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The new sterically hindered scorpionate tris(3-phenylpyrazolyl)methanesulfonate (TpmsPh)- has been synthesized
and its coordination behavior toward a Cu(I) center, in the presence of 1,3,5-triaza-7-phosphaadamantane (PTA),
N-methyl-1,3,5-triaza-7-phosphaadamantane tetraphenylborate ((mPTA)[BPh4]) or hexamethylenetetramine (HMT)
has been studied. The reaction between Li(TpmsPh) (1) and [Cu(MeCN)4][PF6] yields [Cu(TpmsPh)(MeCN)] (2) which,
upon further acetonitrile displacement on reaction with PTA, HMT, or (mPTA)[BPh4], gives the corresponding
complexes [Cu(TpmsPh)(PTA)] (3), [Cu(TpmsPh)(HMT)] (4), and [Cu(TpmsPh)(mPTA)][PF6] (5). All the compounds
have been characterized by 1H, 31P, 13C, COSY or HMQC-NMR, IR, elemental analysis, and single crystal X-ray
diffraction. In the complexes (3) and (5), which bear a phosphine ligand (i.e., PTA and mPTA, respectively), the
new scorpionate ligand shows the typical N,N,N-coordination mode, whereas in (2) and (4), bearing a N-donor
ligand (i.e., MeCN and HMT, respectively), it binds the metal via the N,N,O chelating mode, involving the sulfonate
moiety.

Introduction

Copper species are widely present in Nature as mono- or
multinuclear metal complexes and play a crucial role in
different enzymes and catalytic systems, leading to a
currently growing interest in the development of new copper
models.1 In bioinorganic and organometallic chemistry the
systems involving this metal represent one of the most
relevant areas of investigation.2

In pursuit of our recent investigation of the coordination
chemistry of N-, P- and O-donor ligands,3 including the
scorpionate-type tris(pyrazolyl)methane,4 toward copper(I)
and (II) centers, we have now focused our attention on the
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synthesis of a new class of copper complexes bearing a
sterically hindered chelating facially binding scorpionate that
could modulate the coordination properties of the metal
center.

Metal complexes of tris(pyrazolyl)borate (Tp) and derived
ligands constitute one of the most extensively studied classes
of coordination compounds in inorganic, organometallic, and
bioinorganic chemistries,5,6 and, for instance, several ex-
amples of the use of Tp complexes to mimic enzymatic
systems have been reported.7 In contrast, the coordination
chemistry of the isoelectronic tris(pyrazolyl)methane
(HC(pz)3, Tpm, pz ) pyrazolyl) type ligands is much less
studied. One reason for the limited research in this area is
that the syntheses of the latter ligands, with the exception
of Tpm itself, are more difficult than those of the tris(pyra-
zolyl)borate analogues.8 A “second generation” of tris(pyra-
zolyl) ligands, introduced again by Trofimenko,9 in which
the pyrazolyl rings contain bulky substituents, especially at
the 3-position, offers the opportunity to tune the coordination
behavior toward different metal centers.

More recently, Kläui reported the synthesis of tris(pyra-
zolyl)methanesulfonate (Tpms) salts and their derivatives as
a novel and more hydrophilic class of ligands.10 Moreover,
these ionic functionalized tris(pyrazolyl)methane derivatives
exhibit a relevant coordination versatility, acting as either a
tripodal or a bipodal ligand (i.e., with N3-, N2O-, N2- or NO-
coordination modes) with the possibility of involving the
sulfonate moiety in the coordination.11 This flexibility allows
exploring the behavior of the resulting complexes toward
further ligand binding to the metal center.

The study we now report is aimed at the synthesis and
investigation of the coordination behavior of a new scorpi-
onate that could combine the flexibility and water solubility
of the sulfonato-functionalized class with the sterically

demanding features of the 3-substituted tris(pyrazolyl)
ligands. For these purposes, we designed a new Tpms
derivative bearing a phenyl ring at the 3-position of pyrazolyl
rings. When ligating a metal center, such a bulky species
would be expected to provide a “steric control” on the other
coordination position(s) of the complex, selecting the suitable
ligands on the opposite side, namely preventing the formation
of “sandwich” complexes (with two of such scorpionate
ligands).12 Hence, herein we present the synthesis of the new
tris(3-phenylpyrazolyl)methanesulfonate (TpmsPh)- species,
its coordination behavior toward copper(I), and the reactions
with the two water soluble phosphines13 1,3,5-triaza-7-
phosphaadamantane (PTA) and N-methyl-1,3,5-triaza-7-
phosphaadamantane tetraphenyl borate ((mPTA)[BPh4]), and
the related hexamethylenetetramine (HMT). The coordination
chemistry of the aqua-soluble PTA and (mPTA)+ species
has received an increased interest in recent years13b on
account of the enhanced solubility in water of their com-
plexes, a feature of interest for applications in biological
systems14 and aqueous phase catalysis.15 The new water
soluble complexes could represent a potentially active class
of catalysts bearing a flexibile labile ligand that would
provide a convenient entry to further reactivity studies (i.e.,
dioxygen activation, coordination of small molecules, de-
velopment of inorganic enzyme models7e).

Experimental Section

General Materials and Experimental Procedures. All syn-
theses were carried out under an atmosphere of dinitrogen, using
standard Schlenk techniques. All solvents were dried, degassed,
and distilled prior to use. The reagents [Cu(MeCN)4][PF6], hex-
amethylenetetramine (HMT), Na[BPh4], 3-phenyl-1H-pyrazole, and
sulfur trioxide-trimethylamine complex were purchased from Al-
drich and used without further purification. 1,3,5-triaza-7-phos-
phaadamantane (PTA) and N-methyl-1,3,5-triaza-7-phosphaada-
mantane iodide ([mPTA]I) were synthesized in accordance with
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(11) (a) Kläui, W.; Peters, W.; Rheinwald, G.; Lang, H. Eur. J. Inorg. Chem.
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literature methods,16 whereas hydrotris(3-phenylpyrazolyl)methane
(TpmPh) was prepared by modifying a published procedure.17 C,
H, and N analyses were carried out by the Microanalytical Service
of the Instituto Superior Técnico. Infrared spectra (4000-400 cm-1)
were recorded on a BIO-RAD FTS 3000MX instrument in KBr
pellets. 1H, 13C, and 31P NMR spectra were measured on Bruker
300 and 400 UltraShieldTM spectrometers. 1H and 13C chemical
shifts δ are expressed in ppm relative to Si(Me)4 and δ(31P) relative
to 85% H3PO4. Coupling constants are in Hz; abbreviations: s,
singlet; d, doublet; m, complex multiplet; vt, virtual triplet; br,
broad.

Synthesis of HC(3-Phpz)3, TpmPh. To a vigorously stirred
suspension of 3-phenyl-1H-pyrazole (5.00 g, 34.7 mmol) and
tetrabutylammonium bromide (0.56 g, 1.70 mmol) in water (70 mL)
was added an excess of Na2CO3 (22.0 g, 208 mmol) during 30
min. Then chloroform (17 mL) was added, and the final mixture
was refluxed for 84 h. The reaction mixture was then cooled to
room temperature, and toluene (20 mL) and water (15 mL) were
added. The organic phase was separated, washed with water, brine,
dried over Na2SO4, and evaporated under vacuum to give a brown
oil. This crude oil was dissolved in toluene (40 mL) and a catalytic
amount (ca. 80 µL, 1.0 mmol) of trifluoroacetic acid (TFA) was
added to this solution which was then refluxed for 1 day. After
this, the solution was cooled down to room temperature, washed
with water (2 × 15 mL) and neutralized with an aqueous solution
of NaHCO3. The organic phases were collected, washed with water
and brine, then dried over Na2SO4 and evaporated. The crude solid
was triturated in diisopropyl ether to give an off-white powder of
TpmPh (3.2 g, 62%). The compound is well soluble in medium and
high polarity solvents like Me2CO, CHCl3, CH2Cl2, MeOH, EtOH,
and DMSO and insoluble in H2O. HC(3Phpz)3, C28H22N6 (442.51):
calcd C 75.99, N 18.99, H 5.01; found C 75.86, N 18.71, H 5.39.
IR (KBr): 3162 (w) 1529 (m, ν(C)N)), 1502 (m), 1456 (s), 1240
(s), 1077 (s), 1050 (s), 809 (s), 756 (s), 693 (s) cm-1. 1H NMR
(300 MHz, acetone-d6): 8.86 (s, 1H, HC), 8.11 (d, 3H, JHH ) 2.6
Hz, 5-H (pz)), 7.90 (d, 2H, JHH ) 8.1 Hz, o-H (Ph)), 7.42 (dd, vt,
6H, m-H (Ph)), 7.35 (dd, vt, 3H, p-H (Ph)), 6.90 (dd, vt, 3H, JHH

) 2.6 Hz, 4-H (pz)).
Synthesis of Li[O3SC(3-Phpz)3], Li(TpmsPh), (1). A 1.6 M

solution of butyllithium (1.6 mL, 2.7 mmol, 1.1 equiv) in hexane
was added dropwise to tris(3-phenylpyrazolyl)methane TpmPh (1.00
g, 2.26 mmol, 1.0 equiv) in dry tetrahydrofuran (THF) at -65 °C.
The solution turned red/brown and was stirred for 1 h at -60 °C.
Sulfur trioxide-trimethylamine complex (330 mg, 2.38 mmol, 1.05
equiv) was added at -60 °C, and the reaction was allowed to warm
to room temperature overnight. The solvent was evaporated, and
the residue was dried under vacuum at room temperature for 2 h.
It was then suspended in THF and filtered to yield a white powder
of (1) (0.66 g, 56%). The compound is well soluble in medium
and high polarity solvents like H2O (S25°C ≈ 90 mg ·mL-1), Me2CO,
CHCl3, MeOH, EtOH, and DMSO, and insoluble in Et2O. Li[O3SC-
(3Ph-pz)3], C28H21N6O3SLi (528.51): calcd C 63.63, N 15.90, H
4.01, S 6.07; found C 63.12, N 15.71, H 4.39, S 5.91. IR (KBr):
3437 (s), 3060, 2980, 2882 (m br), 1534 (m, ν(C)N)), 1502 (m),
1456 (s), 1398 (m), 1354 (m), 1266 (s br), 1240 (s br), 1077 (s),
1048 (s, ν(S-O)), 888 (m), 866 (s), 760 (s), 698 (s), 643 (s,
ν(C-S)) cm-1. 1H NMR (300 MHz, acetone-d6): 8.22 (d, 3H, JHH

) 2.7 Hz, 5-H (pz)), 7.77 (d, 6H, JHH ) 8.1 Hz, o-H (Ph)),
7.37-7.24 (m, 9H, m-H and p-H (Ph)), 6.83 (d, 3H, JHH ) 2.7 Hz,
4-H (pz)). 13C NMR (300 MHz, acetone-d6): 151.1 (s, 3-C (pz)),
134.4 (s, 5-C (pz)), 133.5 (s, pz-C (Ph)), 128.3 (s, o-C (Ph)), 127.6
(s, p-C (Ph)), 125.8 (s, m-C (Ph)), 103.5 (s, 4-C (pz)), 99.9
(s, O3SC).

Synthesis of (mPTA)[BPh4]. A methanolic solution (25 mL)
of Na[BPh4] (342 mg, 1.00 mmol) was added to a solution (25
mL) of [mPTA]I (300 mg, 1.00 mmol) in the same solvent. The
resulting white suspension was stirred for 15 min and the solid
was then filtered off, washed with methanol (3 × 10 mL) and dried
under vacuum giving a white powder, which was crystallized from
acetone/methanol leading to the colorless crystalline product
(mPTA)[BPh4], in about 80% yield. The compound is well soluble
in medium polarity solvents like Me2CO, CHCl3, and CH2Cl2,
sparingly soluble in H2O (S25°C ) 0.2 mg ·mL-1), MeOH, EtOH
and DMSO, and insoluble in C6H6 and Et2O. (mPTA)-
[BPh4] ·0.25MeOH, BC31,25H36N3OP (499.41): calcd C 75.16, N
8.41, H 7.21; found C 75.03, N 8.80, H 7.24. IR (KBr): 3052 (m
br), 2996 (m br), 2984 (m br), 2965 (m br), 2921(m br), 1580 (m,
ν(CdC)), 1478 (m), 1452 (w), 1426 (m), 1311 (m), 1271 (m), 1247
(m), 1123 (m), 1099 (m), 1025 (m), 982 (m), 913 (m), 804 (m),
751 (s), 737 (s, ν(BPh4

-)), 709 (s, ν(BPh4
-)), 602 (m), 554 (m)

cm-1. 1H NMR (300 MHz, acetone-d6): δ 7.34 (br s, 8H, o-H (Ph)),
6.92 (dd, vt, JHH ) 6.9 Hz 8H, m-H (Ph)), 6.78 (dd, vt, 4H, p-H
(Ph)), 5.13 and 5.04 (J(HAHB) ) 13.2 Hz, 4H, NCHAHBN+), 4.70
and 4.52 (J(HAHB) ) 14.0 Hz, 2H, NCHAHBN), 4.54 (s, 2H,
PCH2N+), 4.09 and 3.94 (J(HAHB) ) 15.0 Hz, 3J(HA-P) ) 15.0
Hz, 3J(HB-P) ) 9.6 Hz, 4H, PCHAHBN), 2.81 (s, 3H, N+CH3).
31P{1H} NMR (162.0 MHz, acetone-d6): -85.4 (s). 31P{1H} NMR
(162.0 MHz, DMSO-d6): -87.0 (s). 13C{1H} and HMQC 13C-1H
NMR (100.6 MHz, acetone-d6): 165.7 - 164.2 (4s, 1-C, BPh4), 137.0
(s, 2-C, BPh4), 126.1 - 126.0 (4s, 3-C, BPh4), 122.3 (s, 4-C, BPh4),
81.9 (s, NCH2N+), 70.6 (s, NCH2N), 57.3 (dd, vt, 1J(C-P) ) 33.6
Hz, PCH2N+), 50.4 (s, N+CH3), 46.6 (dd, vt, 1J(C-P) ) 20.8 Hz,
PCH2N).

Synthesis of [Cu{O3SC(3-Phpz)3}(MeCN)], [Cu(TpmsPh)(MeCN)],
(2). Compound (2) was prepared by adding 5 mL of a methanolic
solution of Li(TpmsPh) (78.3 mg, 0.148 mmol) to a
[Cu(MeCN)4][PF6] solution (55.2 mg, 0.148 mmol) in the same
solvent (10 mL). The reaction mixture was stirred at room
temperature for 10 min and compound (2) precipitated as a white
powder which was collected by filtration, washed with cold
methanol (2 × 5 mL) and dried under vaccum (57 mg, 62%). It is
well soluble in medium polarity solvents like Me2CO, CHCl3 and
CH2Cl2, less soluble in H2O (S25°C ≈ 4 mg ·mL-1), MeOH, EtOH,
and DMSO, and insoluble in C6H6 and Et2O. (2), C30H24N7O3SCu
(626.17): calcd C 57.55, N 15.66, H 3.86, S 5.12; found. C 57.36,
N 15.09, H 3.71, S 4.95. IR (KBr): 3571 (s), 3158, 3126, 3060 (m
br), 2930 (m br), 2316 (w br), 1534 (s, ν(C)N)), 1500 (s), 1458
(s), 1372 (m), 1237 (s br), 1045 (s, ν(S-O)), 853 (m), 767 (s), 696
(m), 639 (s, ν(C-S)), 540 (m) cm-1. 1H NMR (300 MHz, acetone-
d6, 298 K): δ 8.07 (s, br, 3H), 7.95 (d, 6H, JHH ) 7.7 Hz, o-H
(Ph)), 7.52-7.43 (m, 9H, m-H and p-H (Ph)), 6.94 (d, 3H, JHH )
2.8 Hz, 4-H (pz)), 2.12 (s, 3H, H3CCN). 1H NMR (300 MHz,
acetone-d6, 188 K): δ 8.87 (s, br, 1H, 5-H (pz)), 8.09 (d, 4H, JHH

) 7.4 Hz, o-H (Ph)), 7.99 (d, 2H, JHH ) 7.4 Hz, o-H (Ph)),
7.63-7.47 (m, 9H, m-H and p-H (Ph)), 7.35 (s, br, 1H 4-H (pz)),
7.27 (s, br, 2H, 5-H (pz)), 7.00 (s, br, 2H, 4-H (pz)). 13C{1H} and
HMQC 13C-1H NMR (300 MHz, acetone-d6, 298 K): 153.7
(s, 3-C (pz)), 135.8 (s, 5-C (pz)), 131.5 (s, pz-C (Ph)), 129.1 (s,
p-C (Ph)), 128.5 (s, m-C (Ph)), 126.9 (s, o-C (Ph)), 116.18 (s,
NCCH3), 104.71 (s, 4-C (pz)), 100.0 (s, O3SC), 0.91 (s, NCCH3).
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Castellano, R. K.; Canty, A. J.; Jin, H. Inorg. Synth. 1998, 32, 63–65.
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X-ray quality single crystals were grown by slow evaporation in
air at room temperature of an acetone solution of (2).

Synthesis of [Cu{O3SC(3-Phpz)3}(PTA)], [Cu(TpmsPh)(PTA)], (3).
To a methanolic solution (15 mL) of [Cu(MeCN)4][PF6] (42.0 mg,
0.113 mmol, 1 equiv) was added 5 mL of a solution of Li(TpmsPh)
(60 mg, 0.113 mmol, 1 equiv) in the same solvent. The transparent
colorless solution was stirred for 10 min at room temperature to
allow the formation in situ of complex (2) that remains in solution.
Then PTA (16 mg, 0.10 mmol) was slowly added portionwise and
stirring of the reaction mixture was continued at room temperature
for 1 h. The formed white powder of (3) was collected by filtration,
washed with cold methanol (2 × 10 mL), then recrystallized from
acetone at 4 °C (73.7 mg, 87.5%). Complex (3) is well soluble in
medium polarity solvents like Me2CO, CHCl3 and CH2Cl2, less
soluble in H2O (S25°C ≈ 6 mg ·mL-1), MeOH, EtOH and DMSO,
and insoluble in C6H6, and Et2O. (3) ·0.5CH2Cl2, C34.5H34ClN9O3-
PSCu (784.74): calcd C 52.80, N 16.06, H 4.36, S 4.08; found C
53.36, N 16.19, H 4.50, S 4.01. IR (KBr): 3168 (s), 2943(m br),
1532 (m, ν(C)N)), 1414 (s), 1328 (m), 1246 (s br), 1054 (s,
ν(S-O)), 1015 (s), 972 (m), 854 (m), 770 (s), 633 (s, ν(C-S)),
534 (m) cm-1. 1H NMR (300 MHz, acetone-d6, 298 K): 8.50 (s,
br, 3H), 7.73 (d, 6H, JHH ) 8.0 Hz, o-H (Ph)), 7.61 (dd, vt, 6H,
m-H (Ph)), 7.54 (dd, vt, 3H, p-H (Ph)), 6.92 (d, 3H, JHH ) 2.8 Hz,
4-H (pz)), 4.16 HA and 3.96 HB (JAB ) 13.0 Hz, 6H, NCHAHBN
(PTA)), 2.97 (s, br, 6H, PCH2N (PTA)). 1H NMR (300 MHz,
acetone-d6, 188 K): δ 8.85 (s, br, 3H, 5-H (pz)), 8.02-7.50 (m,
15H, o-H, m-H and p-H (Ph)), 7.12 (s, br, 3H, 4-H (pz)), 4.09 HA

and 3.72 HB (6H, JAB ) 12.0 Hz, NCHAHBN (PTA)), 2.57 (s, br,
6H, PCH2N (PTA)). 13C{1H} and HMQC 13C-1H NMR (300 MHz,
acetone-d6, 298 K): 154.4 (s, 3-C (pz)), 135.5 (s, 5-C (pz)), 132.3
(s, pz-C (Ph)), 129.33 (s, p-C (Ph)), 129.29 (s, m-C (Ph)), 127.3
(s, o-C (Ph)), 105.6 (s, 4-C (pz)), 72.2 (s, PCH2N), 48.70 (s,
NCH2N). 31P{1H}-NMR (acetone-d6, 298 K): -93.3 (s, br PTA).
X-ray quality single crystals were grown by slow evaporation in
air at room temperature of an acetone solution of (3).

Synthesis of [Cu{O3SC(3-Phpz)3}(HMT), [Cu(TpmsPh)-
(HMT)], (4). A solution of Li(TpmsPh) (78.3 mg, 0.148 mmol) in
methanol (15 mL) was added to a [Cu(MeCN)4][PF6] solution (55.2
mg, 0.148 mmol) in the same solvent (5 mL). The solution was
stirred for 10 min to allow the formation in situ of [Cu(TpmsPh-

)(MeCN)] (2) that remains in solution. Then a methanolic solution
(8 mL) of hexamethylenetetramine (HMT) (20.8 mg, 0.148 mmol)
was added to the reaction mixture and the final solution was stirred
at room temperature for 1 h. The white powder of crude (4) was
collected by filtration, washed with cold methanol (2 × 10 mL),
then recrystallized from acetone at 4 °C. The final white microc-
rystalline solid was dried under vacuum to afford (4) ·0.5Me2CO
(97 mg, 87%). Complex (4) is well soluble in medium polarity
solvents like Me2CO, CHCl3, and CH2Cl2, less soluble in H2O (S25°C

≈ 6 mg ·mL-1), MeOH, EtOH, and DMSO, and insoluble in C6H6

and Et2O. (4) ·0.5Me2CO, C35.5H36N10O3.5SCu (754.34): calcd C
56.52, N 18.57, H 4.81, S 4.25; found C 56.24, N 18.23, H 4.63,
S 4.05. IR (KBr): 3571 (s), 3151, 3107, 3070 (m br), 2980 (m br),
2951(m br), 2926(m br), 2883 (m br), 1534 (m, ν(C)N)), 1499
(m), 1457 (s), 1376 (m), 1240 (s br), 1046 (s, ν(S-O)), 1023 (s),
991 (m), 852 (m), 760 (s), 705 (m), 637 (s, ν(C-S)), 533 (m) cm-1.
1H NMR (300 MHz, acetone-d6, 298 K): δ 7.94 (d, 6H, JHH ) 7.4
Hz, o-H (Ph)), 7.84 (s, br, 3H, 5-H (pz)), 7.60-7.52 (m, 12H, m-H
p-H (Ph)), 6.92 (s, br, 3H, 4-H (pz)), 4.29 (s, br, 12H, NCH2N
(HMT)). 1H NMR (300 MHz, acetone-d6, 188 K): δ 8.91 (s, br,
1H, 5-H (pz)), 8.14 (d, 4H, JHH ) 7.0 Hz, o-H (Ph)), 7.95 (s, br,
2H, o-H (Ph)), 7.76-7.66 (m, 6H, m-H (Ph)), 7.45 (m, 3H, p-H
(Ph)), 7.35 (s, br, 1H, 4-H (pz)), 7.22 (s, br, 2H, 5-H (pz)), 6.90 (s,

br, 2H, 4-H (pz)), 4.39 HA and 4.09 HB (JAB ) 12.0 Hz, 6H,
NCHAHBN (HMT)), 4.19 (s, br, 6H, NcoordCH2N (HMT)). 13C{1H}
and HMQC 13C-1H NMR (75.4 MHz, acetone-d6, 298 K): 153.9
(s, 3-C (pz)), 136.0 (s, 5-C (pz)), 132.47 (s, pz-C (Ph)) 129.7 (s,
p-C (Ph)), 129.2 (s, m-C (Ph)), 127.0 (s, o-C (Ph)), 104.9 (s, 4-C
(pz)), 74.3 (s, br (HMT)). X-ray quality single crystals were grown
by slow evaporation in air at room temperature of the acetone
solution of (4).

Synthesis of [Cu{O3SC(3-Phpz)3}(mPTA)][PF6], [Cu(TpmsPh)-
(mPTA)][PF6], (5). To a stirred methanolic solution (45 mL) of
[Cu(MeCN)4][PF6] (186 mg, 0.50 mmol) were added 10 mL of a
methanolic solution of Li(TpmsPh) (264 mg, 0.50 mmol). After 10
min to allow the formation in situ of [Cu(TpmsPh)(MeCN)] (2) that
remains in solution, a dichloromethane solution (10 mL) of
(mPTA)[BPh4] (246 mg, 0.50 mmol) was added. The reaction
mixture was stirred at room temperature for 1 h and then
concentrated to half-volume under vacuum. The mixture was kept
at 4 °C for 2 days. A white microcrystalline solid was collected,
washed with cold methanol (2 × 10 mL), and dried under vacuum
to yield (5) (315 mg, 70%). Complex (5) is well soluble in medium
polarity solvents like Me2CO, CHCl3, and CH2Cl2, less soluble in
H2O (S25°C ≈ 7.5 mg ·mL-1), MeOH, EtOH, and DMSO, and
insoluble in C6H6 and Et2O. (5) · 1.5CH2Cl2, C36.5H39F6Cl3N9-
O3P2SCu (1029.67): calcd C 42.61, N 12.24, H 3.82, S 3.11; found
C 42.58, N 12.79, H 4.06, S 3.34. IR (KBr): 3651 (s), 3154 (m br),
3107 (m br), 3075 (m br), 2990 (m br), 2930 (m br), 1535 (m,
ν(C)N)), 1450 (m), 1459 (s), 1386 (m), 1355 (m), 1280 (s br),
1247 (s), 1077 (s), 1049 (s, ν(S-O)), 985 (m), 924 (m), 844 (s),
762 (m), 698 (m), 629 (m, ν(C-S)), 558 (m) cm-1. 1H NMR (300
MHz, acetone-d6, 298 K): δ 8.05-7.89 (m, br, 6H+3H, o-H (Ph)
+ 5-H (pz)), 7.61-7.56 (m, 9H, m-H p-H (Ph)), 6.96 (s, br, 3H,
4-H (pz)), 5.01 (s, br, 4H, NCHAHBN+), 4.47 and 4.40 (J(HAHB)
) 14.0 Hz, 2H, NCHAHBN), 3.98 (s, 2H, PCH2N+), 3.61 and 3.43
(J(HAHB) ) 13 Hz, 4H, PCHAHBN), 2.79 (s, 3H, N+CH3). 1H NMR
(300 MHz, acetone-d6, 213 K): δ 8.94 (d, 1H, JHH ) 2.83 Hz, 5-H
(pz)), 8.04 (d, 4H, JHH ) 7.4 Hz, o-H (Ph)), 7.95 (d, 2H, JHH )
7.0 Hz, o-H (Ph)), 7.72-7.58 (m, 6H, m-H (Ph)), 7.52-7.38 (m,
3H, p-H (Ph)), 7.35 (d, 1H, 4-H (pz)), 7.28 (d, JHH ) 2.70 Hz, 2H,
5-H (pz)), 6.96 (d, 2H, 4-H (pz)), 5.08 and 5.00 (J(HAHB) ) 13.0
Hz, 4H, NCHAHBN+), 4.56 and 4.36 (J(HAHB) ) 14.0 Hz, 2H,
NCHAHBN), 4.15 (s, 2H, PCH2N+), 3.78 and 3.20 (J(HAHB) ) 14
Hz, 4H, PCHAHBN), 2.81 (s, 3H, N+CH3). 31P{1H} NMR (121.4
MHz, acetone-d6, 298 K): δ ) -70.9 (br s), -144.2 (septet, PF6).
13C{1H} and HMQC 13C-1H NMR (100.6 MHz, acetone-d6, 298
K): 155.8 (s, 3-C (pz)), 137.2 (s, 5-C (pz)), 130.5 (s, p-C (Ph)),
130.2 (s, m-C (Ph)), 128.3 (s, o-C (Ph)), 106.3 (s, 4-C (pz)), 81.6
(s, NCH2N+), 69.9 (s, NCH2N), 55.8 (s, PCH2N+), 50.1 (s, N+CH3),
46.7 (s, PCH2N). X-ray quality single crystals were grown by slow
evaporation in air at room temperature of an acetone solution of
(5).

Results and Discussion

1. Syntheses of the Sterically Hindered Scorpionates
TpmPh and Li(TpmsPh). Hydrotris(3-phenylpyrazolyl)-
methane, TpmPh (Figure 1, R) H), was prepared by
modifying Reger’s procedure17a to obtain the pure desired
product without chromatographic purification. Hence, at the
final stages, we have treated a toluene solution of the crude
product with a catalytic amount of trifluoroacetic acid (to
isomerize the mixture of regioisomers to the desired 3-isomer
compound)17b and then triturated the final crude solid in
diisopropyl ether to afford the pure TpmPh compound.
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Starting from TpmPh we were able to prepare the tris(3-
phenylpyrazolyl)methanesulfonate species as the lithium salt,
Li(TpmsPh) (1) (Figure 1, R ) SO3Li) in good yield,
following a process known10 for the synthesis of other Tpms,
that is, by deprotonation of the methine carbon by BuLi, at
low temperature, followed by sulfonation with the SO3NMe3

adduct (Scheme 1). Both TpmPh and Li(TpmsPh) were
characterized by 1H, 13C NMR, and IR spectroscopies, and
elemental analyses. As the TpmPh, the sulfonate derivative
shows a well resolved 1H NMR spectrum (acetone-d6) with
only one set of resonances for the three equivalent pyrazolyl
rings: one pattern of signals for the phenyl protons and a
pair of doublets (JHH ) 2.7 Hz) at δ 8.22 and 6.83 for the

5-H and 4-H pyrazolyl protons, respectively. TpmPh and its
sulfonate Li(TpmsPh) represent a highly sterically hindered
class of scorpionates. Moreover, the sulfonate derivative
shows interesting properties in terms of solubility. In fact,
in spite of the presence of three phenyl rings, Li(TpmsPh) is
well soluble in all common polar solvents, that is, MeOH,
EtOH, acetone, and water (S25°C ≈ 90 mg ·mL -1), and shows
a decreasing solubility in medium polarity solvents and in
non-polar ones. We have thus started to investigate its
coordination chemistry, as described below.

2. Syntheses of the CuI Complexes [Cu(TpmsPh)L] [L
) MeCN (2), PTA (3), HMT (4)] and [Cu(TpmsPh)-
(mPTA)][PF6] (5). Reaction of Li(TpmsPh) (1) with
[Cu(MeCN)4][PF6] in methanol proceeds readily at room
temperature to give [Cu(TpmsPh)(MeCN)] (2) bearing the
anionic TpmsPh ligand and one bound molecule of acetoni-
trile, in good yield (Scheme 2). The neutral CuI complex
(2) precipitates from the concentrated reaction mixture, as a
white solid, which is sparingly soluble in water (S25°C ≈ 4
mg ·mL-1), MeOH, EtOH, or DMSO, and well soluble in
Me2CO, CHCl3, or CH2Cl2. It is stable in air when dried but
is relatively unstable in solution (after 2-3 days the color
changes to green, typical of a CuII oxidized product). It was
characterized, as the compounds (3)-(5) described below,
by NMR and IR spectroscopies, elemental analysis, and
X-ray diffraction. The 1H and 13C NMR and IR spectra of
(2) confirm the presence of its ligands: the NMR shifted
resonances of TpmsPh and an IR weak and broad NC
stretching band at 2316 cm-1, well above that of uncoordi-
nated NCMe, that is, 2253 cm-1. This positive coordination
shift [∆ν(NC)) 63 cm-1] indicates that the acetonitrile is
behaving as a very weak π-acceptor, acting mainly as an
effective σ-donor ligand, in accord with related scorpionate
complexes.18

Figure 1. Schematic structures of the tris(3-phenylpyrazolyl)methane
compounds TpmPh (R ) H) and Li(TpmsPh) (1) (R ) SO3Li).

Scheme 1. Synthesis of Tris(3-phenylpyrazolyl)methanesulfonate, as
the Lithium Salt Li(TpmsPh) (1)

Scheme 2. Syntheses of the Complexes [Cu(TpmsPh)L] [L ) MeCN (2), PTA (3), HMT (4)] and [Cu(TpmsPh)(mPTA)][PF6] (5)
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Treatment of a methanolic solution of (2), formed in situ,
with PTA (0.9 equiv) in methanol leads to the precipitation
of [Cu(TpmsPh)(PTA)] (3), as a white solid isolated in high
yield (88%). This complex shows a good solubility in acetone
and dichloromethane, and it is fairly soluble in water (S25°C

≈ 6 mg ·mL-1). The addition of PTA to the reaction mixture
should be slow to yield (3) in high purity. Traces of the
byproduct [Cu(PTA)4][PF6] are formed when the addition
is faster or the phosphine is used in a higher amount,
indicating a stronger coordination ability of PTA to Cu(I)
in comparison with TpmsPh. The formation of [Cu(PTA)4]-
[PF6] is evidenced by the quartet (1JP-Cu ) 760 Hz) resonance
at δ -80 observed by 31P{1H} NMR, which is analogous to
that known19 for [Cu(PTA)4][NO3].

In the 1H NMR spectrum of (3) (acetone-d6), the reso-
nances for the PTA moiety confirm its coordination to copper
and appear shifted to lower field relatively to those of the
free PTA: the six equivalent protons close to the P-atoms
give a broad singlet at δ 2.97, and the other resonances for
the protons near the N-atoms display the expected AB pattern
at δ 3.96-4.16. The TpmsPh resonances are given below.
The 31P{1H} NMR spectrum shows a single broad signal at
δ -93. Further NMR experiments at different temperatures
reveal additional information on the behavior of compound
(3) in solution that will be discussed below. The IR spectrum
confirms the presence of TpmsPh (stretching bands at 1539
(C)N), 1048 (SO) and 643 (CS) cm-1)11d and PTA (1015,
972 and 950 cm-1, full description in the Experimental
Section).

Similarly to the reaction with PTA, the acetonitrile
complex (2) formed in situ reacts with hexamethylenetetra-
mine (HMT) or N-methyl-1,3,5-triaza-7-phosphaadamantane
tetraphenyl borate ((mPTA)[BPh4]) to yield the correspond-
ing complexes [Cu(TpmsPh)(HMT)] (4) or [Cu(TpmsPh)-
(mPTA)][PF6] (5) (Scheme 2). The 1H NMR spectrum of
(4) at 188 K shows two types of methylene protons for the
ligated HMT (i.e., an AB spin system and a broad singlet)
confirming the coordination by one of nitrogen atoms.
However, at room temperature, only a broad singlet is
observed because of an average effect of a dynamic process
(see below, NMR section). The isolation, upon precipitation,
of compound (5), instead of the [BPh4]- analogue, indicates
that the former is less soluble than the latter. As observed
for (2), compounds (3)-(5) are soluble in water (S25°C ≈
6-7 mg ·mL-1).

3. X-ray Molecular Structures of Complexes
[Cu(TpmsPh)L] [L ) MeCN (2), PTA (3), HMT (4)]
and [Cu(TpmsPh)(mPTA)][PF6] (5). The molecular struc-
tures of compounds (2)-(5) were determined by single
crystal X-ray diffraction experiments. Although the X-ray
diffraction structural analysis of compound 5 confirms the
formulation proposed (see below) the quality of the crystals,

and therefore of the refinement, is very low. The Oak Ridge
Thermal Ellipsoid Plot (ORTEP) plots are depicted in Figures
2-5, the ellipsoids being shown at 50% probability and the
hydrogen atoms being omitted for clarity. Crystallographic
details are given in Table 1, selected bond distances in Table
2, and selected angles in Table 3.

Single crystals of compounds (2) to (4) suitable for X-ray
diffraction were obtained by slow evaporation in air of
acetone solutions. In complexes (2) and (4) (Figures 2 and
3), the anionic tris(3-phenylpyrazolyl)methanesulfonate group
acts as a tridentate ligand with the N,N,O coordination mode
to the Cu ion through the two pyrazolyl nitrogens N(2) and
N(4) and the oxygen O(1) of the sulfonate moiety. The
coordination around each copper is highly distorted tetra-
hedral with the N2-Cu1-N7 and N4-Cu1-N7 angles of
121.02(12)° and 146.62(12)° for (2) or 147.73(14)° and
124.27(14)° for (4), and the O1-Cu1-N7 angle of a much
lower value (109.82(11)° for (2) or 92.38(12)° for (4)).
Moreover, the Cu(1)-O(1) bond length (2.326(2) Å for (2)

(18) (a) Reger, D. L.; Collins, J. E. Organometallics 1996, 15, 2029–2032.
(b) Conry, R. R.; Ji, G.; Tipton, A. A. Inorg. Chem. 1999, 38, 906–
913.

(19) Kirillov, A. M.; Smolenski, P.; da Silva, M. F. C. G.; Pombeiro, A. J. L.
Eur. J. Inorg. Chem. 2007, 2686–2692.

Figure 2. ORTEP plot of [Cu(TpmsPh)(MeCN)] (2), with ellipsoids shown
at 50% probability.
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or 2.412(2) Å for (4)) is significantly longer than the Cu-O
bond in Cu-OSO2 (2.136(6) Å) and Cu-ONO2 (2.110(6)
Å) in Na5[Cu(TPPTS)] ·5H2O (TPPTS ) tris(m-sulfonatophe-
nyl)phosphate) and [(Ph3As)3Cu(NO3)], respectively.20,21

However, it is within the sum of their van der Waals radii
and is in accord with other Cu-Tpms complexes.22 In (2)
the Cu(1)-N(7) distance of 1.858 Å is comparable to that
observed in a analogue acetonitrile copper(I) complexes,17

although about 0.1 Å shorter than that found in (4).
The Cu-N-N-C (where C is at pyrazolyl) torsion angles

of the pyrazolyl rings present values from 150.1(2)° (in 2)
to 179.0(3)° (in 4), whereas the Cu-N-N-C(1) torsion

angles (defining23a the degree of tilting of the rings with
respect to the Cs axis of the molecule) are in the range of
12.3(5)° (in 4) to 22.5(3)° (in 2) (Table 3).

In compounds (3) and (5), the anionic TpmsPh acts as a
tridentate N,N,N-ligand (Figures 4 and 5). The N-Cu-N
angles are restrained by the chelate rings to 84.5(3)°-
89.06(16)°, while the wider N-Cu-P angles are within the
range of 125.24(12)°- 129.9(2)°. In both structures there is
a high degree of tilting of the pyrazolyl rings with the
Cu-N-N-C(1) torsion angles from 29.6(10)° in (5) to
42.2(5)° in (3) being drastically higher than those for other
scorpionate analogues.23b Similarly, we can compare the
Cu-N-N-C (where C is at pyrazolyl) torsion angles,
averaging 133° for (3) and 139° for (5), with their analogues
in the related Cu(I) complexes [Cu{HC(3-tBupz)3}L][PF6]
(L ) CO or NCMe)18a with a maximum torsion angle of
171° (L ) NCMe). In the present structures, the distortion
can tentatively be attributed to steric effects associated to
the phenyl substituent in the pyrazolyl rings and to the PTA
or (mPTA)+ ligands.

Moreover, the solid state structure of compound (5) (Figure
5) exhibits the presence of intramolecular C-H · · ·π interac-
tions specifically between the C(29)-H(22) moiety and the
closest phenyl ring (i.e., C(5-10)). The distance between
the C-H hydrogen and the centroid of this ring is 2.489 Å,

Table 1. Crystallographic Data (150 K) for Compounds [Cu(TpmsPh)(MeCN)] (2), [Cu(TpmsPh)(PTA)] (3), [Cu(TpmsPh)(HMT)] (4), and
[Cu(TpmsPh)(mPTA)][PF6] (5)

(2) (3) ·C3H6O (4) (5) ·C3H6O

empirical formula C30H24CuN7O3S C34H33CuN9O3PS. C3H6O C37H39Cu N10O4S C35H36CuN9O3PS, C3H6O, F6P
formula weight 626.18 800.36 783.38 960.37
crystal system orthorhombic orthorhombic orthorhombic Monoclinic
space group Pbcn P2n2ab Pbca Pbca P21/n
a (Å) 15.0997(15) 13.799(3) 11.4692(7) 16.056(6)
b (Å) 13.9691(14) 20.730(5) 21.8702(14) 15.889(6)
c (Å) 28.789(3) 26.676(7) 28.7465(16) 16.279(6)
V (Å3) 6072.5(11) 7631(3) 7210.6(8) 4123(3)
� (deg) 90 90 90 96.901(2)
Z 8 8 8 4
Fcalc (g cm-3) 1.370 1.393 1.443 1.547
µ(Mo KR) (mm-1) 0.831 0.721 0.720 0.738
F (000) 2576 3328 3264 1976
refl. collected/unique 26662/5543 28366/6974 35881/6595 7547/7547
goodness-on-fit on F2 0.938 0.939 0.997 1.284
R1 [I > 2σ(I)] (all data) 0.0474 (0.0904) 0.0615 (0.1721) 0.0555 (0.1315) 0.1573 (0.2349)

Table 2. Selected Bond Distances [Å] for Compounds
[Cu(TpmsPh)(MeCN)] (2), [Cu(TpmsPh)(PTA)] (3), [Cu(TpmsPh)(HMT)]
(4), and [Cu(TpmsPh)(mPTA)][PF6] (5)

(2) (4) (3) ·C3H6O (5) ·C3H6O

Cu(1)-N(2) 2.065(3) 1.968(4) Cu(1)-N(2) 2.170(4) 2.112(8)
Cu(1)-N(4) 1.996(3) 2.052(3) Cu(1)-N(4) 2.138(4) 2.099(8)
Cu(1)-O(1) 2.326(2) 2.412(2) Cu(1)-N(6) 2.099(4) 2.104(8)
C(1)-N(1) 1.458(4) 1.471(5) C(1)-N(1) 1.446(7) 1.463(13)
C(1)-N(3) 1.465(4) 1.459(5) C(1)-N(3) 1.465(7) 1.464(13)
C(1)-N(5) 1.429(5) 1.434(5) C(1)-N(5) 1.446(7) 1.419(13)
Cu(1)-N(7) 1.858(4) 1.956(3) Cu(1)-P(1) 2.1492(15) 2.139(3)
S(1)-O(1) 1.453(3) 1.452(3) C(1)-S(1) 1.883(6) 1.893(10)
S(1)-O(2) 1.438(2) 1.441(3)
S(1)-O(3) 1.446(2) 1.442(3)
N(7)-C(29) 1.145(6)

Table 3. Selected Angles [deg] for Compounds [Cu(TpmsPh)(MeCN)] (2), [Cu(TpmsPh)(PTA)] (3), [Cu(TpmsPh)(HMT)] (4), and
[Cu(TpmsPh)(mPTA)][PF6] (5)

(2) (4) (3) ·C3H6O (5) ·C3H6O

N2-Cu1-N7 121.02(12) 147.73(14) N2-Cu1-P1 125.24(12) 127.1(2)
N4-Cu1-N7 146.62(12) 124.27(14) N4-Cu1-P1 129.05(12) 127.8(2)
O1-Cu1-N7 109.82(11) 92.38(12) N6-Cu1-P1 128.95(13) 129.9(2)
N2-Cu1-N4 88.65(11) 87.80(14) N2-Cu1-N4 85.14(16) 86.9(3)
O1-Cu1-N4 86.34(10) 86.63(12) N4-Cu1-N6 85.06(16) 85.5(3)
O1-Cu1-N2 84.26(9) 84.99(12) N2-Cu1-N6 89.06(16) 84.5(3)
C1-S1-O1 104.38(16) 103.07(16)
C1-S1-O3 103.15(15) 104.56(19) Cu1N2-N1C2 138.2(4) 137.1(7)
C1-S1-O2 103.51(14) 103.32(19) Cu1N4-N3C11 136.1(4) 141.8(7)
O2-S1-O1 114.81(15) 114.1(2) Cu1N6-N5C20 126.0(4) 137.3(7)
O2-S1-O3 115.02(14) 115.7(2) Cu1N2-N1C1 32.9(5) 36.0(9)
O3-S1-O1 113.95(15) 114.04(18) Cu1N4-N3C1 39.1(5) 29.6(10)

Cu1N6-N5C1 42.4(5) 33.2(10)
Cu1N4-N3C11 167.9(2) 179.0(3)
Cu1N2-N1C2 150.1(2) 156.0(3)
Cu1N4-N3C1 22.5(3) 12.3(5)
Cu1N2-N1C1 18.0(3) 18.5(5)
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indicating a relatively strong non-covalent interaction.24

Similarly, each of the other two phenyl rings interacts with
the corresponding H atom of a methylene group of (mPTA)+

(although at longer 2.520 and 2.594 Å distances), constituting

a sort of symmetrical intramolecular interaction that probably
helps to stabilize the N,N,N-coordination mode, in the solid
state.

In the case of complexes (2) and (4), bearing N-donor
ligands (MeCN and HMT, respectively) that are effective
σ-electron donors and not appreciable π-acceptors, the metal
tends to prefer the weaker electron-donating N2O-coordina-
tion mode of TpmsPh. The stronger electron-releasing N3-
coordination of the latter ligand appears to be the preferable
one for complexes (3) and (5) with π-acceptor phosphine
ligands, in spite of the stronger steric hindrance associated
to this type of coordination in comparison with the N2O-
mode.

(20) Tisato, F.; Refosco, F.; Bandoli, G.; Pilloni, G.; Corani, B. Inorg.
Chem. 2001, 40, 1394–1396.

Figure 3. ORTEP plot of [Cu(TpmsPh)(HMT)] (4), ellipsoids are shown
at 50% probability.

Figure 4. ORTEP plot of [Cu(TpmsPh)(PTA)] (3), with ellipsoids shown
at 50% probability; one molecule of acetone is omitted for clarity.

Figure 5. ORTEP plot of [Cu(TpmsPh)(mPTA)][PF6] (5), with ellipsoids
shown at 50% probability; hydrogen atoms are shown but the [PF6]-

counterion and one molecule of crystallization acetone are omitted for clarity.
The dashed line indicates the C-H · · ·π intramolecular (2.489 Å) interaction
between C(29)-H(22) and the π-phenyl ring (C(5) to C(10)).

Table 4. Selected 1H-NMR (Acetone-d6) Chemical Shifts (δ) for
Compounds [Cu(TpmsPh)(MeCN)] (2), [Cu(TpmsPh)(PTA)] (3),
[Cu(TpmsPh)(HMT)] (4), and [Cu(TpmsPh)(mPTA)][PF6] (5)

compound
room

temperature (δ)
low temperature

limit (δ)

(2) 4-H 6.94(3H) 7.35 (1H),7.00 (2H)
5-H 8.07(3H) 8.87 (1H),7.27 (2H)

(3) 4-H 6.92(3H) 7.12(3H)a

5-H 8.50(3H) 8.85(3H)a

(4) 4-H 6.92(3H) 7.35 (1H),6.90 (2H)
5-H 7.84(3H) 8.91 (1H),7.22 (2H)

(5) 4-H 6.96(3H) 7.35 (1H),6.96(2H)b

5-H c 8.94 (1H),7.28(2H)b

a With a small amount of N2O-coordination (Keq ) [N3-coordinated
species]/[N2O-coordinated species]) 3.2) at 8.92, 7.35 (for 5-H) and 7.41,
6.97 (for 4-H). b With traces of N3-coordination (Keq ) [N3-coordinated
species]/[N2O-coordinated species]) 0.12) at 8.87 (for 5-H) and 7.08 (for
4-H). c Very broad resonance under the phenyl rings resonances at δ about
8.05-7.90, detected by HMQC 13C-1H NMR.
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4. NMR Solution Studies. The complexes exhibit flux-
ional behavior in solution, as shown by variable temperature
NMR studies (Table 4) which have allowed to check if the
coordination modes of the TpmsPh ligand observed in the
solid state are retained in solution.

Hence, compound (3), with the N3-type coordination in
the solid state, as established by X-ray diffraction (see above),
in solution (acetone-d6) at room temperature shows, in the
1H NMR spectrum, the expected resonances for the 4-H and
5-H protons of the three equivalent pyrazolyl rings. This
pattern essentially remains upon cooling until 200 K,
indicating the preservation of the N3-coordination at low
temperature. Only traces of the pattern associated to the N2O-
coordination were then detected (Figure 6b), as a result of
the shift at low temperature, toward this mode, of the

equilibrium (1, Scheme 3) between the two coordination
forms. In accord, such a type of Tpms coordination equi-
librium is known11a,b to be temperature dependent.

In contrast, the other complexes ((2), (4), and (5)) display
low temperature 1H NMR limit spectra that are consistent
with the N2O-coordination (two equivalent and one non-
equivalent pyrazolyl rings, Figure 6a),11c which is also the
observed one for (2) and (4) in the solid state. In the case of
(5), linkage isomerization (1, Scheme 3) of the N3-mode
exhibited in the solid state has occurred in solution (only
traces of the N3-coordination are detected).

However, at room temperature, all complexes (2)-(5)
display 1H NMR spectra that are indicative of the equivalence
of the three pyrazolyl rings (Table 4). In the case of (3) (see
above), this is conceivably due to the N3-type coordination

Figure 6. Variable temperature (298-213 K) 1H NMR spectra (selected ppm ranges) for (2) (a) and (3) (b) in acetone-d6. (*) indicates traces of the
N2O-coordination isomer.
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(form A, Scheme 3) that is retained from the solid state,
whereas for the other complexes ((2), (4), and (5)), it can be
ascribed to the fast equilibria (2, 2′, and 2′′, Scheme 3) among
the three forms (B, B′, and B′′) with N2O-coordination.
Decreasing the temperature leads to a split to a double pattern
with two distinct sets of resonances in the 2:1 ratio (Figure
6a, at 213 K).

The TpmsPh complexes (2) and (4), bearing a N-donor
ligand (MeCN or HMT, respectively), preserve, in solution,
the N2O-coordination observed in solid state, while for
compounds (3) and (5), with a π-acceptor phosphine ligand
(PTA or (MePTA)+, correspondingly), the metal prefers the
stronger electron-releasing N3-coordination mode of TpmsPh.
This argument holds specially for (5), with the cationic
alkylated (mPTA)+ ligand, expected to be, like the protonated
PTA,25 a more effective π-acceptor than PTA in (3). In fact,
the 31P{1H}-NMR signal (δ -70.9) of compound (5) is
shifted to lower field relatively to that (δ -93.3) of complex
(3). Nevertheless, in solution, the less effective electron-donor

N2O-coordination appears to become dominant, which
conceivably results from both steric and electronic effects.
The (mPTA)+ ligand would prefer to avoid the more
sterically demanding TpmsPh N3-binding in accord with the
fact that the molecular structure of (5) (Figure 5), in the solid
state, shows a tilted N3-bound TpmsPh ligand to minimize
the steric interaction between its phenyl rings and (mPTA)+.
Moreover, the cationic phosphine could influence the elec-
trostatic metal interaction with the sulfonate moiety, hamper-
ing the charge separation between the positive metal and the
negative SO3

- group, thus favoring the N2O-mode.

Conclusions

Tris(3-phenylpyrazolyl)methanesulfonate is a new steri-
cally demanding chelating ligand, and its lithium salt,
Li(TpmsPh), is a convenient starting material for the synthesis
of one-face capping coordination compounds. We have
achieved an easy and powerful synthetic procedure to afford
a new class of CuI complexes bearing this ligand.

It shows the typical tripodal coordination flexibility of
tris(pyrazolyl)methanesulfonate derivatives toward the copper
atom, that is, the N,N,N or N,N,O coordination modes. From
solution NMR and X-ray diffraction experiments we con-
clude that TpmsPh tends to adapt its coordination mode to
the electronic and steric preferences of the metal center. In
fact, compounds (2) and (4), bearing N-donor ligands
(acetonitrile and HMT, respectively) with an expected
stronger electron-donor ability display the N2O coordination,
involving the weak electron-donor sulfonate moiety; whereas
those containing phosphines with a π-acceptor character (i.e.,

(21) Bowmaker, G. A.; Hart, R. D.; de Silva, E. N.; Skelton, B. W.; White,
A. H. Aust. J. Chem. 1997, 50, 553–565.

(22) Santini, C.; Pellei, M.; Lobbia, G. G.; Cingolani, A.; Spagna, R.;
Cavalli, M. Inorg. Chem. Commun. 2002, 5, 430–433.

(23) (a) Frohnapfel, D. S.; White, P. S.; Templeton, J. L. Organometallics
1997, 16, 3737–3750. (b) Reger, D. L.; Gardinier, J. R.; Elgin, J. D.;
Smith, M. D. Inorg. Chem. 2006, 45, 8862–8875.

(24) (a) Janiak, C. J. Chem. Soc., Dalton Trans. 2000, 21, 3885–3896. (b)
Hobza, P.; Havlas, Z. Chem. ReV. 2000, 100, 4253–4264. (c) Müller-
Dethlefs, K.; Hobza, P. Chem. ReV. 2000, 100, 143–167. (d) Nishio,
M. CrystEngComm 2004, 6 (27), 130–158.

(25) (a) Smoleński, P.; Pombeiro, A. J. L. Dalton Trans. 2008, 1, 87–91.
(b) Mebi, C. A.; Frost, B. J. Organometallics 2005, 24, 2339–2346.
(c) Meji, A. M. M.; Otto, S.; Roodt, A. Inorg. Chim. Acta 2005, 358,
1005–1011.

Scheme 3. Equilibria between the Two Different TpmsPh Coordination Modes for Complexes of General Formula [M(TpmsPh)L]a

a Type A, N3-coordination, C3V-symmetry; type B, N2O-coordination, Cs-symmetry; also shown is the dynamic process among different N2O-coordination
modes.
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compounds (3) and (5)) tend to exhibit the N,N,N capping
coordination that provides a more effective electron-release
to the metal. Moreover, compound (5), bearing the cationic
methylated PTA, shows in solution a good affinity for the
N2O coordination mode, with the bound anionic sulfonate
moiety, lowering the steric interaction between the TpmsPh

and the phosphine.
The complexes described here are soluble in water, and

the flexibility of the new scorpionate ligand, bearing the labile
sulfonate group, provides a good example of a versatile
ligand able to be employed in further reactivity studies,
namely, of metalloenzyme models.
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