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Abstract

Some derivatives of 2-mercaptobenzoxazole (HL) of the type MR, L [M =Hg or Tl, R = Me or Ph
and n =1 (Hg) or 2 (T1)] 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 ligand in tts thiolic form and an almost linear C-Hg-S linkage. Weak intramolecular and intermolec-
ular secondary interactions complement the mercury—sulphur bond. The spectroscopic (IR, Raman,
mass, HC-NMR), conductimetric, and dipolar properties of this and the other compounds are discussed.

IIntroduction

Some years ago Carty [1] 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-
ondary ponds’ §2). Some of these nieractions are assotiaied with short bond
addsiances )3.4), and probably contriboie sipmiicantly 1o the final stabihity of the
COMPONNDS,

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

We have now succeeded in preparing some compounds of 2-mercaptobenzoxa-
zole (HL) and in determining the structure of HgMeL.. In this ligand, 1.. the annular
sulphur of the 2-mercaptobenzothiazole is replaced by an oxygen atom. The
structural data for HgMel together with some relevant spectroscopic (mass, IR.
Raman and ""C NMR) data for this and related compounds (HgPhl., TiMe.L.
TIPh,L) are presented in this paper. Diorganothallium compounds have been
included for purposes of comparison.

Experimental

The reagents HL, HgMeCl, and HgPhAc were obtained commercially and used
without further purification. TIMe,l and TIPh.Br were prepared as described
elsewhere [8].

Synthesis of the compounds

To a stirred methanolic solution of HL was slowly added an aqueous solution of
an equimolar amount of methylmercury(Il) hydroxide [obtained by stirring HgMeCl
for several hours with an aqueous suspension of freshly prepared silver oxide]. The
white solid formed was filtered off and dried under reduced pressure. The phenyl-
mercurv(ll) derivative was a similarly obtained bv use of an ethanolic solution of
phenylmercury(IT) acetate, and TiMe. L was prepared as described previousiy [9].
The diphenylthallium(I11) compound was obtained by slow addition of a solution of
an equimolar amount of TIPh,Br in water made basic with KOH to an aqueous
solution of the ligand. The mixture was refluxed for 10 h and the sohd formed was
filtered off. refluxed with methanol until all the residual TIPh.Br had been ex-
tracted, and then again filtered off and vacuum dried.

Analytical data (Carlo Erba Mod 1108 apparatusy and some phvsical properties
of the prepared compounds are given in Table 1.

Determination of the crystal structure

One of the syntheses of HgMeL gave monocrystals suitable for X-ray diffraction
measurements. A needle-shaped single crystal with the 1 axis along the needle
direction and dimensions of 0.5 mm length and .13 mm diameter was used for
crystat data and intensity measurements.

Crysral data.  C H,ONSHg, M = 36574, monochinic, space group P2, a=
10.601(1). h=8.164(3). ¢ = 10.876(2) A. B=103.87(1)°. I"=913.8(6) A’ 7 =:
with two independent molecules per asymmetric unit specified as Tand 1. D= 2.5]
g/em’. p=163.86 cm” . AMMo-K, ) = 0.71073 A. F{000) = 664.

Data collection and processing.  Data were obtained at ¢a. 293 K on a CAD-4
Enraf-Nonius diffractometer. Intensity data were collected in the 26 range from ]
10 25°, hkl range: — 12 <A< +12.0< A <9 0 <« +12 using w26 scan width
given by 0.8 + 0.35tgf. A total of 1725 reflections were measured. 1247 of these with
[ > 30(l). Two standard reflections (040) and (602) were monitored every 300
reflections and the intensity varation shown to be < 1.7%. Intensities were cor-

rected for L and an empirical absorption correction [ 1] was appled.
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Analyses and some physical data for the new compounds
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%C %H %N %S M.p. (°C) A (ohm™'cem? mol 1) ¢
HegMeL 2639 1.93 382 936 106(D) " 21
(2626 ¢ (191)  (383)  (8.75)
HgPhL 36.54 2.28 3.35 753 135(D)° 26
(36.46) Q100 (327)  (7.48)
TiMe, L 28.27 2.75 3.57 8.43 139 1.7
(28.10) (2.62)  (3.64)  (832)
TIPh,L 43.53 2.81 2.58 6.98 247 ¢
(44.85) @I @75 (629

“ Theoretical values in brackets. ” D = Decomposition
solutions in acetonitrite.

Structure analysis and refinement.

. “ Non soluble. ¢ Molar conductivity for 107> M

The structure was determined by Patterson

and difference Fourier methods. A block-diagonal least-squares refinement was
performed anisotropically for Hg, S, C(1), N and O, 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 Bi,
C(8) 0.004(4) —0.411(7) 0.238(4) 5.2(9)
Hg 0.1221(1) —0.3118(3) 0.1222(1) 3.78(4)
S 0.261(1) —0.180(2) 0.0073(9) 4.0(3)
C(1) 0.383(3) - 0.095(6) 0.138(3) 4.(1)
N 0.366(3) —0.123(3) 0.256(3) 3.9(8)
(e] 0.478(3) —-0.011(4) 0.120(3) 3.49)
C(2) 0.477(3) —0.041(6) 0.334(3) 3.6(6)
C(3) 0.546(3) 0.020(4) 0.243(3) 2.9(6)
C(4) 0.655(4) 0.111(6) 0.294(4) 4.1(7)
C(5) 0.696(4) 0.132(5) 0.427(4) 3.9
C(6) 0.621(4) 0.058(6) 0.505(4) 4.8(9)
C(7) 0.509(4) —0.031(7) 0.458(4) 5.0(8)
C(8") 0.606(4) 0.558(6) 0.226(4) 4.3(8)
Hg’ 0.4405(1) 0.4564(3) 0.1117(1) 3.75(4)
S(1') 0.246(1) 0.330(2) —0.0031(9) 4.3(3)
(1) 0.185(4) 0.251(5) 0.111(4) 4.(1)
N’ 0.257(3) 0.262(4) 0.236(3) 4.4(9)
o’ 0.076(3) 0.171(5) 0.110(3) 4.(1)
2 0.180(3) 0.176(5) 0.309(3) 3.6(6)
c@3’) 0.068(4) 0.117(6) 0.229(4) 4.3(8)
4" —0.015(5) 0.041(7) 0.274(5) 6.(D)
(5" 0.010(5) 0.005(6) 0.406(4) 5.1(9)
C(6") 0.127(4) 0.072(6) 0.488(4) 4.2(7)
(7)) 0.219(3) 0.160(4) 0.443(3) 3.0(6)
H(81) 0.0583 —0.4875 0.2173 5.2
H(8Zy — U8y T — 034103 g ré e 3z
H(83%) — G029t — 04758 [ORya 3.z
H(81") 0.5954 0.6814 0.1493 4.3
H(8Z') 06977 032683 G.25ZT .3
H(83") 0.6114 0.6560 0.3133 43
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Fable 3

Interatomic distances (A) for HgMeL

i I’
fntramolecular distances
C(8)-Hg 2.06(5)
Hg-S(1) 2.40(1)
Hg-C(h 3.20(4)
Hg N 208(3)
S(L-C(hy 1.7804)
Ci1y-N [ IS
Cih-0O 1.33¢5)
N-C(2) 1.38(5)
O-C(3) 1.37¢4) :
C-C3 1415 FLAS6
C2-Cen 1405 1705,
C(3)-Ci4) 1ARS) 134
Cdy)-C(» 436y AN
Ci5)-C(6) 1.35(6) P46
Ce)-C(h 1.47(7y 1326
[nwermolecular distances
Hg “-S(1y 361l
Heg " O 2.86(3)
S(1-Hg 1.36(1)
O-Hg ! 28903
Svmmetry operations: ¢ 1+ voon 7 o w124 v Cxoy 1 AR I s

and methyl carbon atoms; in alternate cycles the coordinates of one of the
molecules in the asymmetric unit were fixed. Owing to the very similar electron
densities on the N and O atoms. these atoms could not be distinguished from one
another. Hvdrogen atoms were placed in calculated positions and their temperature
parameters were fixed at twice the value for the isotropic thermal parameters of the
atom to which they were bound. Final R and R, {w = [o(F 1+ 0.003F] 71 were
0.077 and 0.076: when the coordinates were inverted thers was no significant change
in these values. All calculations were performed using the SHELX76 program package
[11]. Tables of thermal parameters and final structure factors are available from the
authors. Final positional and equivalent isotropic temperature parameters with esd’s
in parentheses are listed in Table 2. Interatomic distances and angles are listed in
Tables 3 and 4. Figure 1 shows the molecular structure and the atony labelling. and
Fig. 2 a stereoview of the crvstal structure .

Other physicochemical measurements

Dipole moments (For HgRL compounds) were determined in benzene at 25°C
as reported previously [12] Conductivities were measured in acetonitrile with a
WTW LF3 conductimeter. FAB mass spectra (8 keV. Xe atoms: 3-nitrobenzyl
alcohol. glveerol. or thioglveerol matrix) were obtamed with & Kratos MS30TC
apparatus. "¢ NMR spectra were recorded for DMSO-d, solution on a Bruker
WM250 spectrometer at 62.83 MHz, and the "¢ CP/MAS spectrum of HgMel on
a Bruker MSL-400 apparatus at 100.63 MHz using zirconia rotors spinning al .0
KHz [spectral parameters were: spectral width 100 kHz adquisidon time 20 ms,
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Tabhe +

Bond anghes 19O Sor HEhheh

1 I

C(8)-Hg-S(1) 173.1) 175.(1)
Hg-S(1)-C(1) 99(1) 103.(1)
S(1)-C(1)-N 121.(1) 115.(1)
$(1)-C(1)-0 122.(1) 130.(1)
C(1)-N-C(2) 103.(1) 98.(1)
C(1)-0-C(3) 104.(1) 109.(1)
N-C(2)-C(3) 108.(1) 99.(1)
N-C(2)-C(7) 124.(1) 97.(1)
C(3)-C(2)-C(7) 128.(1) 123.(1)
0-C(3)-C(2) 107.(1) 104.(1)
0-C(3)-C(4) 133.(1) 134.1)
C(2)-C(3)-C(4) 119.(1) 122.(1)
C3)-C(H-C(S) 116.(1) 119.1)
C(4)-C(5)-C(6) 125.(1) 1181)
C(5)-C(6)-C(7) 121.(1) 123.1)
C(2)-C(T)-C(6) 111(1) 115.1)

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
Perkin- Elmer 180 gpectrometer. and Raman spectra on a Jarrel-Ash 500 ggoaratus
(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 1’, are planar with an average
atomic deviation from the plane of the molecule of +0.02 and +0.04 A, respec-
tively. In spite of the high esd values and the rather large differences between some
angles and distances of molecales 1 and 1, there are clear differences bewween the
bond parameters for the ligand and those for the free ligand [14]. The C(1)-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(1)-N-C(2) angle [15], but the C(1)-0O-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 1”) 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(1)-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
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Fig. 1. Molecular structure of HgMeL with the atom numbering scheme.

molecule similar to that observed in (2-mercaptobenzothiazolato)methylmercury(Il)
[S]. However, unlike the latter compound, with (2-mercaptobenzoxazolato)ymethvl-
mercury(Il) there is also an intermolecular interaction through the oxygen atom
(Fig. 2), with an Hg - - - O distance close to that observed in methvimercury(Il)-2-5-
methyvlthiouracylate [17]. Because of this interaction the crystal can he regarded as
made up of infinite chains aligned along the x axis.

Mass spectra

The mercury compounds show identical 1onization patterns, the dominant peaks
coming from the ions [M + H]" and {M + HgR]™ (Table 5). Figure 3 shows the
measured and calculated isotope distribution for | M + HgMe] ™. Plausible structures
for these ions are:

o . [0}
N/>——SHQR (1) />—SH9R (11)
I

H HoR

The high intensities of the pseudomolecular ions [ M + H]" (the base peaks in the
spectra of the HgRL compounds) indicate that FAB-MS is a very valuable tool for
the study of this type of complexes. As expected, thermal decomposition fragments
usually found for PhHg derivatives when El and CI techniques are applied (J18] and

{3 3 3
o ™S i\, e
LA A . -
AT Ny
g\\ \ X RYAN
L) W
i@ @ @
i 3 i T
< T -
v Tl TN 3o
N N T T
N £ 5!
1 T A2
N N

Fig. 2. Stereoview of the HgMeL structure, showing weak intermolecular interactions.
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The most relevant FAB-MS data for MR, L. complexes
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ION Ion abundance (m /z) ¢
HgMeL HgPhL TiMe,L TIPh,L

[2M +H} 3.3(733) 2.6(857) - -
[M+MR,)? 40.7(582) 28.8(706) 38.9(620) -
[M+MR, —2R] - - 11.3(590) -

[M +MR, —4R] - - 4.8(560) -
[M+H)] 100(368) 100(430) - -

[MR, ] 9.6(217) 18.3(279) 100(235) 8.9(359) ¢
M] - - 66.4(205) 6.4(205) ¢

¢ Masses of monometalled species are based on the major isotopes 2OzHg and

205

Tli. The values for

dimetallated species refires to the most intense peak of the isotopic pattern. "M = Hg or T1. © Base peak
1% p p p

[TIPh,MNBA].

references thereinl. were not observed. A small concentration of the dinuctear ions
[2M + H]" 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 TIPh,L in 3-nitrobenzyl

100 W
580
80 584
570 583
60 a
578
40
586
20 577
576 l 588
o 4 { ] .
570 580 590
582

100 -

0 581

580
80 53
584
583

60 579 6

40 578
6
20 - 577 5828
576 J
01— L
570 580 590

Fig. 3. Measured (a) and calculated (b) isotopic distribution for the [ M + HgMe] ion.
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alcohol (MNBA) showed the [TIPh.MNBA] and [TIPh,] ions as the only metallated
species. TIMe, L was more stable towards ligand /matrix exchange. and the peak for
the ion of type 1l was clearly observed. as were the peaks for the ions [M + TIMe,
2Me} " and [M + TIMe, — 4Me] . Nevertheless. the [TIMe-MNBA] jon signal was
again very intense (see Table 5).

The displacement of the ligand by the matrix was further examined in the case of
the thallium compounds using glycerol and thioglycerol (TG) matrices. With glycerol
exchange sull occurs for TIMe. L. but tons type I and I can be observed (TIPh.L
was not soluble in glveerol). Although, in TG the peaks for these 1ons were also
present. there was more ligand /matrix exchange and & new ton ([2TiMe. + TG - HD
was detected (10%). The TIPh. L spectrum was also dominated by the 1on [2T1Ph . ~
TG — H]' and other TIPh . /TG derived tons: [M -+ TIPh. — 4Ph]’ was the only in
arising from the initial complex alone.

IR and Raman spectru

The significant bands of the ligand [19--21] and its complexes are shown in Table
6. The bands assigned in the free ligand to the »(N-H) and §(N-H) modes
disappear in the complexes due to the deprotonation of the ligand. In the 1600 1400
em | range the changes in the ligand spectrum under complexation follow the
pattern previously described for 2-mercaptobenzothiazole i complexes in what this
ligand 1s S-bonded and iis (=N group also participates in metal coordination
[5.9.19.22]. The behaviour of the other major bands 1n the spectra of the complexes
is compatible with this tvpe of coordination, although the band at 745 ¢m
previously assigned as the thioamide TV band (that is. essentially to the »((=5)
mode [19]) 1s not shifted 1o lower wavenumbers as would be expected for S-coords-
nation. This shift is nevertheless observed for the 675 em ™' hand. which is assigned
as the thioamide IV band in Table 6.

The weak Hg - - - O intermolecular interaction detected by the X-ray study in the
case of HgMeL does not load to any shift in the »(C--O - C) band. so the possible
presence of this secondary bond in the other complexes cannot be assessed this way,
The p(C-TL-C) and »(Hg-C) vibrations lie close to the position observed previ-
ously for complexes with related S-bonded higands [5.97 and. as in those systems, the
bands assigned to »(Hg-5) are possibly not pure.

Conductivity

All the compounds are soluble in DMSO and. except for TIPh,L. in common
organic solvents, but not in water. Conductivity measurements in acetonitrile (Table
1) show all the complexes to be non-electrolytes [23].

Dipole moments

Only the organomercuric derivatives were sufficiently soluble in benzene for
dipole moment measurements. The observed dipole moments for these compounds
were 1.92 D (HgMeL) and 1.99 D (HgPhL). Although the asymmetry of the ligand
ring makes quantitative analysis of these values difficult, approximate conclusions
can be reacted on the basis of the following assumptions: (i) The moments of the
(C-0=C) and (C-N=C) groups in the oxazole ring are the same as those of
tetrahydrofuran (1.75 D} and pyridine (2.2 D) [24]: (i1) These group moments are
oriented along the bisector of the corresponding angles. where these angles are as 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(Il) {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 iigand
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.

“c NMR spectra

The main changes in the C 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 mercury—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 TIR} 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
TIR,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 TI-N interaction must shift the C(9) signal downfield
more than would be expected from the small thione-thiol movement in the ligand in
TIR,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.
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