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The new dihydridobis(3-nitro-1,2,4-triazolyl)borate  ligand,
[H2B(tzN%%),]~, has been synthesized in dimethylacetamide solution,
using 3-nitro-1,2,4-triazole and KBH, through careful temperature
control, and characterized as its potassium salt. The zinc(ll) and
cadmium(ll) complexes, {M[H,B(tzN%?),]CI(H,0),}, have been
prepared by metathesis of [H,B(tz"%?),]K with ZnCl, and CdCl,,
respectively. The complexes likely contain a metal core in which
the ligand is coordinated to the metal ions in the «2-N,N' or «*-
N,N",0,0" fashion. A single-crystal structural characterization is
reported for the potassium dihydrobis(3-nitro-1,2,4-triazolyl)borate.
The potassium salt is polymeric and shows several K---N and
K-+-O interactions.

Since the first report of Trofimenkb poly(pyrazolyl)-
borates and related scorpionate ligg&ndave been exten-
sively employed as anionig-donor ligands in a wide variety
of metal complexes, and they have found wide application
in coordination, organometallic, and bioinorganic chemistry.

over the past few years, Dias and otHersported the
synthesis and/or uses of several poly(pyrazolyl)borates
containing fluoroalkyl substituents. The electron withdrawing
substituents in polyfluorinated ligands commonly improve
the volatility, oxidation resistance, thermal stability, and
solubility of metal complexes. Considering this success, we
decided to investigate a new class of electron withdrawing
substituted poly(azolyl)borate ligands, derived from nitro-
substituted heterocyclic rings. In this Communication, we
report the synthesis and characterization of an unprecedent
heteroscorpionate ligand, dihydridobis(3-nitro-1,2,4-triaz-
olyl)borate, [HB(tzN%?),]~. To our knowledge, to date, no
poly(azolyl)borates containing aNO; function have been
prepared, presumably due to difficulties in the synthesis of
ligands having both a hydride and a nitro group. However,
a bis(triazolyl)borate containing aNO, substituent could
be of interest due to its high coordinative flexibility from
k?- 10 k*-N,O, coordination ability.

This new ligand represents the 3-nitro-substituted ana-
logues of one of the most widely used dihydridobis(1,2,4-

Very little has been done on poly(pyrazolyl)borate systems triazolyl)boraté and dihydridobis(1,2,3-benzotriazolyl)borate

bearing electron withdrawing substitueft 1995, Dia8
and VenanZireported the synthesis of ligands containing
highly electron withdrawing trifluoromethyl substituents, and
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The potassium salt of [dihydridobis(3-nitro-1,2,4-triazolyl)-
borate], 1, has been synthesized by treating KBWith
3-nitro-1,2,4-triazole in DMAC solverif. Compoundl is
an air- and moisture-stable colorless solid; it is soluble in

(7) Dias, H. V. R.; Lu, H.-L.; Kim, H.-J.; Polach, S. A.; Goh, T. K. H.
H.; Browning, R. G.; Lovely, C. JOrganometallic2002 21, 1466.

(8) Gioia Lobbia, G.; Pellei, M.; Pettinari, C.; Santini, C.; Somers, N.;
White, A. H.J. Chem. Soc, Dalton Tran2002 2333.

(9) Gioia Lobbia, G.; Pellei, M.; Pettinari, C.; Santini, C.; Somers, N.;
White, A. H. Inorg. Chim. Acta2002 333 100.

(10) Synthesis of K[HB(tzN%9),], 1, follows: KBH, (0.791 g, 14.7 mmol)
and 3-nitro-1,2,4-triazole (5.367 g, 47.0 mmol) were mixed\jN-
dimethylacetammide (10 mL), and the mixture was heated slowly to
110 °C. After 2 h, the mixture was frozen at room temperature;
chloroform was added to obtain a colorless precipitate, which was
filtered and recrystallized from acetone/diethyl ether (1:3). Yield: 65%.
Mp: 241-244°C.*H NMR (CDs0D, 293 K): 6 8.36 (s, 2H, 5CH).
1H NMR (D20, 293 K): 6 8.25 (s, 2H, 5CH). 3C NMR (CD;OD,
293 K): 151.28 (s, Z=H), 165.37 (s, IENOy). IR (Nujol, cnTh):
3128w (CH); 2469m, 2440m (BH); 1670sbr, 1633sbrHC+ C=
N); 1538sbr ¢ad{NOy)); 1304s ¢s(NOy)). ESIMS (CHOH): (—) 239
(100) [H.B(tzN®?);]~. ESIMS (CHOH): (+) 317 (100){K[H,B-
(tzNO?9),]}+, 595 (80) { K3[H2B(tZN%9,]2} *. Anal. Calcd for GHa-
BKNgOs: C, 17.28; H, 1.45; N, 40.30. Found: C, 17.12; H, 1.47;
40.28.
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acetone, and in protic solvents as water, methanol, and
ethanol. The reaction df with KH in THF solution results

in the reduction of the nitro to ammine groups and formation
of an oligomer mixture of the composition jB(tzN"2),],
speciesif = 2—4) identified by mass spectrometry, in which
the dimeric triazabole, [pB(tzN"?),BH,], is the major
species! From the interaction of 1 equiv df with 1 equiv

of zinc(Il) chloride or cadmium(ll) chloride, in acetone at K"
room temperature, the complexd<Zn[H,B(tz\®?),]ClI-
(H20)2}, 2, and{Cd[H,B(tz"®?),]CI(H,0),}, 3, have been
obtained in high yield:

K[H,B(tz"%,] + MCI, — M[H ,B(tz"°%,]CI(H,0), + KClI
2, M = Zn(ll); 3, M = Cd(ll)

The same compounds have been obtained even when an

excess of ligandl was employed. Both the colorless Figure 1. structure of the anion, bonded to the potassium ions. Selected
compounds2 and 3 are soluble in methanol and in water bond distances (A) and angles (deg) fopR{tzN®92] ~ anion: N(4)-O(1)
solution and air stable even as in solutions. This property é31N7((13)) 1Nég;g§?)5{-§(1;(31)_'5’\5‘)(98(25?(ﬂ&fé?l():‘)'l2(38&%(,4),\&-12;,\?((23))'
offers the possibility of applications in bioinorganic stu"dy. 1.357(3), N(2)>-C(2) 1.319(3), C(2¥N(3) 1.325(3), C(1}N(3) 1.331(4),
Ligand 1 and complexe® and 3 have been isolated in  C(2)-N(4) 1.449(5), N(5%-N(6) 1.356(3), N(5)-C(3) 1.339(3), C(3}N(7)
high yield and characterized B and**C NMR and FT- I{laz)f(g)_',\f(%“)*'l‘ég). 11(-53)%3(()3()1’}(3,\22‘%?(522%-31329??’,’5)('2()3'(4(7;(’\12\8& (%1)4—438
IR spectroscopy, electrospray ionization mass spectroscopylls_g(z), O(2y-N(4)—C(2) 118.1(2), O(3}N(8)~0(4) 124.7(2), O(3)
(ESI-MS), and elemental analysis. N(8)—C(4) 117.9(2), O(4yN(8)—C(4) 117.4(2).
In the infrared spectrum df, the B—H stretching appears
at 2469 and 2440 cm, and the asymmetric and symmetric
stretching of—~NO, group appears at 1538 and 1304 ém
The asymmetric and symmetric stretchings of thRO,
group appear at 1520 and 1310 ¢nin the neutral nitro-
triazole. These bands are only slightly shifted upon coordina-
tion, consistent with a weak interaction in the solid state
between the nitro group and the zinc or cadmium metal
center. Thé3C chemical shifts of 83H and 3€NO, carbons
(in CD3OD solution) atd 151.28 and 165.37, respectively,
are close to those of the starting triazalelé6.20 and 163.20

n DMSOdG)' L Figure 2. Potassium coordination polyhedron. Selected bond lengths (A):
EleCtrOSpray lonization mass SpeCtrOSCOpy WaS US-ed tOK—O(Z) 2.970(3), K-N(2) 2.912(2), K-N(6) 2.979(2), K-O(3) 3.162(3),
probe the existence of aggregates of the scorpionate liganck—0(1) 3.100(2), K-O(2) 3.049(3), K-O(1)' 2.873(3), K-N(3)" 2.882-

. . . . . . — (U} & \% .

1 with zinc(ll) and cadmium(ll) in solution. Both positive- (_2))/ fz; ’}‘I(’Q_S %9x2,3()(_2$)4|§/,H—(f;)|||,Sioi(i?'—()S/,yinT;trK/,co—dégﬁrl'x ,%0).(&'5
ion and negative-ion spectra of ligaridand the related 7y ,y
derivatives2 and 3, dissolved in methanol, were recorded
at low fragmentor voltage; in these conditions the dissociation obtained and a unique absorption has been detected which
is minimal, and a high proportion of the analyte is transported falls at 46.15 ppm, in the typical region of five- or
to the mass spectrometer as the intact molecular species. Theix-coordinate cadmium speci€s.
positive-ion spectrum of ligand and compoundg® and 3 The crystal and molecular structure ofB{tzN°?),]K has
in methanol is dominated by a fragmentnaiz 317 (100%) been determined by X-ray analysfsFigure 1 shows an
attributable to the aggregation of two potassium ions to the ORTEP view of the anion coordinated to the potassium ions.
ligand. The resulting coordination polyhedron is a rather irregular

The ligand ion vz 239, 100%) dominates the negative- tricapped trigonal prism, distorted for the insertion of the
ion ESI-MS spectra of—3. In the positive-ion spectrum of  agostic B-H---K bond (shown as dotted line but not
compound® and3, some further peaks due to the aggregates considered in the coordination polyhedron) (Figure 2).
of Zn(ll) and Cd(ll) with scorplonate' "ga'.“.j' chioride, and (13) Marchetti, F.; Pettinari, C.; Pettinari, R.; Cingolani, A.; Leonesi, D,
water have also been detected and identified by the charac-" " | orenzotti, A  Polyhedron1999 18, 3041.

teristic isotope distribution patterns. For the cadmium deriva- (14) Crystal data for @4,NsO4BK follow: M = 278.04, monoclinic, space
groupP2y/a (No. 14),a=9.931(2) Ab = 10.952(3) Ac = 10.448-

tive 3, the*3Cd NMR spectrum in water solution has been @) A B = 106.77(2), V = 1088.0(4) &, T = 293(2) K.Z = 4, D,
=1.697 g cm®, u(Mo Ko) = 0.51 mnt?, 2600 reflections measured,
(11) Niedenzu, K.; Woodrum, K. Rnorg. Chem 1989 28, 4022. 2415 unique reflections. The fin&; value was 0.0449 anB,(F?)
(12) Yoshikawa, Y.; Ueda, E.; Kojima, Y.; Sakurai, Hfe Sci.2004 75, was 0.1197 fot = 201. The corresponding values for all data &e
741. = 0.456 andR,(F?) = 0.1197.
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tionalities of the ligand are coplanar to the respective triazolyl
ring, while the latter is inclined 64.4(1ith respect to the
other.

Due to the sharing of the ligand between different cationic
units, the whole structure is formed by the three-dimensional
net-work presented in Figure 3.
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Figure 3. Network of the ligands around potassium ion.
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Similar agostic interactions have been reported for related

tetrazolyl derivative [HB(CHN,),]K.*® The two nitro func- (15) Janiak, C.; Esser, [Z. Naturforsch1993 48h 394.
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