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The divalent lanthanide bis((cyclooctane-1,5-diyl)dihydroborate) complexes { K(THF)s} o{ Ln{ (u-H),BCgH14} 4} (LN
= Eu, 3; Yb, 4) were prepared by a metathesis reaction between (THF),LnCl, and K[H,BCgH14] in THF in a 1:4
molar ratio. Although the reaction ratios were varied between 1:3 and 1.6, complexes 3 and 4 were the only
lanthanide 9-BBN hydroborates produced. Because of disorder of THF in crystals of 3 and 4, good single-crystal
X-ray structural data could not be obtained. However, when the potassium cation was replaced by the
tetramethylammonium cation or when MeTHF (2-methyltetrahydrofuran) was employed in place of THF, good quality
crystals were obtained. Complexes [NMegJo[Ln{ (z¢-H),.BCsH14} 4] (Ln = Eu, 5; Yb, 6) were afforded by metathesis
reactions of NMe,Cl with 3 and 4 in situ. On the basis of the single-crystal X-ray diffraction analysis, the four
9-BBN tetrahydroborate ligands are tetrahedrally arranged around the lanthanide cation in 5 and 6. The two structures
differ in that one a-C—H bond from each of the four {(x-H),BCsH14}4 units exhibits an agostic interaction with
Eu(ll) in 5 but, in complex 6, only two of the o-C—H bhonds form agostic interactions with Yb(ll). Complexes
{K(MeTHF)3} o{ Ln{ (-H),BCgH14} 4} (Ln = Eu, 7; Yb, 8) were produced by employing MeTHF in place of THF.
The structures of 7 and 8 display connectivity between the anion {Ln{(u-H):BCsHis}4}?~ and the cation
{K(MeTHF)3} *, in which the potassium not only interacts directly with the hydrogens of the Ln—H-B bridged bonds
but is also involved in agostic interactions with o-C—H bonds. By systematically examining the structures of complexes
3-8 and taking into account the previously reported complexes (THF)sLn{ («-H),BCgH14}» (Ln = Eu, 1; Yb, 2), it
is concluded that Eu(ll) appears to have a better ability to form agostic interactions than Yb(ll) because of its larger
size, even though Yb(Il) has a higher positive charge density.

Introduction

The cyclic organohydroborate anions BC;Hg] ",
[H2BCsH1q] ~, and [HBCgH14] ~ function as chelating ligands
to form a variety of covalent complexes with transition-metal

metallocene$ Additionally, the actinide organohydroborate AI
CpsU{ (u-H).BCgH14} has also been prepared and character- \as @
ized? Recently, the lanthanide Eu(ll) and Yb(ll) 9-BBN /\
hydroborate complexes (THEN{ (u-H):BCgH14}2 (LN = L_/
Eu, 1; Yb, 2) have been reported (eq 3 he [H:BCgH14~ (b

Figure 1. Molecular structures of (a) and2 (b), reported in ref 3.

(THF),LNCl, + 2K[H,BCH, ] ——

—2KClI
(THF),Ln{ (u-H),BCgH, 3, (1) ligand offers the opportunity to form agostic interactions
1,Ln=Eu between thea-C—H hydrogens as well as the B
2,Ln=Yb hydrogens and the lanthaniéireviously, we observed that

there was a strong agostic interaction, visible in the X-ray

*To whom correspondance should be addressed. E-mail: shore@ structure (Figure 1) and indicat.ed in the IR spectrum,
chemistry.ohio-state.edu. between Eu(ll) and the-C—H bond in complext, (THF),Eu-
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{(u-H)2BCgH14} 2, but such an interaction was not observed for the reaction in THF3 and 4 are the only organohy-
in its analogue, (THRYb{ (u-H),BCsH14}» (2).3 droborates produced, as demonstrated by IR spectra, elemen-
The study of lanthanide complexes with potential agostic tal analysis, and single-crystal X-ray diffraction analysis.
interactions is of interest because of recent observations thatComplexes3 and4 are very soluble in THF and are soluble
suggest that strong-H and 8-H agostic interactions in  in toluene. They are stable in THF and toluene solution but
efficient organolanthanide catalysts play a significant role are not stable in the solid state because of loss of the THF
in the stabilization of the reactive species in olefin polym- ligands. Complexes3 and 4 are regenerated when the
erization. Thus, for example, a strong Sril—Si bis agostic ~ decomposition products are placed in THF. The solid-state
interaction has been proposed as the early step for thelR spectra of3 and4 are similar with bands at 2162080
oxidative addition of a StH bond to a metal centér. cm*for 3 and 2124-2078 cn1* for 4 that are assigned to
Identification of such interactions could permit a better Ln—H—B stretches. Comple¥ possesses similar proton
understanding of the factors governing the stability and the NMR spectra inds-THF andds-Tol. Assignments of proton
reactivity of lanthanide complexésAlthough agostic inter-  signals are provided in the Experimental Section. Suitable
actions involving Ln(lll) have been abundantly reporfed, NMR spectra of the Eu(ll) complexes could not be obtained
few reports concern Ln(Ilj,especially Eu(ll}® It was of because of the paramagnetic property of europium.
interest to prepare 9-BBN hydroborate derivatives of Eu(ll) ~ The structures 03 and4 are determined by single-crystal
and Yb(ll) to observe trends in the formation of agostic X-ray analyses. Because of disorder of the THF molecules,
hydrogen bonds. Therefore, a series of complexes of [Ln- Some bond distances appear to be unusually long or short.
{(u-H)2BCgH14} 4]% (Ln = Eu, Yb) were prepared and their Nevertheless, the molecular structures clearly show that
single-crystal X-ray structures were determined for com- agostic interactions occur between Ln améC—H bonds
parison. Reported here is the preparation and the structuralend K" and o-C—H bonds. The bridging hydrogen of the
and spectroscopic characterization of Eu(ll) and Yb(ll) Ln—H—B bonds also interacts with*Kas aus-H ligand to
9-BBN hydroborates. give a Ln—(us-H)—K interaction. Detaills of the structure
determination of3 and 4 are given in the Supporting
Information. The structural results froBrend4 were verified
in good-quality structure determinations from crystals’of
and 8 (Results and Discussion section C), in which the

Results and Discussion

A. Preparation and Molecular Structure of { K(THF) 4} >
{Ln{(u-H),BCgH14} 4} (Ln = Eu, 3; Yb, 4). The reaction
of (THF)LNnCI; (Ln = Eu, Yb) with K[H,BCgH14] in a 1:4

(5) Barbier-Baudry, D.; Dormond, A. Chapter 8. Mew Trends in

molar ratio at room temperature in THF produces the
complexes{ K(THF)4} o{ Ln{ (u-H).BCgH14} 4} (Ln = Eu, 3;
Yb, 4) (eq 2). Employing molar ratios of 1:3, 1:5, and 1:6

(THF),LNCl, + 4K[H,BCH, ] —o

—2KCI

{K(THF) 2 { Ln{ (u-H),BCgH 4} 4} (2)
3, Ln=Eu
4 Ln=Yb

(1) (a) Chen, X.; Liu, S.; Plauk, C. E.; Liu, F.-C.; Fraenkel, G.; Shore,
S. G.Organometallic003 22, 275. (b) Lacrroix, F.; Plauk, C. E.;
Liu, S.; Liu, F.-C.; Meyers, E. A.; Shore, S. G. Organomet. Chem
2003 687, 69. (c) Ho, N. N.; Bau, R.; Pletk, C. E.; Shore, S. G,;
Wang, X.; Schultz, A. JJ. Organomet. Chen?002 654, 216. (d)
Ding, E. R,; Liu, F.-C.; Liu, S.; Meyers, E. A.; Shore, S. [Borg.
Chem 2002 41, 5329. (e) Plécik, C. E.; Liu, F.-C; Liu, S.; Liu, J.;
Meyers, E. A.; Shore, S. ®rganometallic2001, 20, 3599. (f) Liu,
S.; Liu, F.-C.; Renkes, G.; Shore, S. Grganometallics2001, 20,
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Shore, S. GJ. Organomet. Chen200], 627, 109. (h) Liu, F.-C.;
Liu, J.; Meyers, E. A.; Shore, S..@. Am. Chem. So00Q 122
6106. (i) Liu, F.-C.; Du, B.; Liu, J.; Meyers, E. A.; Shore, S.IBorg.
Chem 1999 38, 3228. (j) Liu, F.-C.; Liu, J.; Meyers, E. A.; Shore, S.
G. Inorg. Chem1999 38, 2169. (k) Liu, J.; Meyers, E. A.; Shore, S.
G. Inorg. Chem 1998 37, 496. (I) Liu, F.-C.; Liu, J.; Meyers, E. A,;
Shore, S. Glnorg. Chem1998 37, 3293. (m) Jordan, G. T., IV; Liu,
F.-C.; Shore, S. Glnorg. Chem 1997, 36, 5597. (n) Jordan, G. T.,
IV; Shore, S. Glnorg. Chem 1996 35, 1087.

(2) Zanella, P.; Ossola, F.; Porchia, M.; Rossetto, G.; Chiesi-Villa, A.;
Guastini, C.J. Organomet. Cheml987 323 295.

(3) Chen, X.; Lim, S.; Pléaik, C. E.; Liu, S.; Bin, D.; Meyers, E. A.;
Shore, S. Glnorg. Chem 2004 43, 692.

(4) (a) Eppinger, J.; Spiegler, M.; Hieringer, W.; Herrmann, W. A
Anwander, RJ. Am. Chem. SoQ00Q 122, 3080. (b) Musaev, D.
G.; Froese, R. D. J.; Morokuma, Klew J Chem 1997, 21, 1269. (c)
Forsyth, C. M.; Nolan, S. P.; Marks, T. Qrganometallics1991, 10,
1269.

Organolanthanide Hydride Chemistiy Recent Adances in Hydride
Chemistry Peruzzini, M., Poli, R., Eds.; Elsevier Press: The Neth-
erlands, 2001; p 267.

(6) (a) Giesbrecht, G. R.; Gordon, J. C.; Brady, J. T.; Clark, D. L.; Keogh,

D. W.; Michalczyk, R.; Scott, B. L.; Watkin, J. Gur. J. Inorg. Chem
2002 723. (b) Klimpel, M. G.; Gditzer, H. W.; Tafipolsky, M.;
Spiegler, M.; Scherer, W.; Anwander, R.Organomet. Chen2002
647, 236. (c) Qian, C.; Nie, W.; Sun, Organometallics200Q 19,
4134. (d) Hieringer, W.; Eppinger, J.; Anwander, R.; Herrmann, W.
A. J. Am. Chem. So200Q 122 11983. (e) Klooster, W. T.; Brammer,
L.; Schaverien, C. J.; Budzelaar, P. H. 1.Am. Chem. S0d.999
121, 1381. (f) Click, D. R.; Scott, B. L.; Watkin, J. @hem. Comm
1999 633. (g) Evans, W. J.; Anwander, R.; Ziller, J. W.; Khan, S. I.
Inorg. Chem1995 34, 5927. (h) Procopio, L. L.; Carroll, P. J.; Berry,
D. H.J. Am. Chem. S0d994 116, 177. (i) Barnhart, D. M.; Clark,
D. L.; Gordon, J. C.; Huffman, J. C.; Watkin, J. G.; Zwick, B. D.
Am. Chem. S0d.993 115, 8461. (j) Schaverien, C. J.; Nesbitt, G. J.
J. Chem. Soc., Dalton Tran$992 157. (k) Johns, V.; Koestlmeier,
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1992 44, 853. (l) Reger, D. L.; Knox, S. J.; Lindeman, J. A.; Lebioda,
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Table 1. Crystallographic Data fob—8
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5 6 7 8
empirical formula G8H10402N284EU QoHsgNzB4Yb C67H13407B4EUK2 C67H13407B4YbK2
fw 936.53 813.40 1325.14 1346.22
space group Fdd2 (No. 70) C2/c (No. 63) C2/c (No. 63) C2/c (No. 63)
a(A) 32.3315(3) 10.6239(1) 17.628(1) 17.624(1)
b (A) 17.2577(2) 20.1448(1) 19.844(1) 19.953(1)
c(A) 19.4755(2) 20.7248(2) 21.264(1) 21.284(1)
o (deg) 90 90 90 90
B (deg) 90 102.72 95.16(1) 95.56(1)
v (deg) 90 90 90 90
V (A3) 10866.7(2) 4326.50(6) 7408.3(7) 7449.3(7)
z 8 4 4 4
Dealcd (g-cm3) 1.145 1.249 1.188 1.210
T(°C) -33 —-123 —-123 —63
u (mmY) 1.189 2.189 1.005 1.413
RL[l > 20(1)]2 0.0225 0.0226 0.0433 0.0305
wR2 (all data) 0.0589 0.0809 0.1139 0.0874
AR1= 3 |IFol — IFcll/XIFol. "WR2 = [FW(Fo? — FAZFW(F?)F Y2
: . T Table 2. Selected Bond Distances and Angles for
disorder problem was eliminated by substituting MeTHF (2- [NMe.o[Ln{ («-H)sBCaH1d ] (Ln = EU, 5: Yb. 6)
methyltetrahydrofuran) for THF. The replacement of the
potassium cation by the [NME tetramethylammonium 5 6
cation simplified the structures. Bond Distances (A)

B. Preparation and Molecular Structure of [NMey].- EU"'E(%) gggg(ﬁ) \;g"g%) g??g(g)
[Ln{(u-H):BCgH14}4] (Ln = Eu, 5; Yb, 6). Complexess Eﬂ---cgl)l) 3'.242((3)) Yb--C((l)l) 2'.940((3))
and6 are prepared by metathesis reaction8 aind4 with Eu---C(21) 3.184(3) Yk-C(21) 4.049(3)
tetramethylammonium chloride at room temperature in THF  Eu+-C(15) 4.396(3)  Yb-C(15) 4.231(3)
(eq 3). They are yellow solids that are air-sensitive and very Eﬂ_}f((f,f)) ; fgg()?’) th;&(lz:)) 2’537&()3)

Eu—H(1B) 2.41(4)  Yb-H(1B) 2.42(4)
2NMeCl Eu—H(2B) 256(3)  Yb-H(2B) 2.39(4)
{K(THF) 2} A Ln{ (u-H),BCgH 3} 2} T,é’ Eu-H(2A) 253(4)  Yb-H(2A) 2.30(4)
Eu—H(11) 2.76(3)  Yb-H(11) 2.57(4)
[NMe Jo[Ln{ (u-H),BCgH1} 4] (3) Eu-H(21) 2653)  Yb-H(21) 4.08(4)
5 Ln=Eu B(1)—C(11) 1.630(4)  B(1)¥C(11) 1.641(4)
6, Ln=Yb B(1)—C(15) 1.626(4)  B(1)C(15) 1.615(4)
B(2)—C(21) 1.634(5)  B(2¥C(21) 1.619(4)
; ; ; ; B(2)—C(25) 1.610(5)  B(2yC(25) 1.617(4)
soluble in THF, soluble in toluene, and insoluble in h_exane. CL1)-H(1L1) 109(3) CL1yH(11) 0.97(a)
Complexes5 and 6 produce IR spectra that are similar to  ¢(15)-H(15) 0.94(5) C(15)H(15) 1.02(4)
those of3 and4 with bands at 20782021 cn1? for 5 and C(21y-H(21) 0.97(3) C(21yH(21) 0.98(4)
2164-2045 cnr for 6 that are characteristic of LrH—B C(25)-H(25) 0.91(4)  C(25yH(25) 0.94(4)
; i ; Angles (deg)
stretches. An absorption band is present at 27631<mthe Eu-B(1)-C(11) 80.80(17)  YBB(1)—C(11) 83.59(15)
IR spectrum of5, assigned to the.-C—H stretch involved Eu-B(1)-C(15)  165.00(19) YbB(1)-C(15)  170.8(2)
in an agostic interaction with the Eu(ll) cation. A similar  Eu-B(2)-C(21) 85.78(18)  Yb-B(2)—C(21) 132.35(19)
Eu—B(2)—C(25) 168.7(2) Yb-B(2)—C(25) 121.35(18)

band is not obs.erved in .the IR speptrumﬁofThe NMR Eu-CI1-H(1)  54.5(16)
spectrum of6 displays signals assignable to the groups gy -cpi1y-H(21)  49.1(19)
[NMe4]+ and [@'H)28C8H14]27.

The structures of complexdsand 6 are established by in Eu—H—B bridge bonds. In the EuB bridge system of
single-crystal X-ray diffraction analyses. Crystal data are 5, the dihedral angles between the planes EuH(1A)H(1B)
given in Table 1. Selected bond lengths and bond anglesand B(1)H(1A)H(1B) and the planes EuH(2A)H(2B) and
are listed in Table 2. Complexis an ionic compound that B(2)H(2A)H(2B) are 133(2) and 131(2), respectively.
consists of the cation [NMg&" and the anion [E{(u- Without agostic interactions, the angle would be close to
H).BCgH14}]?~. The structure of the anion is depicted in 180 in a MH;B bridge system. Therefore, in each case, the
Figure 2a. Four{(u-H).BCgH14} units occupy the four  {(u-H).BCsHi4} unit is asymmetrically bound to Eu(ll) by
corners of a distorted tetrahedron, and these are bound tdoringing one of the twar-C—H hydrogens sufficiently close
Eu(ll) through two Et-H—B three-centered, two-electron to Eu(ll) for an agostic interaction. The Eux-C(11) and
bonds and one Eta-C—H agostic interaction per 9-BBN  Eur:+a-C(21) distances, 3.242(3) and 3.184(3) A, are much
hydroborate. The EdH distances in the EuH—B bridge shorter than those of Eua-C(15) and Eera-C(25),
system are 2.46(3), 2.41(4), 2.56(3), and 2.53(4) A, respec-4.396(3) and 4.446(3) A, for the 9-BBN hydroborate that is
tively, compared with those distances, 2.36(8)57(4) A, not connected to the Eu(ll) through an agostic interaction.
in complex 1.3 The distance 2.76(3) A of EtH(11) and Consistent with the presence of agostic interactions, the IR
2.65(3) A of Eu-H(21) in the Eu--a-C—H agostic interac-  spectrum contains a peak at 2763 énassigned to the
tions are, in general, within 3 esd’s of the distance of-Bu o-C—H with agostic interactions.

YB-C(11)-H(11)  58(2)
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(b)

Figure 2. Molecular structures of the anions 5f(a) and6 (b), showing 50% probability thermal ellipsoids. The metal atoms E&, end Yb, in6, are
situated on a 2-fold symmetric axis. Bridging hydrogens ardydrogens are drawn with arbitrary thermal ellipsoids. All other hydrogen atoms were
omitted for clarity.

(b)

Figure 3. Two coordination modes, symmetric mode (a) and asymmetric mode (b), in co@powing 50% probability thermal ellipsoids. Bridging
hydrogens andi-hydrogens are drawn with arbitrary thermal ellipsoids. All other hydrogen atoms were omitted for clarity.

Complex6 is also an ionic complex composed of the shorter by 1.3 A than the ¥ba-C(15) distance (4.231(3)
[NMe4] " cation and the [YP(u-H),BCgH14} 4]~ anion. The A), and the Yb-H(11) distance, 2.57(4) A, is shorter by 2.1
structure of the anion o6 is shown in Figure 2b. The A than the Yb--H(15) distance (4.64(4) A). Also, the Y¥b
coordination sphere of ytterbium is a distorted tetrahedron B(1)—C(11) angle of 83.6(2)is much smaller than the
with four { (u-H),BCgH14} units with two different coordina-  related angle YbB(1)—C(15) of 170.8(2). Furthermore,
tion modes to ytterbium; one is symmetrically coordinated the dihedral angle of the plane YbH(1A)H(1B) and the plane
to Yb(ll) (Figure 3a) and the other is asymmetrically B(1)H(1A)H(1B), 119(2), is much smaller than the
coordinated to Yb(Il) (Figure 3b) because of agostic interac- 178(5y dihedral angle in the symmetrical system.
tions. As seen in Figure 3a, the two bridging hydrogens, The Yb+-B(1) distance of 2.630(3) A for the asymmetrical
H(2A) and H(2B), are located symmetrically on each side coordination mode is noticeably shorter than the -Yi(2)
of the Yb++B vector and two bridging hydrogens and atoms distance of 2.777(3) A for the symmetrical coordination
Yb and B(2) lie in a plane (the sum of the internal angles in mode. The distance of ¥bB is 2.876(7) A in the complex
the four-membered ring defined by the atoms Yb, B(2), (THF)sYb{(«-H).BCsH14}2, 2, in which there is no agostic
H(2A), and H(2B) is 50(2) + 113(4y + 93(4f + 101(4y interaction® It has been observed and discussed that the
= 357, indicating a virtually planar arrangement, and the distance of M--B is dependent on the two distinct coordina-
dihedral angle of the plane YbH(2A)H(2B) with the plane tion modes of ligands for tetrahydroborate$he M:---B
B(2)H(2A)H(2B) is 178(59, indicating the absence of an distance with au,-BH4 coordination mode is significantly
agostic interaction) close to 180The distances of Yb-a- shorter, 0.16:0.34 A, than that with @as-BH,4 coordination
C(21) (4.049(3) A) and Yb-a-C(25) (3.872(3) A) are too  mode3*° The Yb--B distance of 2.630(3) A is consistent
long to be considered as related to agostic interactions. But,

(9) (a) Segal, B. G.; Lippard, S. Jnorg. Chem 1978 17, 844. (b)

the other{ (u-H)-BCgH14} units are asymmetrically coordi- Lobkovski, E. B.; Kravchenko, S. E.; Semenenko, K.Z¥. Strukt
nated (Figure 2b) because of agostic interactions between  Khim 1977 18, 389. (c) Bernstein, E. R.; Hamilton, W. C.; Keiderling,
Yb and one of thea-C—H bonds from each 9-BBN T.A,; LaPlaca, S. J.; Lippard, S. J.; Mayerle, Jnarg. Chem 1972

11, 3009.
hydroborate. The Yb-o-C(11) distance, 2.940(3) A, is  (10) Makhaev, V. DRuss Chem Rev. 200Q 69, 727.
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Figure 4. Molecular structures of (a) and8 (b), showing 25% probability
thermal ellipsoids. The metal atoms Eu,7nand Yb, in8, are situated on

a 2-fold symmetric axis. Bridging hydrogens anehydrogens are drawn
with arbitrary thermal ellipsoids. All other hydrogen atoms were omitted
for clarity.

with the 2.666(6) and 2.692(5) A lengths in (GEN),Yb-
{(u-H)sBH} 2 and (GHsN)4,Yb{ («-H)3sBH} 2 in which the BH
is employed as a tridentate ligahdThus, the 9-BBN

Chen et al.

distance of 3.248(4) A and the Ew-C(21) distance of
3.154(4) A are much shorter than those of-&u-C(15)
(4.384(4) A) and Eu-a-C(25) (4.418(4) A) on the other
side of the {(u-H).BCgHi4} unit. Also, the Eu-H(11)
distance of 2.86(4) A and the Et(21) distance of 2.70(4)
A are much shorter than those of =H(15) (4.73(4) A)
and Eu--H(25) (4.78(4) A).

The most striking feature of the molecular structure’ of
is the connectivity of potassium with tHgu-H),BCgH14}
unit. Each potassium is bound to the anion by interacting
with the bridge hydrogens of the EtH—B bond and by an
agostic interaction with the-C—H of the 9-BBN hydro-
borate. The bridged hydrogens inf£H—B areus-H due to
an interaction with potassium, and one of thdydrogens
in the {(u-H),BCgH14} unit is bound to potassium by an
agostic interaction. The distances of KI(15) and K-H(25),
with hydrogens coming froma-C—H bonds, are 2.74(4) and
2.85(4) A. They are within the range of distances in which
potassium interacts with hydrogen and come from the Eu
H—B bridge bond. The distances—+d(1A), K—H(2A),
K--H(1B), and K—H(2B) are 2.63(4), 2.72(4), 3.23(4), and
3.02(4) A, respectively. With the exception of the #(1B)
distance, the KH distances are comparable to those in
complexes Kiac-RuHs(dcypb)(CO)]KBHBuU5-0.5(toluene}??
{[(Me3Si).N].V[N(SiMes)SiMe;CH,] }{ K(THF)2} 2,120
[Etg(C4HoNH)3(3-EtGHN)], 22¢ [{ (7%:ntinptint-EtgN4)Zr} 4~
{KH} g (THF)1q], 24 K{ AI[CH ;CH(CHb)2] 4} ,*2¢[K(18-crown-
6)I[W(PMes)sHs], " and{ [(PhsP)ReH] (u-H) [K(THF) 2]} »-
(us-H)4*?9 in previous reports, and especially, the 2.714(6)
A average value of the &H distance in complex [K(18-
crown-6)][W(PMe)zHs] is based on the neutron diffractiéi.

hydroborate can be considered to function as a psuedotri-Such short contacts between potassiumaitgdrogens and

dentate ligand because of the agostic interaction of-&
hydrogen.

C. Preparation and Molecular Structure of {K(Me-
THF) 3} {Ln{(u-H),.BCgH14} s} (Ln = Eu, 7; Yb, 8). The

bridge hydrogens appear to be the only interatomic contacts
present in the bonding range that keep potassium adhered
to the anion to form a k-Euw--K backbone. The
K-+«Eu-+K arrangement is almost linear with an angle of

arrangement of the ligands and associated agostic interactiond 74.28(3). The metals are bridged by hydrogen that also
in the 1:4 complexes is clear on the basis of the structuresbridges boron atoms. Thus, these hydrogens are three-
of 5and6. But, a question remains concerning the interaction coordinate #gs). Each potassium is involved in agostic

of the potassium cation with thexf{H),BCgH14]?~ anion in

interactions with twax-C—H hydrogens. Three 2-methyltet-

3 and4. To resolve this question, 2-methyltetrahydrofuran rahydrofurans complete the coordination sphere of each
(MeTHF) was chosen to replace THF to eliminate disorder potassium atom with normal KO distances (KO1,

of the ethers coordinated to potassium. The compouhds

2.688(3) A; kK—02, 2.696(3) A; and K03, 2.738(4) A).

and8 were prepared, and good quality crystals were obtained. The ytterbium analogue{K(MeTHF)s}{ Yb{ (u-H)2-

The structures and the molecular connectivitied @ind

BCgHa4} 4}, 8, forms crystals that are isomorphous with those

8 were elucidated by single-crystal X-ray analyses (Figure of 7. However, some structural differences still exist between

4a and b). Complexesand8 are composed of two identical
{K(MeTHF)s} units connected to the central aniplon{ (u-
H).BCgH14} 4} (Ln = Eu, Yb) (Figures 3 and 4). The central
portion of the anion ir¥ is similar to that of comple%. The
europium is coordinated to fouf(u-H),BCgH14} units
occupying the corners of a tetrahedron. The-Budistances
in the Eu—H—B bridged bonds (2.46(4), 2.48(4), 2.43(4),
and 2.38(4) A) are consistent with those5nOne of the
o-C—H bonds of eacH (u-H).BCgH14} unit is drawn close
to Eu by an agostic interaction so that the-&a-C(11)

(11) White, J. P., Ill; Deng, H.; Shore, S. Gorg. Chem 1991, 30, 2337.
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7 and 8. Although each of the fouf(u«-H).BCgH14} units
possesses one-C—H bond that strongly interacts with

(12) (a) Drouin, S. D.; Amoroso, D.; Yap, G. P. A.; Fogg, D. E.
Organometallics2002 21, 1042. (b) Moore, M.; Gambarotta, S.;
Bensimon, COrganometallics1997 16, 1086. (c) Jacoby, D.; Isoz,
S.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, CJ. Am Chem Soc 1995
117, 2793. (d) Jacoby, D.; Isoz, S.; Floriani, C.; Schenk, K.; Chiesi-
Villa, A.; Rizzoli, C. Organometallics1995 14, 4816. (e) Uhl, W.;
Wagner, JJ. OrganometChem 1992 427, 151. (f) Berry, A.; Green,
M. L. H.; Bandy, J. A.; Prout, KJ. Chem Soc., Dalton Trans1991
2185. (g) Alvarez, D.; Lundquist, E. G.; Ziller, J. W.; Evans, W. J.;
Caulton, K. G.J. Am Chem Soc 1989 111, 8392. (h) Bandy, J. A,;
Berry, A.; Green, M. L. H.; Perutz, R. N.; Prout, K.; Verpeaux, J.-N.
J. Chem Soc, Chem Commun 1984 729.
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2400 2200 2000 1800
Figure 5. The comparison of the solid-state (KBr) IR spectra of the
complexes (THFLJEU{ (,u-H)zBCgHM}z (l), (THF)4Yb{ (,u-H)zBCgH]A}z (2),
[NMeg]o[Euf (u-H)2BCsHa4} 4] (5), and [NMey]2[Yb{ (u-H)BCgH14} 4] (6)
in the Ln—H—B stretching region.

europium in7, only two of the four{ («-H).BCgH14} units
show similar strong interactions Band the other two seem
to be involved in weaker agostic interactions. The-Ydo-
C(21) distance of 3.079(4) A and the ¥bi(21) distance of
2.59(3) A in8 reflect an agostic interaction. The ¥k-
C(11) distance of 3.294(4) A and the ¥bi(11) distance of
2.92(3) A are significantly long and are considered to be
weak agostic interactions in this ca$& he connectivity of
potassium to the anion section &is similar to, but not
exactly the same as, that @f For complex8, potassium is
bound to bridging hydrogens H(1A) and H(2A) within

distances of 2.68(3) and 2.79(3) A. On the other hand, the

K—H(1B) and k—H(2B) distances, 3.37(3) and 3.14(3) A,

are considered to be beyond the bonding range. However

in the case of7, there are three interactions between
potassium and the bridging hydrogens K(1A), K—H(2A),
and K—H(2B) that are considered to be within the bonding
range.

Summary

A. IR Spectra. The complexesl—8 produce infrared
bands between 2300 and 1900 ¢érthat are assigned to kn
H—B stretches. The IR bands in this region reveal that Eu
H—B stretches in complexesand5 exhibit IR bands that
are ca. 20 cmt lower than those in the corresponding
complexe and6 that contain Yb-H—B bonds (Figure 5).
This is not unexpected because of the dissimilarity in the
radii of Eu(ll) and Yb(Il). Similar observations of IR spectra

based on the metal radii have been previously reported for

(13) (a) Brookhart, M.; Green, M. L. H.; Wong, L.-Prog. Inorg. Chem
1988 36, 1. (b) Crabtree, R. H.; Hamilton, D. G\dv. Organomet
Chem 1988 28, 299. (c) Brookhart, M.; Green, M. L. HJ.
Organomet Chem 1983 250, 395.
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Figure 6. Solid-state (KBr) IR spectra of the complexes [NYEU{ (u-
H)2BCgH14}4] (5) and [NMei][Yb{(«-H)2BCgH14}4] (6) in the C-H
stretching region.

Sm(Il), Eu(ll), and Yb(II}* and also for alkaline earth
metalst® The relatively larger ionic radii of Eu(ll) compared
to that of Yb(ll) results in the weaker interaction in the-Eu
H—B stretches as compared to the -Yd—B stretches.
However, this trend is not observed in complegeand 4
and7 and 8 in which some of the bridging hydrogens are
us, interacting with Ln, B, and K.

In view of their molecular structures, an expected feature
in the IR spectra of complexds-8 is that an additional €H
absorption band will appear because of the agostic interaction
between Ln(ll) and the-C—H bond. Indeed, in all of the
complexes containing europiurh, 3, 5, and7, such a G-H
absorption occurs at ca. 2760 chhwhich is a shoulder peak
in complexes3 and7 but is an isolated band in complexes
13 and5 (Figure 6). On the other hand, complexzst, 6,
and 8 containing ytterbium do not show this characteristic

‘absorption band even though, on the basis of their molecular

structures, there are agostic interaction$ iand 8.

B. Coordination Geometry of Ln(ll). In complexe$—8,
the Ln(ll) is coordinated to eight bridge hydrogen atoms of
the four {(u-H),BCgH14} units® Usually, lanthanide(ll)
bonding with hydride ligands is stabilized by binding to a
bulky ligand” or donor solvent molecules, as in complexes
1 and 2.3 The presence of several agostic interactions
between the Ln(ll) ando-C—H bond is an additional
stabilizing factor for complexe3—8.

Each metal center in complexBs-8 is bound to the four
{(u-H).BCgH14} units, and the coordination geometry, based
on the peripheral boron atoms, can be described as a distorted

(14) (a) Manning, M. J.; Knobler, C. B.; Hawthorne, M. -.Am Chem
Soc 1988 110, 4458. (b) Manning, M. J.; Knobler, C. B.; Khattar,
R.; Hawthorne, M. Flnorg. Chem 1991, 30, 2009.

(15) (a) Khattar, R.; Knobler, C. B.; Hawthorne, M.IRorg. Chem 199Q
29, 2191. (b) Khattar, R.; Knobler, C. B.; Hawthorne, M. >.Am
Chem Soc 1990 112, 4962.

(16) Wang, S.; Li, H.-W.; Xie, ZOrganometallics2001, 20, 3843.

(17) Ferrence, G. M.; McDonald, R.; Takats,Ahgew Chem, Int. Ed.
1999 38, 2233.
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Table 3. Selected Bond Distances and Angles for
{K(MeTHF)3} 2{ Ln{ (,u-H)zBCgH14}4} (Ln = Eu,7; Yb, 8)

7 8
Bond Distances (A)
Eu---B(1) 2.810(5) Yb--B(1) 2.732(3)
Eu-B(2) 2.826(4)  Yb:-B(2) 2.705(3)
Eu:-C(11) 3.248(4)  Yk-C(11) 3.294(3)
Eu---C(21) 3.154(4)  Yk-C(21) 3.079(3)
Eu---C(15) 4.384(4)  Yb-C(15) 4.273(3)
Eu---C(25) 4.418(4)  Yb-C(25) 4.313(3)
Eu—H(1A) 2.48(4) Yb-H(1A) 2.44(3)
Eu—H(1B) 2.38(4) Yb-H(1B) 2.32(3)
Eu—H(2A) 2.46(4) Yb-H(2A) 2.39(3)
Eu—H(2B) 2.43(4) Yb-H(2B) 2.37(4)
Eu—H(11) 2.86(4) Yb-H(11) 2.92(3)
Eu—H(21) 2.70(4) Yb-H(21) 2.59(3)
B(1)—-C(11) 1.628(6) B(1)yC(11) 1.613(4)
B(1)—C(15) 1.623(6) B(1)yC(15) 1.619(4)
B(2)—C(21) 1.631(6) B(2rC(21) 1.620(4)
B(2)—C(25) 1.614(6) B(2rC(25) 1.632(4)
C(11y-H(11) 1.01(5) C(11yH(11) 0.92(3)
C(15)-H(15) 1.03(5) C(15yH(15) 1.01(3)
C(21y-H(21) 0.94(4) C(21yH(21) 0.95(3)
C(25)—H(25) 0.97(4) C(25yH(25) 0.99(3)
K—-0(1) 2.688(3) K-O(3) 2.700(2)
K—-0(2) 2.696(3) K-O(4) 2.723(2)
K—0(3) 2.738(4) K-O(5) 2.742(3)
K—H(1A) 2.63(4) K—H(1A) 2.68(3)
K—H(1B) 3.23(4) K-H(1B) 3.37(3)
K—H(2A) 2.72(4) K—=H(2A) 2.79(3)
K—H(2B) 3.02(4) K-H(2B) 3.14(3)
K—H(15) 2.74(4) K-H(15) 2.69(3)
K—H(25) 2.85(4) K-H(25) 2.74(3)
Angles (deg)
Eu—-B(1)—C(11) 90.0(2) Yb-B(1)—C(11) 95.08(16)
(b) Eu—B(1)—C(15) 162.3(3) Yb-B(1)—C(15) 157.4(2)

) . . Eu—B(2)—C(21) 85.7(2) Yb-B(2)—C(21) 86.97(14)
Figure 7. The bridge hydrogen arrangement (left) and the bridge and  Ey—B(2)—C(25) 168.3(3) Yb-B(2)—C(25) 167.44(19)
o-C—H hy_drog_en arrangement (right) around europium in compléa) Eu—C(11)-H(11) 59(3) Yb-C(21)-H(21) 51.3(17)
and ytterbium in comple% (b). Eu—C(21)-H(21) 53(2)

tetrahedron. In comple%, the eight bridge hydrogens are C. Criteria for Existence and Strengths of Agostic
arranged at the corners of a distorted cube (Figure 7a).Interactions. From a practical point of view, when can the
Including the foura-C—H agostic interactions, Eu(ll) in  approach of a €H hydrogen to a transition metal be
complex 5 is coordinated to 12 hydrogens that form a considered to be an agostic interaction on the basis of
distorted icosahedron with the longest-8t distance being  structural evidence? Criteria for the existence of an agostic
2.76(3) A and the shortest one being 2.41(3) A (Figure 7a). interaction are a short metahydrogen distance, a reduced
In complex6, the eight bridge hydrogens are arranged at bond angle for MGCs (MBC,, for complexes5—8), and a
the corners of a polyhedron, which is related to a distorted reduced dihedral angle between the Lrahd HB planes
bicapped square antiprism with two corners, 2 and 7, that that arise from the interaction of the-®& hydrogen with
are unoccupied by BH—Yb bridge hydrogens but are the unsaturated metal. From analyses of structural reports,
occupied by the two €H agostic hydrogens, with the Green and Brookhaicsuggested that a metahydrogen
longest Yb-H bond distance being 2.57 A and the shortest distance no larger than 1.2 times the distance of a normal

one being 2.30 A. Thus, the Yb(ll) in comple& is M—H distance would be consistent with an agostic interac-

coordinated to ten hydrogens, and its coordination geometrytion. We suggested that a distance less than the sum of the

is a distorted bicapped square antiprism (Figure 7b). metal covalent radius and the hydrogen van der Waals radius
The bridge hydrogen arrangements in complexasd8 implys an agostic interactio. The Greer-Brookhart ap-

are similar to those in compléx The coordination geometry  proximation is difficult to apply because WH bond

of Ln(ll) is a very distorted cube. By taking into account distances are dependent upon their environment. However,
the agostic hydrogens in the total hydrogen arrangement in either approach, there is sufficient uncertainty in the
is a distorted icosahedron. This is also the same situation indistance criteria (uncertainty in the metalydrogen distance)

8 if the a-C(11)-H(11) hydrogen, which is slightly out of  that angular criteria, cited above, must also be taken into
the agostic interaction range, is considered. These hydrogerconsideration to assess the existence of an agostic
polyhedrons are more distorted than those in complébo C—H---M interaction. Figure 3 illustrates the effect of
our knowledge, this is the first example of Ln(ll) surrounded nonagostic and agostic interactions on the dihedral angles
by twelve hydrogens to produce, in a sense, a “hydrogenin complex 6. When no agostic interaction occurs, the
sphere”. dihedral angle between the YbHand HB planes is
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Table 4. Comparison of the Strengths of the Agostic Interactions by Distances-afl MAngles of M--B—C, and Dihedral Angles of Plane
LnH(A)H(B) and Plane BH(A)H(B) in Complexe5—8

BBN unit involving B1 BBN unit involving B2
distances of dihedral angles of distances of dihedral angles of
M—H angles M:--B—C M—H angles M---B—C
A= (degy (degy A= (degp (degy
[Eu{ (u-H)2BCgH14}4]?~, 5 2.76(3) 133(2) 89.9(2) 2.65(3) 131(1) 85.8(2)
[Yb{(u-H),BCgH14} 4%, 6 2.57(4) 119(2) 83.6(2) 3.80(4) 178(5) 121.4(2)
{K(MeTHF)s}{ E{ (u-H)2BCgH14} 4}, 7 2.86(4) 133(2) 90.0(2) 2.70(4) 131(2) 85.6(2)
{K(MeTHF)3}{Yb{(u-H)-BCgH14} 4} , 8 2.92(3) 138(2) 95.0(2) 2.59(3) 133(2) 86.9(2)

aThe closer distance af-C—H and M in two sets of BBN units involving a B1 or B2 atom, respectivélpihedral angles of plane LnH(A)H(B) and
BH(A)H(B) in two sets of BBN units involving a B1 or B2 atom in corresponding complexes, respectivihe smaller angle of M-B—C in two sets of
BBN units involving a B1 or B2 atom, respectively.

178(5Yy, close to 180 (Figure 3a), but when an agostic Conclusions

interaction is present, the dihedral angle is markedly smaller, The h -
. i ydroborate complexe$Ln{(«-H).BCgH14} 4}
119(2y (Figure 3b). Table 4 summarizes the results for (Ln = Eu, Yb), 3-8, were prepared, and their structures

complexes5—8. Note that only half of the observed oo characterized by single-crystal X-ray analyses and IR
interactions are represented in the table; the other half are

. ) spectroscopy. The structural results show that an agostic
generated through a 2-fold operation. Employing the covalent

B interaction exists between Ln(Il) and aaC—H bond of a
radii Yb = 1.94 A and Eu= 2.00 A and the van der Waals

. _ A iteria for limit o , 9-BBN hydroborate anion in europium and ytterbium
radius H= 1.2 A, our criteria for limiting agostic interactions ¢ yjexes. The coordination environment of Ln(ll) consists
are Yb:-H =3.1 A and Eu--H = 3.2 A. Note that in Table

. X of eight bridging hydrogens and seveoalC—H hydrogens
4 there is only one MH distance (comple®) that exceeds

o o ) 7 through agostic interactions. Europium appears to have a
our criteria for an agostic interaction. This is also reflected greater ability to form agostic interactions; europium always

in the angles that are significantly larger than those for t,rmg more agostic interactions than ytterbium. Connectivity
situations in which the agostic interaction is present. apparently occurs between the potassium cation and the
D. Ability to Form Agostic Interactions. In the com- {Ln{ (//L-H)zBC8H14}4}27 anion through interaction of potas-
pounds we are studying, europium complexes always containsium with bridge hydrogens and-C—H hydrogens in
more agostic interactions than ytterbium complexes. In the complexes7 and8.
1:2 ratio complexe4 and2, an agostic interaction is present
in 1 but is absent ir2. Four agostic interactions are present Experimental Section
in the europium comple%, and only two such interactions General Comments.All manipulations were carried out on a
occur in the ytterbium comple¥. For 7, four agostic standard high-vacuum line or in a drybox under an atmosphere of
interactions are present, and only two agostic interactions nitrogen or argon. Tetrahydrofuran and 2-methyltetrahydrofuran
are clearly involved in8. Two other Yb--C and Yb--H were dried over sodium/benzophenone and freshly distilled prior
distances are considered to be weak agostic interactions. Ad0 use. Hexane was stirred over concentrated sulfuric acid for 2
discussed previously, ytterbium, with a smaller radius and days a_nd then decan_ted and washed with water. Next, the hexane
higher positive charge density, would be expected to be more"Vas stirred over sodium/benzophenone for 1 week, followed by
likely to interact with thea-C—H hydrogen. On the other dlst_lllatlon into a storage bulb containing sodlum_/benzophenone.
. L . Celite was dried by heating at 13C under dynamic vacuum for
hand, europium, with its larger size, can have a larger

o ) ) " 5 h. Ammonia (Matheson) was distilled from sodium immediately
coordination number and this will also favor more agostic prior to use. Ammonium chloride (Fisher) was recrystallized from

bonds? Apparently, the larger size rather than the higher anhydrous methanol and vacuum-dried at 20 prior to use.
positive charge density appears to play a dominant role in Europium (ingot, Strem) was packaged under mineral oil, washed
the formation of agostic interactions of europium and with hexane, and vacuum-dried. The metal was cut into small pieces
ytterbium with thea-C—H hydrogen. Similar observations before use. Ytterbium metal (40 mesh, Strem) was used as received.
occur in the tetrahydroborate complexes of U@  Tetrahydrofuran-free K[EBCgH.4] was prepared according to the
Zr(BHy)s, and Hf(BH;),. Uranium, with a larger radius, is literature procedurd! Potassium hydride (Aldrich) was received

surrounded by 14 hydrogeﬁ%but zirconium and hafnium as an oil slurry, washed with hexane, vacuum-dried, and stored in
only have coordination numbers of 1220 the drybox. 9-Borabicyclo[3.3.1]nonane dimer (Aldrich) was used

as received. Solvated lanthanide dichlorides were synthesized
according to the published metHi8dith the modifications listed
below. Elemental analyses were performed by Galbraith Labora-

(18) Bernstein, E. R.; Hamilton, W. C.; Keiderling, T. A.; La Placa, S. J.;
Lippard, S. J.; Mayerle, J. Jnorg. Chem 1972 11, 3009.

(19) (a) Smith, B. E.: Shurwell, H. F.; James, B.DChem Soc.,Dalton tories, Inc. of Knoxville, TN. NMR spectra were recorded on a
Trans 1977, 710. (b) Plato, V.; Hedberg, Knorg. Chem 1971, 10, Bruker AM-250 spectrometetH NMR spectra were obtained at
fggi(i)oﬁ"d’ P. H.; Churchill, M. RJ. Chem Soc, Chem Commun 250.1 MHz and referenced to residual solvent protdts.NMR

(20) (a) Broach, R. W.: Chuang, I. S.; Marks, T. J.; Williams, J.Ihbrg. spectra were obtained at 80.3 MHz and externally referenced to

Chem 1983 22, 1091. (b) Keiderking, T. A.; Wozniak, W. T.; Gay,
R. S.; Jurkowitz, D.; Bernstein, E. R.; Lippard, S. J.; Spiro, T. G. (21) (a) Koster, R.; Seidel, Gnorg. Chem 1983 22, 198. (b) Brown, H.
Inorg. Chem 1975 14, 576. (c) Davies, N.; Wallbridge, M. G. H.; C.; Singaram, B.; Mathew, P. Q. Org. Chem 1981, 46, 2712.

Smith, B. E.; James, B. Dl. Chem Soc.,Dalton Trans 1973 162. (22) Howell, J. K.; Pytlewski, L. LJ. Less-Common Me1969 18, 437.

Inorganic Chemistry, Vol. 44, No. 17, 2005 6059



Chen et al.

BF3-OEL in CgDg (0 = 0.00 ppm). Infrared spectra were recorded 1076(m), 1040(m), 945(s), 897(w), 823(w), 802(w), 743(w),
on a Mattson-Polaris FT-IR spectrometer with 2 émesolution. 687(w) cn1t.

X-ray Structure Determination. Single-crystal X-ray diffraction Preparation of {(THF)K}x{Yb{(u-H).BCgH14}4}, 4. In a
data were collected on a Nonius Kappa CCD diffraction system, procedure similar to the one described aboveXo87 mg (0.50
which employs graphite-monochromated Ma Kadiation ft = mmol) of Yb metal and 54 mg (1.00 mmol) of N8I were reacted
0.710 73). A single crystal 08—8 was mounted on the tip of a  in 25 mL of liquid NH; to produce (NH)YbCl,. The light green
glass fiber coated with Fomblin oil (a pentafluoropolyether). Unit colored solid (NH),YbCI, was converted to (THREUCL, which
cell parameters were obtained by indexing the peaks in the first 10 was combined with 324 mg (2.00 mmol) of KfBCgH14] in 25
frames and refined by employing the whole data set. All frames mL of THF. The mixture was stirred overnight, during which time
were integrated and corrected for Lorentz and polarization effects the color of the solution changed to orange-brown with formation
using the DENZO-SMN package (Nonius BV, 1999)The of a precipitate. Filtration of the reaction mixture yielded a yellow-
empirical absorption correction was applied with the SORTAV brown colored filtrate. The filtrate was cooled to°G, and slow
progran®* provided by MaXus softwaré& The structures were  removal of the THF solvent under vacuum provided yellow X-ray
refined using the SHELXTL-97 (difference electron density cal- quality crystals of4. As determined by elemental analysis, this
culations and full-matrix least-squares refinements) structure solu- procedure promoted the loss of seven THF ligands to give
tion packagé® Data merging was perfomed using the data [K(THF)og2[Yb{(«-H).BCgH14}4]. Anal. Calcd for GeH7,20YbBK,
preparation program supplied by SHELXTL-97. After all non- (loss of 7 THF solvent ligands): C, 53.02; H, 8.90; B, 5.30; Yb,
hydrogen atoms were located and refined anisotropically, hydrogen21.22; K, 9.59. Found: C, 52.25; H, 8.45; B, 5.02; Yb, 20.79; K,
atom positions were calculated assuming standard geometries9.16. A yield of 367 mg of [(THR)sK]2[Yb{ (u-H).BCgH14} 4] (90%
Bridge hydrogens and the-hydrogens of the organohydroborate based on Yb) was obtained. IR (KBr): 2977(s), 2915(vs),
ring in all complexes 08—8 were located and refined isotropically.  2864(vs), 2832(vs), 2684(w), 2657(w), 2124(m), 2078(m), 1960-

Preparation of {K(THF) 4}2{Eu{(«-H),BCgH14}4}, 3. In a (w), 1447(m), 1410(m), 1335(m), 1289(m), 1205(m), 1166(w),
drybox, a 50-mL flask containing a Teflon-coated magnetic stir 1107(w), 1075(m), 1043(s), 985(w), 893(m), 824(w), 801(w),
bar was charged with 76 mg (0.50 mmol) of Eu metal and 54 mg 728(w), 689(w) cm. 1B NMR (80 MHz, dg-THF): 6 —13.6 (t,
(1.00 mmol) of NHCI. The flask was connected to a vacuum line sy = 60 Hz).'H NMR (250 MHz, dg-THF): ¢ 1.75-1.41 (m,
and evacuated. Ammonia (25 mL, liquid) was condensed into the 5- and y-H of {(u-H):BCgH14}, f-H of THF), 0.68 (s,o-H of
flask at—78°C and stirred at that temperature. A reaction occurred {(«-H):BCgH14}). 1H{1!B} NMR (250 MHz,ds-THF): 6 1.06 (s,
immediately with evolution of lland formation of a golden-yellow  x-H). 1B NMR (80 MHz, dg-Tol): ¢ —13.7 (t).'H NMR (250
suspension. After 40 min of stirring, the NMas removed invacuo ~ MHz, dg-Tol): 6 3.69 (br s,a-H of THF), 2.26-1.50 (m,- and
and a light gray-colored solid, (NJ4EUCE, remained. (THREUCh y-H of {(u-H),BCgH14}, p-H of THF), 0.69 (s,o-H of {(u-
was prepared by stirring the Niolvated complex in THF,  H)BCgHia}). 1H{1!B} NMR (250 MHz,dg-Tol): 6 1.02 (s,u-H).
pumping off the solvent, and repeating this procedure two more  Preparation of [NMe]o[Eu{ (u-H)-BCgH14} 4], 5. A procedure
times to ensure that all of the ammonia was replaced. The flask similar to the one described above produced a THF solutid® of
was then charged with 324 mg (2.00 mmol) of KBCgH14] in (0.5 mmol). Addition of (NMg)CI (110 mg, 1.0 mmol) and stirring
the drybox and evacuated. Next, 25 mL of THF was condensed overnight formed5 and KCI precipitate. Filtration removed the
into the flask at—78 °C, and the mixture was warmed to room precipitate, and the filtrate was cooled t?©. Slow removal of
temperature and stirred overnight. During this time, the color of the THF solvent under vacuum provided yellow X-ray quality
the solution changed to an orange-brown with the formation of a crystals of5. Anal. Calcd for GoHggN,EuB,: C, 60.63; H, 11.11;
precipitate. Filtration of the reaction mixture yielded a yellow-brown N, 3.54; B, 5.46; Eu, 19.18. Found: C, 59.81; H, 10.76; N, 3.34;
colored filtrate. The filtrate was cooled to°C, and slow removal B, 5.44; Eu, 18.32. A yield of 342 mg of (NMp[Eu{(u-
of the THF solvent under vacuum provided yellow X-ray quality H).BCgH14} 4] (86% based on Eu) was obtained. IR (KBr): 2979-
crystals of3. Complete removal of the solvent at room temperature (m), 2919(vs), 2886(vs), 2837(vs), 2763(m), 2688(w), 2657 (w),
gave a yellow solid, which became faint yellow after washing with 2268(w), 2232(w), 2199(w), 2078(m), 2021(sh), 1557(w),
hexane and vacuum-drying. As determined by elemental analysis,1539(w), 1508(m), 1465(s), 1452(s), 1405(s), 1334(s), 1314(m),
this procedure promoted the loss of a total of eight THF ligands to 1283(s), 1262(sh), 1234(m), 1205(m), 1160(m), 1104(m),

form Ky[Eu{ (u-H)2BCgH14} 4]. Anal. Calcd for GHgEUB4K (loss

of 8 THF solvent ligands): C, 53.48; H, 8.77. Found: C, 53.21;
H, 8.93. A yield of 288 mg of K[EW (u-H),BCgH14}4] (79.8%

based on Eu) was obtained. IR (KBr): 3016(w), 2970(sh),
2908(vs), 2857(vs), 2822(vs), 2682(w), 2652(w), 2162(sh),
2110(s), 2080(sh), 2016(sh), 1939(w), 1922(w), 1481(vs),
1452(w), 1415(w), 1338(m), 1238(s), 1200(m), 1147(m), 1104(w),

(23) Otwinowsky, Z.; Minor, W. Processing of X-ray Diffraction Data
Collected in Oscillation Mode. IiMacromolecular Crystallography
Part A; Carter, C. W., Jr., Sweet, R. M., Eds.; Methods in Enzymology
276; Academic Press: New York, 1997; pp 3(B26.

(24) (a) Blessing, R. HActa Crystallogr, Sect A 1995 51, 33. (b) Blessing,

R. H. J. Appl. Crystallogr. 1997, 30, 421.

(25) Mackay, S.; Gilmore, C. J.; Edwards, C.; Tremayne, M.; Stuart, N.;
Shankland, KMaxus A Computer Program for the Solution and
Refinement of Crystal Structure from Diffraction Datdniversity of
Glasgow: Glasgow, Scotland, Nonius BV: Delft, The Netherlands,
and MacScience Co. Ltd.: Yokohama, Japan, 1998.

(26) Sheldrick, G. MSHELXTL-97 A Structure Solution and Refinement
Program University of Gdingen: Gidingen, Germany, 1998.
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1077(m), 1039(s), 968(m), 892(w), 823(w), 800(w), 741(w),
685(w) cnTl.

Preparation of [NMe4],[Yb{ (u-H),BCgH14} 4], 6. A procedure
similar to the one described above produced a THF solutich of
(0.5 mmol). Addition of (NMg)CI (110 mg, 1.0 mmol) and stirring
overnight formed6é and KCI precipitate. Filtration removed the
precipitate, and the filtrate was cooled td©. Slow removal of
the THF solvent under vacuum provided yellow X-ray quality
crystals of6. Elemental analysis indicated that there were three
[NMey][H,BCgH14] crystallized with 6 as (NMe)[Yb{(«-H)2-
BC8H14}4] '3{ [NME4][H zBngH14]}.27 Anal. Calcd for GeH172N5-
YbB7: C, 64.97; H, 12.34; N, 4.99; Yb, 12.32. Found: C, 64.86;
H, 12.28; N, 5.02; Yb, 12.61. A yield of 237 mg of [NMg[Yb-
{(/l-H)gBCgH14}4]'3{ [NMe4][H ZBC8H14]}(34% based on Yb) was

(27) An accidentally low yield of YbGland the addition of K[HBCgH14]
and (NMe)Cl based on a one hundred percent yield result in
[NMe4][H 2BCgH14] being excess in the system and cocrystallizing with
complexé.
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obtained. IR (KBr): 3011(s), 2961(m), 2901(vs), 2855(vs), 2821- MeTHF (2-methyltetrahydrofuran) as solvent replaced the THF.
(vs), 2672(w), 2650(w), 2601(w), 2339(w), 2307(w), 2268(m), Repeating this procedure two more times ensured that all of the
2201(sh), 2164((s), 2116(s), 2083(s), 2045(s), 2009(m), 1920(w), THF was replaced by MeTHF to afford a MeTHF solution&f
1487(s), 1452(m), 1419(m), 1397(w), 1338(w), 1261(w), 1185(s), The solution was cooled to T, and slow removal of the MeTHF
1151(s), 1131(m), 1079(m), 1029(s), 950(s), 921(m), 827(w), 775- solvent under vacuum provided yellow X-ray quality crystal$.of
(w), 723(w), 682(w) crmt. 11B NMR (80 MHz,dg-THF): 6 —14.5 Complete removal of the solvent at room temperature gave a yellow
(t, YJsn = 74 Hz)."H NMR (250 MHz,dg-THF): ¢ 3.34 (s, 4Me- solid, which became faint yellow after washing with hexane and

H), 1.81-1.45 (m,- andy-H of {(u-H)-:BCgH14}, f-H of THF), vacuum-drying. As determined by elemental analysis, this procedure
0.76 (s,0-H of {(u-H):BCgH14}). *H{*'B} NMR (250 MHz, dg- promoted the loss of some MeTHF ligands to fdi¢(Me THF)o g} »-
THF): 6 1.22 (s,u-H). {Yb{ (u-H):BCgH14} 4} . Anal. Calcd for GoHgoO16YbB4K2: C,

Preparation of {(MeTHF)3K}{Eu{(u-H):BCgH144}, 7. A 54.71; H, 9.11. Found: C, 54.70; H, 8.81. IR (KBr): 2974(vs),
procedure similar to the one described above produced a THF2913(vs), 2862(vs), 2827(vs), 2681(w), 2653(w), 2154(m),
solution of 3. Removal of THF under vacuum and addition of = 2123(s), 2077(s), 1959(m), 1556(w), 1538(w), 1446(s), 1410(s),
MeTHF_ (2-m_ethy|tetrahydrofuran) as_solvent replaced the THF. 1381(s), 1334(s), 1311(m), 1282(m), 1258(m), 1226(s), 1166(m),
Repeating this procedure two more times ensured that all of the 1102(sh), 1074(s), 1044(sh), 1014(m), 988(m), 937(w), 917(w),

THF was replaced by MeTHF to afford a MeTHF solution7of 892(m), 826(w), 798(m), 729(w), 687(w), 613(w) Thl'B NMR
The solution was cooled to @, and slow removal of the MeTHF (80 MHz, dg-THF): 6 —13.9 (1).1H NMR (250 MHz, dg-THF): o

solvent under vacuum provided yellow X-ray quality crystal§of 3 g4 3 75 (m, H of a-THF), 1.93-1.25 (m, - and y-H of
Complete removal of the solvent at room temperature gave ayeIIow{(ﬂ_H)zBCBHMi f-H of THF)’ 1.13 (d, CH) ,0.65 (s,0-H of

solid, which became faint yellow after washing with hexane and -H),BC:H 1H{11BY NMR (250 MHz. de-THE): 6 0.91 (s
vacuum-drying. As determined by elemental analysis, this procedurei{";) J2BCeHua)). *H{T8} ( e ) 916,

promoted the loss of four MeTHF ligands to produ¢#&-

(MeTHF)} o EW{ (u-H):BCgH14} 4} . Anal. Calcd for GoHgOp Acknowledgment. This work was supported by the
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Preparation of {(MeTHF)3K}{Yb{(u-H),.BCgH14}4}, 8. A
procedure similar to the one described above produced a THF
solution of 4. Removal of THF under vacuum and addition of 1C050573I
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