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methyls in HC(SiHMe>)-Ph noted above. In addition, the IR spectrum of 2:TMEDA revealed two
vSiH bands at 2115 and 1995 cm™.

A single-crystal X-ray diffraction study revealed a polymeric structure for
2-TMEDA ! with each K cation interacting with two C(SiHMe:)Ph groups (Figure 1) through the
Hls (2.82(4) A), the C6 and C11 (from a phenyl group) of one ligand, and the C9 and C10 from a
phenyl of the second. Notably, the K1-C1 distance (3.565(4) A; i.e., to the presumed carbanionic
center) is exceedingly long and outside expected bonding range. For comparison, the K—C distance
(3.030(5) A) is much shorter in dimeric (Me;HSi);CK(TMEDA) than in 2-TMEDA.'® SiH-free
potassium alkyls KC(MesSi).Ph (3.007(2) A)® and (Me>PhSi)>(Me,HSi)CK (3.167(8) A)* also
have polymeric structures with n-coordinated arenes. While the central, carbanionic carbon adopts

distorted, nearly planar geometries in these three examples (Zangles = 358.8°, 357.4° and 356.5°),%

16.20.C1 in 2-TMEDA is perfectly planar (Xangies = 360.0(5)°).

Figure 1. Thermal ellipsoid plot of Ph(Me;HSi).CK(TMEDA) (2-TMEDA) at 50% probability.

Hl1s and H2s were located objectively in the Fourier difference map and refined. H atoms bonded
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to C are not illustrated for clarity. Selected interatomic distances (A): K1-C1, 3.565(4); K1-Hls,
2.82(4); K1-Sil, 3.844(2); K1-C6, 3.049(4); K1-C7, 3.389(5); KI1-C8#, 3.359(5); K1-C9#,
3.085(5); K1-C10#, 3.038(4); K1-C11, 3.091(5); C1-Cé, 1.446(6); C6—C7, 1.434(7); CT7-C8,
1.376(7); C8—C9, 1.392(7); C9-C10, 1.383(7); C10-C11, 1.374(6); C11-C6, 1.422(6). Selected
interatomic angles (°): K1-H1s-Sil, 124(2); C6—C1-Si2, 119.8(3); Si2—C1-Sil, 121.6(2); Sil—

C1-C6, 118.6(3).

The formation of Bn,SiMe: in these reactions implies nucleophilic attack of KBn upon a
SiHMe, group and suggests an alternative route to the desired KC(SiHMe»),Ph (2) via Si—C
cleavage. A related Si—Si bond cleavage provides MSi(SiMes); from Si(SiMes)s and LiMe or
KOBu.?! This idea was tested by the reaction of (Me>HSi);CPh and KO7Bu to give the desired
KC(SiHMe»):Ph (2) in excellent yield (eqn (3)). The spectroscopic features of 2 and 2-TMEDA
were similar for the SiH, including the IR stretching frequency, the chemical shift, and the one-

bond coupling constant.

Fh KOtBu Ph
Me,HSi—C, . k-G ;
\S,SA'I'\'AMez THF, —78°C tor.t., 12 h \SISATA“QGZ (3)
1mhies —_BUO-SiHMe, 2
2,79.2%

Reactions of three equiv. of 2 or 2-TMEDA and Lal;THF4, CelzsTHF4, PrIzTHF3,
or NdI3THF; provide Ln{C(SiHMe>),Ph}3 (Ln = La (3), Ce (4), Pr (5), Nd (6) in excellent yields

(eqn (4)).
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3 KC(SiHMey),Ph benzene \“{'62'*3},;;
. “LnsST
+ R Me-HSi=C— :
ezl | / \H' S..I?SiHMeZ (4)
LnlgTHF, rt,2-12h Me,Si+H
—nTHF HVSIMGZ

La (3),93.9%  Ce (4), 94.8%,
Pr(5), 85.3%  Nd (6), 88.6%

The series of compounds provide pale yellow, orange, yellow and green crystalline
materials, respectively. IR spectra for 3, 5, and 6, acquired as KBr pellets, each contained a sharp,
higher energy vsin band (210945 ¢cm™") assigned to non-bridging SiH and a broad, lower energy
band (1866+6 cm™) attributed to a vsiu of the Ln—H-Si. In contrast, the cerium compound 4
showed only one vsin band, which appeared at 2115 cm™!. The solution IR spectra similar showed
two SiH signals for 3, S and 6. Although two vsiu signals were obtained for 4 in solution, the bands
were low intensity and a number of the IR spectra were dominated by HC(SiHMe»),Ph signals.
We attribute these observations to labile secondary Ln—H-Si interactions present both in solution
and solid state.

The 'H NMR spectrum of diamagnetic 3 revealed signals at 4.24, 0.43, and 0.32
ppm attributed to equivalent SiHMe> groups with diastereotopic methyl moieties. A doublet signal
at 5.84 ppm, assigned to an ortho-C¢Hs, appeared upfield compared to its chemical shift in the
alkane starting material (6.97 ppm), suggesting a multihapto benzyl-Ln coordination. Evidence for
La~—H-Si interactions were provided by the 'Jsin of 144 Hz. The equivalence of the SiHMe; in the
room temperature NMR spectrum contrasts the two types of SiH groups observed in the IR spectra,
suggesting fluxional process(es). A '"H NMR spectrum collected at —73 °C in toluene-ds revealed
that two SiHMe> groups were inequivalent: signals at 4.67 ('Jsiu ~ 180 Hz) and 3.82 ('Jsin ~ 120
Hz) ppm were assigned to nonbridging SiH and bridging Ln—H-Si moieties, respectively. These

resonances correlated in a COSY experiment to signals at 0.35 and 0.08 ppm (with the downfield
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SiH) and 0.77 and 0.67 ppm (with the upfield SiH) of the now inequivalent methyl groups.
Notably, one of the ortho-CsHs, whose resonance appeared unusually upfield at 4.15 ppm, was
even greater shielded than the nonbridging SiH. Moreover, all five H in the C¢Hs were
inequivalent. Thus, the low temperature solution-phase structure appears to contain equivalent
alkyl ligands, each containing one La~—~H-Si and a n-coordinated aryl group.

Single crystal X-ray diffraction reveals that the molecular structure of 3 (P-3) contains
three, crystallographically related C(SiHMe2)2Ph ligands, each of which interacts with the
lanthanum center through the central carbon (C1), through a benzylic-type coordination of the C6,
and also through one La~—H-Si (Figure 2).% The three ligands are arranged in a trigonal geometry
around the lanthanum center (Xci-rai—c1 = 357.15(6)°). This structure is consistent with the low
temperature NMR and IR spectroscopic data. A few of the notable structural features include the
longer Sil-H1s distance (1.44(4) A) involved in the Ln—H-Si structure compared to that of the
nonbridging Si2—H2s (1.36(4) A), the nearly acute Lal-C1-Sil angle (93.1(1)°), short Lal---Sil
and Lal---Hls distances ((3.3141(9) and 2.69(4) A), and an unusually long Lal-C1 distance
(2.674(3) A). The corresponding La—C distances in six-coordinate tris(benzyl)lanthanum
compounds, e.g., La(CH.Ph);THF; (2.648(2) A),° are shorter, and the distance in
La(CH(SiMes)2); (2.515(9) A) is much shorter.'> These trends extend to the comparisons of
structures of 4-6 to the analogous benzyllanthanide species. Moreover, the close contacts in the
series (i.e, Ln—C, Ln---Si, and Ln---H) follow the expected trend based on ionic radius (La > Ce >

Pr>Nd).
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Figure 2. Thermal ellipsoid plot of La(C(SiHMe»),Ph)s (3). H atoms bonded to Si were located in
the Fourier difference map, refined anisotropically, and are illustrated. All other H atoms and a
disordered pentane molecule (0.5) are not shown for clarity. Short La—C (green) and Ln—H-Si
(black) distances are highlighted with dashed lines. Selected interatomic distances (A): Lal—Cl1,
2.674(3); Lal—C6, 2.822(2); Lal-Sil, 3.3141(9); Lal-Hls, 2.69(4); C1-Sil, 1.821(3); Sil-Hls,
1.37(4); C1-Si2, 1.853(3); Si2—H2s, 1.45(4); C1-C6, 1.483(4); C6—C7, 1.415(5); C6-Cl11,
1.409(4). Selected interatomic angles (°):C1-Lal—-C1, 119.05(2); Lal-C1-C6, 80.0(1); Lal-C1-

Sil, 93.0(1); Lal-C1-Sil, 128.3(1).
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Interestingly, isomorphous cerium 4, praseodymium 5 and neodymium 6 compounds’
structures (P21/c) are inequivalent with that of La 3. The two molecules in the unit cells for 4, §
and 6 have inequivalent configurations, with one molecule containing only two Ln—H-Si bridging
moieties (Figure 3).8¥ The Ce—C distances for the five ligands that contain bridging Ce—H-Si
interactions average 2.65 £ 0.02 A, whereas the n2-benzyl only ligand (Ce2—-C56, 2.587(3) A)
distance is shorter. This distinction is also apparent in compounds 5 (Pr—Caye, 2.63 £ 0.02; Pr2—

€56, 2.556(5) A) and 6 (Nd—Caye, 2.61 = 0.02; Nd—C56, 2.541(4) A).

Figure 3. Thermal ellipsoid plot of one of two crystallographically distinct molecules of

Ce(C(SiHMe;)-Ph); (4). H atoms bonded to Si were located in the Fourier difference map, refined
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anisotropically, and are illustrated. All other H atoms are not shown for clarity. Short Ce—C (green)
and Ln—H-Si (black) distances are highlighted with dashed lines. Selected interatomic distances
(A): Ce2—-C34, 2.613(3); Ce2-C45, 2.671(2); Ce2—-C56, 2.587(3); Ce2-Si7, 3.1947(9); Ce2-H7s,
2.47(2); C34-Si7, 1.829(2); Si7-H7s, 1.48(3); Ce2-S19, 3.2379(9); Ce2-H9s, 2.46(3); C45-S19,
1.829(3); Si9—H9s, 1.48(3); Selected interatomic angles (°): C34—Ce2—-C45, 118.57(9); Ce2—-C34—

C39, 83.8(2); Ce2-C34-Si7, 90.1(1).

Conclusion

Thus, the idea that B-SiH groups support large, coordinatively unsaturated rare earth
centers in homoleptic, solvent-free compounds has been extended to a new mixed benzyl
dimethylsilyl ligand. A series of tris(alkyl) lanthanides Ln{C(SiHMe>),Ph}3 are synthesized in
good yields, and the secondary interactions involving -SiH and aryl moieties are likely important
to the facile isolation of these compounds. The structural parameters (e.g., Ln—C, Si-H, Si—C
distances) for moieties involved in secondary Ln—H-Si interactions are different than those with
nonbridging SiH groups, and the Ln—C distances are also affected by the presence or lack of
secondary Ln—H-Si interactions. The ligand itself is synthesized by deprotonation of the new
alkane HC(SiHMe;),Ph with KBn, but Me>SiBn, and other side products in reactions of
HC(SiHMe»)-Ph and KBn suggested a competing reaction involving nucleophilic attack on a Si
center to cleave the C—Si bond. Therefore we developed an alternative route to KC(SiHMe»).Ph
by reacting PhC(SiHMe»); with KO7Bu that affords the desired product in excellent yield. This
straightforward two-step synthesis to homoleptic organolanthanides may allow their application
in the preparation of heteroleptic lanthanide complexes and as precursors for new catalytic

chemistry.
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Experimental

General. All manipulations were performed under a dry argon atmosphere using standard
Schlenk techniques or under a nitrogen atmosphere in a glovebox unless otherwise indicated.
Water and oxygen were removed from benzene, pentane, and THF solvents using an IT PureSolv
system. Benzene-ds and toluene-ds, were heated to reflux over Na/K alloy and chloroform-d was
heated to reflux over CaHz, and vacuum-transferred. Lal;THF4,%%> >3 CelsTHF4,?® PrI;THF3,%* and
NdI;THF32% 2 were prepared by reaction of Ln with CI;H: (La, Ce, Nd) and 1,2-C>I,Hs according
to the literature. a,a,a-Trichlorotoluene, o,0-dibromotoluene, and magnesium chips were
purchased from Sigma-Aldrich, Alfa Aesar, and Strem Chemicals, respectively, and used as
received. Dimethylchlorosilane was purchased from Gelest and distilled, and potassium tert-
butoxide was purchased from Sigma-Aldrich and sublimed before use. Potassium benzyl was
prepared according to the literature.?® 'H, *C{'H}, and ?°Si{'H} HMBC NMR spectra were
collected on a Bruker DRX-400 spectrometer or a Bruker Avance III-600 spectrometer. Infrared
spectra were measured on a Bruker Vertex 80, using KBr pellet (transmission mode) or Pike
Miracle ATR (solution measurements). Elemental analyses were performed using a Perkin-Elmer

2400 Series IT CHN/S. X-ray diffraction data was collected on a Bruker APEX II diffractometer.

HC(SiHMe3):Ph (1). An oven-dried three-neck flask equipped with an addition funnel and
a condenser was allowed to cool under vacuum. Mg turnings (6.00 g, 0.247 mol) were added to
the flask under an Ar purge, and then THF (96 mL) was added. Me,HSiCl (27.3 mL, 0.246 mol)
was added to the flask through the addition funnel, which was subsequently rinsed with THF (36
mL). A THF solution of PhACHBr> (20.4 mL, 0.123 mol) was added in a dropwise fashion to initiate
the reaction. Once the addition was complete, the reaction mixture was heated at reflux for 2.5 h.

The solution was filtered in air to remove salt byproducts, the filtrate was washed with water (3 %
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200 mL), and the salt residue was further extracted with pentane. The filtrate and pentane extracts
were combined and dried over MgSQOs. The filtrate was concentrated under vacuum, and the
resulting yellow liquid was distilled at 50 °C (3 mmHg) to yield HC(SiHMe»)-Ph as a colorless
product (18.2 g, 0.0874 mol, 70.9%) which contained only one peak in the chromatogram of a GC-
MS with a m/z 0f 208.1. 'H NMR (benzene-ds, 600 MHz, 25 °C): 6 7.12 (t, 2 H, *Jun = 7.7 Hz, m-
CeHs), 6.96 (d, 2 H, 0-C¢Hs and t, 1 H, p-CsHs overlapped), 4.34 (v octet, 2 H, 'Jsiu = 186 Hz,
SiHMey), 1.43 (t, 1 H, *Jun = 4.0 Hz, HC(SiHMe:)2Ph), 0.085 (d, 6 H, *Juu = 4.0 Hz, SiHMe»),
0.035 (d, 6 H, *Jun = 4.0 Hz, SiHMe>). *C{'H} NMR (benzene-ds, 150 MHz, 25 °C): § 142.42
(ipso-CeHs), 129.21 (m-CeHs), 129.15 (p-CsHs), 124.58 (0-CeHs), 24.68 (C(SiHMez)2), —3.10
(SiHMe), —3.62 (SiHMe>). 2Si{'H} NMR (benzene-ds, 119.3 MHz, 25 °C): § —12.9. IR (KBr,
cm™): 3078 m, 3022 m, 2959 s, 2901 m, 2847 w, 2115 s (SiH), 1702 w, 1597 s, 1450 s, 1419 m,

12525, 1206 s, 1070 m, 1032 s, 896 s br, 836 s, 785 m, 699 s, 645 m, 537 m.

(TMEDA)KC(SiHMez),Ph. THF solutions of HC(SiHMe»),Ph (1.32 g, 6.32 mmol, 5 mL)
and KBn (0.823 g, 6.32 mmol, 15 mL) were cooled to —78 °C. The KBn solution was added to the
cold, vigorously stirred HC(SiHMe:z):Ph solution in a dropwise fashion to give a dark green
solution. The reaction mixture was slowly warmed to room temperature and then was stirred for
17 h. The solvent was removed under vacuum, and the residue was washed with pentane (5 x 3
mL) and dried under vacuum overnight to yield K(SiHMe;)>Ph as a dark brown oily THF adduct.
TMEDA (2.3 mL, 15.3 mmol) was added, and the mixture was stirred in benzene (8§ mL) for 2 h
at room temperature. The solvent was evaporated under reduced pressure, and the residue was
extracted with pentane (6 x 5 mL). The extracts were combined, concentrated in vacuo, and cooled

at —30 °C to yield X-ray quality crystals (0.189 g, 0.521 mmol, 8.60%). '"H NMR (benzene-ds, 400
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MHz, 25 °C): 6 6.92 (t, 2 H, 3Jun = 7.0 Hz, m-CsHs), 6.85 (d, 2 H, *Jun = 8.0 Hz, 0-CeHs), 6.25 (t,
1 H, *Jun = 7.0 Hz, p-CsHs), 4.78 (m, 2 H, *Jun = 3.6 Hz, 'Jsin = 162 Hz, SiHMe»), 1.96 (s, 4 H,
NCHo), 1.88 (s, 12 H NMe), 0.56 (d, 12 H, *Juu = 3.6 Hz, SiHMe>). 3C{'H} NMR (benzene-ds,
150 MHz, 25 °C): 6 158.58 (ipso-C¢Hs), 130.16 (m-CeHs), 121.19 (0-C¢Hs), 109.31 (p-CsHs),
57.82 (NCHy), 45.95 (C(SiHMez)2), 45.40 (NMe), 1.54 (SiHMe>). °Si{'H} NMR (benzene-ds,
119.3 MHz, 25 °C): 6 —27.30. 'N{!H} NMR (benzene-ds, 61 MHz, 25 °C): 6 -361.9. IR (KBr,
cm'): 3055 m, 2948 s, 2890 m, 2115 m (SiH), 1995 s (SiH), 1579 s, 1470 s, 1262 s br, 1187 m,
1150 m, 1080 m, 1026 m, 894 s br, 826 s, 756 s, 700 s, 632 m, 527 m. Anal. Calcd for

C17H35KN,Si: C, 56.29; H, 9.73; N, 7.72. Found: C, 56.18; H, 9.87; N, 7.26. mp 54 - 56 °C.

PhC(SiHMe;)3. This compound was previously synthesized from a,a,0-tribromotoluene,
and its NMR spectra were previously reported in chloroform-d;.? We synthesized the compound
starting from o,a,0-trichlorotoluene. An oven-dried three-neck flask equipped with a condenser
and an addition funnel was cooled under vacuum. Mg turnings (12.0 g, 0.494 mol) were added to
the flask. THF (180 mL) was added, and Me;HSiCl (54.8 mL, 0.494 mol) was added through the
addition funnel, which was then rinsed with THF (60 mL). PhCCl; (23.3 mL, 0.165 mol) was
added to the flask in a dropwise fashion. The reaction mixture was heated at refluxed for 4 h. Once
the reflux was complete, the reaction mixture was cooled to room temperature and filtered in air
to remove the salt byproducts. The filtrate was washed with water, and the salts were extracted
with pentane. The filtrate and the pentane extracts were combined and dried over MgSO4 for 15
min. The solution was filtered and concentrated under vacuum. The oily residue distilled at 87 °C
under dynamic vacuum to yield the product as a colorless liquid (17.0 g, 0.0636 mol, 38.7%). GC-

MS analysis revealed a single peak in the chromatograph corresponding to a m/z of 266.1
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(expected 266.6). 'H NMR (chloroform-d, 150 MHz, 25 °C): § 7.29 (d, 2 H, *Jun = 7.7 Hz, o-
CoHs), 7.24 (t, 2 H, it = 7.6 Hz, m-CoHs), 7.08 (¢, 1 H, 3Ju = 7.3 Hz, p-CHs), 4.33 (sept, 3 H,
3Jun = 3.8 Hz, 'Jsin = 188 Hz, SiHMe»), 0.20 (d, 18 H, *Jun = 3.6 Hz, SiHMe,). 'H NMR (benzene-
ds, 400 MHz, 25 °C): 6 7.39 (d, 2 H, *Jun = 7.8 Hz, 0-CsHs), 7.12 (t, 2 H, *Jim = 7.4 Hz, m-CeH),
6.95 (t, 1 H, *Jun = 7.4 Hz, p-CsHs), 4.56 (sept, 3 H, *Jun = 3.7 Hz, 'Jsin = 188 Hz, SiHMey), 0.22
(d, 18 H, i1 = 3.6 Hz, SiHMes). 3C{'H} NMR (benzene-ds, 150 MHz, 25 °C): § 142.78 (ipso-
CeHs), 130.92 (0-CsHs), 129.08 (m-CeHs), 124.77 (p-CsHs), 15.47 (C(SiHMes)2), —2.05 (SiHMes).
2Si{'H} NMR (benzene-ds, 119.3 MHz, 25 °C): § —13.08. IR (KBr, cm™'): 3084 w, 3058 w, 2959
m, 2904 m, 2120 s (SiH), 1592 m, 1495 m, 1441 w, 1419 w, 1255 s, 1166 m, 1083 w, 1038 m, 916

s br, 882 s br, 844 s br, 756 w, 699 s, 644 m. m/z for C13H26S13: Caled 266.61, Found 266.1.

KC(SiHMe3):Ph (2). A THF solution of PhC(SiHMe»)3 (1.28 g, 4.79 mmol, 5 mL) was
cooled to —78 °C. In a separate vessel, KO'Bu (0.510 g, 4.55 mmol) was dissolved in THF (15 mL)
and cooled to —78 °C. This solution was slowly added to PhC(SiHMe»)s. The reaction mixture was
stirred for 30 min at —78 °C and then slowly warmed to room temperature and stirred overnight.
The solvent was removed under vacuum, and the residue was washed with pentane (3 x 3 mL).
The residual pentane was removed under vacuum to yield the product as a brownish yellow powder
(0.792 g, 3.21 mmol, 79.2%). '"H NMR (benzene-ds, 400 MHz, 25 °C): § 6.75 (t, 2 H, *Jun = 7.6
Hz, m-C¢Hs), 6.58 (d, 2 H, *Juu = 8.0 Hz, 0-C¢Hs), 6.08 (t, 1 H, *Jun = 6.9 Hz, p-CsHs), 4.57 (sept,
2 H, 3Jun = 3.6 Hz, 'Jsiu = 163 Hz, SiHMe>), 0.42 (d, 12 H, *Jun = 3.6 Hz, SiHMe>). 3C{'H}
NMR (benzene-ds, 150 MHz, 25 °C): 6 157.90 (ipso-CsHs), 130.66 (m-CeHs), 120.51 (0-CsHs),
109.64 (p-CsHs), 45.97 (C(SiHMe»)2), 1.28 (SiHMe»). *Si{'H} NMR (benzene-ds, 119.3 MHz,

25 °C): 6 -27.53. IR (KBr, cm!): 3055 m, 2940 s, 2889 m, 2493 w, 2118 m (SiH), 1995 s (SiH),
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1583 s, 1532 m, 1472's, 1263 s, 1252 's, 1187 m, 1081 w, 1010 s br, 898 s, 828 m, 800 m, 757 s,
700 s, 679 m, 630 m. Anal. Calcd for C11H19KSi»: C, 53.59; H, 7.77. Found: C, 53.36; H, 8.00. mp

126 - 128 °C.

La{C(SiHMe:):Ph}; (3). Method A. Lal3(THF)s (0.0603 g, 0.0746 mmol) and
(TMEDA)KC(SiHMe;)>Ph (0.0812 g, 0.224 mmol) were stirred in a mixture of pentane (2.5 mL)
and benzene (2.5 mL) for 2 h at room temperature. The solvents were evaporated, and the solid
residue was extracted with pentane (3 x 3 mL). The pentane was removed under vacuum to provide
an analytically pure yellow sticky solid (0.0545 g, 0.0716 mmol, 95.9%). Recrystallization from
pentane at —30 °C provided X-ray quality crystals. Method B. Lalz;(THF)4 (0.219 g, 0.270 mmol)
and KC(SiHMe»),Ph (0.200 g, 0.811 mmol) were stirred in benzene (8 mL) for 2 h at room
temperature. La{C(SiHMe»),Ph}3 was isolated following the workup procedure described in
Method A to obtain a yellow solid in high yield (0.193 g, 0.254 mmol, 93.9%). 'H NMR (benzene-
ds, 600 MHz, 25 °C): 6 7.10 (t, 6 H, *Juu = 8.1 Hz, m-CeHs), 6.81 (t, 3 H, *Jun = 7.4 Hz, p-CeHs),
5.84 (d, 6 H, *Juu = 7.5 Hz, 0-C¢Hs), 4.24 (septet, 6 H, 'Jsin = 144 Hz, SiHMe»), 0.43 (d, 18 H,
3Jun = 3.2 Hz, SiHMe»), 0.32 (d, 18 H, *Jsin = 3.5 Hz, SiHMe,). '"H NMR (toluene-ds, 125 MHz,
—73 °C): 6 7.27 (3 H, 0-CsHs, 3 H m-Cg¢Hs), 6.80 (3 H, p-C¢Hs, 3 H, m-CsHs), 4.68 (s br, 3 H,
SiHMe»), 4.15 (3 H, 0-C¢Hs), 3.81 (s br, 3 H, SiHMe»), 0.78, 0.68, (s br, 18 H La—HSiMe») 0.35,
0.08 (s br, 18 H, SiHMez). BC{'H} NMR (benzene-ds, 150 MHz, 25 °C): 6 149.66 (ipso-C¢Hs),
134.61 (m-CeHs), 129.96 (0-C¢Hs), 122.59 (p-CsHs), 56.29 (C(SiHMe:)»), 1.89 (SiHMe>), 1.29
(SiHMe;). 3C{'H} NMR (toluene-ds, 150 MHz, —73 °C): 6 148.27 (ipso-CsHs), m-C¢Hs and o-
CsHs overlap with toluene-ds, 122.26 (p-CsHs), 53.48 (C(SiHMez)2), 2.33 (SiHMez), 1.47

(La—HSiMe,), 0.89 (La—HSiMe»), 0.41 (SiHMe>). Si{'H} NMR (benzene-ds, 119.3 MHz, 25
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°C): 6 —18.0 (SiHMe»).>Si{'H} NMR (toluene-ds, 119.3 MHz, —73 °C): § 1.80 (SiHMe>), —12.97
(La—HSiMe;). IR (KBr, cm™): 2954 m, 2111 m (SiH), 1859 m br (SiH), 1583 m, 1473 m, 1253
s, 1207 m, 1071 m, 888 s, 834 s, 767 m, 703 m, 462 m br. IR (ATR, pentane, cm™'): 2106 m br
(SiH), 1859 m br (SiH), 1585 m, 1474 m, 1256 m, 1248 m, 1209 s, 1033 m br, 930 s, 890 s, 834
s, 767 s, 708 m. Anal. Calcd for C33Hs7LaSis: C, 52.07; H, 7.55. Found: C, 52.48; H, 7.67. mp 119

°C.

Ce(C(SiHMez):Ph); (4). Method A. Cel3(THF)s (0.0682 g, 0.0843 mmol) and
(TMEDA)KC(SiHMe;)>Ph (0.0917 g, 0.253 mmol) were stirred in a mixture of pentane (2.5 mL)
and benzene (2.5 mL) for 5 h at room temperature. The color changed from dark red to orange.
The solvents were evaporated, and the residue was extracted with pentane (3 x 3 mL). The pentane
was removed under vacuum to yield an orange sticky solid (0.0599 g, 0.0786 mmol, 93.2%).
Recrystallization from pentane at —30 °C afforded X-ray quality crystals. Method B. Cel3(THF)4
(0.0750 g, 0.0928 mmol) and KC(SiHMe»),Ph (0.0686 g, 0.278 mmol) were stirred in benzene (5
mL) for 5 h at room temperature. Ce{C(SiHMe:),Ph}; was isolated following the workup
procedure described in Method A to yield the product as an orange solid (0.0670 g, 0.0928 mmol,
94.8%). IR (KBr, cm™): 3024 s, 2959 s, 29254 s, 2853 s, 2115 m (SiH), 1648 m, 1598 m, 1493 m,
1459 m, 1398 br, 1256 s, 1206 m, 1155 m, 1092 m, 1028 s, 891 s, 837 s, 798 s. IR (ATR, pentane,
cm): 2958 s,2923 s, 2874 s, 2115 w (SiH), 1865 w (SiH), 1461 m, 1380 m, 1248 w, 1208 w, 890
s br, 836 m, 766 m, 728 m. Anal. Calcd for C33Hs7CeSis: C, 51.99; H, 7.54. Found: C, 51.82 ; H,

7.45 . mp 118 °C.
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Pr(C(SiHMe3):Ph); (5). Method A. PrI3(THF); (0.0657 g, 0.0890 mmol) and
(TMEDA)KC(SiHMe;)>Ph (0.0969 g, 0.267 mmol) were stirred in a mixture of pentane (2.5 mL)
and benzene (2.5 mL) overnight at room temperature. The color changed from dark red to greenish
yellow. The solvents were removed under vacuum, and the residue was extracted with pentane (3
x 3 mL). The pentane was removed under vacuum to yield a yellow sticky solid (0.0510 g, 0.0668
mmol, 75.1%). X-ray quality yellow crystals were obtained from recrystallization from a pentane
solution cooled at —30 °C. Method B. PrI3(THF)3 (0.0750 g, 0.102 mmol) and KC(SiHMe>).Ph
(0.0751 g, 0.305 mmol) were stirred in benzene (5 mL) overnight at room temperature.
Pr{C(SiHMe»),Ph}3 was isolated following the workup procedure described in Method A to yield
the product as a yellow solid (0.0662 g, 0.0867 mmol, 85.3%). IR (KBr, cm™!): 2955 s, 2926 s,
2854 s,2113 s (SiH), 1868 br (SiH), 1595 m, 1492 m, 1473 m, 1415 br, 1251 s, 1207 s, 1030 s. IR
(ATR, pentane, cm™): 2950 w, 2898 w, 2114 w br (SiH), 1870 w br (SiH), 1585 w, 1475 m, 1248
m, 1207 m, 1033 m br, 930 s, 888 s, 834 s, 768 s, 708 m, 677 w. Anal. Calcd for C33Hs7PrSie: C,

51.92; H, 7.54. Found: C, 51.81; H, 7.72. mp 123 °C.

Nd(C(SiHMe3),Ph)s. (6) Method A. NdI3(THF); (0.0563 g, 0.0759 mmol) and
(TMEDA)KC(SiHMe;)>Ph (0.0827 g, 0.228 mmol) were stirred in a mixture of pentane (2.5 mL)
and benzene (2.5 mL) overnight at room temperature. The color changed from dark red to green.
The solvents were removed under vacuum, and the residue was extracted with pentane (3 x 3 mL).
The pentane was removed under vacuum to yield a green sticky solid (0.0519 g, 0.0677 mmol,
89.1%). Green, X-ray quality crystals were obtained after recrystallization from pentane at —30 °C.
Method B. NdI3(THF); (0.0744 g, 0.100 mmol) and KC(SiHMe:)>Ph (0.0742 g, 0.301 mmol)

were stirred in benzene (5 mL) overnight at room temperature. The above procedure for isolation
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of Nd{C(SiHMe»),Ph}3 was followed to yield the product as a green solid (0.0681 g, 0.0888 mmol,
88.6%). 'H NMR (benzene-ds, 600 MHz, 25 °C): 6 4.89, 1.36,-1.76, —2.22. IR (KBr, cm™!): 2952
m, 2104 m (SiH), 1871 m br (SiH), 1583 m, 1473 m, 1252 s, 1209 m, 1071 m, 1032 m, 888 s, 832
s, 763 m, 704 m, 456 m br. IR (ATR, pentane, cm™): 2951 w, 2898 w, 2116 w br (SiH), 1869 m
br (SiH), 1586 w, 1474 m, 1255 m, 1207 m, 1033 m br, 888 s, 834 s, 767 m, 708 m. Anal. Calcd

for C33Hs7NdSis: C, 51.71; H, 7.50. Found: C, 51.96; H, 7.60. mp 121 °C.
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Abstract
A new bulky silazido ligand, -N(SiHMe:)Dipp (Dipp = CeH3-2,6-iPr2) supports planar,
three-coordinate homoleptic rare earth complexes Ln{N(SiHMe;)Dipp}3; (Ln = Sc, Y, Lu) that
each contain three secondary Ln<HSi interactions and one agostic CH bond.
Y {N(SiHMe2)Dipp}3 and acetophenone react via hydrosilylation, rather than insertion into the Y—

N bond or enolate formation.

Introduction

The hexamethyl disilazido group’s use as a ligand in homoleptic and heteroleptic
complexes, which find myriad synthetic applications, spans the periodic table.! This ligand is
particularly useful in early metal and lanthanide chemistry because its steric properties lead to
monomeric, reactive species. Interestingly, solid-state structures of trivalent lanthanide
compounds Ln{N(SiMes)}3 are pyramidalized (Inien = 339-353°),2 whereas smaller
M{N(SiMes):}3 (M = Ti, V, Cr, Fe, Al, Ga, In) are planar.® The scandium compound

Sc{N(SiMes),}3 is planar in the gas-phase* but pyramidal in the solid state. These compounds, as
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well as those supported by the less hindered tetramethyldisilazido, contain secondary interactions
of the type Ln—RSi (R = Me, H) with groups beta to the metal center;> ® 7 however, these
interactions are not sufficient to prevent additional solvent coordination or dimerization in
homoleptic tetramethyldisilazido rare earth compounds.> ® Indirect, but compelling, evidence for
the existence of Ln—HSi interactions is provided by distorted ligand conformations in X-ray
diffraction studies, reduced one-bond coupling constants ('Jsin) in NMR spectra, or low energy
Si-H stretching modes (vsin) in infrared spectra.> ¢ Bulkier disilazido ligands N(SirfBuMe:)SiMe3
or N(SirBuMe:), form planar homoleptic lanthanide compounds.’

The bulky silazido ligand N(SiMe3)Dipp (Dipp = 2,6-diisopropylphenyl) supports
homoleptic divalent first row metal centers'® and heteroleptic rare earth species, such as
LuCl{N(SiMe3)Dipp}>THF.!! Less bulky aryl substitution also gives THF-coordinated or “ate”-
type rare earth compounds, including Ln{N(SiMe3)Ph};THF (Ln = Y, Lu),!! and
[YCI{N(SiMe3)2,6-CsH3Et, } 3][Li(THF)4].!? Alternatively, a combination of the large /Bu and the
small, pB-SiH-containing SiHMe, substituents in a silazido provides homoleptic
Ln{N(SiHMe>)/Bu}; (Ln = Sc, Y, Lu, Er).!> ¥ Ln{N(SiHMe:)/Bu}3 form pyramidal structures
akin to Ln{N(SiMe3)2}3, contain three bridging Ln—HSi in a Cs-symmetric structure, and will
coordinate THF or Et,O. The SiH group in N(SiHMe;)rBu is reactive. For example,
Cp2Zr{N(SiHMe;)Bu}X compounds react by H abstraction of the silicon hydride.!> The
combination of an even larger substituent than /Bu with the small SiHMe; could result in further
SiH bond activation by pushing the smaller group closer to the metal center. To explore this idea,

we constructed N(SiHMe2)Dipp as a sterically off-balanced ligand.
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Results and Discussion

The synthesis of HN(SiHMe»)Dipp is modified from the preparation of HN(SiMes)Dipp.'6
Deprotonation of H2NDipp by nBuLi in pentane generates LiN(H)Dipp as a white precipitate. This
crude material and Me>HSIiCl react in diethyl ether to provide HN(SiHMe:)Dipp (1; eqn (1)),

which is isolated in good yield by distillation.

Me,HSi H
NH2 2 \N/
P e) nBuLi Me,HSiCl ; ;
Pr o > LiNH)Dipp ————— > " P
pentane Et,O
0°Ctort,12h 0°Ctort,3h
H,NDipp 1, 83.3%

Deprotonation of 1 with »#BuLi in pentane gives the desired lithium silazido
LiN(SiHMe:)Dipp (2; eqn (2)) as a white solid. Recrystallization from a saturated pentane solution
at—30 °C provides analytically pure crystalline material. The 'H NMR spectra of 1 and 2 contained
resonances at 4.89 ppm (1Jsin = 199 Hz) and 5.09 ppm (!Jsin = 177 Hz), respectively, assigned to
the SiH groups. The higher frequency chemical shift (sin) of 2, with respect to silazane 1, contrasts
the lower dsin in LiN(SiHMe»)> and LiN(SiHMe»)7Bu compared to their silazanes (Table 1). The
IR spectra for 1 and 2 revealed signals at 2112 cm™' and 2022 cm™!, respectively, that were assigned
to VsiH.

Me,HSi _H Li_ SiHMe,
N nBuLi N

iPr iPr

Y

iPr iPr (2)
pentane
—-78°Ctort.,12h

1 2,97.2%
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Table 1. Room temperature 'H NMR (in benzene-ds) and IR spectroscopic properties of SiH

groups in silazanes, disilazanes, lithium silazido, and rare earth silazido compounds.

Compound dsin (ppm) 'Jsin (Hz) vsin (em™)
HN(SiHMe:)Dipp (1) 4.89 199 2112
LiN(SiHMe:)Dipp (2) 5.09 177 2022
HN(SiHMe,)," 4.82 170 2120
LiN(SiHMey)," 4.49 168 1990
HN(SiHMey)/Bu® 4.82 192 2135 and 2104
LiN(SiHMe;)rBu® 4.49 168 2052
Sc{N(SiHMe:)Dipp}s (3) 5.43 143 2105, 2046, 1908
Y{N(SiHMe;)Dipp}: (4) 5.17 129 2107, 1934, 1883
Lu{N(SiHMe;)Dipp}s (5) 5.43 128 2108, 1942, 1877

“See reference 5; *See references 14, 17.

Salt metathesis reactions of LnCI3THF, and 2 (3 equiv.) provide the homoleptic

tris(silazido) rare earth compounds Ln{N(SiHMe>)Dipp}3 (Ln = Sc (3), Y (4), Lu (5); eqn (3)).

o,

N H—si
LnCly(THF), £L,0 Me28|"N\ H—sive

+ > H—Ln—N (3)
I . -78°Ctorit. HY
3 LiN(SiHMe,)Dipp Me,Si'N
12h 4@4\

Lhn=Sc;n=3

Y, Luin=0 Ln = Sc 3, 43.2%: Y 4, 56.2%: Lu 5, 45.5%

The reactions proceed in diethyl ether at low temperature, and the products are isolated as

donor-free and salt-free crystalline materials after extraction and crystallization from pentane.



