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Abstract 

Some derivatives of 2-mercaptobenzoxazole (HL) of the type MR,L [M = Hg or TI. R = Me or Ph 
and n = 1 (Hg) or 2 (Tl)] have been prepared. The structure of HgMeL has been determined by an X-ray 

diffraction study; in the crystal there are two independent planar molecules in each asymmetric unit, with 

the L&and in its thiotic form and an almost linear C-H&S linkage. Weak intramolecular and intermolec- 

ular secondary interactions complement the mercury-sulphur bond. The spectroscopic (IR, Raman, 

mass, “C-NMR), conductimetric, and dipolar propertles of this and the other compounds are discussed. 

Introduction 

Some years ago Carty [l] pointed out that the low residual Lewis acidity in 
MeHgSR complexes is of major significance in the context of methylmercury 
mobility in biological systems. This residual acidity leads to formation of “sec- 
0nbaTy bonW 12). Some of these intelacilons a1e associated witk short ‘oond 
distances 13,.&l, and probaUy contribute significantly tn the final staUi\y of the 
ccompoun&. 

In our studies of such “secondary bonds” in organomercury derivatives contain- 
ing heterocyclic ligands capable of thione/thiol tautomerism [5-71, we found 
evidence in the solid state of weak bonding interactions between mercury and 
nitrogen atoms or between mercury and the 7~ charge of a C-N bond which lead to 
a “pseudo chelating” coordinative mode of the ligand. In (2-mercaptobenzothia- 
zolato)methylmercury(II) [S] some additional close contacts between the metal and 
the intraanular sulphur atom have also been detected, although these distances, 
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Experimental 

The reagents HL, HgMeC1. and HgPhAc were obtained commercially and used 
without further purificaticm TlMe, I and ‘T’lPh, Rr were prclwwl as described 
elsewhere [8]. 
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Table 1 

Analyses and some physical data for the new compounds 

BC %H %N %S M.p. ( o C) A (ohm-’ cm2 mole’) d 

HgMeL 

HgPhL 

TlMe, L 

TlPh,L 

26.39 

(26.26) a 

36.54 

(36.46) 

28.27 

(28.10) 

43.53 

(44.85) 

1.93 

(1.91) 

2.28 

(2.10) 

2.75 

(2.62) 

2.81 

(2.77) 

3.82 

(3.83) 

3.35 

(3.27) 

3.57 

(3.64) 

2.58 

(2.75) 

9.36 106(D) h 2.1 

(8.75) 

7.53 135(D) ’ 2.6 

(7.48) 

8.43 139 1.7 

(8.32) 

6.98 247 

(6.29) 

” Theoretical values in brackets. ’ D = Decomposition. ’ Non soluble. d Molar conductivity for 10U3 M 

solutions rn aceronitriIe. 

Structure analysis and refinement. The structure was determined by Patterson 
and difference Fourier methods. A block-diagonal least-squares refinement was 
performed anisotropically for Hg, S, C(l), N and 0, and isotropically for the phenyl 

Table 2 

Final fractional atomic coordinates and equivalent temperature factors for HgMeL (esd’s in parentheses) 

Atom x Y z B IS" 

C(8) 
Hg 
S 
C(1) 
N 
0 
(32) 
C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8’) 

HS’ 

SU’) 

C(1’) 
N’ 

0’ 

C(2’) 

C(3’) 

C(4’) 

C(5’) 

C(6’) 

C(7’) 
H(81) 

H(82j 

H(83’j 

H(81’) 

H(8i3’j 

H(83’) 

0.004(4) 

0.1221(l) 

0.261(l) 

0.383(3) 

0.366(3) 

0.478(3) 

0.477(3) 

0.546(3) 

0.655(4) 

0.696(4) 

0.621(4) 

0.509(4) 

0.606(4) 

04405(l) 

0.246(l) 

0.185(4) 

0.257(3) 

0.076(3) 

0.180(3) 

0.068(4) 

- 0.015(5) 

O.OlO(5) 

0.127(4) 

0.219(3) 

0.0583 

- u?u%o’l 

- u?txHI 

0.5954 

u?a’r^~Z 

0.6114 

- 0.411(7) 

-0.3118(3) 

-0.180(2) 

- 0.095(6) 

- 0.123(3) 

-0.011(4) 

- 0.041(6) 

0.020(4) 

O.lll(6) 

0.132(5) 

0.058(6) 

- 0.031(7) 

0.558(6) 

0.4564(3) 

0.330(2) 

0.251(5) 

0.262(4) 

0.171(5) 

0.176(5) 

0.117(6) 

0.041(7) 

0.005(6) 

0.072(6) 

0.160(4) 

- 0.4875 

- v”.sQw 

- u?4l_?% 

0.6814 

&5:J,w 

0.6560 

0.238(4) 

0.1222(l) 

0.0073(9) 

0.138(3) 

0.256(3) 

0.120(3) 

0.334(3) 

0.243(3) 

0.294(4) 

0.427(4) 

0.505(4) 

0.458(4) 

0.226(4) 

0.1117(l) 

- 0.0031(9) 

0.111(4) 

0.236(3) 

0.110(3) 

0.309(3) 

0.229(4) 

0.274(5) 

0.406(4) 

0.488(4) 

0.443(3) 

0.2173 

I?!: ix 74 

Rx&w 

0.1493 

I?i%I 

0.3133 

5.2(9) 

3.78(4) 

4.0(3) 

4.(l) 
3.9(8) 

3.4(9) 
3.6(6) 

2.9(6) 

4.1(7) 

3.9(7) 

4.8(9) 

5.0(8) 

4.3(8) 

3.75(4) 

4.3(3) 

4.0) 
4.4(9) 

4.(l) 
3.6(6) 

4.3(8) 

6.(l) 
5.1(9) 

4.2(7) 

3.0(6) 

5.2 

3.2 

5.2 

4.3 

c3 

4.3 





331 

I I’ 

C(8)-Hg-S(1) 173.(l) 175.(l) 
Hg-S(l)-C(1) 99.(l) 103.(l) 
S(l)-C(l)-N 121.(l) 115.(l) 
S(l)-C(l)-0 122.(l) 130.(l) 
C(l)-N-C(2) 103.(l) 98.(l) 
C(l)-O-C(3) 104.(l) 109.(l) 
N-C(2)-C(3) 108.(l) 99.(l) 
N-C(2)-C(7) 124.(l) 97.(l) 
C(3)-C(2)-C(7) 128.(l) 123.(l) 
0-C(3)-C(2) 107.(l) 104.(l) 
o-C(3)-C(4) 133.(l) 134.(l) 
C(2)-C(3)-C(4) 119.(l) 122.(l) 
C(3)-C(4)-C(5) 116.(l) 119.(l) 
C(4)-C(5)-C(6) 125.(l) 118.(l) 
C(5)-C(6)-C(7) 121.(l) 123.(l) 
C(2)-C(7)-C(6) 111.(l) 115.(l) 

recycle delay 6 s, 600 transients. A TOSS pulse sequence (13) was used to eliminate 
spinning side bands]. IR spectra were recorded with Nujol mulls or KBr pellets on a 
IPerkin- Elmer IS! spectrometer. and Kaman Soectra on a Iarrel-Ash 500 %qnaratus 
(Ar+ laser, 5145 A). Fluorescence prevented recording of the Raman spectrum of 
the HgPhL compound. 

Results and discussion 

X-Ray structure of HgMeL 
In the crystal, both independent molecules, I and I’, are planar with an average 

atomic deviation from the plane of the molecule of kO.02 and kO.04 A, respec- 
tively. In spite of the high esd values and the rather large differences between some 
angles and distances of mokuks I and I’, there are c\ear differences between the 
bond parameters for the ligand and those for the free ligand [14]. The C(l)-S bond 
distance is increased as a result of the sulphur-mercury bond formation, in accord 
with a thione to thiol transformation. Deprotonation of the N-H group would be 
expected to lead to a decrease in the C(l)-N-C(2) angle [El, but the C(l)-O-C(3) 
angle should be less affected by the thione-thiol change. The assignment of the two 
heteroatoms in the pentagonal ring of the ligand (Fig. 1) was made in the light of 
these facts. The atom involved in the angle that is almost unchanged by complexa- 
tion (molecule I’) or that changes the least, was identified as the oxygen atom. 

The mercury atom has an almost linear stereochemistry, with normal Hg-S and 
Hg-C(8) distances and S-Hg-C(8) angle. As in other complexes of heterocyclic 
ligands with the thioimide group, the planarity of the molecules and the location of 
the metal close to the C(l)-N part of the pentagonal ring suggest the existence of 
some additional weak intramolecular interaction. The Hg . . . N and Hg . . . C(1) 
distances, which are smaller than the sum of the Van der Waals radii for the atoms 
concerned [16], confirm the presence of a secondary interaction in this part of the 



CC41 

0 

/ 
I) 

C(1 i ----s(li 

t 

N I 

C!7J H?J 

molecule similar to that observed in (2-mercaptobe~~zothi3zolato)meth?lr~ JI) 
(51. However. unlike the latter compound, with (2-mercaprohenzo~tazolato)metl~~l- 
mercury( II) there ih also :m intermolecular interaction through the oxygen at<vn 
(Fig. 2). with an Hg . (1 distance close to that ohserved in methylmtv-cury( II)-?- S- 

methylthiouracylate [17]. Because of lhi4 interaction the ert\tal ian hc r-cgarded a\ 
made up of infinite chain\ aligned along the .X :luis. 

‘The mercury compounds show identical ionization patternb. the dominant peaks 
coming from the iona [M Y- I-I] _ and [M + HgR] + ( T‘ahlt: 5). Figure 3 cho\\‘h the 
measured and calculated isotope distribution for I.%! + fIgMe] __ l-‘lausible structure\ 

‘The high intensities of the pseudomolecular ions [M t- rrj ’ (the base peaks in the 
spectra of the HgRL compounds) indicate that FAB-MS is ;I \‘er\- \aluablr tool for- 
the study of this type of complexes. As expected, thermal decomposition fragments 
usually found for PhHg derivati\,es when EI and (-‘II technrqua :\re appii~_l ([IX] and 
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Table 5 

The most relevant FAB-MS data for MR,L complexes 

ION Ion abundance (M /a) LI 

HgMeL HgPhL TlMe,L TlPh,L 

[2M + H] 3.3(733) 2.6(857) _ _ 

[M+MR,] b 40.7(5X32) 28.8(706) 38.9(620) _ 

[M+MR, -2R] _ _ 11.3(590) _ 

[M+MR,-4R] _ 4.8(560) - 

lM+Hl lOO(368) lOO(430) _ _ 

[MR,l 9.6(X7) I&3(279) lOtl(235) 8.9(359) c 

[MI _ _ 66.4(205) 6X205) ’ 

u Masses of monometalled species are based on the major isotopes ‘02Hg and 2osTl. The values for 

dimetallated species refires to the most intense peak of the isotopic pattern. ’ M = Hg or Tl. ‘ Base peak 

[TlPh,MNBA]. 

references therein),. were not observed. A s-11 concentration of the &nuclear ions 
[2M + HI+ was also detected, together with the very stable [HgR]+ ions normally 
present in the EI or CI spectra [18]. 

The mass spectra of the thallium derivatives were different, exchange reactions 
with the matrix being important. Thus the spectrum of TlPh,L in 3-nitrobenzyl 
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Fig. 3. Measured (a) and calculated (b) isotopic distribution for the [M + HgMe] ion. 



The significant bands of the ligand [ lC21] and its complzxeh are shown 111 Table 
6. The bands assigned ii; thr fret: ligand to the zr(N H) and S(N H) modes 
dilappear in the cotnpieseh due to the deprotonation of the ligand. in the 1600 1400 

I‘ rn ’ range the changea in the lipand spectrum under ~omplexat~on I‘oll~~ the 
pattern previously described for 3-lnercaptobenzothia/olc in cc~mplescs in what thi\ 

ligand is S-bonded ant-I 3r\ C =N group alao participate> III rnctai ci!,~rdinatlc~n 

j 5.9.19.211. The behaviour *if the other major bandi Iii the \px:tr’a 01’ thi: C~lnlplCuc:, 
i, compatible with thi:, ~>pe of coordination, although the hand .tt -745 em ‘” 
prc\iously a<aigned ah the thioamide IV band (that i:,. e>\cntlail! :<l thr v(C.‘-S~ 
mode [ 191) is not shifted 10 loner \va\cnumbers a\ u;ould IX q~ctcii for S-~~o~rrdl- 
nation. This shift is nevcrtheiesh observed for the 673 :-m ‘ban& ivhl<h i.< ;issi$n?li 
as the thioamidc IV band in Table 6. 

Only the organomercuric derivatives were sufficiently xolubltj in hCnLene for 
dipole moment tneasuremcnth. The observed dipole moments fc>,r theck compounds 
were 1.92 D (HgMeL) and 1.99 D (HgPhL). Although the asymtnctr\ of the ligantl 
ring make\ quantitative anal+> of thest: values difficult. approxlmatc conclusion\ 
can be reacted on the basih of the following assumptions: ii) ‘T‘hc moments (>I‘ the 
(C‘- O=C) and (C--N-C.1) ~gr-oups in the oxazole ring art‘ tiic :dnw <Is ttmke c)f 
tetrahydrofuran (1.71 ID) ‘11~1 pyridine (2.2 D) [24]: (ii) Thc~ giiq~ tltonleI~rx LII’C‘ 

oriented along the bisector of the car-responding angles. v+here these angles arc ;I+. in 
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a regular pentagon; (iii) The contribution of the SHgMe group is similar to that in 
methyl(pyrimidine-2-thiolato)mercury(II) [7]. 

The dipole moment calculated on the basis of this model, and with the methyl- 
mercury group placed in the ligand plane near the C=N group, is 2.3 D, which is 
satisfactorily close to the experimental value in view of the approximations involved. 
The calculated moment increases to 3.0 D if the HgMe group is placed in the ligand 
plane, but close to the oxygen atom of the oxazole ring. Assumption of free rotation 
of the organometallic group leads to a moment of 2.6 D [25]. Thus the experimental 
dipole moment seems to suggest for HgMeL a structure in benzene solution similar 
to that in the solid state. This conclusion probably applies also to HgPhL. 

‘% NMR spectra 
The main changes in the 13C NMR spectrum when the ligand is S-methylated [26] 

or when its disulphur derivative is formed [27] (that is, when the thiol form is 
adopted), are mainly in the signals of the C(2), C(9), C(4) and C(8) atoms. C(2) is 
strongly shielded, probably due to formation of a N=C-S group in place of a 
N-C=S group [28]. On the other hand, the C(9), C(4) and C(8) atoms are de- 
shielded. Similar behaviour is observed (Table 7) when the HgMeL compounds are 
formed, indicating a change in the ligand towards the thiol form. The position of the 
signals associated with the MeHg group also suggests the presence of a mercuq-thiol 
bond [29]. 

In organothallium compounds the C(2) signal is close to that observed in the free 
ligand for this atom (see Table 7). This means that, in these compounds, there is 
little change in the ligand towards the thiol form. Correspondingly, the deshielding 
effects of TlRl coordination on the C(4) and C(8) signals are smaller than for the 
mercury derivatives. Nevertheless, the C(9) resonance appears at lower field in 
TlR,L than in HgRL; the unexpected position of the signal from this carbon can be 
understood if the thallium atom interacts simultaneously with the ligand through 
the S and N atoms, as observed in compounds with similar characteristics [9,30]. 
The inductive effects of the Tl-N interaction must shift the C(9) signal downfield 
more than would be expected from the small thione-thiol movement in the ligand in 
TlR,L. 

The spectra of HgMeL in the solid state and in solution are closely similar other. 
In fact the changes observed (Table 7) are smaller than those found for the free 
ligand [31], perhaps because the mercury coordination fixed the thiol tautomeric 
form in both states. This spectra similarity again suggests that the structure of this 
compound does not change significantly upon dissolution in an organic solvent. 

Acknowledgements 

We thank the DGICYT (PB87-0482) for financial support, and J. Sanz and I. 
Sobrados and the Centro National de RMN de S6lidos (Madrid) for the facilities 
for the 13C CP/MAS measurements. 

References 

1 A.J. Carty, in F.E. Brinckman and J.M. Bellama (Eds.), Organometals and Organometalloids 
Occurrence and Fate in the Environment, ACS Symposium Series No. 82, American Chemical 
Society, Washington, D.C., 1978, p. 339. 




