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Establishment of a highly reliable and safe procedure for the
preparation of TIBH, has led to, for the first time, a simple
approach to TlTp-related complexes, which are known as
mild and efficient Tp-transfer reagents to a variety of metals.
The practical use of this method has been demonstrated by
the efficient synthesis of (S,S,S)-TITp*Bo3MeCpenta from a new

and hard-to-obtain chiral pyrazole (HPz). In view of the im-
portance of the scorpionates, this new method should attract
the attention of researchers in a wide range of scientific and
technological fields.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

Hydrotris(1-pyrazolyl)borato anions [TpRUEZR3] are
monoanionic, Cs, fac-type ligands (scorpionates)!!-? useful
for the preparation of a wide range of metal complexes.
This is because introduction of various substituents at the
C(3), C(4), and C(5) positions of the pyrazole moiety finely
tunes the steric and electronic properties of these ligands as
well as the metal coordination sphere.’] Over 200 scorpi-
onates have been described since the first report by Trofi-
menko in 1966, and their complexes have made important
contributions in numerous different areas such as catalytic
reactions,! metalloenzyme modelling,®! and technomimetic
molecules.l”! Thallium(I) derivatives of TpRVR2R3 Jigands
have frequently been used as mild and efficient reagents for
the transfer of ligands to a variety of transition metals be-
cause of their lower reducing ability than that of the corre-
sponding alkali metal salts.®] Furthermore, the stability and
crystallinity of the Tl complexes facilitate the isolation and
structural characterization of new TpR!B2R3 Jigands. The
high value-added thallium complexes are generally pre-
pared in two steps: (i) KTpRI:R2R3 j5 synthesized from
KBH; and the corresponding pyrazole derivatives
(HPZRI-R2.R3) "and (ii) the potassium salt reacts with TINO;
to giving 2.1 The process is simple, but the requirement
of excess HPzRI"RZR3 gometimes causes a problem in the
isolation of KTpRIR2R3 Fyrthermore, the removal of the
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by-product KNO; in the second step decreases the effi-
ciency of the process. These disadvantages should become
much more significant in the case where HPzZR!-R2R3 is hard
to obtain.!'% Naturally, the more TITpR!-R2R3 i ysed, the
more an efficient and direct method of synthesis becomes
necessary. Equation (1) should represent the most straight-
forward method of preparation, but the route is unproven
because of the ambiguity in the preparation and the physi-
cal properties of TIBH4.!'!l This communication describes,
for the first time, the synthesis of TIBH,, its detailed physi-
cal properties, and a single-step process for the preparation
of TlTpRl’RZ‘RS.
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Results and Discussion

TIBH, is described by only three groups. In the first re-
port by Wiberg in 1957,1114] the instability of the compound
prepared from TIOR/LiBH, is noted. Waddington suc-
ceeded in the synthesis by use of TINO; and KBH,, al-
though the details are not described.!'!®! Ortega recently re-
ported the potential synthesis of TIBH, starting from
TIOH/T1,CO3/B,Hg on the basis of the result obtained for
the synthesis of NaBH, (3.7-47% yield).[''l First, the
seemingly most promising TINOs;/KBH,; method was re-
examined, and the results are listed in Table 1. By considering
the instability of KBH, in water, 1 mol-equiv. KBH, was
added as a solid at 23 °C into a 0.1-m aqueous solution of
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TINOj; in one portion (Entry 1). Separation of the resulting
white solid followed by rinsing with CH3;OH and ether gave
almost pure TIBH, in 5-% yield. The ICP analysis showed
a TI/B/K ratio of 1:1.00:<0.01.['21 An increase in the con-
centration to 0.2 M with 1-2 mol-equiv. KBH, was not sig-
nificantly effective (Entries 2 and 3), while the low solubility
of TINOs led to an incomplete reaction for the 1-M solution
of TINO; (Entry 4).131 The use of TIOAc, which is more
soluble in water than TINOj; (ca. 12.5 M vs. 0.4 M), dramati-
cally enhanced the yield of TIBH, (Entry 8). TIBH, was
isolated in 75% yield ([TIOAc] = 1.0 M, 1 mol-equiv. KBH,,
23 °C, 60 s). Both lowering and raising the concentration of
TIOAc resulted in decreased yields (Entries 5-9). The use
of 2 mol-equiv. KBH, improved the yield by ca. 10% (Entry
10). Furthermore, addition of 0.1 mol-equiv. KOH with re-
spect to TIOAc lead to the isolation of TIBH, in 94% yield
(Entry 11). TIOH also gave the same effect (Entry 12).[4
The basic conditions may stabilize KBH,4.['>] When TIOAc
and KBH, were mixed in a 1:1 ratio without solvent fol-
lowed by washing with water, TIBH,; was obtained (Entry
13), but both the yield and purity were low. The highly
water soluble TIF (ca. 3.5 M) can also be used (Entry 14),[16]
but the use of the less expensive TIOAc is recommended.
The TIOAc/KBH, method is reproducible over the range
0.5-50 mmol with yields of 85-94%.['2l The IR spectrum
(1050 cm™") is consistent with that reported.[''™ The ratio
of TI/B/K was determined by ICP to be 1:1.00:<0.01.1'? In
the solid-state ''"B NMR spectrum, the signal appears as a
broad but symmetrical singlet (half value of 1050 Hz) at ¢
= -50 ppm, which is lower than that for KBH,; (6 =
—60 ppm). The shape implies the formation of a highly sym-
metrical BH, species. The !B signal in a [D;]DMF solution
appears at § = -31.7ppm as a quintet with 'Jupy =
81.5 Hz. Under the same conditions, the chemical shift for
KBH, (0 = -37.9 ppm) is ca. 6 ppm higher, which is consis-
tent with that observed in the solid-state NMR spectrum.
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The 'H nucleus resonates at § = 2.51 ppm as a quartet with
"Jigy = 81.9 Hz and as a septet with 'Jiogy = 27.5Hz in a
4:1 ratio, which is consistent with the natural abundance of
1B and '°B. These spectroscopic results clearly indicate that
the gray-white solid obtained above can be expressed as
TIBH,.

With the pure TIBH, compound in hand, the synthesis
of the simplest TITp was attempted. TIBH; and 3 mol-
equiv. HPz were heated at 140 °C for 1 h without the use of
any solvent and then at 180 °C for 4 h in a Schlenk tube
under an argon atmosphere to give a 97:0:3 mixture of
TITp, TIBH,(Pz),, and TIB(Pz)4 in 99% conversion after
CHCl, extraction of the reaction mixture.l'?! Solidification
of the products from a mixture of CH,Cl, and CH;OH
afforded TITp with a high purity in 90% isolated yield. The
NMR spectrum was identical to that reported.'?! As shown
in Table 2, the present new method is applicable to a variety
of pyrazole derivatives, HPzZRLR2R3 " in which the groups
are alkyl, aryl, halogen groups, etc. (Entries 2-8). With un-
symmetrical HPzM® and HPZz™, TITpM¢ and TITp™ in
which the substituents are located at the C(3) position are
predominantly formed so as to avoid the steric repulsion
between Me or Ph and B-H.I'! The use of 1H-indazole
(benzo-1H-pyrazole) afforded exclusively TITp*B°l but not
TITp3Bo) because of the higher acidity of N(1)H of 1H-
indazole and the higher aromaticity that is maintained with
TITp*Be Il Reaction of 4,5,6,7-tetrahydro-1H-indazole
with  TIBH; proceeded with low  regioselecti-
vity.['8] Particularly important is the synthesis of (S,S,S)-
TITp?*Bo3MeCpenta (Entry 9).1%1 Treatment of synthetic (S)-
HPz4Bo3MeCpentalld] with TIBH, at 160 °C for 1h, then at
180 °C for 5h, afforded the thallium )complex in a 90%
yield. Its high purity facilitates its crystallization from
CH,Cl, and CH3;OH, which leads to its successful X-ray
diffraction analysis (Figure 1).?% The new chiral benzopyr-
azole that has a fused five-membered ring generated only a

Table 1. Re-examination of the synthesis of TIBH, from TIX and KBH, on the basis of Waddington’s method.[]

Entry TIX KBH, [mol-equiv.] TIBH,

X Conc. [M] Yield [%] TIBH,/KBH, ratio!® TI/K/B ratiol
1 NO; 0.1 1 5 >99.5:0.5 1:1.00:<0.01
2 NO; 0.2 1 27 >99.5:0.5 1:1.02:<0.01
3 NO; 0.2 2 19 >99.5:0.5 1:0.99:<0.01
4 NO; 1.0 1 el - -
5 OAc 0.2 1 40 >99.5:0.5 1: 0.99:<0.01
6 OAc 0.5 1 61 >99.5:0.5 1: 0.99:<0.01
7 OAc 1.0 1 75 98:2 1: 0.99:0.02
8 OAc 1.0t 1 75 >99.5:0.5 1:1.00:<0.01
9 OAc 1.5 1 el 65:35 -
10 OAc 1.000 2 85 >99.5:0.5 1:1.00:<0.01
11 OAc 1.0(0h] 2 94 >99.5:0.5 1:1.00:<0.01
12 OAc 1.0 2 93 >99.5:0.5 1: 0.99:<0.01
13 OAc -0 1 Ik 48:52 -
14 F 1.0 1 80 >99.5:0.5 1: 0.99:<0.01

[a] Reactions were carried out on a 1-mmol scale at 23 °C for 30 s in water unless otherwise specified. KBH, was added as a solid. [b]
Analyzed by solid-state ''"B NMR spectroscopy (TIBH,: 6 = —50 ppm, KBH,4: § = —60 ppm). The ''B signals for a sample prepared from
500.00 mg TIBH, and 0.25 mg KBH, appear in a 99.6:0.4 ratio. A ratio >99.5:0.5 means that no signal for KBH, was observed.!'?! [c]
ICP analysis.['” [d] Not soluble for concentrations >0.4 m at 25 °C. [e] 0.19 g of the crude mixture was isolated. The sample was explosive
probably because of the presence of TINO; or KNOs. [f] Stirred for 60 s. [g] 0.13 g of the crude mixture was isolated. [h] KOH (0.1 mmol)
was added. [i] TIOH (0.1 mmol) was added. [j] Solid TIOAc and KBH, were mixed at 23 °C for 10 min, and the mixture was then washed
with water, CH;OH, and ether. [k] 0.15 g of the crude mixture was isolated.
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Table 2. Direct TITpR!"R2R3 (2) synthesis by the TIBH, method from HPzR!:R2R3 (1) [al

Entry  Pyrazole species 1 Conversion [%](] Products(®]
2:3:44] Yield of 2 [%]!]

HN

1 N} 99 97:0:3 97 (94)
HNTY

2 N 9 97:0:3 93 (92)[fel

HN N\
3 N 99 99:0:1 98 (95)LEh]
CeHs

4 HE B 87 98:1:1 85 (82)

5 “E§ 100 94:6:0 93 (86)

6 HN 98 99:0:1 97 (93)[f]
N

7 Hl}li@ 100 100:0:001 99 (97)[Ek]
N
8 HE$& 93 99:1:00 92 (88)
1]
¥
9 NQ 95 97:2:1 92 (90)(fml

[a] Reactions were carried out by mixing TIBH4 and 1 in a 1:3 ratio without solvent at 140-160 °C for 1 h under an Ar stream and then
at 180 °C for 4-5 h in a sealed system.['?] The values for the percentage conversion, percentage yield, and the product ratio are rounded
in the first decimal place. [b] Consumption of 1. [c] Determined by 'H- and "B NMR analyses (CDCls, 23 °C, 50 mm) of the products
obtained after CHClj; extraction followed by evaporation. The chemical shifts of TITp, TIBH,(Pz),, TIB(Pz), are 6 = -2.67 ppm (d, Jgy
=111 Hz, BH), 6 = -9.26 ppm (t, Jgy = 100 Hz, BH,), 6 = 0.13 ppm (s, B), respectively.'?! According to the order of the chemical shifts
and the coupling patterns, other thallium borato complexes were tentatively assigned. [d] 3: TIBH,(PzR!:R2R3), 4: TIB(PZR!R2R3), [e]
Values in parentheses are based on the calculated mass of 2 in the crude products obtained after workup. [f] Formation of TITpR!I:R2.R3
and its regioisomers TITpR!"RZR3* i5 possible. [g] The regioisomer ratio was 94.4:5.1:0.5:0. [h] Virtually only TITp"™ was formed. [i] A
very small amount of TITp*B°* was observed. [j] Less than 0.4% of 3 or 4 is present. [k] The regioisomer ratio was 48.6:38.9:11.8:0.7. [1]
TIBH,/HPz*Bo3MeCpenta = 1.3 5 [m] Other isomers were not observed.

a single regioisomer (S,S,S)-TITp*Bo3MeCpenta hecayse of the

similarities in the electronic and steric effects.[!-17]

Conclusions

In summary, we have established a simple and straight-
forward process for the synthesis of the complexes
TITpRLR2R3 from TIBH, and 3 mol-equiv. HPZRIR2R3,
The present method should satisfy the conditions required
for the preparation of the complexes TITpRI-R2R3 from
hard-to-obtain HPzRI-RZR3 compounds. In view of the im-
portance of the scorpionates, this new method should at-
tract the attention of the researchers in a wide range of
scientific and technological fields.>~"1 In addition, establish-

B
b : ment of a highly reproducible, reliable, and safe procedure
as well as the obtaining of a series of spectroscopic data for
N N TIBH, should enhance its utility.
T

Experimental Section
Figure 1. Molecular structure of (S,S,S)-TITp*Bo3MeCpenta i the
crystalline state (a: top view, b: side view). The hydrogen atoms are ~ Instrumentation: NMR spectra were recorded at 23 °C on a JEOL

omitted for clarity. JNM-ECA-600 spectrometer. The chemical shifts are expressed in
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ppm downfield from tetramethylsilane or in ppm relative to CHCl;
and CDON(CD3)CD,H ('H NMR: 6 = 7.26 and 2.91 ppm, 3C
NMR: 6 = 77.0 ppm). For ''B NMR spectra, BF;:O(C,Hs), (6 =
0 ppm) was used as an external standard. Solid-state ''B NMR
spectra were obtained at 25 °C on a JEOL JNM-ECA 700 spec-
trometer with a magic-angle spinning of 15 kHz, and its chemical
shifts are reported in ppm relative to B(OH);. Signal patterns for
the "H NMR spectra are indicated as follows: s, singlet; d, doublet;
t, triplet; quart, quartet; quint, quintet; m, multiplet; br., broad
signal. IR spectra were measured on a PERKIN ELMER SPEC-
TRUM 2000 by using the Nujol method. X-ray crystallographic
analysis was conducted on a Rigaku Saturn 70 CCD system, and
the structure was solved by direct methods by using the Crystal-
Structure crystallographic software. ICP analysis was determined
by a VISTA-PRO, CCD Simultaneous ICP-OES analyzer.

Materials: Argon gas was purified by passage first through a col-
umn of BASF R3-11 catalyst at 80 °C and then through a column
of granular calcium sulfate. [D;]DMF was purchased from Aldrich
and Cambridge Isotope Laboratories (CIL), [D]chloroform from
CIL, methanol from KISHIDA CHEMICAL, chloroform, dichlo-
romethane, ether, and distilled water from Nacalai tesque. All sol-
vents were used without further purification. 3-Phenyl-1H-pyrazole
was purchased from ACROS, 4-bromo-3,5-dimethyl-1H-pyrazole,
4-methyl-1H-pyrazole, potassium borohydride, 4,5,6,7-tetrahydro-
1 H-indazole, and thallium fluoride from Aldrich, 3-methyl-1H-pyr-
azole from JANSSEN CHIMICA, thallium nitrate from KANTO
CHEMICAL, thallium acetate from KISHIDA CHEMICAL, 3,5-
dimethyl-1H-pyrazole and 1H-indazole from TCI, 1H-pyrazole
from Merck, nitric acid, potassium chloride, and potassium hy-
droxide from Nacalai tesque, and boric acid from Wako Chemicals.
(S)-HPz*Bo3MeCpentall9] g thallium hydroxidel?! were synthesized.
HPz#Bo3MeCpenta: TH NMR (600 MHz, CDCls), 6 = 1.51 (d, Jyy =
7.57 Hz, 3 H, CH3), 3.32 (dd, Juu = 2.75, 16.53 Hz, 1 H, CHH),
3.92 (m, 1 H, CH3CH), 4.05 (dd, Jyy = 6.89, 16.53 Hz, | H, CHH),
6.85 (d, Jyy = 7.57 Hz, 1 H, aromatic), 7.08 (d, Jyy = 7.57 Hz,
1 H, aromatic), 7.38 (t, Jyg = 7.57 Hz, 1 H, NCCHCH), 9.74
(br. s, 1 H, NH) ppm; '3C NMR (151 MHz, CDCls): § = 19.9,
37.7, 47.9, 107.3, 114.8, 132.2, 136.3, 137.9, 139.2, 162.9 ppm;
M.p.: 129 °C.

10 g-Scale Synthesis of TIBH,: Thallium acetate (13.2 g, 50 mmol)
and potassium hydroxide (0.28 g, 5.0 mmol) were placed in a 300-
mL round bottle flask and dissolved in water (50 mL). Several
small portions of potassium borohydride (5.4 g, 100 mmol) were
added as a finely ground solid to the vigorously stirred solution at
23 °C. The temperature was increased to 25°C. After 60s, the
whole mixture was quickly passed through filter paper on a glass
filter funnel (¢ = 8 cm), and the gray—white solid was washed with
cooled methanol (20 mL X 5) and ether (50 mL X 5). After drying
under vacuum (0.01 Torr) for 1 h, thallium borohydride was ob-
tained as a gray-white solid (10.2 g, 93%). '"H NMR (600 MHz,
[D;]IDMF): 6 = 2.51 (quart, 'Jugy = 81.9 Hz, "BH,), 2.51 (septet,
Uogyy = 27.5 Hz, 1°BH,) ppm. !'B NMR (193 MHz, [D,]DMF): &
= -31.7 (quint, 'Jugy = 81.5 Hz, BH,) ppm. Solid-state 'B NMR
(700 MHz): 6 = -50.2 (s, ''BH) ppm. The ''B signal for KBH, was
not observed, while a sample prepared from 500.00 mg TIBH, and
0.25 mg KBH, presented ''B signals at = —50.2 ppm and at 6 =
-59.7ppm in a 99.6:0.4 ratio.l'? IR (Nujol): V.« = 2180,
1050 cm!. ICP-OES: TI/B/K = 1:1.00:<0.01.

Supporting Information (see footnote on the first page of this arti-

cle): The IR, 'H- and "B NMR spectra of TIBH, and the general
procedure for the synthesis of TITps is given.

Eur. J. Inorg. Chem. 2008, 1188-1192

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

European Journal
of Inorganic Chemistry

Acknowledgments

This work was aided by the Ministry of Education, Science, Sports
and Culture, Japan by the Grant-in-Aid for Scientific Research
(No. 14078121). We are grateful to Messrs. T. Noda, K. Oyama, Y.
Maeda, and N. Yamada for their technical support in the pro-
duction of the reaction vessel, for the NMR measurements, ICP
analyses, and X-ray diffraction experiments.

[11 S. Trofimenko, Scorpionates: The Coordination Chemistry of

Polypyrazolylborate Ligands, Imperial College Press, London,
1999.

[2] The abbreviation rule for TpRLR2R3 ([BH(PzRR2R3),]} basi-
cally followed that defined by Trofimenko. Superscripted R,
R?, and R? correspond to the substituents at the C(3), C(5),
and C(4) on the pyrazolyl ring, respectively. The priority of
C(3) is the highest, followed by C(5) and then C(4). When the
structure cannot be defined uniquely, the carbon number is at-
tached before the substituent: R! = R? = R3 = H: Tp; R! =
CH;, R? = R? = H: TpM¢; R! = C¢Hs, R? = R3 = H: Tp™; R!
= R? = H, R?® = CH;: Tp*M¢; R! = R? = CH3, R? = H: TpM*?
(Tp*); R! = H, R>-R3 = (CH),: Tp*®°; R'-R? = (CH),, R? =
H: Tp3B°; R! = H, R>-R? = (CH,)4: Tp*™*; R'-R3 = (CH,)4,
RZ = H: Tp3mt4; Rl = RZ = CHg, R} = Br: TpMcz,Br (Tp*Br).
The regioisomers were described by the addition of “*” to the
end of the superscripts (e.g.: TpRI-R2R3 yersus TpRIR2R3*)
The discrimination of three possible regioisomers,
[BH(pZRI_R2,R3)2(pZR2,R1_R3)]—, [BH(pZRI,RZ,R3)(PZ RZ,RI,RS)Z]—’
and [BH(PzR>RIR3),]- are not referred to.

[3] a) S. Trofimenko, Chem. Rev. 1993, 93, 943-980; b) N. Kita-
jima, W. B. Tolman, Prog. Inorg. Chem. 1995, 43, 419-531; c)
C. Slugove, R. Schmid, K. Kirchner, Coord. Chem. Rev. 1999,
185-186, 109-126; d) C. Slugovce, 1. Padilla-Martinez, S. Sirol,
E. Carmona, Coord. Chem. Rev. 2001, 213, 129-157; e) N.
Marques, A. Sella, J. Takats, Chem. Rev. 2002, 102, 2137-2159.

[4] S. Trofimenko, J. Am. Chem. Soc. 1966, 88, 1842-1844.

[5] The catalytic reactions reported before 1999 are reviewed in
ref!l Recent reports and the ones not listed in ref.l!l are as
follows. C-C bond formation: a) B. Domhoéver, W. Klaui, A.
Kremer-Aach, R. Bell, D. Mootz, Angew. Chem. Int. Ed. 1998,
37, 3050-3052; oxidation: b) A. M. Santos, F. E. Kiihn, K.
Bruus-Jensen, 1. Lucas, C. C. Romao, E. Herdtweck, J. Chem.
Soc., Dalton Trans. 2001, 1332-1337; reduction: ¢) W.-C. Chan,
C.-P. Lau, Y.-Z. Chen, Y.-Q. Fang, S.-M. Ng, G. Jia, Organo-
metallics 1997, 16, 34-44; d) C. Yin, Z. Xu, S.-Y. Yang, S. M.
Ng, K. Y. Wong, Z. Lin, C. P. Lau, Organometallics 2001, 20,
1216-1222; ¢) Y. Alvarado, M. Busolo, F. Lopez-Linares, J.
Mol. Catal. A: Chem. 1999, 142, 163-167.

[6] N. Kitajima, K. Fujisawa, Y. Moro-oka, K. Toriumi, J Am.
Chem. Soc. 1989, 111, 8975-8976.

[71 A. Carella, J. Jaud, G. Rapenne, J.-P. Launay, Chem. Commun.
2003, 2434-2435.

[8] A review of the synthesis of TITpR:R2R3: a) C. Janiak, Main
Group Met. Chem. 1998, 21, 33-49. For reports on the TITp
synthesis see: b) G. Bruno, E. Ciliberto, I. Fragala, G.
Granozzi, Inorg. Chim. Acta 1981, 48, 61-64; see also: c¢) S.
Trofimenko, J. C. Calabrese, J. S. Thompson, Inorg. Chem.
1987, 26, 1507-1514; d) E. Herdtweck, F. Peters, W. Scherer,
M. Wagner, Polyhedron 1998, 17, 1149-1157; e) C. Janiak, L.
Braun, F. Girgsdies, J Chem. Soc., Dalton Trans. 1999, 3133—
3136.

[9] Abbreviation “~N-N-"in the compound 2 structure is a pyr-
azolyl group matching the one at the right or left pyrazole
structure of 2.

[10] For the chiral Tp ligands see: a) D. D. LeCloux, W. B. Tolman,
J Am. Chem. Soc. 1993, 115, 1153-1154; b) M. C. Keyes, B. M.
Chamberlain, S. A. Caltagirone, J. A. Halfen, W. B. Tolman,
Organometallics 1998, 17, 1984-1992; ¢) G. R. Motson, O. Ma-
mula, J. C. Jeffery, J. A. McCleverty, M.D. Ward, A.

1191

www.eurjic.org



SHORT COMMUNICATION

M. Kitamura, Y. Takenaka, T. Okuno, R. Holl, B. Wiinsch

von Zelewsky, J Chem. Soc., Dalton Trans. 2001, 1389-1391;
d) P. Babbar, H. Brunner, U. P. Singh, Indian J. Chem. 2001,
404, 225-227; e) U. P. Singh, P. Babbar, B. Hassler, H. Nishi-
yama, H. Brunner, J Mol Catal. A: Chem. 2002, 185, 33-39.

[I1]a) E. Wiberg, O. Dittmann, H. Néth, M. Schmidt, Z. Natur-
forschg 1957, 12b, 62-63; b) T. C. Waddington, J. Chem. Soc.
1958, 4783-4784; c¢) J. V. Ortega, Y. Wu, S. C. Amendola, M. T.
Kelly, Processes for Synthesizing Alkali Metal Borohydride
Compounds. U. S. Patent 6586563, 2003. For the use of TIBH,
for the preparation of tetrahydroborato uranium complexes
see: d) D. Baudry, M. Ephritikhine, F. Nief, L. Ricard, F. Ma-
they, Angew. Chem. Int. Ed. Engl. 1990, 29, 1485-1486.

[12] For details see Supporting Information.

[13] Caution: The crude solid compounds obtained with TINO;
(>0.4 m) and 1-2 mol-equiv. KBH,4 sometimes exploded on im-
pact. Further optimization was abandoned.

[14] Reaction of TIOH (0.2 M) with 1 mol-equiv. KBH, in water
gave “TIBH4 with a TI/B/K ICP analysis of 1:1.00:<0.01” in
less than 20% yield.

[15]J. B. Brown, M. Srensson, J. Am. Chem. Soc. 1957, 79, 4241—
4242.

[16] With less water soluble thallium halides (TICI, 0.016 m; TIBr,
0.001 m; TII, 0.00018 m), small amounts of TIBH, were ob-

1192

www.eurjic.org

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

tained. Other less soluble thallium salts (T1,SO4, 0.096 M;
T1,COs3, 0.11 m) afforded TIBH, in <10% yield.

[17]A. L. Rheingold, G. Yap, S. Trofimenko, Inorg. Chem. 1995,
34, 759-760.

[18] R. M. Claramunt, M. D. S. Maria, J. Elguero, S. Trofimenko,
Polyhedron 2004, 23, 2985-2991.

[19] (S)-HPz*Bo3MeCpenta = (S)-3-methyl-3,4-dihydro-1 H-cy-
clopenta[cdlindazole. The chiral pyrazole is characterized by
the high planarity of cyclopentanoindazole moiety. Further-
more, coexistence of 1H-indazole and the C(3) substituent can
realize a high N(1) selectivity in the formation of
TITp*Bo3RCpenta The synthetic method for HPz#Bo3RCpenta (R
= H, CHs, i-CsH;, t-C4H,, and C¢Hs) and the chiral recogni-
tion ability of the Tp*Bo3RCpenta [igands will be separately pub-
lished in due course.

[20] CCDC-661627 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.

[21]M. Nakahara (Ed.) in Dictionary of Inorganic Compounds and
Complexes, Kodansha-Scientific Publisher, Tokyo, 1997 (in Jap-
anese).

Received: December 26, 2007
Published Online: February 5, 2008

Eur. J. Inorg. Chem. 2008, 1188-1192



