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Summary 

Nuclear spin-pin coupling constants have been measured by ‘H and 13C 
NMR for fl-methoxyalkylmercury(I1) complexes, MeCH(OMe)CH,HgCl (I) and 
Me&(OMe)CHzHgL (II) (L = OCOCH3, Cl, Br, SCN, I and CN). The mutual 
polarizabilities of the valence s-orbitals in the Fermi contact expression have 
been calculated by extended Hiickel molecular orbital theory for I and II as 
well as for CH3HgL (III). The calculated mutual polarizabilities not only repro- 
duced the signs of the coupling constants, determined experimentally for I, 
but also accounted well for the influence of the truns ligand L on ‘J(Hg-C) 
and ZJ(Hg-C-H) for II and III. 

Introduction 

Nuclear spin-spin coupling constants in metal complexes have attracted 
wide interest in recent years, since valuable information on the metal-ligand 
bonding is obtainable especially from the one-bond coupling constants between 
metal and donor atom. A number of metal-carbon one-bond coupling constants 
[l], ‘J(M-C), together with geminal coupling constants, *J(M%-H), were 
reported for alkylmetal complexes (M = Si [2], Sn 13-53, Pb [5], Pt [6] and Hg 
[5,7-121). The values of both ‘J(M-C) and *J(M-C-H) for alkylplatinum(I1) 
[6] and alkylmercury(II) complexes [5,8] are sensitive to the variation in the 
ligands trcns to the alkyl group and have been discussed in terms of tiuns in- 
fluence [13]. However, quantum chemical studies on the coupling constants 
involving heavy atoms are quite few [14-171. 

-According to Pople and Santry’s molecular orbital theory [IS], the Fermi 
contact interactiorrdominates the coupling mechanism in most cases [19,20] - 
and the sign of the coupling co&ant is determined by the mutual polarizability 
of .the-Valence s-orbitaIs of the atoms concerned (vide infra). 
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In the present work we report the Hg-C and Hg-H coupling constants in 
P_methoxyalkylmercury(II) complexes_ The mutual polarizabihties, calculated 
by the extended Hiickel method, are found to reproduce well the signs of the 
coupling constants as well as the trends of the coupling constants induced by 
the variation in the truns ligand. 

Experimental 

&Methoxyalkylmercury(II) complexes, MeCR(OMe)CH,HgL (I, R = H, L = 
Cl; II, R = Me, L = OCOCHS, Cl, Br, SCN, I, and CN), were prepared according 
to the established method 1211 from P-methoxyalkyhnercury(I1) acetate and the 
corresponding salts (NaL)_ The chemicals were obtained from standard com- 
mercial sources and were used without further purification_ 

‘H NMR spectra were recorded on a JEOL PS-100 (100 MHz, 24°C) or a 
Hitachi R-20B (60 MHz, 35°C) spectrometer- ‘H NMR samples were examined 
as 1.0 mol% CDC13 solutions. The AMM’X, proton spectra of I were simulated 
with the LAOCN III program coded for a HITAC 5020 computer 1221. 

r3C NMR spectra at 24°C were obtained on a JEOL PS-100 spectrometer 
operating with the continuous wave mode or the Fourier transform mode at 
25 MHz. r3C NMR samples were examined as 40 mol% solutions in CDC& or 
(CD3),CO_ The relative signs of “J(HgC) and “*‘J(HgH) (n = 1 or 2) for I were 
determined by the ’ 'C- ( ‘H } selective decoupling experiments developed by 
Jakobson, et al. 1231. The irradiating and observing frequencies were monitored 
by a Takeda Riken TR-550 frequency counter with a gate time of 10 sec. 

Calculation 

One-electron wave functions and energies were calculated according to the 
extended Hiickel molecular orbital (EHMO) method. The Slater type functions 
were used as the valence atomic orbit& and all overlap integrals were included. 
The Slater exponents proposed by Burns [24] were used for all atoms except 
mercury where Bach’s values [25] were employed. The diagonal elements of 
the Hamiltonian matrix, Coulomb integrals, were replaced by the valence orbital 
ionization potentials reported by Basch, et al. [26] for donor atoms and by 
Bach 1251 for mercury. The off-diagonal elements, resonance integrals, were 
evaluated by the WolfsbergHehnholta expression (K = 1.75) [2?]. The charges 
calculated by Mulliken’s population analysis were iterated to self-consistency 
using a charge sensitivity factor of the Coulomb integrals, 2.0 eViunit charge 
1281, for all atoms. 

The spin-spin coupling constant is given by eq_ (1) in Pople and Santry’s 
approximation 1181. 

WW = (~4~zP2/9)C~~(0)12[S~(~)12~~~) (1) 

In this equation K(AB) is the reduced coupling constant, defined by eq. (2) to 
avoid dependence on the gyromagnetic ratios 7 which are individual nuclear. 
properties, [SA(0)]‘-is the valence s-electron density of the-atom A at the nucleus 
and n(AB) is the mutuaI pol&ability of the valence s-orb&& of,@re atom A 1. 
and B (eq. 3). .. . . : , . _. :.-: .‘, . . _:I -.: y j-7-c ._.. -..: .: _ _: :..:: --;I: :_~.- ._, 

;. , : : 
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K(AB) = 4n2J(AB)/hy,-y, (2) 

(3) 

In eq. (3) E and C are the MO energies and the coefficients, respectively. Eq. (1) 
indicates that the sign of K(AB) is determined by ir(AB) *_ 

EHhlO calculations, including the computation of the mutual polarizabilities 
(eq. (3)), were carried out for MeCH(OMe)CH,HgCl (I), Me2C(OhIe)CH2HgL (II) 
and CHsHgL (III) (L = OCOCHX, Cl, Br, SCN, I and CN). All the rotamers of I 
1221 and of II (L = Cl) were calculated. The ligand influence was examined for 
a representative rotamer holding the HgL group anti with respect to the OMe 
group in II, since the difference in the CH2HgL bonding properties was negli- 
gible between the two rotamers in 11 (L = Cl)_ 

The C-Hg-L moiety was fixed in a linear geometry with the C-Hg bond 
distance of 0.207 nm for all the complexes I-III. The Hg-L bond distances 
were as follows (in nm); L = OCOCHX: 0.213 [29], Cl: 0.2282 [30], Brs 0.2406 
[30], I: 0.2528 [31], CN: 0.205 [32] and SCN: 0.230. The distances and . 
angles of the j3-methoxyalkyl moiety were taken from ref. 33. The coordinates 
of the complexes were calculated using the computer program STERIC devel- 
oped by Yoneda [ 341. All the calculations were carried out by a HITAC 87OO/SSOO 
computer at the univeristy of Tokyo. 

/k’Vethoxypropylmercuric chloride, MeCH(OMe)CW,HgL (I) 
The carbon resonances of the fl-methoxyalkylmercury(I1) compleses (I and 

II) were assigned on the basis of both proton off-resonance experiments and 
‘99Hg satellite peaks (‘99Hg I I = l/2, natural abundance: 16.8%). Fig. la shows 
the ‘%-{ ‘H) noise decoupling spectrum of I. The coupling constants and the 
reduced coupling constants ** for the CHCH,Hg moiety of I are summarized in 
Table 1. 

We have performed relative sign determinations for “K(HgC!) and “+‘K(HgH) 
(n = 1 or 2) in I by use of ‘3C-(1H ] selective decoupling experiments [ 10,231. 
Irradiation of the high-field portion of the proton spectrum enhanced the 
downfield mercury sateRite of the *% resonance of tbe methylene carbon 
(see Fig. lb) and vice versa The situation was the same for the methine carbon. 
Therefore, ‘K(HgC) and 2K(HgC) were determined to be opposite in sign to 
2K(HgH) and 3K(HgH), respectively. 

K<AB) = (64n28219)CSA<O)PiSg<6)12aA2aB2/AE 

Ln this equation a2 h the r-chuacta of the hybrid orbital used to form the A-B bond and AE is 
tbe 8v_e excitation energy. This approach. however. yields no negative sign of any reduced 
#2OUDbSeOnShIIL 
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Fig. 1. 13C NMR spectra (25.03 MHz) of P_methoxypropylmercuric chloride. M~CH(OM~)CHZH~CI (I). in 
<CD3)lCO solution The spectra were taken under the conditions of (a) tbe noise decoupling of proton 
and tb) the selective decoupling of proton nearly at the resonance frequency of the methyl proton. which 
was chosen so as to be lower than those of both the methhylene and metbine protons. 

TABLE 1 

COUPLING CONSTANTS AND VALENCE s-ORBITAL MUTUAL POLARIZABILITIES FOR THE 
CHCHZH~ MOIETY OF f3-METHOXYPROPYLMERCURIC CHLORIDE. MeCH(OMe)CH$IgCl <I) 

Coupled 
nuclei 

CoupIing constant = 

VI <Hz) IX1 <MI-~) 

Mutual polarizability ’ 

Siam’ x (lo-3 a-t> 

Hti’ 1606 297.5 + +3.80 
H6-C-C 109 20.2 - 

Hs-_c-H d 
-0.46 

204.5 9-52 -1.96 
He-C-H 306.3 14.26 + +1.35 
C-H<CH2) 136 4.60 + +8.01 
C-H(CH) 134 4.46 + - +8.00 
H-C-H 11.8 0.098 - -192 
H-C-C-H= 5.65 0.047 + -+1.15 

-- . 

= soIvent CDCI, b VtiW?S cplcukt& .fOr the t&W? l&&%&we~~ -avwqpXI ;w the ba& &f-&&r &XIIC_ 
_‘!= [221. = See text ! Avti &hit Of H&C-I.& -+d !X&f+XI& CO”p@& It, AI$&~+~,t&_ _ - 
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TABLE 2 

REDUCED COUPLING CONSTANTS AND MUTUAL POLARIZABILITIES FOR &METHOXYISO- 
BUTYLhlERCURY<II) COMPLEXES. MelC(OMe)CHtHgL <II) 

____ 

L HE--C Hg-_C--H C-H(CH2) 

IMU zb IKI il IKt n 
--___ --__--I_ 

OCOCH3 316 +6.15 9.84 -1.92 4.50 +8.53 
Cl 304 +4.53 9.57 -1.78 4.54 +8.66 
Br 288 +4.49 9.21 -I_?8 4.50 ~8.83 
SCN 282 +4_3@i 9.08 -1.66 4.50 +8.67 
I 278 +3.11 8.87 -1.61 4.50 +9.06 
CN 269 +3.47 8.41 -1.45 4.44 +8.42 

a Units in n~n-~. solvent CDCI3 b Units in 10m3 eV*. 

The mutual polarizabilities of the valence s-orbitals corresponding to the 
eight coupling constants in I were calculated by the EHMO method and are 
given in the last column of Table 1. 

~Methoxyisobutylmercury(II) complexes, Me2C(OMe)CH2HgL (II) and methyl- 
mercuty(II) complexes, CHJigL (III) (L = 0COCH3, Cl, Br, SCN, I and CN) 

The six kinds of coupling constants for II (Hg-C, Hg-C-C, Hg-C-C-C, 
Hg-C-H, Hg-C-C-H and C-H coupling of the methylene group) were report- 
ed previously [S]. Among them, the values of ‘K(HgC) and 2K(HgH) were 
sensitive to the trans ligand L, whereas ‘K(CH) of the methylene group bound 
to mercury were affected little. These coupling constants, together with the 
corresponding mutual polarizabilities of the valence s-orbit&, are given in 
Table 2. 

Since the effects of the ligand L on ‘K(HgH) for II and III were quite similar 
[S], the EHMO calculations for III, the representative alkylmercury(I1) com- 
plexes, were carried out as well as II. As shown in Table 3, the ligand effects 
on the total electron densities and the bond overlap populations of III are 
similar to those of II. 

TABLE 3 

TOTAL ELECTRON DENSITIES AND OVERLAP POPULATIONS IN THE Hg_C BOND OF 
b¶e2C(Ob¶e)CH2HgL <II) AND CHjH&. (III) 

L Total ckctmn density 

He C 

II III n HI 

He-C overlap population 

XI HI 

OCOCH3 10.76 10.84 Cl9 4-22 0.49 0.52 
Q 10.96 11.06 4.33 4.35 0.38 0.40 
Br 
SCN. 

11.04 11.15 430 432 0.37 0.39 
10-94 11.04 4.34 4.36 0.34 0.37 

* .I. 11~28 
m .: : ;-_~‘,_‘3,3 

xi.43 C46 4-49 0.19 0.21 
10.96 438 4.40 0.32 0.35 

. 
_- . . _:-- -.:. 
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Discussion 

/3-Methoxypropylmercuric chloride, ~eCH(OMe)CHtHgCl (I) 
Some relative signs of the coupling constants in alkylmercury(I1) complexes 

have been determined by double resonance experiments [ 121. Based on the 
assumption that ‘K(CH) is positive [19], absolute signs of ‘K(HgC) (positive) 
and ‘K(HgH) (negative) are obtained for both (CH,),Hg [ 351 and CHsHgNOa 
1361. Since *K(HgH) and 3K(HgH) for CH,CH,HgCl and 3K(HgH) and *K(HgC) 
for dialkylmercury are both opposite in sign, the signs of 3K(HgH) and ‘K(HgC) 
are determined to be positive [ 361 and negative [ 10 1, respectively. In the case 
of the complex I, we have also confiied that 2K(HgC) is opposite in sign to 
3K(HgH) (see Fig. lb) and hence negative_ The signs of ‘K(HH) (negative) and 
‘K(HH) (positive) in alkyl groups are generally accepted [37]. The signs of 
the coupling constants for the CHCH2Hg moiety of the complex I are given in 
Table 1 based on these considerations. 

The calculated mutual polarizabilities s(AB) for I are also included in Table _ 
1. The signs of the eight kinds of K(AB) are thus clearly reproduced by the 
present calculation on s(Al3). 

Unknown valence s-electron densities [S,(O)]* for the five kinds of atoms 
in the CHCH2Hg moiety of I can be estimated by solving five simultaneous 
equations for eq. (1)-obtained from the five experimental reduced coupling 
constants and the corresponding calculated mutual polarizabihties. The Fermi 
contact mechanism has been reported to be dominant for Hg-C-H coupling 
1151 as well as for C-H, H-C-H and H-C-C-H couplings [ 19,201. Then the 
five kinds of couplings (C-H of the methylene and the methine groups, H-C-H, 
H-C-C-H and Hg-C-H) were employed to solve the simultaneous equations, 
yielding the following values of [S,(O)]* (in 10’ nmm3): methylene hydrogen 
3.68, methine hydrogen 2.94, methylene carbon 40.5, methihe carbon 50.3 and 
mercury 350. The mercury atom in I can be regarded as Hg’, since the calculated 
charges of the mercury averaged for the three rotamers of I is +1.03. It is to 
be noted therefore that the values of [S,,(O)]2, 350 X 10’ nme3, agreed closely 
with that of [Su,(0)]2,W320 X lo3 nmW3, obtained from the average hyperfine 
structure constant of Hg’, AHg+= 4.05 X lO*O Hz [38]_ The values of both 
[Sn(O)]2 and [Sc(0)12 are reasonable, comparing with those reported by Pople, 
et al_ (H, 2.51, C 27.2 X lo3 nms3) 1391. 

Three kinds of couplings involving mercury remain unused: Hg-C, Hg-C-C 
and Hg-C-C-H. The magnitudes of these couplings constants are evaluated 
from eq. (1) by using the estimated values of [S,(0)12 and the calculated values 
of s(AB). The calculated values are as follows and are in good agreement with 
the observed values given in parentheses (in nmm3): *K(HgC) = +202.9 (+297.5), 
2K(HgC) = -30.6 (-20.2), 3K(HgH) = +5.23 (+14.26). 

The present results concerning the signs and the magnitudes of both the 
mercury-carbon and the mercury-hydrogen couplings confii thatthese 
couplings are dominated by the Fermi contact mechanism. _ _ 

(I_Methosyisobufylrnerc~~~~~)‘~ornplexes. Mk&OM&CH&fL (II) and ketia$ 
mercury(H) complexe&- CH&& (ili)(i; .= C@CE& ck- @-i:@cN, T a;icI_CN) I. ids_ 

The dominance of .thel?errr+ contact mechanism .w~&l& suggested by, the: zi_ :. “. . . . _: __’ : ( . . _.I -_ c -. ~’ . . ;_ - : -. 
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linear relationship between ‘K(HgC) and *K(HgH) in the complex II passing 
through the origin [S] as was found for neopentyhnercury(II) complexes [5]. 
Positive signs for ‘K(HgC) and ‘K(CH) and a negative sign for ‘R(HgH) in II as 
well as I were obtained from the calculations of the corresponding mutual 
polarizabilities (Table 2). 

The magnitudes of the observed coupling constants are correlated to those 
of the calculated mutual polarizabilities (Table 2). Fig. 2 shows a linear relation- 
ship between *K(HgH) and *s(HgH)_ It is therefore probable that the effects 
of the tram ligand L on ‘K(HgC) and *K(HgH) are closely related to the changes 
in the mutual polarizabilities of the valence s-orbit& (‘a(HgC) and *x(HgH)). 

It has been reported that Hg(I1) and Pt(I1) complexes show similar NMR- 
trans influence and that the variation in the coupling constants for these com- 
plexes can be related to ah12 term (the s-character of the metal orbit.&) [ 13]_ 
It is to be noted that the ctM2 term corresponds to the part of the metal s-or- 
bital coefficients of the mutual polarizabilities in eq. (1). On the other hand, 
Henneike has suggested that the mercury valence s-electron density is an impor- 
tant term for the NMR truns influence of L on *K(HgH) in CHsHgL (III) [15]. 
If the changes in [S,(O)]’ were dominant, the NMR cis influence of ligand 
would be comparable to its trans influence for square-planar platinum(H) com- 
plexes_ This is not so and the NMR cis influence is much smaller than the truns 
influence [ 13,40,41]. It is therefore reasonable to conclude that the variation 
in the mutual polarizabiiity is dominant for the trans influence of L on ‘K(MC) 
and *K(MH) in alkylplatinum(II) and alkylmercury(I1) complexes. 

Fig. 3 shows al symmetry molecular orbit& in which the coefficients of 
s-orbitals for H, C and Hg of CHSHgCl are nonzero. In this figure, s-orbital 
coefficients and their products are presented, together with the orbitaf-energies. 
The molecular orbitals of no. l-5 and no. 6-S are occupied and unoccupied, 
respectively. It is apparent that the C-H coupling (‘s(CH)) is determined solely 
by the 2 (ocn) + 8 (ocn*) excitation. Since the energies and s-orbital coeffi- 
cients of C and H of 2 (cc=) and 8 (cc=*) orbit.& are almost unaffected by the 
variation in the trans ligand L, ‘n(CH) or ‘K(CH) (Table 2) is insensitive to the 
ligand L [15]. 
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0.129 0.011 0.028 
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no. CH CC % C&H C”&f 5 ICC 

Fig. 3. Valence s-orbital coefficients of Hg(Gs). CGs) and H(is). together with their product% fo the ot 
symmetry molecuhr orbitals of CH3HgCI. 

The4 (Hgs,)+ 7 ((JHgC*) adthe 5 (R-I~c) + 7 excitations are mainly respon- 
sible for the Hg-C-H coupling (*n(HgH)), where the products Cng X Cn are 
negative in these orbit&. The double products CnsCn (occupied MO) X CnsCn 
(unoccupied MO) are consequently positive in both 4 + ‘7 and 5 + 7 excitations, 
yielding the negative sign of %(HgH) or *K(HgH). The Hg-C coupling (‘n(Hg.C)) 
depends on the 2 (cc& + 7 (crngc*) and the 5 (onac) + 7 excitations. The positive 
sign of %(HgC) or ‘R(HgC) is apparent from the signs of Cu&c in these orbitals 
[note the negative sign in eq. (3)]. 

It is to be noted that the values of %r(HgC) for III vary almost linearly with 

0.5 

; 

0 0 

a HcI(S)-C(S) 

f 
CN OCOCH3 

4.0 5.0 S-0 

h(HgC) (10-3ev-‘) 
Fig- 4- Correlation of He 6~ 0rbikd-C o orbital overlau poskldi~as with HpC v&ace wwbitaf mutual -. 
pokrizabilitfes for CH3H& (III). [H&)-C(u)= H&s)-C@o)+Hg(s)-C(4)j ,.~. .-. .. ,. -. 
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Hg 6s orbital-C a orbital overlap populations (Fig. 4), reflecting the effect of 
the ligand L on the 6s coefficients of the (JH.& orbital. This variation in the Hg 
6s coefficients of the oHgc orbital is certainly the most important factor contrib- 
uting to the truns influence of the ligand L on %(HgC) and ‘n(HgH). 

The population analyses of the compleses III indicate that neither the Hg 
5d nor the Hg 6p orbitals play any significant role in the Hg-C bonding_ It is 
therefore reasonable that ‘K(HgC) or ‘K(HgH) is a good measure of the strength 
of the mercury-carbon bonding in a series of alkylmercury(I1) coinplexes. 

The present molecular orbital approach to the nuclear spin-spin coupling 
constants for the aIkyImercury(I1) complexes wilI be appIicabie to other organo- 
metallic complexes in order to obtain valuable information on the metal-carbon 
a bonding. 
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