solvents dried over a desiccant
were purified by distillation. Inorganic acids obtained
from commercial sources were used without further purifica-
tion.

Results and Discussion

The proton magnetic resonance data of methyl-
mercury nitrate in Table 1 show that the chemi-
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TaBLE 1. PROTON AND CARBON-13 NMR DATA OF SOME METHYLMERCURY COMPOUNDS,
CH,;HgX, IN SEVERAL SOLVENTS
1 130_ 2 199H _H 1 199H _IBC ) CH 6 CH
x Solvent T s UESTY e (o
CH, 129.6» 104.3» 6902
CN Pyridine 132.0 177.6 1235 0.69 6.0
Br Pyridine 135.6 214.5 1530 0.98 1.1
Br DMSO 138.5 221.5 d) 0.87 d)
NO, CH,OH 139.2 251.3 1793 1.08 —3.79
NO, H,0 141.0 256.5 1785 1.06 —1.29
NO, DMSO 139.0 260.3 1954 0.88 —0.99
NO, HNO,(60%,) 142.9 257.4 1691 1.31 —1.19
NO, HCIO,(10%) 142.2 262.0 d) 1.13 d)
NO, HCI10,(20%) 142.5 262.8 1761 1.20 —0.12
NO, HCI0,(40%) 142.5 263.8 d) 1.25 d)
NO, HCI10,(50%) 142.8 265.8 d) 1.29 d)
NO, HCI10,(60%) 143.9 270.6 1732 1.39 1.39
NO, HC10,4(70%) 144.3 273.9 1711 1.42 3.8
NO, H,S0,(95%) 145.3 274.0 1654 f) 4.0°
NO, CF,SO,H 146.4 280.6 1667 f) 3.7
FSO,® FSO,H-SO, 246 1.54
8)

[ FSO,H-SO, 240 1.46
N\
a) Ref. 12. b) Ref. 16. c) Internal TMS. d) Not measured. e) External TMS. f) DSS was decomposed.
g) Ref. 21.

TasLe 2. Tue C-H anp Hg-C STRETCHING FREQUENCIES
OF SOME METHYLMERGURY cOoMpOUNDS, CH HgX (in cm?)

X Solvent Vasym(CG-H)  95yn(C-H) »(Hg-C)
CH;» Neat 2965 2909 514
CN®  H,O 3008 2931 564
NO;» H,O 3025 2941 566
Clo.® H,0 3027 2941 569
NO;  HCIO,70%) 3048 br 2945 569
NO;  H,S80,(95%) 3045 br 2946 562
NO, CF,SO;H d) d) 561
a) Ref. 27. b) Ref. 28. c¢) Ref. 29. d) Could not

be observed because of strong background.

cal shift of the methyl group, (Hg—CHS,), shifts to lower
magnetic field and concomitantly the geminal spin-
spin coupling constant, 2 J(1**Hg-H), increases as the
acid strength becomes large or the concentration of the
acid increases. The chemical shift of the methyl proton,
0(Hg-CHjy), of methylmercury nitrate in the strong
acids is comparable to that of the methylmercury ion
measured by Olah and Clifford?") in a mixed solvent
system, FSO,H-SO,, but the geminal spin-spin coupl-
ing constant, 2J(1*Hg-H), of methylmercury nitrate
is much larger than that of the methylmercury ion.
The small 2/(**Hg-H) value of the naked methyl-
mercury ion was predicted from the semiempirical
molecular orbital calculation by Henneike.?

A fairly linear relation between the chemical shift
of the methyl proton, §(Hg—CH,), and the geminal
spin-spin coupling constant, 2J(1%9Hg-H), is shown in
Fig. 1. The relation is quite similar to that obtained
for other series of methylmercury compounds, i.e.,
increase of the geminal coupling constants, 2] (1**Hg—
H), is followed by increase of the electronegativity of

290 f 4
N
280 j
) ~
L 270 Q.
o
o \OU 0
2 260 (o]
g< o}
=250 o ]
116 ' 1'.4 . 1..2 . 1:0 I 0:8
6(Hg-CH,), ppm
Fig. 1. Correlation between 6(Hg-CHj;) and 2j(1**Hg-H)

for methylmercury nitrate.

the substituents'®) or by decrease of the pK, values of
carboxylic acids.’® But the relation is quite different
from the relations obtained for dimethyllead dinitrate,
dimethyltin oxide, and dimethylthallium nitrate in
strong acids,3” in which the geminal spin-spin coupling
constants, %J(M-H)(M=Sn, Pb, and Tl), decrease as
the acid strength or the concentration of the acids in-
crease.

Woodward and co-worker?®:3) have shown that
there is the following equilibrium in an aqueous solution
of methylmercury nitrate. Since the function of strong
acids is to reduce the water activity below that necessary

CH,HgONO, + H,0 == [CH,HgOH,]+ + NO,~

to hydrate the cation fully, the equilibrium shown
below may shift to the right in strong acids, where

[CH HgOH,]* + Y- + H* — [CH,Hg*---Y-] + H,O+
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Y- is the acid residue. In the [CH;Hg*--Y-]
species, the acid residue may coordinate weakly to
mercury from the backside of the C-Hg bond. The
effective positive charge, and therefore the orbital con-
traction of the mercury 6S orbital in the species,
[CHHgt:-Y-], is probably larger than that of the
hydrated species, [CH;HgOH,]+, because the electron
donating ability of the acid residue, Y-, is considered
to be smaller than water. The down field shift of
the methyl proton, 6(Hg-CHj;), and increase of the
geminal spin-spin coupling constant, 2/J(1%*Hg-H),
in strong acids, therefore, may be due to an increase of
the species [CHzHg*---Y-] in these media.

As can be seen from Table 1, the 1 J(*3C-H) value
of the methyl group of the methylmercury nitrate in-
creases when the acid strength or the concentration of
the acids increases, although Henneike? obtained little
variation of the 'J(¥C-H) value for methylmercury
compounds. Figure 2 gives a linear relation between
the 1J(3C-H) and §(Hg-CH,;) values, which is ex-
pressed by the following equation, where the values in
parentheses are the errors estimated at the 959, con-
fidence level and the r is the correlation coefficient.
The result is quite similar to that obtained for

1J(*C-H) = 9.8(+2.7)6(Hg-CH,)
+ 130.4(=3.1) r=0.955
dimethyltin oxide in strong acids.3?)
17(18G-H) = 5.6(==1.6)6(Sn-CEHL)
+ 130.4(=+2.1) r=0.933
of the 1J(13C-H) value on the chemical shift of the
methyl protons is much more acute in the case of me-
thylmercury nitrate. A linear relation is also obtained
between the ! J(13C-H) and 2J(***Hg-H) values for

methylmercury nitrate in strong acids(see Fig. 2),
which is represented by the following equation:

The dependence

*J(**Hg-H), Hz
250 260 270 280

146 } J
o O b
\.
ﬁ 144 .. 8 k
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o

140+

1

11.4 . 1.‘2 ltO , 0§8
6(Hg-CH,), ppm
Fig. 2. Correlation between 1 J(33C-H) and é(Hg-CH,)
(—®—) and 2J(**Hg-H) (—O—) for methylmercury
nitrate.

Yoshikane Kawasaki, Mitsutoshi Arrromr, and Jun Ivopa

[Vol. 49, No. 12

17(18C-H) = 0.22(=0.11)2]J(*Hg-H)
+ 84(=22) r=0.879

The C-H symmetric and asymmetric stretching
bands shown in Table 2 shift to higher frequencies in
strong acids. The values are rather larger than those
of dimethylmercury.?”> High C-H stretching fre-
qeuencies of the methyl group of dimethyllead di-
perchlorate®® and dimethyltin diperchlorate3?) in
aqueous solutions relative to those of tetramethyl-lead
and -tin,3) respectively, have been reported. Brown
and Puckett?¥) have shown that in a variety of methyl
compounds the spin-spin coupling constant, !J(33C-H),
of the methyl group increases linearly with increasing
C-H symmetric and asymmetric stretching frequencies
and therefore with the C-H stretching force constant.
By using the present values for methylmercury nitrate
and the reported values of the 1J(33C-H) and v, -
(C-H) values of 32 methyl compounds, we obtained
the following equation relating these quantities:

17(8C-H) = 0.237(=%0.034)r,0ym(C-H)
— 576(+102) r = 0.933

They?%) have shown theoretically that the C-H stretch-
ing force constant of these methyl compounds should
depend on the C-H bond polarity, which will in turn
depend on the electronegativity of the group attached
to the methyl group. They concluded from these
results that changes in the effective nuclear charge of
carbon experienced by the electron in the C-H bonds
can account for the principal variation in the ! J(*3C-H)
value of the methyl groups®) and the assuming of a
very large change in the hybridization parameter of
carbon to fit the experimental value is not necessary.
The increase of the 1 J(**C-H) value of methylmercury
nitrate in strong acids, therefore, may be accounted
for by the same principle. The result is in accordance
with the increase of the species [CHgHg*+--Y~] in strong
acids, since in this species the effective positive charge
on the mercury and therefore the electronegativity of
the mercury, is considered to be large.

Table 1 gives the spin-spin coupling constant, 1J]-
(199Hg-13C), of some methylmercury compounds. The
value increases when the electron-withdrawing property
of the substituent becomes large. A linear relation
between the ! J(1%*Hg-13C) and %J(***Hg-H) values of
these compounds in organic solvents and in water is
shown in Fig. 3. The regression analysis for this re-
lation gives the following equation:

17(199Hg-1BC) = 7.65(0.80)2(**Hg-H)
— 144(=+173) r = 0.997
Similar linear relations have been reported for 2-me-
thoxy-2-methyl-propylmercury derivatives, (CHj),C-

(OCH,;)CH,HgX,» and for neopentylmercury com-
pounds, (CH;);CCH,HgX.® The numerical values

1J(19Hg-13C) = 8.47(=2.32)2J(***Hg-H)
— 98(=:140) r=0.981%**
17(199Hg-13C) = 7.82J(*¥Hg-H) — 59

*%% The regression analysis was made by using the
reported values.®)
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Fig. 3. Correlation between 1J(1*Hg-13C) and
2 J(1*Hg-H) for methylmercury compounds.

of these three equations are very similar. Although the
lines do not pass exactly through the origin, the relations
indicate that the Fermi contact term is mainly re-
sponsible for the spin-spin coupling constants, 1J-
(1%*Hg-13C) and 2] (1*Hg-H), in these cases. On the
other hand, as can be seen from Table 1, the 1 J(199Hg—
13C) value of methylmercury nitrate decreases when
the acid strength increases, whereas the 2J(1**Hg-H)
value continues to incresae. These results cannot be
explained by the simple assumption that the Fermi
contact term plays a dominant role in the spin-spin
coupling constant, 1j(19°Hg-13C).

According to the theory of spin-spin interaction
developed by Ramsey,3?) the nuclear spin-spin coupling
constant is, in addition to the Fermi contact interaction,
affected by the following terms: 1) an orbital-dipole
interaction between the magnitic field due to the orbital
motion of the electron and the nuclear magnetic dipole
(Jorp) and 2) a magnetic dipole-dipole interaction
between the magnetic dipole of the spinning electron
and the nuclear spin(/y,,.). Of these three basic
interactions, the contact interaction is the main deter-
minant of the nuclear spin-spin coupling constant, es-
pecially for H,.3® However, the J ., and [y, terms
have been found to be very important when one or both
of the nuclei is electronegative, such as in the spin-spin
coupling constant, 1 J(*2C-19F) and 2-3 J (19F-19F).39) In
the spin-spin coupling constants, 1 J (**C-13C), the Jy;p010
term has been found to play a significant role.3%:40)
Therefore, the contribution of the [, and [y,
terms may be one reason for the decrease of the spin-
spin coupling constant, ! J (1%Hg-13C), of methylmercury
nitrate in strong acids. As can be seen from Table 2, the
value of the mercury—carbon stretching frequency for
methylmercury nitrate has a tendency to decrease in
strong acids. The weakening of the mercury—carbon
bond, therefore, may also be an another factor leading
to a reduction of the !J(*%Hg-'3C) value. In an
overlap population analysis of the molecular orbitals
of the methylmercury compounds,? the overlap popula-
tion between the mercury-carbon bond increases when
the electronegativity of the substituent becomes large.
The value of the overlap population of the hydrate
species [CH;HgOH,]+ is the largest among the methyl-
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mercury compounds. But the value of the naked methyl-
mercury ion, CH,Hg®*, is the smallest. Therefore, the
bond properties for the mercury—carbon bond of the
species [CH;Hg*---Y~], which has been shown to be
the predominant species of methylmercury nitrate in
strong acids, may be in between those of the ions [CH,-
HgOH,]* and CH Hg*.

We wish to express our hearty thanks to Professor
Rokuro Okawara of Osaka University for his continuous
encouragement throughout this study. We are also
grateful to Dr. Teizo Kitagawa of the Protein Institute
of Osaka University for the measurements of Raman
spectra..
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