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Among the numerous scorpionate ligands kndwditfering ,,(,:
in the number and nature of substituents (R, As,dd halogen) N
on the pyrazolyl carbons and on boron, there are very few M[Bp4CN]

examples of scorpionates containing organic functional groups
as substituents. Thelo'nly homPSCPrP'O”ate example &Tp soluble in dichloromethane and chloroform, and insoluble in hydro-
(cpd = carboxypyrrolidido), which is capable of bothsGs carbons. Mp 228229 °C. IR (cnml): BH,, 2468, 2384; CN, 2236.
hexadenticity and pD, tetradenticity? Other heteroscorpionate 14 NMR (in DMSO-de): 7.78, 8.06 ppm. Anal. Calcd forggeBNeTI:
examples include the octahedral complex Nif@Bp]., which C, 23.9; H, 1.50; N, 21.0. Found: C, 24.1; H, 1.63; N, 20.6.
was prepared from 4-cyanopyrazole and the square-planar Ni- Rh[Bp“cN}(COD). This complex was prepared by stirring an
(Bp)2.2 Both cyano substituents in Ni[(fZV)Bp]. were con- equimolar mixture of TI[Bp®N and [Rh(COD)CI} in methylene
verted by alkaline hydrolysis to the dicarboxylic acid and to its chloride for 1 h, filtering off the TICI, and evaporating the filtrate.
further derivatives. Additional examples of scorpionates contain- The yellow residue was obtained in 78% yield, and it was recrystallized
ing cyano groups on pyrazolyl carbon atoms are the 2,6-dicyano-fom a heptane/toluene mixture. Mp 23837°C, dec. IR (cm’): BH;,
4,4,8,8-R-pyrazaboles, EB(/A-DZ4C'\')ZBR2, with R being H or 2451, 2422; CN, 2237. Anal. Calcd fori11sBNgRh: C, 47.1; H,
Et, which could be regarded as complexes of theB[R- 4.41; N, 20.6. Found: C, 47.5; H, 4.58; N, 20.2.

’ R . : . 4C NPl An equimolar mixture of Co[T¥]CI, prepared
CNpz)]~ ligand with a [RB]* cation*5 In fact, asymmetric Co[Bp*[Tp"™] d » prep

razaboles were prepared in precisely this fashionsB{R by the literature methotl,and TI[Bp*“N] was stirred in methylene
Py prep P y 2 chloride until the blue color changed to wine-red. The slurry was filtered

(pz)_g] + R2BX, where X" was a g_ood Iee_lvmg group. . and chromatographed on alumina, producing a wine-red eluate, which
Since the powerfully electron-withdrawing 4-CN group in  produced a red solid on evaporation. It was recrystallized from a toluene/

pyrazoles can not only coordinate to metal ions, provided its heptane mixture yielding dark garnet-colored crystals. Mp: -84

coordinating ability is not compromised by the presence of °C, dec. IR (cm?Y): BH,, 2468, 2384; CN, 2236. Anal. Calcd for

sterically interfering 3- and 5-substituents, but can also be CaHieB:CoNiz: C, 56.9; H, 6.73; N, 24.6. Found: C, 57.3; H, 6.92;

transformed into other functionalities, such-a8OOH or CH- N, 24.2.

NH,, the effect of a 4-CN substituent in scorpionate ligands on  Co[Bp*“M|[Tp ©¥]. This complex was prepared as above, but instead

their coordination chemistry was explored. We are reporting now of Co[Tp*]CI, Co[Tp™]Cl was used.The red solution yielded a yellow

the synthesis of dihydrobis(4-cyanopyrazol-1-yl)borate 4fh solid on evaporation. Mp 2542'58°C, dec, with prior turning red from

the simplest member of this ligand family, and of several of its 2Pout 146°C but without melting. IR (crm¥): BHz, 2453; CN, 2235,

. . 2262. Anal. Calcd for G@HB2CoNi2: C, 58.7; H, 6.43; N, 23.5.
complexes, the structures of which were established by X-ray Found: C, 59.1: H, 6.62: N. 23.1.
crystallography.

Upon the coordination of DMF, the IR spectrum had the following
peaks: BH, 2455; CN, 2231; and CO, 1649 cf This compound
decomposed at 157160 °C.

TI[Bp *°"]. A mixture of 4-cyanopyrazoleand KBH, in 2.5:1 mole Zn[Bp““M(DMF).. To a solution of TI[BECN] in methylene chloride
ratio was stirred and refluxed in DMF, with the hydrogen evolved being ¢ontaining enough DMF to dissolve all of the Tl salt was added half
measured by a wet-test-meter. After the theoretical amount had beengp equivalent of Zn(OAe) After stirring for 1 h, Celite was added
evolved, the solution was cooled under nitrogen and concentrated underang the slurry was filtered. The colorless filtrate was evaporated
vacuum. The concentrated solution was added with rapid stirring to an resylting in the growth of large colorless crystals. Mp 423 °C.

excess of aqueous TINOand the precipitated TI[BF"] was filtered IR (cmrY): BHy, 2427; CN, 2230; DMF, 1633. Calcd fop@l68:N1.0-
off and washed with water and with a small amount of acetone to zn: c 43.6; H, 4.30; N, 32.4. Found: C, 43.8; H, 4.62; N, 32.0.

remove excess 4-cyan_opyrazole. It was obtained, when dried, in 73% Co[Bp*°M,(DMF).. This complex was prepared as above, using
yield. This compound is very s_oluble in polar solvents such as D_MF CoCtkinstead of Zn(OAg) and it was isolated as large orange crystals.
and MeCN, moderately soluble in methanol and acetone, very sparlnegMp 194-198°C dec. IR (cm): BH;, 2425; CN, 2232; DMF, 1649.

- — - ~ Calcd for G,H26B2CoNy4O2: C, 44.1; H, 4.34; N, 32.7. Found: C,
T Dedicated to Professor Heinrich Vahrenkamp on the occasion of his 445 H 4.62: N. 32.3.

60th birthday.

Experimental Section

’

(1) Trofimenko, S.Scorpionates: The Coordination Chemistry of Poly- The related Fe(ll) and Ni(ll) complexes were obtained in similar
pyrazolylborate Liganddmperial College Press: London, U.K., 1999.  fashion, as colorless and pale-violet crystals, respectively, and they had

(2) Rheingold, A. L.; Incarvito, C. D.; Trofimenko, §. Chem. Soc., IR spectra essentially identical to those of the above cobalt and zinc
Dalton Trans.200Q 1333. complexes.

(3) Trofimenko, SAcc. Chem. Red.971, 4, 17.
(4) Trofimenko, SJ. Am. Chem. S0d.967, 89, 3165.

(5) Trofimenko, SJ. Am. Chem. S0d.967, 89, 4948. (8) Calabrese, J. C.; Trofimenko, Biorg. Chem.1992 31, 4810.
(6) Trofimenko, SInorg. Chem.1969 8, 1714. (9) Rheingold, A. L.; Haggerty, B. S.; Trofimenko, 8ngew. Chem.,
(7) Trofimenko, SJ. Org. Chem1963 28, 2755. Int. Ed. Engl.1994 33, 1983.

10.1021/ic000482f CCC: $19.00 © 2000 American Chemical Society
Published on Web 10/21/2000



5570 Inorganic Chemistry, Vol. 39, No. 24, 2000 Notes

Table 1. Crystallographic Data for Zn[B{SN]2(DMF).-2DMF (2),
Rh[Bp*“N(COD) (4), and Co[BAN[TpN?] (5)

(2)-2DMF 4 5)
formula GgHaoBoN160sZNn  CigH1sBNsRh  GaoHaeB2CON1o
fw 751.75 408.08 679.36
space group C2/c P2i/c C2lc
a A 12.9031(15) 16.606(11)  33.801(6)
b, A 15.6057(18) 7.615(5) 10.9292(18)
¢ A 19.498(2) 14.990(9) 20.488(3)
B, deg 104.763(2) 114.70(4) 103.545(3)
v, A3 3796.6(8) 1722(2) 7358(4)
z,Z 4,1, 4,1 8,1
D(calc), gcm® 1.315 1.574 1.226
u(MoKo), cmrt 7.02 10.01 5.06
temp, K 173(2) 243(2) 173(2)
radiation Mo Ka. (A = 0.71073 A)
R(F), % 6.72 4.23 7.05
R(WF), %* 19.00 12.78 17.97
. inuAa/r%tl(tg )mZ"QI\Z(T:d_—RF(V;r?v_: %EE,(\;(Z'(:EZZ)_IC(ZZF]’;ZZEVEEZ)ZF]:Z Figure 1. The structure of Zn[BfN(DMF),, 2. Bond lengths (A)
[2F2 T+ maxc()F’ 0)/3 ° o © ' and angles (deg): ZnO(1), 2.167(3); Zr-N(1), 2.147(3); Zr-N(4),
¢ o). 2.142(3); 2.164; O(BZn—N(1), 93.96(12); O(1Zn—N(4), 90.04-

Results and Discussion (13); N(L)-Zn—N(4), 87.55(12);

The BECN ligand was prepared by the reaction of 4-cyano-
pyrazole with KBH, and it was isolated as the Tl salt, the low
solubility of which in halocarbon solvents, in contrast to other
Tl scorpionate salts, suggested a polymeric structure.

The special nature of the BgN ligand became dramatically
apparent when we tried to prepare the simple monomeric bis-
complexes, M[BACN],, with first-row transition metals by the
reaction of TI[BECN], 1, with MX, (X = CI, OAc, CIQy) in
methylene chloride. Instead of the typical organic-soluble deep
purple tetrahedral cobalt(ll) complexes, or orange-red square-
planar nickel(Il) ones, which were obtained with all knowrn*Bp
ligands, except for those containing coordinating substituents
in the 3-position such as pyridifl bipyridyl,** or 2,4-(dimethoxy)-
phenyl!? insoluble materials were obtained, with colors char-
acteristic of octahedral structures. However, these products were
readily extracted with DMF, from which large crystals were Figure 2. The structure of Rh[B{fN(COD), 4. Bond lengths (&) and
obtained, the structures of which turned out to be M{B,- angles (deg): RAN(1), 2.127(5); RR-N(4), 2.107(4); RR-C(9), 2.112-
(DMF),, as was shown by X-ray crystallography for the zinc ﬁgi)Rg_hC(l\ll?A),j 28172§é25)RHN%-1}?|’R)’h 2&?531)(65)3;222?1%)4)N%4-1)§r$6);
complex,2 (Figure 1). The analogous cobalt compl&xhad AL  OF ’ e\ Yo ’ —
the same structure. Identical products were also obtained When?(g)’ 155.79(19); N(HRh—C(10), 91.71(17); N(4yRh—C(10), 166.25-
DMF was added to methylene chloride before the reaction. In
these structures, the two DMF molecules were cis to one 4qin Rh[BYCN(COD) and in Co[BECN|[TpN?], only one peak
another, the remaining coordination sites being occupied by the, the 2232-2237 cnrt range was observed.
two [Bp*N] ligands. The infrared spectra of these, as well as  These results show clearly the intermolecular coordinating
of the nickel(ll) and iron(ll) analogues, were essentially ability of the 4-CN group which, in the absence of competing
superimposable. While the preference for octahedral coordina-gonors; leads to octahedral, cross-linked structures, as the two
tion by cobalt and nickel may be understandable, it was gpen coordination sites are occupied by the 4-CN donors from
surprising that zinc, which is often content with being four- a neighboring M[BACN], complex. At the same time, such bonds
coordinate and tetrahedral, still opted for the octahedral, bis- 4.0 relatively labile, permitting their cleavage by DMF.

DMF structure. The M[Bf"], complexes prior to addition of To avoid any complication from additional coordination by
DMF had two nitrile bands at 2232 and 2262 ¢nas did Co- the 4-CN groups, the complex Rh[E(COD), 4, was
[TP][Bp*“"], being assigned to the uncoordinated and coOr- ,ranared by the reaction afwith [Rh(COD)Clp. Its structure
dinated 4-CN, respectively. This is in agreement with previous (rigure 2) shows the presence of a symmetry plane, and the
observations that the CN stretch in coordinated benzonitrile gistance to Rh of the pseudoaxiatBi is about 2.9 A and thus
appears at ;ilSh'gher frequecncy than that of uncoordinated 4t iy the agostic bonding range. This structure shows clearly
benzonitrile:*"*° In the M[Bp*“"]o(DMF), complexes, as well 4t the CN groups are quite unhindered and should be capable
to coordinate to other metals. Although Rh(COD) complexes

10) Bardwell, D. A.; Jeffery, J. C.; Jones, P. L.; McCleverty, J. A.; Psillakis, .
(10) E. Reeves, Z.;Wardr,yM. 0. Chem. Soc.. Dalton Trgyrmggz 2079, with Bp and Bp* have been reported befé¥& and several
(11) Fleming, J. S.; Psillakis, E.; Couchman, S. M.; Jeffery, J. C,;
McCleverty, J. A.; Ward, M. DJ. Chem. Soc., Dalton Tran$998 (14) Walton, R. A.Can. J. Chem1966 44, 1480.
537. (15) Clarke, R. E.; Ford, P. Gnorg. Chem.197Q 9, 227.
(12) Rheingold, A. L.; Haggerty, B. S.; Liable-Sands, L. M.; Trofimenko, (16) King, R. B.; Bond, A.J. Organomet. Chenl974 73, 115.
S. Inorg. Chem.1999 38, 6306. (17) Cocivera, M.; Ferguson, G.; Kaitner, B.; Lalor, F. J.; O'Sullivan, D.

(13) Walton, R. A.Spectrochim. Actd965 21, 1795. J. Organometallics1982 1, 1125.
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distances for the BP ligand averaged 2.131 &.In 3, the
Co—N bonds averaged 2.125 A, consisting in eachBjigand
of one short and one long €N bond, the short bond being
trans to the coordinated DMF.
A different situation prevailed with the rather similar het-
eroleptic complex Co[Tp][Bp*°Y], synthesized from Co[T{]-
cis) Cl and1. Its solution had the same wine-red color as th&h.of
However, upon evaporation of the solvent, the crystallizing solid
was yellow. Upon the dissolving of the solid, the wine-red
solution was regenerated. This pointed to the existence of a five-
coordinate structure in solution but of a six-coordinate one in
the solid state. It also indicated that the intermolecular-CN
Co bond, present in the solid state, was rather weak. Accord-
S ingly, this compound added DMF readily to yield an octahedral
Figure 3. The structure of Co[T¥][Bp“°N], 5. Bond lengths (&) and complex characterized by a strong CO band at around 1650

angles (deg): CeN(1), 2.117(4); Ce-N(11), 2.073(3); Ce-N(21), cm i,
2.077(3); Co-N(31), 2.075(4); Ce-N(41), 2.072(4); Ce'H(2), 3.104; The BN ligand is fairly flexible, as can be seen from the
N(1)—Co-N(11), 84.89(13); N(1y Co—N(21), 90.96(14); N(1) Co— angle between the pyrazolyl planes, expanding or contracting

(N31), 170.75(14); N(B-Co—N(41), 92.51(14); N(1B-Co—N(21), )
91.66(14); N(11)- Co—N(31), 92.19(14): N(11}Co-N(41), 166.79- to accommodate the rest of the molecule. This angle was121.5

(14); N(21)-Co—N(31), 97.91(14); N(21Co—N(41), 101.35(15); in5,128.0 in 2,and 112.1in 4. The coordination behavior of
N(31)-Co—N(41), 88.34(14). Bp*°N depends on the presence of other ligands. In complexes

with divalent metals, M[BfN],, the presence of two CN donor

homoscorpionate Rh(COD) complexes have been synthesizedunctionalities, plus two open coordination sites, leads to
and had their structures determirfd2° complex4 seems to intractable polymeric structures. However, the €M bonds
be the first instance of a structurally characterized RH[Bp ~ can be broken up by DMF, leading to well-defined, isolable
(COD) species. M[Bp*cN],(DMF), species. In heteroleptic complexes which are

We also synthesized heteroleptic complexes of structure Co-Not too hindered, such as Co[§{Bp*“"], the CN groups can
[Tp¥[Bp“°N by the reaction of Co[THCI with 1 and found still coordinate to the metal ion of a neighboring molecule,
that CN coordination to cobalt depended on the structure of leading to oligomeric or polymeric structures in the solid state,
Tp*. Thus, Co[TPP][Bp4cN, 5, prepared from Co[T}¥]Cl and but such bonds are so weak that only a five-coordinate species
1, had a wine-red color, typical of five-coordinate cobalt €Xists in solution. In more sterically hindered heteroleptic
scorpionate complexes, in solution and in the solid state. Its cOmplexes, such a§, the five-coordinate structure is also
structure (Figure 3) showed that the cobalt ion was indeed five- retained in the solid state. Finally, in heteroleptic complexes,
coordinate, with the pseudoaxia-HBi—Co distance of 3.103  such as}, where the metal is content to remain four-coordinate,
A and thus out of bonding range. The €N distances for ~ the CN groups of the B" ligand are not involved in
[Bp“cN] averaged 2.074 A, being about 0.1 A longer than in coordination at all.
Co[Bp, where they averaged 1.9672Abut shorter than in Supporting Information Available: An X-ray crystallographic file

the related complex, Co[T{“B][Bp™], where an agostic  in CIF format for the structure determination &f 4, and 5. This
B—H—Co bond (2.26 A) was present and where theNC material is available free of charge via the Internet at http://pubs.acs.org.
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