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Adventitious hydrolysis of a number of different complexes with the molecular formula Ln(Tp"€2),X [TpMe? = (HB-
(dmpz)s), where X is a basic anionic ligand] in various solvents, yielded crystals of highly insoluble dimers of the
general formula [Ln(Tp“e?)(u-BOpMe?)], (1) [Ln = La, Ce, Sm; BOpM? = (HBO(dmpz),)*~; dmpzH =
3,5-dimethylpyrazole]. The results of several single-crystal X-ray determinations are reported. One metal nitrogen
distance, that lying across from the two negatively charged bridging oxygen atoms, is 0.06 A longer than the
others, suggesting an unusual trans influence at a lanthanide center. The formation of 1 is proposed to involve the
intermediacy of Ln(Tp"¢2),0H formed by protonolysis with adventitious water.

Introduction ligands® multidentate amide’;,*? porphyrinogeng?-16 and
other macrocycle¥.2°

The tris-pyrazolylborate (Tp) ligands are an appealing
alternative as they have found wide application in binding
with most elements of the periodic tatle?® One of the
most attractive features of the Tp ligands as a class is their
steric tunability. Thus, in recent years, a rich chemistry of
the f-elements has been uncovered involving both bis-Tp
metallocene analogues and an exciting variety of half-
séandwich complexes of both+2 and 3+ oxidation
stateg4%®

The molecular chemistry of the lanthanides has advanced
considerably over the past few yeafsLigand design has
played a key role in these advances, as control of the
coordination sphere of the large, labile and predominantly
ionic metal centers requires the use of sterically demanding
ancillaries capable of providing kinetic stabilization. Al-
though substituted cyclopentadienyl ligahdsave been
widely used, there has been a considerable upsurge of intere
in other alternatives, including polycyclic hydrocarbons such
as CHT and COT? chelating alkoxide$;” salen-type
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Although widely used and extensively promoted in the manifest for the TH®? ligand bound to lanthanide centers.
literature as ancillaries, the Tp ligands are subject to a rangeAttempts to prepare half-sandwich complexes of the type
of reactions and rearrangements. Insertion of formaldefyde [Ln(TpMe?)X] have resulted in the isolation of dimethylpyra-
and CQ? into the B-H bond of Bp ligands and hydrobo-  zole adducts [Ln(T¥?)X,(dmpzH)], dimethyl pyrazole being
ration of acyl and iminoacyl complexes of molybderfim the logical product of T2 hydrolysis. Efforts to crystallize
lead to the formation of heteroscorpionate ligands. Ligand the more sterically crowded sandwich complexes of the type
rearrangements, believed to involve either 1,2-borotropic or [Ln(TpMe?),X] have repeatedly resulted in the isolation of
1,2-metallatropic shifts, have been observed for a numberbimetallic decomposition products containing a heteroscor-
of ligands of intermediate steric dema#td3* More prob- pionate ligand, which are the focus of this paper. These
lematic has been the observation of partial and even completeproducts, which are believed to result from hydrolysis by
degradation of such ligands within the coordination sphere adventitious water, generally form during the extended
of metals. Such reactions have been described both for mainperiods required for growth of X-ray quality crystals. In this
group metal complex&s38 and for transition metaf¥ 0 paper, we report the structures of these bimetallics and
This propensity to decomposition has become particularly speculate on the mechanism of their formation.
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=1772.3(2) B, Z =1, F(000)= 765,D, = 1.400 g cn, u(Mo

Ka) = 1.246 mm%, T=160(1) K; 11 123 reflections (7377 unique
with Rp; = 0.0186) were collected on a Bruker AXS SMART 1K
CCD area detector diffractometer with narrow frames {@3w)

and three-dimensional profile fitting using graphite-monochromated
Mo Ka radiation ¢ = 0.710 73 A).

Crystal Data for 1-Ce: CsoH74B4Ce&N2O,, dark red crystal of
dimensions 0.08 0.08 x 0.06 mm,M = 1310.77, triclinic space
groupPl1, a = 11.5241(4)b = 11.7349(4) ¢ = 13.4637(5) Ao
=113.438(2) = 103.181(2)y = 103.734(13), U = 1520.73(9)

A3, Z =1, F(000)= 666,D. = 1.532 g cm?, u(Mo Ka) = 1.246
mm~1, T = 120(2) K; 22 513 reflections (5834 unique Wiy, =
0.0186) were collected on a Nonius KappaCCD area detector
diffractometer equipped with a rotating-anode FR591 generator
using graphite-monochromated MaKadiation ¢ = 0.710 73 A).

Crystal Data for 1-Smrtoluene: CesHgg 18834N2002 825, color-
less crystal of dimensions 0.3¢7 0.17 x 0.13 mm,M = 1527.79,
triclinic space grougP1, a = 10.3414(6),b = 12.2610(7),c =
14.6537(8) Ao = 101.062(2),8 = 90.090(2),y = 106.609(2,

U = 1744.28(17) & z = 1, F(000) = 780, D, = 1.454 g cm?,
u(Mo Ka) = 1.726 mntl, T= 160(1) K; 12 045 reflections (7667
unique with Ry = 0.0183) were collected on a Bruker AXS  Table 1. Selected Bond Lengths and Angles fot.a-Toluene, 1-Ce,
SMART 1K CCD area detector diffractometer with narrow frames and1-SmToluene

(0.3 in w) and three-dimensional profile fitting using graphite- 1-La-toluene 1-Ce 1-Srrtoluene
monochromated Mo K radiation ¢ = 0.710 73 A).

Figure 1. View of 1-Smshowing the atomic nhumbering scheme.

La—01 2.294(1) CeO1l 2.383(3) SmtO1 2.239(1)

La—O1 2.406(1) Ce-Ol  2.281(3) SmEOl  2.317(1)

Results La—N1 2.618(1) CeN12  2.684(4) SmEN1 2.590(2)
La—N3 2.717(1) CeN22  2.594(4) SmiN3 2.522(2)

] ) ] La—N5 2.607(1) CeN32  2591(3) SmiN5 2.527(2)

In the course of attempting to crystallize a variety of La—N7 2.618(1) CeN42  2.596(4) SmEN7 2.523(2)

i — La—N9 2.623(1) CeNs2  2.602(3) SmiN9 2.519(2)

complexes with the general formula Ln($3).X (Ln = La, P 38505(3) Co-Ce 382108 A SMESMT  3.7143(3)

Ce, Sm; X= OPh, Mn(COj, SePh, GHs, NPh, PhCO, La—B1 3.733(2) CeB1 3.705(5) A SmiB1 3.629(3)
CH3C(O)Ph, TCNE, S-2-pyr) from a range of solvents (ether, La—B2 3.230(2) CeB2 3.195(5) A SmiB2 3.120(3)
toluene, THF), colorless, blocklike crystals were isolated on 81:551701, %égf((i)) 8§g§~or é;sg((f)l) 81%2?“1701. %(f%g))

a number of separate occasions. Curiously, the crystals of

the cerium complex were blood red. A more direct and NMR spectra of the crystals could not be recorded owing to
rational route to the Sm complex was simply to dissolve the low solubility of the compound in a variety of NMR
small quantities of [Sm(Tfs?),OH]** in benzene or THF.  gojvents, including hydrocarbons, THE-and acetonek.
Crystals ofl-Smcould then be isolated in moderate yields. X-ray Crystallography. In total, 11 datasets were col-

Because the reaction was not particularly clean, no deta"edlected for the Sm complexi-Sm and one each for the

kinetic studies were carried out. However, qualitative
: . complexesl-La and1-Ce Toluene and ether solvates were
observations clearly showed that the formation leSm structurally determined in a number of different space groups
proceeded significantly more quickly in THF than in toluene The cr ,2/" raphic details are availabl pS 9 rtiFr)1.
and in more concentrated solutions. € crystallographic detalls are avaiiable as supporting
Information, and the key bond distances for each of the

Because isolation ofl was, in general, serendipitous, olecules are shown in Table 1. As all of the structures are
elemental analyses and infrared spectra were obtained in onl)}‘n ule: wn i ' uctu
very similar, data for only one of the structurel,Snr

a few cases. The infrared spectra of crystals isolated from . ’
the degradation of [Sm(T?,0H] in benzene, from the  toluene for which some of the best data were obtained, are
slow crystallization of [Sm(TH2),](TCNE) from THF, ~ Used in the discussion.

and from the crystallization of [Sm(TP?),]Mn(CO)s*%° were The complexes consist of discrete dimers lying on a
found to be superimposable. Two distinct types ofHB crystallographic inversion center (some of the other structures
stretching absorptions were visible: one split pair at 2541 lie on two-fold axes), making only half of the molecule
and 2522 cm?, in the region characteristic of tridentate unique. No significant intermolecular contacts were noted
TpMe2, and an intense sharp band at 2392 §nthe low- in any of the structures. Each metal center is bound by two
energy shift of which suggested the presence of an elec-distinct types of borate ligand, one being a norrtal pMe?,
tronegative element attached to the boron. In addition, a high-and the other a hydrolysis product of"f3 BO@"¢?, in which
frequency band around 3500 chwas sometimes observed one pyrazolyl group has been replaced by an oxygen atom
and was assigned to an OH vibration. Unfortunately'the  that bridges between the two metal centers and the boron.

Thus, the dimers have the molecular formula [Ln(T3xu-
(56) (a) Maunder, G. H.; Sella, A.; Elsegood, M. RJJOrganomet. Chem

R .
2001 619, 152.156. (b) Hillier, A. C.: Sella, A.: Elsegood, M. R. J. BOp“e?)],. The molecu!ar structgre .and atom labelling
J. Organomet. Chemin press. scheme ofL-Snrtolueneis shown in Figure 1.
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Figure 2. View of 1-Smdown an axis between the two-BSm--O vectors
showing the coplanarity of the samarium, oxygen, and boron atoms.

The Sm, O, and B atoms are almost perfectly coplanar,

Domingos et al.

workers have drawn attention to these effects and noted
consistent trends in bond lengths as a function of trans ligand
in lanthanide chalcogenolate/chalcogenide clustef4 Dif-
ferences in bond length in pyrazolylborate chemistry have
also sometimes been observed in six-coordinate half-
sandwich complexes, such as [Y (T Cly(dmpzH)]%® and
can now be seen to be consistent with Brennan et al.’s
conclusions. Because covalent interactions are unlikely to
be significant for the lanthanides, we believe that these
observations can be attributed to a polarization of the
samarium center by the electronegative anionic oxygen
groupss6©8

The oxygen atoms bridge the two metals unsymmetrically
as a result of the tethering effect of the pyrazolyl groups.
As expected from bridging groups, the S distances,
2.239(1) and 2.317(1) A, are significantly longer than the
Sm-0 distances of 2.159(2) A observed in the seven-

as shown in Figure 2. The coordination geometry about the coordinate complex [Sm(T15?),0Ph-4-B(,* 2.213(5) A in
seven-coordinate metal centers can be described as formingSm(TP"*?)20CeH2-(3,5-di-Bu)(4-0)],** and 2.188(5) Alin
a rather distorted capped trigonal antiprism, the cap beingthe very crowded complex [Sm(T),0CsHs-(2,6-di-Bu)].

formed by the O1 atom of the BJE? ligand and the two
triangular faces of the prism being defined by N1, N3, N5
and N7, N9, Ol An alternative way to visualize the

The BOp'¢?ligand is bent inward toward the metal, as shown
by the very different SmB distances [SmB1, 3.629(1)
and Sm-B2, 3.120(1) A] and in the SmN—N angles,

structures is to consider the geometry around the metal as a~100° vs ~12(C°, for the two ligands. Similar structural
tricapped trigonal pyramid. The three nitrogen atoms of the features are observed in the coordination mode of the8Op
Tp"e2ligand define the base, while the bridging oxygen, O1, ligand to U in [U(Bp*?Cl(x-BOp“€?)],.5 Furthermore, the
from the pyrazolylborinate ligand defines the apex. The two U—0 bond lengths, 2.312(5) and 2.204(5) A, and the average
nitrogen atoms of the borinate ligand and the oxygen atom y—N distance, 2.523(7) A, are comparable to those noted
from the other metal cap the three faces of the pyramid gpove. This is consistent with the similar ionic radii reported

making X—Sm—01 angles of 7@t 2° to the apical oxygen.
The metal coordination sphere is shown in Figure 3, which
illustrates the two alternative polyhedra.

The average Sm(E)N distance in 1-Snrtoluene is
2.536(4) A, similar to that observed in the seven-coordinate
Sn?t complexes [Sm(T?).CI], 2.564(16) A3” and [Sm-
(TpVe?),0Ph-4-Bl, 2.572(5) A% It is striking, however, that
N1, which lies at 173.%relative to the SmSn1 vector, is
almost 0.06 A further from the metal than the other nitrogen
atoms in the coordination sphere. A very similar situation is
observed in the related uranium complex [UBCI(u-
BOp“?)],,%° a molecule containing an agostic-B interac-
tion, where a similarly arranged Bg? nitrogen lies 0.04 A
further away. Because the SrBm distance, 3.7142(3) A,
is obviously too long for there to be any significant
interatomic interaction, we attribute this lengthening to the
presence of the two negatively charged oxygens lying on
either side of the SmSm vector, subtending an angle of

70.76(6Y. We believe that this represents a rare example of (64)

for seven-coordinate Sthand eight-coordinate 49.7* The
O(1)—-Sm(1)-0O(2') angle in1-Sm, 70.76(6}, is somewhat
larger than the corresponding angle in the U complex, 66.5-
(2)°, a fact that is probably related to the smaller coordination
number in1-Smtoluene

The Tp"e? ligand is somewhat distorted from ide@k
symmetry, with some twisting (16 Ylof one pyrazolyl group
around the B+N4 bond. The angles at boron are essentially
tetrahedral. By contrast, the B&3 ligand shows virtually
no twisting (dihedral/twist angles 4°).
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Chem.2002 41, 121-126.

a trans influence at a lanthanide center. Asymmetric bond (5) Long, D. P.; Chandrasekaran, A.: Day, R. O.; Bianconi, P. A.:
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most part in chalcogenolate chemisify! Brennan and co-
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Figure 3. Two views of the metal coordination sphereli®m showing (a) the capped trigonal antriprism or (b) the tricapped trigonal pyramidal arrangement
of the ligands.

Finally, it is noteworthy that, in the refinement of several By contrast, our attempts to prepare the corresponding
structures, moderately strong peaks appeared in the differencdpMe? complexes in protic solvents either gave very poor
Fourier map close to the boron atom of the B&igand yields or failed altogether, resulting in the isolation of
(B2). A possible explanation for these observations is that considerable amounts of free pyrazole. In addition, several
some compounds undergo double hydrolysis, giving a crystal structures have been determined in which dimeth-
[(dmpz)B(O)(OH)F" ligand, consistent with the OH stretch- v,y ra70le has been found to be bound to the lanthanide, as
ing band observed in the IR spectra. The complexes j yeqit of fragmentation during crystallization: [Ln{F)-
containing this ligand cocrystallize with giving rise to the Clo(dmpzH)] (Ln= Yb,% Y, 5 Lu®Y), (dmpzh)[Yb(TpMed)-
observed disorder. In the case of one structure, the disorderC|3] and [MCI(u-CI)Tp"V'ez((’jmsz),]z (Ln = Pr, Nd)®
was modeled in terms of 59% H and 41% O, suggesting ’ ' '
that the extent of this second hydrolysis might be quite Although the more frequent observation of fragmentation
significant. The structure of the pure double hydrolysis Of Tp"¢? complexes might simply reflect the fact that more
product has been published previou&ly.

Mechanism of the Hydrolysis Reaction.In attempting (74) Bagnall, K. W.; Tempest, A. C.; Takats, J.; Masino, Alrfarg. Nucl.
to rationalize the fragility of the polypyrazolylborate ligands, ) %A':;f”;t 'ﬁ%ﬁg ;ﬁe?5,\5ﬂ‘?/57R Takats, (horg. Chim. Actal87
it is worth mentioning that researchers have quite often 139, 75-78.
alluded to such problems, both in the literature and anecdot-(76) Moss, M. A; Jones, C. Polyhedron1989 8, 117-119.
ally, quite often. In many cases, however, the products of gg mgzz M j;; ﬂgﬂii < g:g:mggigﬂiggg g: 23070
Tp or Bp degradation have not been characterized or studied(79) Moss, M. A. J.; Jones, C. J. Chem. Soc., Dalton Tran99Q 581—
in detail. Often, the solution of X-ray crystal structures have (80) E,;/?gés M. A. J.. Jones, C. Polyhedron1990 9, 697-702
been abandoned when fragmented ligands have becomegi) Moss, M. A. J.: Jones, C. J.; Edwards, APalyhedron1988 7, 79—
apparent. Because of the scanty nature of the information 81
about this problem, it is therefore difficult to draw broad (62) %gﬁi%gél‘gg;ﬂf&?' 71 Edwards, AJJChem. Soc., Dalton
conclusions about the mechanisms by which such processe$83) Lawrance, R. G.; Hamor, T. A.; Jones, C. J.; Paxton, K.; Rowley, N.
oceur. In the case of the lanthanides, it is noteworthy that g, ’\If'évf,;a%'ggf"é.Sgﬁ"J(')Dnﬂts‘f”C.TYJ"’.‘;”E?S;nzslkﬁl;ﬁéﬁem. Soc.. Dalton
the more substituted T3 ligand appears to be more Trans.1996 501—507.
sensitive to degradation than Tp itself. For example, Jun et (85) Apostolidis, C.; Rebizant, J.; Kanellakopulos, B.; von Ammon, R.;

. Dornberger, E.; Muller, J.; Powietzka, B.; Nuber,Blyhedronl997,
al. found that, at a Ru center in methanol fpand By 16, 1057-1068.

ligands are completely degraded whereas isolable complexes‘z%g Madar, G. M.Sc. T?fesis, University of London, Llondon, UK., 1997.
: : r 48 : 87) Amoroso, A. J.; Jeffery, J. C.; Jones, P. L.; McCleverty, J. A.; Rees,
are obtained using Bp and Bﬁ 4% For the lanthanides, L.; Rheingold, A. L.; Sun, Y. M.; Takats, J.; Trofimenko, S.; Ward,

several T8 HB(btz); (btz = benzotriazolyl$® and TpY M. D.; Yap, G. P. A.J. Chem. Soc., Chem. Commu995 1881~
87 i i 1882.

co_mplexes.ha.ve been prepared In agueous or aICOhOIIC(88) Onishi, M.; Itoh, K.; Hiraki, K.; Ohira, Y.; Nagaoka, N.; Nishiura,
solutions. Onishi and co-workers, however, have reported M. Kidorui 1995 26, 264.

fragmented products from preparations of Tplfiype (89) %niigi% M.; Itoh, K.; Hiraki, KRep. Fac. Eng., Nagasaki Uni1997,
complexe§?~89 (90) Apostolidis, C.; Carvalho, A.; Domingos, A.; Kanellakopulos, B.;
Maier, R.; Marques, N.; de Matos, A. F.; Rebizant,Palyhedron
(72) Deng, D.-L.; Zhang, Y.-H.; Dai, C.-Y.; Zeng, H.; Ye, C.-Q.; Hage, 1998 18, 263-272.
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work has been carried out with this ligand than with any Itis more reasonable therefore to propose that [SNp
others, it is probable that the methyl groups in the 5-position (OH)], generated in each case by protonolysis of a complex
play a role in the instability of these complexes. Evidence with adventitious water, is the common precursor to the
has come to light suggesting that the bite angles of the formation of 1-Sm This is shown in eqs-13 below
pyrazolylborate ligands are somewhat mismatched with

respect to the ionic radius of the lanthanide ions; thus, [Sm(TP"%),X] + H,0 — [(Tp"**),SmOH]+ HX (1)
reaction of lanthanide Tp complexes with organolithium and Ve . Ve

Grignard reagents results in Tp ligand transfer from one metal  [(TP"*),SmMOH]— [Sm(Tg"*)(BOp"**)] + dmpzH (2)

to the other® This mismatch might be relieved to some

extent by distortion of the ligands away from idealiz&gl 2[sm(1p"%)(BOp"*)] — [Tp"**Smu-BOp"*)], (3)
symmetry. As mentioned above, one pyrazolyl group-Bm
shows a 16.24twist around the B+N4 bond. However, a
number of reports from the lanthanide and heavy p-bloc
element literature have appeared of Tp ligands in which very
severe twisting of one or more pyrazolyl rings occl§is:92 .
Such rotations about the-BN bond are often accompanied (opservable by NMR spectroscopy) foIIowgq by the precipi-
by slight lengthening of the BN distance; for example, in Fatlon ,Of L These differences in rggcﬂwty also seem
[Yb(TpBuMe) (5-CoH,SiMes)], the distances are 1.579(5) vs inconsistent with external nucle(_)phlllc attack g_lt_boron
1.550(5) and 1.534(5) A. Hence, rotation about theNs prolrg(())sed, for example, by Bellachioma ef%nd Klai et
bond might serve to activate the bond toward electrophilic al., because_the_CI_ and NEborr_]pIex_es are knpv_vn o be
attack because the Lewis acidity of the metal might well str_ucturally qune 5'7?"""“ but to differ in the basicity of the
increase the degree of polarization of the- 8 bond. We unidentate ligand”

note that, in the case of [Sm('$7),SePh], the distortion of Stﬁp 21s retlactjed to ilhe wgtramolecsngrH'\"Fb attactl;s
the ligand was such as to move the boron-bound 1—positionWe ave reported recently: [Sm(8)(7>-CsHs)] can be

. transformed cleanly into [Sm(™89)(HB(dmpz)CsH,)],%0*
nitrogen atom actually closer to the metal center than that _ .
in the 2-positior?® Because it is now well-established that chieéiahs [im(TW?ZE)@CPh)] yields [E m(TMEZ)(HB(deZ)F |
substituents in the 5-position tighten the bite angle of the d'_ | ) mpz)? y pg%ce?ses ;[1 atb appe;:r to lnv%veh
Tp ligand, it is likely that this increases the propensity of Isplacement of pyrazolide from the boron. However, bot

; ; - f these transformations occur upon fairly strong heating.
the ligand to distort when bound to a large cation such as a®
lanthanide?? Thus, it would appear that the presence of Because both [Sm(TH9)F] and [Sm(TH'*3),0Ph] are

methyl groups in the 5-position, ostensibly useful to protect MOWN to be quite stable in solution up to 80, the rapidity
the boron atom from attack, might, in fact, serve to of the hydroxo fragmentation at room temperature suggests
destabilize the ligand by maximizing the steric crowding tat the proton of the hydroxide might play an important
around it30:31 role_ln_ this regctlon.

Because hydrolysis of Tp ligands occurs readily at low Itis interesting thgt severgl FF-anchored metal hydroxo
pH in aqueous solution, direct protonation initially appears species have been isolated in the past few years, most notably

to offer a possible mechanism to account for the observedlt_he S;ablte ;'n; bcolranpllfxes g(ilntﬁlnmg termmgl hydroilde
degradation. However, several lines of evidence militate | 9a0S StUdied by Farkin and vanrenkamp and co-workers.

i i ,102 _hri i 7
against this hypothesis. Indeed, the use of weak acids, suchOth terminal ziné'*2and hydroxo-bridged magnesﬁ‘fﬁ
as HS, or carefully controlled conditions allows for the complexes have been reported to be unstable in the presence
isolation of the free acid form HTRR 36939 97Furthermore of trages of water. Thus, external attack by water or py the
protonation of a dangling pyrazolyl group has even been coord|n<_ated hydr_oxo group of a secqnd com_plex IS an
observed for a2-TpMe2 ligand coordinated to RRand Cu2® alternative possibility. However, the steric crowding around

In addition, we have always observed hydrolysis in the the hydrqxo Iigand.makes it unlikely that it could act as a
presence of fairly basic ligands that could be expected to nucleophile attacking at the boron (_:enter O.f a second
react preferentially with available solvent protons complex. In all cases, these complexes involve divalent metal
i centers, for which the hydroxy hydrogen can be expected to

(92) /fuln, Y. Mc';h Mcliggzlc;;sRLéglfi;sé i-: Day, V. W.; Eberspacher, T. be significantly less acidic than for the hydroxide bound to

. Inorg. Chem. , . : : T

(93) Kisko, J. L.; Hascall, T.; Kimblin, C.; Parkin, @. Chem. Soc., Dalton a trivalent center as_, n [S.m(-‘mﬁZ)ZOH]' Indeed the ?‘Cldlty

Trans.1999 1929-1935. of [Sm(Tp"e?),0H] is evidenced by the observation that

(94) Hillier, A. C.; Liu, S. Y.; Sella, A.; Elsegood, M. R. J. Alloys Cmpds. i i ~Bu,Mey (- i _bri
2000 303 6393 reaction with [Yb(Tp )(u-H)]2 yields the oxo-bridged

(95) Ferrence, G. M.; McDonald, R.; Morissette, M.; Takats,JJ. bimetallic [(Tp"®),Sm(-O)YbTp BMq and hydrogen?
Organomet. Chen200Q 596 95-101. We therefore propose that twisting of a pyrazolyl group

(96) Trofimenko, SJ. Am. Chem. Sod.967, 89, 3170-3177. e2 1t e
(97) Blackwell, J. A.; Lehr, C.; Sun, Y.; Piers, W. E.; Pearce-Batchilder, of one Tﬂﬂ Ilgand of [Sm(TN Z)ZOH] Iengthens and
S. D.; Zaworotko, M. J.; Young, V. G. Lan. J. Chem1997, 75,

Consistent with the idea of protonolysis in step 1, we note
K that [Sm(Tp'?),Cl] is moderately stable to water, both in
the solid and in solution. By contrast, the amido complex
[Sm(TPEYe?),NPh]7° reacts readily to give [Sm(T{59),0H]

702-711. (100) Klaui, W.; Turkowski, B.; Rheinwald, G.; Lang, HEur. J. Inorg.
(98) Ball, R. G.; Ghosh, C. K.; Hoyano, J. K.; McMaster, A. D.; Graham, Chem.2002 205-209. R

W. A. G.J. Chem. Soc., Chem. Commuaf89 341-342. (101) Lopes, I.; Lin, G.; Domingos, AMcDonald, R.; Marques, N.; Takats,
(99) Rheingold, A. L.; Haggerty, B. S.; Trofimenko, 8ngew. Chem., J.J. Am. Chem. S0d999 121, 8110-8111.
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Figure 4. Proposed mechanism for the fragmentation of th¥¢¥igand. Step 1 (not shown), which generates [SMYEFROH], is followed by intramolecular
displacement of dimethylpyrazole (step 2). Dimerization (step 3) then results in the formation of

polarizes the corresponding-8 bond. At the same time,  before, but only for metal-bound Bp-type ligands. In our case,
this distortion brings the dmpz ligand into proximity of the the presence of the strongly Lewis acidic Ln(lll) centers
OH group, and proton transfer occurs onto the boron-bound appears to be responsible for this further hydrolysis. Indeed,
nitrogen, resulting in the formation of dimethylpyrazole. The because binding water to the lanthanide center considerably
proton transfer would then be accompanied by@ bond enhances itslig, protons might well be available in close
formation via a four-centered transition state. Such an acid/ proximity to the boron for this transformation to occur.
base mechanism is supported by the observation that theAlternatively, external nucleophilic attack at the now sig-
decomposition of [Sm(TY#?),0OH] occurs somewhat more nificantly less crowded boron, as proposed by Bellachioma
rapidly in the more polar THF solvent than in benzene or et al?® and Klaui et al*°®might be responsible for this further
toluene. The fact that the reaction occurs faster at higherreaction.
concentrations might indicate that the dimerization step 3 is
rate-determining. It is worth noting that the product of step
2 is analogous to the borinate compleans[Fe(COMe)- We have shown that bimetallic heteroscorpionate com-
{x?-(mpz)OB(GH14)} (CO)(PMe&)] (mpz = 3-methylpyra- plexes of the lanthanides are easily formed by hydrolysis of
zolyl) isolated by Bellachioma and co-workeépsThus, the the Tp"e? ligand. The formation of these complexes most
dimerization step 3 might simply reflect the steric unsatura- likely occurs by intramolecular attack of a metal-bound
tion of the larger lanthanide coordination sphere. hydroxo group on the boron of a distorted™Ppligand. It

As mentioned in the Crystallography section, there is also is possible, therefore, that ligand degradations reported by
evidence that double hydrolysis of both aR bond and a  others and previously attributed to external attack by water
B—H bond of the T{¥¢? ligand occurs, as evidenced by on the B-N bond might instead involve water, activated
residual peaks observed in the Fourier difference maps,toward heterolysis by binding to the metal center, attacking
indicating that [Sm(T#?)(u-(dmpzy(HO)BO}, cocrystallizes the B—N bond by a mechanism analogous to that proposed
with the single hydrolysis product. Deng and co-workers have here. The observation that the hydrolysis reactions occur most
reported this dimer previously, which, as expected, has often at TP'¢? ligands might imply that the extra steric
metrical parameters essentially identical to those seen forprotection afforded by the 5-methyl substituents comes at
1.72 Hydrolysis of the external BH bond has been observed the expense of greater susceptibility to hydrolysis. The

Conclusions
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