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Abstract

Heating a 0.5:1:3 mixture of Tl2SO4, KBH4, and HPz or 3-, 4-, and/or 5-substituted derivatives without the use of any solvent afforded
the corresponding thallium complexes of hydrotris(1-pyrazolyl)borate (Tp), and its various substituted forms in high yields. This simple
and efficient method should enhance the utility of TlTp-related complexes, which are widely used as mild Tp ligand transfer reagents in
the preparation of a variety of transition metal Tp complexes.
� 2008 Elsevier Ltd. All rights reserved.
Trofimenko’s C3v fac-type ligands, hydrotris(1-pyrazol-
yl)borate (Tp) and its various substituted forms are widely
known as scorpionates.1,2 Their metal complexes attract
much attention in numerous different fields such as cata-
lytic reactions,3 metalloenzyme modelling,4 and techno-
mimetic molecules.5 Thallium(I) complexes of scorpionates
are frequently used as mild and efficient reagents for the
transfer of ligands to a variety of transition metals.6 This
is because of their many advantages such as being less
reducing than the corresponding alkali metal salts, their
high stability, and the ease of isolation and structural char-
acterization of new TpR1;R2;R3

ligands due to their high crys-
tallinity. The thallium complexes are generally prepared in
two steps: First, KTpR1;R2;R3

is synthesized from KBH4 and
the corresponding pyrazole derivatives ðHPzR1;R2;R3Þ, and
then the potassium salt is reacted with TlNO3.7 While the
process is simple, the requirement to use an excess of
HPzR1;R2;R3

sometimes causes a problem in the isolation
of the KTpR1;R2;R3

. Furthermore, the removal of the
byproduct, KNO3, in the second step decreases the effi-
ciency of the process. The use of explosive metal nitrate
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under reductive conditions is also undesirable. Due to the
high utilization of TlTpR1;R2;R3

, a more efficient and direct
method of synthesis is desirable. This Letter describes a
one-pot synthesis of TlTp-related compounds just by mix-
ing Tl2SO4, KBH4, and pyrazole derivatives in a 0.5:1:3
mol ratio without the use of any solvent.
Initially, the optimum choice of TlX8 and MBH4 was
investigated on a 0.5 mmol scale by fixing 1 to HPz, 1a

only. A 1:1:3 mixture of TlX, MBH4, and 1a was mixed

mailto:kitamura@os.rcms.nagoya-u.ac.jp


Fig. 1. Effect of varying TIX and MBH4 in one-pot synthesis of TlTp
under standard condition (0.5 mmol scale, Tl:M:HPz = 1:1:3, 140 �C 1 h
then 180 �C 5 h). Others are mainly TlBH2(Pz)2 and TlB(Pz)4. a Undeter-
mined compounds with <10% intensity of TlTp 11B signal were contained.

Fig. 2. 1H (a), 13C{1H} (b), and 11B NMR (c) spectra of TlTp (CDCl3
23 �C, 50 mM). Green-filled signal is assignable to TlB(Pz)4.
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in a mortar and heated at 140 �C for 1 h followed by
180 �C for 5 h. Partition of the mixture between CHCl3
and water followed by concentration of the CHCl3 extract
afforded a solid. The yield and purity were assessed by 1H
and 11B NMR spectroscopy. The results are shown in
Figure 1. Blue and red bars correspond to the yield of TlTp
obtained with KBH4 and NaBH4, respectively. Pale colors
indicate the formation of subproducts, mainly TlBH2(Pz)2

3 and TlB(Pz)4 4. The combination of Tl2SO4 and KBH4

afforded, after 96% conversion of HPz, a 99:1:0 mixture
of TlTp, TlBH2(Pz)2, and TlB(Pz)4. KBH4 is more efficient
than NaBH4 with TlX (X = 1/2(SO4), OAc, Cl, I), while
the opposite effect is observed with Tl2CO3, TlF, and TlBr.
The combinations TlF/NaBH4 and TlBr/NaBH4 are also
effective, but do not match the yield of TlTp with the
Tl2SO4/KBH4 system. The Tl2SO4/KBH4/HPz method
obtained by the preliminary screening was successfully con-
firmed by a 10 g-scale synthesis of TlTp.9 The 1H, 13C, and
11B NMR spectra after a single precipitation (86% isolated
yield) are shown in Figure 2. The NH signal of HPz at d 11
completely disappeared and the three unsymmetrical pro-
tons and carbons at C(3), C(4), and C(5) resonate at d
7.6, 6.2, and 7.7 and at d 139, 104, and 136, respectively.
The BH signal coupled with the 11B nucleus appears as a
quartet with JBH = 111 Hz, while the 11B resonates at d
�2.7 as a doublet. The ICP analysis of the sample showed
Tl:B:K = 1:1.00:< 0.01. All of the above data clearly indi-
cate the formation of TlTp of high purity.

The Tl2SO4/KBH4 method is applicable to a variety of
pyrazoles (1) as shown in Table 1. Symmetrical pyrazoles
1a, 1d, 1e, and 1h (entries 1, 4, 5, and 8) and unsymmetrical
pyrazoles 1b, 1c, and 1f (entries 2, 3, and 6) gave the corres-
ponding 2,10 TlTp, TlTp4Me, TlTpMe2, TlTpMe2,Br, TlTpMe,
TlTpPh, and TlTp4Bo,2 respectively, with high purities. Use
of tetrahydroindazole 1g led to a 29:42:24:4 mixture of four
regioisomers (entry 7).11

In the present solvent-free one-pot preparation of TlTp
and related compounds, there are two possible reaction
pathways. One is via TlBH4,12 which would be produced
by KBH4 reacting with 0.5 equiv of Tl2SO4. Reaction of
TlBH4 with 3 equiv of HPz would give TlTp with the liber-
ation of H2 gas. The other pathway is via KTp generated
by the reaction of KBH4 and 3 equiv of HPz followed by
the reaction with 0.5 equiv of Tl2SO4. To examine these
reaction pathways the following two component mixtures,
KBH4/Tl2SO4, TlBH4/HPz, KBH4/HPz, and KTp/Tl2SO4,
were independently mixed at 180 �C for 5 h and then anal-
yzed by solid-state 11B NMR or IR using Nujol.13 TlBH4

12

and KTp14 were synthesized according to literature meth-
ods. The KBH4/Tl2SO4 system resulted in no reaction
(solid-state 11B NMR: d �60 for KBH4, d �50 for
TlBH4

12). Although the direct preparation of TlTp from
TlBH4 and HPz is possible, the lack of reaction for
KBH4/Tl2SO4 suggests that the TlBH4 pathway is unlikely.
On the other hand, the KBH4/HPz system afforded a 9:1
mixture of KTp and KBH2(Pz)2, and KTp/Tl2SO4 gave a
significant amount of TlTp (IR analysis: 2388 cm�1 for
KTp14 and 2443 cm�1 for TlTp15) in the reaction system.
Although the formation of TlTp, via a small amount of
TlBH4 generated, cannot be completely ruled out, the most
plausible route is by the way of KTp.

In summary, we have established a simple and efficient
process for the synthesis of TlTpR1;R2;R3

complexes just by
mixing three components, Tl2SO4, KBH4, and pyrazoles.
While the yields and purities are not perfect, the method
is superior to the conventional routes from many view-
points including chemical yields, operability, and applica-
bility. The present method should satisfy the conditions
required for the preparation of the TlTpR1;R2;R3

complexes
from difficult-to-obtain HPzR1;R2;R3

compounds. In view
of the importance of the scorpionates, the new method
should attract much attention in a wide range of scientific
and technological fields.



Table 1
Preparation of TlTp and related complexesa

Entry HPzR1 ;R2 ;R3

(1) % Convnb Productc

2:3d:4d % Yield of 2e

1 a 96 99:1:0f 96 (87)

2 b 100 100:0:0f 100 (74)g,h

3 c 97 98:1:1 95 (77)g

4 d 97 99:0:1 96 (65)

5 e 98 93:7:0 92 (75)

6 f 99 99:0f:0f 98 (78)g

7 g 61 99:0f:1 60 (51)g,i

8 h 98 100:0:0 98 (82)

a Reactions were carried out by mixing Tl2SO4 (0.25 mmol), KBH4

(0.5 mmol), and HPzR1 ;R2 ;R3

(1.5 mmol) at 120–160 �C for 1 h under an Ar
stream then 180 �C for 4–7 h in a sealed system unless otherwise specified.
The values of % convn, % yield, and the product ratio were rounded in the
first decimal place.

b Consumption of 1.
c Determined by 1H and 11B NMR analyses of the products obtained

after CHCl3 extraction followed by evaporation. The chemical shifts of
TlTp, TlBH2(Pz)2, and TlB(Pz)4 are d �2.68 (d, JBH = 111 Hz, BH), d
�9.30 (t, JBH = 100 Hz, BH2), and d 0.13 (s, B), respectively. According to
the order of the chemical shifts and the coupling patterns, other thallium
borates were tentatively assigned.

d 3: TlBH2ðPzR1;R2;R3 Þ2. 4: TlBðPzR1 ;R2 ;R3 Þ4.
e Values in parentheses are based on the calculated mass of 2 in the

crude products obtained after workup. For the detailed workup, see Ref.
9.

f Contains less than 0.4% of 3 or 4.
g Formation of TlTpR1 ;R2 ;R3

and its regioisomers TlTpR1 ;R2 ;R3�
is

possible.
h The regioisomer ratio was 90:9:1:0.
i The regioisomer ratio was 29:42:24:4.
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