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Abstract

The reaction of PhHgOAc with N-NHCO-2-C,H;S-Htpp (5) and N-p-HNSO2C6H4'Bu-Htpp (4) gave a mercury (II) complex of
(phenylato) (N-2-thiophenecarboxamido-meso-tetra phenylporphyrinato)mercury(II) 1.5 methylene chloride solvate [HgPh(N-NHCO-
2-C4H;3S-tpp) - CH,Cl, - 0.5CgHy4; 6 - CH,Cl, - 0.5C6H 4] and a bismercury complex of bisphenylmercury(Il) complex of 21-(4-tert-
butyl-benzenesulfonamido)-5,10,15,20-tetraphenylporphyrin, [(HgPh)2(N-p-NSO,C¢H4'Bu-tpp); 7], respectively. The crystal structures
of 6 - CH,Cl, - 0.5C¢H 4 and 7 were determined. The coordination sphere around Hg(1) in 6 - CH,Cl, - 0.5C¢H;4 and Hg(2) in 7 is a sit-
ting-atop derivative with a seesaw geometry, whereas for the Hg(1) in 7, it is a linear coordination geometry. Both Hg(1) in 6 - CH,-
Cl, - 0.5C¢H 4 and Hg(2) in 7 acquire 4-coordination with four strong bonds [Hg(1)-N(1) = 2.586(3) A, Hg(1)-N(2) =2.118(3) A,
Hg(1)-N(3) = 2.625(3) A, and Hg(1)-C(50) = 2.049(4) A for 6 CH,Cl, 0.5C¢H 4 Hg(2)-N(1) = 2.566(6) A, Hg(2)-N(2) =
2.155(6) A, Hg(2)-N() = 2.583(6) A, and Hg(2)-C(61) = 2.064(7) A for 7]. The plane of the three pyrrole nitrogen atoms [i.e., N(1)—
N(3)] strongly bonded to Hg(1) in 6 - CH,Cl, - 0.5C¢H,4 and to Hg(2) in 7 is adopted as a reference plane 3N. For the Hg>" complex
in 6 - CH,Cl, - 0.5CgH 4, the pyrrole nitrogen bonded to the 2-thiophenecarboxamido ligand lies in a plane with a dihedral angle of
33.4° with respect to the 3N plane, but for the bismercury(Il) complex in 7, the corresponding dihedral angle for the pyrrole nitrogen
bonded to the NSO,C¢H4'Bu group is found to be 42.9°. In the former complex, Hg(1)*>* and N(5) are located on different sides at
1.47 and —1.29 A from its 3N plane, and in the latter one, Hg(2)>" and N(5) are also located on different sides at —1.49 and 1.36 A form
its 3N plane. The Hg(1)- - -Hg(2) distance in 7 is 3.622(6) A. Hence, no metallophilic Hg(II)- - -Hg(II) interaction may be anticipated.
NOE difference spectroscopy, HMQC and HMBC were employed to unambiguous assignment for the '"H and '*C NMR resonances
of 6 - CH,Cl, - 0.5C¢H 4 in CD,Cl, and 7 in CDCl; at 20 °C. The '*’Hg chemical shift  for a 0.05 M solution of 7 in CDCl; solution
is observed at —1074 ppm for Hg(2) nucleus with a coordination number of four and at —1191 ppm for Hg(1) nucleus with a coordina-
tion number of two. The former resonance is consistent with that chemical shift for a 0.01 M solution of 6 in CD,Cl, having observed at
—1108 ppm for Hg(1) nucleus with a coordination number of four.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Hg(Il) is a diamagnetic ion and maintains d'° electron
configuration which minimizes intrinsic coordination
geometry preferences while favoring coordination by softer
ligands. In 1979, a homo-dinuclear structure was proposed
for the bischloromercury(Il) complex of N-tosylaminocta-
ethylporphyrin, C4sHs;NsOSCI,Hg, [or (HgCl),(N-NTs-
OEP); 1] (NTs=tosylimido, OEP =dianion of
octacthylporphyrin), which represented the first X-ray
structural proof for the existence of mercury(Il) porphyrin
sitting-atop (SAT) complexes [1]. Later, the mononuclear
mercury(Il) porphyrin sitting-atop structure of a N-mono-
alkylated porphyrin, i.e., [chloro(/N-methyl-meso-tetra-
phenylporphyrinato) mercury(Il)] [Hg(N-Me-tpp)Cl; 2]
(tpp = dianion of meso-tetraphenylporphyrin) was reported
[2].

The preparation of N-substituted-N-aminoporphyrins
has been described by three groups [3-7]. Upon replace-
ment of CH; ™ of tosyl by a bulkier and heavier ‘Bu™ group,
the free base N-p-HNSO,C¢H,CH;-Htpp (3) became
21-(4-tert-butyl-benzenesulfonamido)- 5,10,15,20-tetraphenyl-
porphyrin N-p-NSO,C¢H,'Bu-Htpp (4) [8]. In N-substi-
tuted-N-aminoporphyrin, the H atom of NH, when
replaced by 2-thiophenecarboxyamino group, it forms a
new free aminated porphyrin, namely, N-2-thiophenecarb-
oxamido-meso-tetraphenylporphyrin (N-NHCO-2-C4H5S-
Htpp; 5) which is a derivative of 2-acyl-thiophenes [9].
The phenylmercury(II) cation which binds to a variety of
ligand sites ranging from N, O and C atoms serves as a
good probe ion because it is unifunctional, gives complexes
with a well defined stereochemistry and participates readily
in electrophilic substitution [10]. A thorough review of the
literature shows that there is no prior report on phenylmer-
cury(Il) with free bases 4 and 5 [8,9]. The coordination
chemistry of phenylmercury(Il) explored with anions
derived from bases 4 and 5 reveals the formation of the
phenylmercury(Il) complex of (phenylato)(N-2-thiophene-
carboxamido-meso-tetraphenylporphyrinato) mercury(Il)
[HgPh(N-NHCO-2-C4H;S-tpp); 6] and bisphenylmercury(1I)
complex of 21-(4-tert-butyl-benzenesulfonamido)-5,10,15,
20-tetraphenylporphyrin,  [(HgPh)(N-p-NSO,CcH,'Bu-
tpp); 7], respectively. The lack of previous work on metal
complexes of these two ligands prompted us to undertake
the synthesis and structural studies of Hg(II) complexes.
Apparently, upon replacing CI~, OEP>~, and CH;~ with
C¢Hs™, tpp>~, and the rert-butyl anion respectively, the
complex 1 became 7 [1]. Likewise, upon replacement of
Cl™ and N*CH3 by C6H5_ and N*NHCO-z-C4H3S,
respectively, the complex 2 became 6 [2]. The compounds
6 and 7 are the first two organomercury(II) porphyrin com-
plexes with the HgPh™ moiety. The ring current effect of
the porphyrin was employed to unambiguously assignment
of the 'H resonances of the phenyl group coordinated to
Hg(1) in 6 or that group coordinated either to Hg(1) or
Hg(2) in 7. The bulky ‘Bu group in this system enhances
the crystallization of complex 7 [§8]. The complexes 6 and

7 were investigated by "’Hg NMR spectroscopy in order
to clarify the coordination behavior of 6 in CD,Cl, and 7
in CDCI; solutions. In this paper, we describe here on
the synthesis, 'H, '*C and '"”Hg NMR spectroscopic char-
acterization of complexes 6 and 7. Our hope is that such
structure-spectroscopic correlations will prove useful in
the further development of the degradation reactions for
environmental poisoning of mercury.

2. Experimental
2.1. HgPh(N-NHCO-2-C,H;S-tpp) (6)

A mixture of PhHgOAc (0.05g, 1.48x 10~*mol) in
MeOH (10 cm®) and N-NHCO-2-C4HS-Htpp (5) (0.07 g,
9.46x 10> mol) in CH,Cl, (20cm®) and CH;CN
(20 cm?) was refluxed overnight [5,9]. After concentrating,
the residue was dissolved in a trace amount of toluene,
dried with anhydrous Na,SOy, and filtered. The filtrate
was concentrated and recrystallized from CH,Cl,~hexane
[1:2 (v/v)] yielding a bluish purple solid of 6 (0.056 g,
5.49x 10> mol, 58%) which was again dissolved in
CH,Cl, and layered with hexane to get bluish purple crys-
tals for single crystal X-ray analysis. 'H NMR
(599.94 MHz, CD,Cl,, 20 °C): 6 8.86 [s, Hp(7,8)]; 8.73 [d,
Hg(2,13), *J(H-H) = 4.8 Hz]; 8.71 [d, Hg(3,12), 3J(H-H)
=48 Hz];, 7.70 [s, Hp(17,18)]; 8.21 [s, 0-H(22,32) and
0-H(26,28)]; 8.48 [bs, 0o’-H(38,40) and o’-H(34,44)]; 7.76—
7.83 (m, m, p-H), 6.15[d, S-Hs or H(49), *J(H-H) =
5.1 Hz], where S = thiophene group; 6.03 [t, Hg-Ph-H,4
or H(53), *J(H-H) = 7.5 Hz], where Hg—Ph is the phenyl
group (Ph) coordinated to Hg atom; 5.82 [t, Hg—Ph-H3,5
or H(52, 54), *J(H-H) = 7.8 Hz and *J(Hg-H) = 50 Hz];
527 [t, S-H, or H(48), *J(H-H) = 3.6 Hz]; 3.13 [d, Hg-
Ph-H,,6 or H(51,55), *J(H-H)=6.0Hz and >J(Hg-
H) = 194 HzJ; 1.78 [d, S-H; or H(47), *J(H-H) = 3.0 Hz];
—0.10 [s, NH]. "Hg NMR (107.24 MHz, CD,CL,
20°C): & —1108 [s, Hg(1)]. MS (FAB): M" 1017 (calc.
for CssH3yHgiN50;S,:1017). UV/Vis spectrum, A(nm)
[ex 1072 (M~ ' em™1)] in CH,Cl,: 430 (585.2), 546 (26.7),
582 (25.3), 637 (16.6).

2.2. (HgPh)2(N-p-NSO>CsH,/ Bu-tpp) (7)

A mixture of PhHgOAc (0.081 g, 2.41 x 10~*mol) in
MeOH (10 cm3) and N-p-HNSO,C¢H,Bu-Htpp (4)
(0.05 g, 6.03 x 107> mol) in CH,Cl, (20 cm?) and CH3CN
(20 cm®) was refluxed for 12 h [5,8]. After concentrating,
the residue was dissolved in a trace amount of toluene,
dried with anhydrous Na,SO,4 and filtered. The filtrate
was concentrated and recrystallized from CHCl;-hexane
[1:1 (v/v)] yielding bluish purple solid of 7 (0.055g,
3.98 x 10~ mol, 66%) which was again dissolved in CHCl;
and layered with hexane to get bluish purple crystals for
single crystal X-ray analysis. '"H NMR (299.95 MHz,
CDCl;, 20°C) : 6 8.84 [d, Hp(3,12), 3J(H-H) = 4.2 Hz];
8.79 [d, Hp(2,13), 3J(H-H) = 4.2 Hz]; 8.56 [s, Hg(7,8)];
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6.78 [s, Hp(17,18)]; 8.21 (bs) and 8.12 (s) for 0-H(26,28)
and o-H (22,32); 7.69-7.78 (m, m, p-H), 7.04 [d, ‘BuBS-
His or H(47, 49), *J(H-H) = 8.4 Hz], where ‘BuBS = 4-
tert-butylbenzenesulfonyl; 6.72 [t, Hg(1)-Ph-H,4 or H(58),
3J(H-H) = 7.5 Hz], where Hg(1)-Ph is the phenyl group
(Ph) coordinated to Hg(1) atom; 6.63 [t, Hg(1)-Ph-H3,5
or H(57, 59), *J(H-H) = 7.2 Hz]; 6.09 [d, ‘BuBS-H, ¢ or
H(46, 50), *J(H-H) = 8.4 Hz]; 5.99 [t, Hg(2)-Ph-H, or
H(64), *J(H-H) = 7.5 Hz], where Hg(2)-Ph is the phenyl
group (Ph) coordinated to Hg(2) atom; 5.74 [t, Hg(2)-
Ph-H;s or H(63, 65), *J(H-H) = 7.5 Hz and *J(Hg-H)
=53 Hz];, 4.72 [d, Hg(1)-Ph-H,¢ or H(56, 60), *J(H-
H) = 7.2 Hz and *J(Hg-H) = 196 Hz]; 3.08 [d, Hg(2)-Ph-
H,¢ or H(62, 66), *J(H-H)=7.5Hz and *J(Hg-H)=
198 Hz; 1.15 [s, t-butyl protons]. '""Hg NMR
(107.24 MHz, CDCls, 20°C) : 6 —1074 [s, Hg(2)], —1191
[s, Hg1). MS (FAB): M" 1379 (caled for
CesHs1HgoNsO,S:  1379). UV/Vis spectrum, A (nm)
[ex 1072 (M™' ecm™1)] in CH,Cl,: 433 (516.5), 461 (67.0),
549 (23.1), 585 (24.8), 638 (22.5).

2.3. Spectroscopy

Proton and '*C NMR spectra were recorded at 299.95
(or 599.94) and 75.43 (or 150.87) MHz, respectively, on
Varian VXR-300 (or Varian Unity Inova-600) spectrome-
ters locked on deuterated solvent, and referenced to the sol-
vent peak. Proton NMR is relative to CD,Cl, or CDCl; at
8 =5.30 or 7.24 and '*C NMR to the center line of CD,Cl,
or CDCl; at § = 53.6 or 77.0. "*’Hg NMR was obtained at
107.24 MHz on a Bruker DMX-600 spectrometer locked
on deuterated solvent. Chemical shifts of *’Hg were mea-
sured relative to an external reference of 0.5 M phenylmer-
cury(Il) acetate in DMSO-d6 (—1439.5 ppm) but reported
relative to dimethylmercury (0.0 ppm). HMQC (heteronu-
clear multiple quantum coherence) was used to correlate
protons and carbon through one-bond coupling and
HMBC (heteronuclear multiple bond coherence) for two-
and three-bond proton—carbon coupling. Nuclear Overha-
user effect (NOE) difference spectroscopy was employed to
determine the '"H-'"H proximity through space over a dis-
tance of up to about 4 A.

The positive ion fast atom bombardment mass spectrum
(FAB MS) was obtained in a nitrobenzyl alcohol (NBA)
matrix using a JEOL JMS-SX/SX 102 A mass spectrome-
ter. UV/Vis spectra were recorded at 20 °C on a HITACHI
U-3210 spectrophotometer.

2.4. Crystallography

Table 1 presents the crystal data as well as other infor-
mation for 6 - CH,Cl, 0.5CcH;4 and 7. Measurements
were taken on a Bruker AXS SMART-1000 diffractometer
using monochromatized Mo Ka radiation (4 =0.71073 A).
Empirical absorption corrections were made for both
complexes. The structures were solved by direct methods
(sHELXTLI7) [11] and refined by the full-matrix least-squares

Table 1
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Crystal data and structure refinement for HgPh(N-NHCO-2-C4H;S-
tpp) . (CH2C12 . 0.5C6H14) (6 . CH2C12 . 0.5C6H14)

NSO2C6H4'Bu-tpp) (7)

and (HgPh)2(N-p-

Empirical formula

Formula weight

Space group

Crystal system

a(A)

b (A)

c(A)

o (%)

B ()

7C)

V(A%

V4

F(000)

Dcalc (g Cm73)

u (Mo Ko) (mm™)

N

Crystal size (mm)

0 (°)

T (K)

Number of reflections
measured

Number of reflections
observed

R} [I>20(D)]

lez’

CsoHy6CroHgNsOS
(6 : CH2C12 : 0.5C6H14)
1144.56

P1

triclinic
13.1989(9)
14.4506(10)
14.7071(10)
90.1320(10)
112.0980(10)
95.8480(10)
2583.0(3)

2

1146

1.472

3.169

0.864

0.80 x 0.46 x 0.46
2.02-26.01

293(2)

10163

8988

0.0360
0.0996

CesHs1HgoN50,S
(7)
1379.36
P1
triclinic
9.7004(12)
18.143(2)
19.241(2)
72.233(2)
82.798(2)
88.430(2)
3200.0(7)
2

1348

1.432
4.868
0.981
0.35x0.10 x 0.04
1.36-28.26
293(2)
15835

8424

0.0522
0.1289
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method. The phenyl group coordinated to Hg(1) within
6 - CH>Cl, - 0.5C¢H 4 is disordered with an occupancy fac-
tor of 0.65 for C(52)-C(55) and 0.35 for C(52 )-C(55). S(1)

Table 2 .
Selected bond lengths (A) and angles (°) for compounds 6-CH,.
Cl, - 0.5C¢H 4 and 7

Complex 6 CH2C12 . 0.5C(,H|4
Bond lengths (A)

Hg(1)-N(1) 2.589(3) Hg(1)-C(50) 2.047(4)
Hg(1)-N(2) 2.119(3) Hg(1)---N(4) 3.171(3)
Hg(1)-N(3) 2.627(3) Hg(1)---N(5) 3.402(3)
Bond angles (°)

C(50)-Hg(1)-N(1) 107.20(15) N(1)-Hg(1)-N(2) 76.11(11)
C(50)-Hg(1)-N(2) 173.58(12) N(1)-Hg(1)-N(3) 105.97(10)
C(50)-Hg(1)-N(3) 107.66(15) N(2)-Hg(1)-N(3) 76.19(11)
Complex 7

Bond lengths ( A)

Hg(1)-N(5) 2.103(5) Hg(2)-N(1) 2.566(6)
Hg(1)-C(55) 2.065(8) Hg(2)-N(2) 2.155(6)
Hg(1)---Hg(2) 3.622(6) Hg(2)-N(3) 2.583(6)
Hg(1)---N(1) 3.033(6) Hg(2)-C(61) 2.064(7)
Hg(1)---N(2) 2.860(6) Hg(2)---N(4) 3.182(6)
Hg(1)---N(3) 2.850(6) Hg(2)---N(5) 3.669(6)
Hg(1)---N(4) 3.203(6)

Bond angles (°)

N(5)-Hg(1)-C(55) 160.7(3) N(1)-Hg(2)-N(2) 76.0(2)
C(61)-Hg(2)-N(1) 103.4(3) N(1)-Hg(2)-N(3) 104.42(17)
C(61)-Hg(2)-N(2) 167.4(2) N(2)-Hg(2)-N(3) 75.1(2)
C(61)-Hg(2)-N(3) 116.8(2)
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[or O(1)] within 6 - CH,Cl,-0.5CsH 4 is also disordered
with an occupancy factor of 0.55 [or 0.55] for S(1) [or
O(1)] and 0.45 [or 0.45] for S(1') [or O(1")], respectively.
One equivalent of CH,Cl, solvent in 6 - CH,Cl, - 0.5C¢H 4
is disordered with an occupancy factor of 0.62 [or 0.51] for
CI(1) [or CI(2)] and 0.38 [or 0.49] for CI(1") [or CI(2)],
respectively. The tert-butyl group within 7 is disordered
with an occupancy factor of 0.46 [or 0.53] for C(52) [or
C(53)] and 0.54 [or 0.47] for C(52") [or C(53")], respectively.
All disordered atoms and solvent (CH,Cl,) were refined
with isotropic displacement parameters. All non-hydrogen
atoms, except the disordered atoms and solvent (CH,Cl,),
were refined with anisotropic thermal parameters, whereas
all hydrogen atoms were placed in calculated positions and
refined with a riding model. Table 2 lists selected bond
lengths and angles for complexes 6 - CH,Cl, - 0.5CsH 14
and 7.

3. Results and discussion
3.1. Molecular structures of 6 - CH,Cl,- 0.5CsH 4 and 7

Using the d'® metal mercury(II), new mononuclear mer-
cury 6 CH,Cl, 0.5C¢H4 and new bismercury 7 com-
plexes were synthesized. The synthetic strategy is outlined
in Scheme 1.

During the metallation of free base N-NHCO-2-C4H;S-
Htpp (5) with PhHg(OAc) (Scheme 1) [9], the soft acid
Hg>" prefers to retain one phenyl ligand (soft base) and
coordinates to the N [i.e., N(2)] of 5 to form a four-coordi-
nate complex 6 - CH,Cl, - 0.5C¢H;4 with a seesaw geome-
try and the angle of N(2)-Hg(1)-C(50) is 173.58(12)° in
6 - CH>Cl, - 0.5C¢H 4 (Table 2). The complex 6 - CH,Cl, -
0.5CgH ;4 is first example of an N-substituted N-amin-
oporphyrin-mercury complex with retention of the N-2-
thiophenecarboxamido group. Two strongly electronega-
tive oxygen atoms of the sulfonamide group in the free base
N-p-HNSO,C¢H,4'Bu-Htpp (4) enhance the acidity of the
amido proton of HNSO,C¢H,4'Bu ligand in 4 [8]. During
the metallation of N-p-HNSO,C¢H,'Bu-Htpp (4) with

SOCHss

SOCatsS

HgPh(OAc)
—_—
CH,Cly/MeOH/MeCN

(N-NHCO-2-C4H,S-Htpp) (5)

S0CatBu

HgPh(OAc)
—_—
CH,Cly/MeOH/MeCN

(N-p-NHSO,CgH4! Bu-Htpp) (4) (HgPh),(N-p-NSO,CgH,'Bu-tpp) (7)

Scheme 1.

PhHg(OAc) one Hg”" prefers to retain the phenyl group
and coordinate to nitrogen [i.e., N(5)] of the N-p-
HNSO2C6H4'Bu group to form a two-coordinate, linear
coordination around Hg(l) atom and with an angle of
N(5)-Hg(1)-C(55) = 160.7(3)° in 7. The other Hg*" retains
the phenyl group and attacks the nitrogen [i.e., N(2)] of the
porphyrin ring to form a four-coordinate with a seesaw
coordination around Hg(2) atom with an angle of N(2)—
Hg(2)-C(61) = 167.4(2)° in 7. The molecular frameworks
are depicted in Fig. la for 6-CH,Cl, 0.5C¢H;4 and
Fig. 1b for 7. The metal-ligand bond distances and the
angles are summarized in_Table 2. The covalent bond of
of  Hg(2)-C(61) =2.064(7) A and  Hg(1)-C(55) =
2.065(8) A in 7 are smaller than the sum of the covalent
radii of Hg and C (2.26 A) [12]. The mercury nitrogen bond
distances [Hg(1)-N(1) = 2.589(3), Hg(1)-N(2) = 2.119(3),
and [Hg(2)-N(1) =2.566(6), Hg(2)-N(2) =2.155(6), and

Fig. 1. Molecular configuration and atom-labeling scheme for (a)
6 - CH,Cl, - 0.5C¢H 4, and (b) 7, with ellipsoids drawn at 30% probability.
Hydrogen atoms for both compounds and solvent CH,Cl, for 6 - CH,-
Cl, - 0.5C¢H 4 are omitted for clarity.
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Hg(2)-N(3) = 2.583(6) A] in 7, are well below the upper
limit of a typical Hg-N covalent bond [2.75(2) A] [2,13].
The pyrrole nitrogen N(4) is no longer bonded to the
Hg(1) in 6 - CH,Cl, - 0.5C¢H 4 and Hg(2) in 7 as indicated
by their longer internuclear distances, 3.171(3) A for
Hg(1)---N(4) in 6 - CH,Cl, - 0.5CcH 4 and 3.182(6) A for
Hg(2)---N(4) in 7. Hence, C(50), N(1), N(2), and N(3)
are bonded covalently to the Hg(l) atom in 6 CH,-
Cl, - 0.5C¢H 4. Hg(1) is bonded to fewer than four nitrogen
atoms, and so compound 6 CH,CI, 0.5CcH;4 may be
considered as a Tsutsui’s sitting-atop (SAT) complex [14].
In a similar way, the Hg(2) is tetracoordinated with three
nitrogen atoms [i.e., N(1), N(2), and N(3)] of porphyrins
and one carbon atom [i.e., C(61)] of phenyl group in 7.
The coordination around Hg(2) in 7 is also a mercury(II)
porphyrin SAT complex. The similar kind of SAT complex
was previously reported for complexes 1 and 2 [1,2].

We adopt the plane of three strongly bound pyrrole
nitrogen atoms [i.e., N(1), N(2), N(3)] as a reference plane
3N for 6 - CH,Cl, - 0.5C¢H 4 and 7. Because of the larger
size of Hg*" [y(Hg*") = 1.10 A with coordination number
(CN) =4 and y(Hg"") = 0.83 A with CN =2] [12], Hg(1)
and N(5) lie 1.47 and —1.29 A respectively, above the 3N
plane in 6 - CH,Cl, - 0.5C¢H;4, compared to —1.49 A for
Hg(2) and 1.36 A for N(5) in7. The Hg(1) of 7 is 2.12 A
out of its 3N plane in the opposite direction of the Hg(2)
atom. The separation between atoms Hg(1) and Hg(2) in
7 is 3.622(6) A, which is larger than the sum of van der
Waals radii of two Hg(II), 3.50(7) A [13]. Hence, no metall-
ophilic Hg(II)- - -Hg(II) interaction in 7 may be anticipated.
The porphyrin macrocycle is indeed distorted because of
the presence of the 2-thiophenecarboxamido (NCO-2-
C4H5S) and the NSO2C6H4'Bu group in 6- CH,Cl, -
0.5C¢H14 and 7, respectively (Figure S1 in Supplementary
material). Thus, N(4) pyrrole rings bearing the 2-thiophen-
ecarboxamido (NCO-2-C4H3S) and the NSO,C¢H,Bu
group in 6 - CH,Cl, - 0.5C¢H 4 and 7 deviate most from
the 3N plane and as oriented separately with a dihedral
angle of 33.3° and of 42.9°, whereas small angles of 4.9°,
21.0° and 8.7° occur with N(1), N(2), and N(3) pyrroles
for 6 - CH,Cl, - 0.5C¢H 4 and 7.7°, 15.2°, and 11.1° with
N(1), N(2), and N(3) pyrroles for 7. In 6, such a large devi-
ation from planarity for the N(4) pyrrole is also reflected
by observing a 10-12 ppm upfield shift in the >°C NMR
spectrum of Cg(17,18) at 121.0 ppm compared to
1334 ppm for Cg(3,12), 1332 ppm for Cgy(2,13), and
131.2 ppm for Cg(7,8) (Table S1 in Supplementary mate-
rial). In 7, a similar deviation is also found for the N(4)
pyrrole by observing a 14-15 ppm upfield shift of the
Cp(17,18) at 118.8 ppm compared to 134.2ppm for
Cp(2,13), 133.4ppm for Cp(7,8), and 132.7 ppm for
Cg(3,12) (Table S2 in Supplementary material). The dihe-
dral angles between the mean plane of the skeleton (3N)
and the plane of the phenyl group are 56.7° [C(24)], 64.4°
[C(30)], 49.7° [C(36)], and 59.7° [C(42)] for 6-CH,-
Cl,-0.5C¢H 4 and the corresponding angles are 60.1°,
81.4°, 45.3°, and 50.3° for 7. Likewise, the dihedral angles

between the mean plane of the 3N and the plane of the
phenyl group coordinated to the Hg atom are 45.1°
[C(53)] for 6-CH,Cl,-0.5C¢H;4 and 43.7° [C(58)], and
43.1° [C(64)] for 7.

3.2. 'H and >C NMR for 6 in CD->Cl, and 7 in CDCl;

Complexes 6 and 7 were characterized by 'H and '°C
NMR spectra. In solution, the molecules have effective
Cs symmetry with a mirror plane running through the
N(2)-Hg(1)-C(50)-N(4) unit for 6 or N(2)-Hg(2)-Hg(1)-
N(4) unit for 7. There are four distinct B-pyrrole protons
Hg, four P-pyrrole carbons Cg, four o-pyrrole carbons
C,, two different meso carbons C,,., and two phenyl-C1
carbons for these two complexes (Tables S1 and S2 in
Supplementary material).

Due to the solubility problem, we observed the NMR
spectra of 6 in CD,Cl, and 7 in CDCl;. The NMR spectra
for a 0.01 M solution of 6 in CD,Cl, (Fig. 2a) and for a

a Hy(7. 8) CH,Clp
Hy(17,18)
Hg(2, 13)
Hp (3, 12)
m, p-H
—~~—
Hg-¢-Hz 5 HaoH
(oHes. ) (52, 54) Hg"ﬁ' 28
o-H(22, 32) y=S0Hz | (51, 55)
(orHae, 40 =194k NH
0-H(38, 40) -
l S-H, S-Hy
Ji B N
86 82 78 62 58 54 33 | 30 180 185 0 01
ppm
b Hp(17, 18) BuBS Hy g
H(46, 50) tBy
Hg(2)-¢-Hj 5
H(63, 65)
4 =53 Hz Hg(1)}0-Hyg HI@-0-Hpe
M H(56, 60) H(62, 66)
3 =196Hz J=198Hz
—m
-—
Hg(1)0-Hz 5
'BUBS-Hy g | H57.59)
H(47, 49)
68 66 6.1 58 56 | 47 43 33 v 29 120 115
Hg(1)-0-Hy  Hg(2)-¢-H
4 ppm
H(S8)  H(ea)

Fig. 2. "H NMR spectra at 20 °C (a) for a 0.01 M solution of 6 in CD,Cl,
at 599.94 MHz, entire spectrum; (b) for a 0.05 M solution of 7 in CDCl; at
299.95 MHz, showing Hg(1)-¢, Hg(2)-¢ protons and ‘BuBS protons,
where S = thiophene group, in 6 and ‘BuBS = 4-tert-butylbenzenesulfonyl
group in 7, ¢ = phenyl group.
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0.05 M solution of 7 in CDCl; (Fig. 2b and Figure S2 in
Supplementary material) showed four different types of
Hg at 20 °C. In 6, the singlet at 8.86 ppm is assigned to
Hg(7,8) and the doublet at 8.73 ppm to Hpg(2,13) with
*J(H-H) = 4.8 Hz. The doublet at 8.71 ppm is assigned to
Hp(3,12) with °J(H-H)=48Hz and the singlet at
7.70 ppm to Hp(7,8) (Fig. 2a). Likewise, in 7 the doublet
at 8.84 ppm is due to Hy(3,12) with *J(H-H)=4.2 Hz
and the other doublet 8.79 ppm is due to Hg(2,13) with
*J(H-H) = 4.2 Hz. The singlet at 8.56 ppm is due to
Hg(7,8) and the other singlet at 6.78 ppm is due to
Hg(17,18) (Fig. 2b and Figure S2 in Supplementary
material).

All 'BuBs, Hg-Ph protons in 6 and 2-thiophenecarbox-
amido (where Hg—Ph = the phenyl group (Ph) coordinated
to Hg atom), Hg(2)-Ph, Hg(1)-Ph protons in 7 are shifted
upfield compared to their counterparts on free ‘BuBs, Hg—
Ph, 2-thiophenecarboxamido, Hg(2)-Ph,and Hg(1)-Ph.
Such a shift is presumably attributed to the ring current
effect. On the basis of the ring model [15], as the distance
between the geometrical center (Ct) of the 4N [i.e., N(1),
N(2), N(3), and N(4) for 6 and 7] plane and axial
protons gets smaller, the shielding effect becomes larger.
In 7, the average distance between Ct---Hg(2)-Ph-H,g,
Ct---Hg(2)-Ph-H; 5 and Ct. - -Hg(2)-Ph-H, increases from
3.937, 5.886 to 6.616 A. Likewise, the average distance
between Ct.--Hg(1)-Ph-H,6, Ct---Hg(1)-Ph-H;5 and
Ct---Hg(1)-Ph-H4 increases from 4.558, 6.657 to
7433 A. The fact that all three distances between
Ct---Hg(2)-Ph are shorter than those of Ct---Hg(1)-Ph
in 7 indicates that the ring current effect in Hg(2)-Ph pro-
tons would be larger and in turn the 'H upfield shifts for
Hg(2)-Ph protons would be still higher. This observation
is corroborated by the doublet at 3.08 ppm with satellites
of J(Hg-H) = 198 Hz for Hg(2)-Ph-H, ¢ and the doublet
at 4.72 ppm with *J(Hg-H) = 196 Hz for the Hg(1)-Ph-
H,, the triplet at 5.74 ppm with well-resolved “J(Hg-H)
of 53Hz for the Hg(2)-Ph-H;s and the triplet at
6.63 ppm with *J(Hg-H) = 50 Hz for Hg(1)-Ph-Hs s, the
triplet at 5.99 ppm for Hg(2)-Ph-H, and the triplet at
6.72 ppm for Hg(1)-Ph-H,. The "H NMR also revealed
that the aromatic protons of the ‘BuBS group in 7 appear
as two doublets at 7.04 ppm (‘BuBS-H;s) with 3J(H-
H)=8.4Hz and at 6.09 ppm (‘BuBS-Hss) with *J(H-
H) = 8.4 Hz. This observation is consistent with the fact
that the average distance between Ct---'‘BuBS-H,¢ and
Ct---'BuBS-H; s in 7 increases from 5.139 to 6.933 A. X-
ray diffraction analysis unambiguously confirms that 7 is
a dimercury complex. In addition, FAB MS indicates that
molecular ion (M) of 7 is 1379. This further supports that
7 is a dimercury species in the solid phase. The strong dia-
magnetic shielding observed for all six resonances of the
Hg(2)-Ph and the Hg(1)-Ph protons in the '"H NMR spec-
trum of 7 suggests that 7 remains in a dinuclear mercury(II)
complex in the solution phase (Fig. 2b).

In a similar fashion, in compound 6, the average dis-
tance between Ct---Hg-Ph-H,¢, Ct---Hg-Ph-H;s and

Ct---Hg-Ph-H, increases from 3.932, 5.808 to 6.638 A.
The 'H NMR indicates that the aromatic protons of Hg—
Ph in 6 appears as a doublet at 3.13 ppm with a coupled
satellites *J(Hg—H) of 194 Hz for Hg-Ph-H, 4, a triplet at
5.82 ppm with *J(Hg-H) = 50 Hz for Hg-Ph-Hj; 5, and a
triplet at 6.03 ppm for Hg-Ph—H,. Broadly, the "H NMR
for phenyl protons of Hg—Ph in 6 is similar to those of
Hg(2)-Ph in 7. Due to the ring current effect, upfield shifts
for the 'H resonances of S-Hs, S-H, and S-H; in 6 with O,
S-cis conformer in CD,Cl, at 20 °C are Ad = —1.48 [from
7.63 (obtained from 2-acetylthiophene) to 6.15 ppm)],
—2.42 (from 7.69 to 5.27 ppm) and —5.35 ppm (from 7.13
to 1.78 ppm), respectively.

Heteronuclear coupling constants for '"’Hg in alkyl
mecurials have been determined to decrease in the order
17> 37>27>4J [16]. Recently, a Karplus-type relation-
ship was suggested for the magnitude of *J(Hg—H) which
would predict weak coupling for torsion angle (¥) close
to 90° and the largest coupling for torsion angles that
approach 0 or 180° [17]. In 6, the average torsion angle
(¥) between Hg(1) and H (51A) [or H(55A)] was 10.5°.
In 7, the average torsion angle (¥) between Hg(1) and
H(56A) [or H(60A)] was 5.0° while that angle between
Hg(2) and H(62A) [or H(66A)] was 11.2°. In 6 and 7, all
the average torsion angles (¥) were within 12° of either 0
or 180°. Hence, *J(Hg-H) of 194 Hz for the Hg-Ph-H; ¢
protons in 6 was observed and was approximate to that
of 197 =1 Hz for the Hg(2)-Ph-H, ¢ and Hg(1)-Ph-H,¢
protons in 7. The proton spectra clearly show *J(Hg-H)
coupling. The presence of the mercury—proton coupling is
an important indicator of slow ligand exchange in 6 and
7 [18,19]. The *J(Hg-H) of 50 Hz was observed for the
Hg-Ph-H; 5 protons in 6 and for the Hg(2)-Ph-H; 5 and
Hg(1)-Ph—Hj; 5 protons in 7. In 6 and 7, the coupling con-
stant of *J(Hg-H) =197 + 1 Hz is larger than that of
“J(Hg-H) = 50 Hz. These two coupling constants are
consistent with those of *J(Hg-H) =204 Hz and *J(Hg-
H) = 54 Hz, respectively, for PhHgOAc in DMSO-d6 at
ambient temperature [20].

3.3. "Hg NMR for 6 in CD>Cl> and 7 in CDCl;

The '"""Hg spectrum at 20 °C shows a sharp signal at
—1074 ppm for a 0.05 M solution of 7 in CDCl;, which is
near the position of the Hg(1) signal observed in the spec-
trum for a 0.01 M solution of 6 in CD,Cl,, —1108 ppm
(Fig. 3). Hence the signal at 6 —1074 ppm of 7 is assigned
to the Hg(2) nucleus with a coordination number of four.
Therefore, the other signal at 6 —1191 ppm of 7 is assigned
to the Hg(1) nucleus with a smaller coordination number of
two. It is known in the case of Hg NMR spectroscopy that
on increasing coordination number generally lowers the
chemical shift [16]. This fact explained that the '*’Hg signal
of the Hg(2) nucleus in 7 lies at a downfield shift of
117 ppm from that of the Hg(1) nucleus. The *Hg chem-
ical shift 6 of Hg(1) in 7 is quite close to that of —1147 ppm
for HgPh (DABRd) [where HDABRJ = 5-(4 -dimethyl-
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Fig. 3. The ""’Hg NMR spectra at 107.24 MHz (a) for a 0.01 M solution
of 6 in CD,Cl, at 20 °C and (b) for a 0.05 M solution of 7 in CDCl; at
20°C.

aminobenzylidene)rhodanine] [21],—1152 ppm for HgPh
(TRd) [where HTRd = 5-(2'-thiophenomethylene)rhoda-
nine] [21] and —1156 ~ —1346 ppm for the N-phenyl-
mecury derivatives of N-aryl- and N-alkyl-substituted
benzenesulfonamides (Ph-Hg-N(R)SO2Ph; R = Me, Et,
Pr/, Bu’, Ph, 2-NO,-C¢H,4, 4-NO,-C¢H,) [22]. The "’Hg
NMR data in CDCI; solution clearly reveal that there
are two different Hg nuclei, i.e. Hg(l) and Hg(2), in 7.
These '?’Hg NMR data provide a second evidence that 7
remains as a dimercury(Il) species in CDCl; solution.
The chemical shift of '3C for HgPh carbons was controlled
by the paramagnetic term and not by the ring current effect
[23-25]. Hence, the '*C NMR data revealed that HgPh
carbons in Hg(2)-Ph of 7 and Hg(1)-Ph of 6-CH,-
Cl, - 0.5C¢H,4 are marginally affected (Tables SI and S2
in Supplementary material). Moreover, the '>C chemical
shift of Hg(2)-Ph—C,(C61) at an upfield of 3.3 ppm from
that of Hg(1)-Ph—C,(C55) (Table S2 in Supplementary
material). This upfield shift is correlated with the '’Hg
signal of Hg(2) nucleus that shows a downfield shift from
that of the Hg(1) nucleus in 7.

4. Conclusions

We have investigated two new diamagnetic porphyrin
complexes, namely, a mononuclear mercury(Il) complex
6 - CH,Cl, - 0.5C¢H 4 and a dinuclear mercury(II) complex
7, and their X-ray structures are established. These two
porphyrin complexes are of a SAT type. NOE difference
spectroscopy, HMQC and HMBC were employed to
unambiguously assign the 'H and '>C NMR resonances
of 6 in CD,Cl, and 7 in CDCl; at 20 °C. Our results dem-
onstrate the tetracoordination for Hg(l) in 6 - CH,Cl, -
0.5C¢H4and Hg(2) in 7. On the other hand, a linear coor-
dination is described for Hg(1) in 7. The transmetallation

and degradation reactions for 6 and 7 are under
investigation.
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Appendix A. Supplementary material

CCDC 637230 and 637231 contain the supplementary
crystallographic data for 6-CH,Cl, 0.5C¢H;4 and 7.
These data can be obtained free of charge via http://
www.ccde.cam.ac.uk/conts/retrieving.html, or from the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or
e-mail: deposit@ccdc.cam.ac.uk. Supplementary data asso-
ciated with this article can be found, in the online version,
at doi:10.1016/j.poly.2007.06.019. Figure S1 showing the
diagram of the porphyrinato (C20N4, Hg, ‘BuBS, and thi-
ophene) of 6 - CH,Cl, - 0.5C¢H 4 and 7. Figure S2 showing
the '"H NMR spectra for 7 at 299.95 MHz in CDCl; at
20°C. Tables SI and S2 showing the 'C NMR
(150.87 MHz) data of 6 CH,Cl, 0.5C¢H;4 in CD,Cl,
and 7 in CDCl; at 20 °C, respectively.
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