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Abstract 

The organosilyllithium tetrahydrofuranate complexes Li@HFl,SiPh, (1) and LKI’HF),Si(SiMe,), (2) were crystallized a?d 
structurally characterized by X-ray crystallography. Both compounds possess monomeric structures with relatively long ka. 2.67 AI 
Li-Si bonds. In addition, the lithium-bound silicons have distorted tetrahedral geometries with low C-Si-C and Si-Si-Si angles of 
101.3” (av.) (1) and 102.6” (av.) (2). Compound 1, which has not been reported as an isolated species, has been characterized by ‘H, 
‘Li, 2pSi NMR and IR spectroscopy. These studies indicate that the Li-Si bond remains intact in THF solution at - 80°C. 

1. Introduction 

Structural studies of silyllithium species have re- 
ceived very little attention in comparison to their alkyl 
or aryllithium analogues. Currently, the experimentally 
determined structures of only a few such compounds 
are known. These are of the hexamer (LiSiMe,), (3) 
[l], the adducts (LiSiMe,), * (TMEDA), (4) [21 and 
LiSKSiMe,), - 1.5 DME (5) [3] (TMEDA = tetrameth- 
ylenediamine, DME = 1,2-dimethoxyethane) and the 
compound [(Li@I-lF&Si,Ph,] (6) [4] in which THF 
solvated lithiums are terminally bonded to each end of 
an (SiPh,), chain. Owing to the uniqueness of the 
latter species, the non-solvated nature of 3, and the 
presence of chelating ligands in the structures of 4 and 
5, it was felt that their molecular structures might not 
prove to be typical of simple lithium silyls in donor 
solvents where these reagents are often employed. The 
main object of the work reported here was to prepare 
crystalline samples of some simple solvated lithium 
silyls and to determine their structures by X-ray crystal- 
lography. 

Correspondence to: Professor P.P. Power. 
* Dedicated to Professor Mike Lappert on the occasion of his 65th 

birthday; a true scholar and pioneer of organometallic chemistry. 

2. Experimental details 

All operations were performed under an N, atmo- 
sphere. Solvents were distilled from conventional dry- 
ing agents and degassed twice prior to use. ‘H, 7Li, 
29Si NMR spectra were recorded on a General Electric 
QE-300 spectrometer operating near 300 (‘HI, 116.59 
c7Li) or 59.6 (29Si) MHz. IR spectra were recorded on 
a Perkin-Elmer Model 1430 instrument. 
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Fig. 1. Computer generated drawing of 1. H atoms are omitted for 
clarity. 
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Fig. 2. Computer generated thermal ellipsoidal drawing of 2. H 
atoms are omitted for clarity. 

Both LiSiPh, (1) [5] and LiSiGiMe,), (21 [61 were 
generated in THF solutions according to literature 
procedures. However, only 2 has been previously iso- 

TABLE 1. Crystal data and summary of data collection and refinement 

lated as a crystalline species [7]. Crystals for X-ray 
crystallography were grown by adding hexane concen- 
trated THF solutions of 1 or 2 until incipient crystal- 
lization. Slow cooling over 24 h ion a -20°C freezer 
afforded suitably sized crystals for X-ray crystallogra- 
phy. The species 1 was obtained in 63% yield; m.p. dec. 
> 95°C. 7Li NMR (C,D,): s, -1, J (7Li-29Si) = 45 
Hz. 29Si NMR (C,D,): q, 9.28, J (29Si-7Li) = 45 Hz. 
‘H NMR (C,D,):m, 1.31 (12H, THF); m, 3.46 (12H, 
THF); m, 7.13 (6H, Ph); m, 7.26, (6H, Ph); m, 7.76, 
(3H, Ph). IR (Nujol): 1948m, 1877m, 1812m, 1572m, 
1426m, 1295w, 1258w, 1182w, 1106sh, 107Ow, 1041w, 
992w, 955-978br, m, 802s 730br, 694s 521s cm-‘. 

2.1. X-Ray crystallographic studies 
All data were collected with a Syntex P2, diffrac- 

tometer equipped with a locally modified LT-1 low 
temperature device using graphite monochromated MO 
Ka (A = 0.71069 A) radiation. Calculations were car- 

Li(THF),SiPh, (1) Li(THF),Si(SiMe,), (2) 

Formula 
FW 
Crystal system 
Space group 
Conditions 
Crystal dimensions (mm) 
Crystal color and habit 

a (AI 

b (A) 

c C-Q 
P (“) 

v &, 
Z 
T (K) 
dcalf (g cme3) 
Linear abscoefficient (cm-‘) 
Range of abscorrection factors 
Scan speed (” mitt-‘) 
Scan width (“1 
o offset for background U 
20 range (“) 
No. reflections collected 
No. of unique data 
R (merge) 
No. of data used in refinement 
No. of variables 
data/variable ratio 
R(F) 
R,(F) 
Weighting scheme 
Largest A/a 
Largest feature on final 

Difference map (e AV3) 

C3,H3,Li03Si 
482.67 
Orthorhombic 
Fdd2 
hkl,h+k=2n,k+l=2n;Okl,k+l=4n;h01,l+h=4n 
0.20 x 0.37 x 0.62 
Colorless plates 

23.36205) 

24.72306) 

19.37104) 

11,188(14) 
16 
130 
1.15 
1.1 
0.96-0.98 
15 
1.0 
1.0 
l-45 
3945 
2936 
0.020 
2225 (I > 3a(I)) 
165 
13.5 : 1 
0.053 
0.053 
w-l = (r’(F) + 0.0006F2 
0.014 

0.50 0.36 

C,,H,,LiO,St, 
470.92 
Monoclinic 

P2,/c 
OkO, k = 2n; h01, I= 2n 
0.38 x 0.68 x 0.73 
Colorless parallelepipeds 

9.956(3) 

19.913(9) 

16.194(5) 
93.09f2) 

3206(2) 
4 
213 
0.98 
2.0 
0.88-0.94 
15 
1.0 
1.0 
O-48 
5426 
5044 
0.008 
1985 (I > 3&I)) 
262 
7.6: 1 
0.071 
0.086 
W -’ = a’(F) 
0.003 



H.KR. Dias et al. /X-Ray crystal structures of mononuclear silyllithium complexes 3 

TABLE 2. Atomic coordinates ( X 104) and isotropic thermal param- 

eters (A* x 103) for Li(THF),SiPh, (1) and LKf’HF),Si(SiMe,), (2) 

Atom x Y z U" 

Compound I 
Si 

Li 

o(1) 
o(2) 
o(3) 

c(l) 
c(2) 
c(3) 

c(4) 
C(5) 
C(6) 
C(7) 

c(8) 
c(9) 
UlO) 

Ull) 
U12) 
U13) 
U14) 
U15) 

U16) 
U17) 
U18) 
U19) 

U20) 
U21) 
U22) 
U23) 

U24) 
U25) 
U26) 

U27) 
U28) 
U29) 
U30) 

25910) 470) 
2564(4) - 39f4) 
19920) 4420) 
32990) 1540) 
2308(l) -777(l) 

2410(2) 741(2) 

2187(2) 804(2) 
2073(2) 1314t2) 
2178(2) 1772(2) 

2393(2) 1723(2) 

250%2) 1216t2) 
3312(2) - 126(2) 

377Of2) - 300(2) 
4303(2) - 425(2) 

4380(2) - 38N2) 
3929(2) - 213(2) 

3405t2) - 83(2) 

2066t2) - 416(2) 

1468(2) - 338(2) 

1070(3) - 693(2) 

1246(2) - 1149(3) 

1820(2) - 1237(3) 
2225(2) - 887(2) 

2158(3) 909(2) 

1660(2) 1296(2) 

1388(2) 1161(2) 

1461(2) 560(2) 
3526(2) - 41(3) 

4169(2) 46(3) 
4266(3) 363(3) 

368Ot2) 572(2) 

1919f2) - 851(2) 

1766t2) - 1443t2) 
2107(3) - 1149t2) 
191Of2) - 1647(2) 

Compound 2 
Sit0 2291t2) 

Sit21 453Of2) 
Si(3) 1189t3) 
Sit41 1702(3) 

O(1) - 107(6) 

O(2) 2549(6) 

O(3) 2417(7) 
Li 178103) 

C(1) 5347(8) 

C(2) 4905(9) 

C(3) 5525(9) 

C(4) 1948(12) 

US) 111902) 

C(6) - 61000) 

C(7) 253201) 

C(8) - 155(11) 

C(9) 2045(13) 

UlO) - 90403) 

Ull) - 228903) 

U12) - 2337(13) 

U13) - 94603) 

U14) 200903) 

U15) 305808) 

845(l) 
11350) 
1293(l) 
15830) 

- 641(3) 
- 786(3) 

- 1092(3) 
- 436(7) 

489(5) 
1974(5) 
1135(S) 

9945) 
2239(5) 
1008(7) 
2422(5) 
1778(6) 

1187(5) 

- 3OOw 
- 474(10) 
- 815(8) 
- 936t6) 

- 1233(8) 
- 1420(S) 

1906 

531(5) 

90(2) 
88(2) 

261(2) 

2317(3) 
2982(3) 

3262f3) 

2864(3) 
2218(3) 
1938(3) 

2359t3) 
1957(3) 
2257(3) 
2951(3) 
3367(4) 

3063(3) 
2391f3) 
2314(3) 
2591(4) 
2951(3) 

3036(3) 
2771(3) 

- 298(4) 
- 277(3) 

410(3) 
449(3) 

- 567(4) 
- 53Of4) 

12N4) 
317(4) 

- 312(3) 
- 325(3) 

784(3) 

399(3) 

2731(l) 

3038(l) 
3838(2) 
1650(l) 
2135(4) 
1336(4) 

3154(4) 
2343(8) 
3750(6) 
3531(6) 
2078(6) 
4863(5) 

3944(6) 

3800(7) 
1657(6) 
1577f7) 

634(5) 
153Ot7) 
1619(10) 
2367(11) 
2673f8) 

731(9) 

23Ot8) 

230) 
27(3) 
31(l) 
310) 

310) 
230) 

280) 
342) 
360) 
38f2) 
290) 

220) 
290) 
35(2) 
310) 
3ti2) 

280) 
250) 
300) 

3%2) 
42(2) 
36(2) 
28(l) 

40(2) 
4Ot2) 
41(2) 
340) 
400) 

47(2) 
5x2) 
360) 

330) 
37(2) 
36(2) 

32(l) 

500) 
660) 
78(l) 
75(l) 
85(2) 
96(3) 
95(3) 
65(5) 
95(4) 

97(4) 
104f4) 
125(5) 
120(5) 
148(6) 

120(5) 
142f6) 
127f5) 

16Ot7) 
170(9) 
189t9) 
145(7) 

178(8) 
169t8) 

TABLE 2 (continued) 

U16) 415708) - 1014flO) 451(H) 213(H) 

Ul7) 3853(13) - 625(7) 1114(9) 143(6) 

Ul8) 3142(22) - 1681(8) 303901) 23302) 

Ul9) 3584f19) - 1942(10) 3809w 24502) 

U20) 2992(23) - 157400) 4363(10) 249(13) 

U21) 2466(17) - 993(6) 3997(7) 164(S) 

a U is the equivalent isotropic V defined as one-third of the trace of 
the orthogonalized r_Jj tensor for all the non-hydrogen atoms of 

compound 2 and the Si, Li and 0 atoms of compound 1. 

ried out on Data General Eclipse and Micro VAX 
computers using versions of srrnLxrr_ The atomic form 
factors including anomalous dispersion were from 
ref. 8. 

Colorless plates of 1 and colorless parallelepipeds of 
2 were obtained as described above. To prevent possi- 
ble reaction with air or loss of solvent, the crystals were 
stored in the mother liquor prior to use. The crystals 
were removed from the Schlenk tube under a stream of 
N, and immediately covered with a layer of hydrocar- 
bon oil. A suitable crystal was selected, attached to a 
glass fiber and immediately placed in the low tempera- 
ture nitrogen stream as described in ref. 9. Crystals of 
2 shattered below ca. -70°C. The data were collected 
at -60°C to prevent this occurrence. However, the 
refinement yielded unusually large thermal parameters 
with no significant residual electron density, indicating 
nearness to a phase transition at this temperature. The 
crystal structures of 1 and 2 were solved by direct 
methods and refined by full-matrix least squares re- 
finement. In 1 only the silicon, lithium and the three 
oxygen atoms were refined anisotropically; in 2 all 
non-hydrogen atoms were refined in this way. Hydro- 
gen atoms were included in the refinement at calct- 
lated positions using a riding model with C-H = 0.96 A 
and U, = 1.2 Uc. A summary of experimental details is 
provided in Table 1 with additional details given below. 
Atom coordinates are listed in Table 2 and selected 
bond distances and angles in Table 3. Complete bond 
distances, angles, anisotropic thermal parameters, hy- 
drogen atom coordinates and structure factor tables 
are provided in the supplementary material (available 
from the authors). 

2.2. Description of structures 

2.2.1. Li(THF),SiPh, (1) 
The asymmetric unit contains a mononuclear struc- 

ture (Fig. 1) with no crystallographic symmetry. Both 
the lithium and silicon centers are four-coordinate with 
distorted tetrahedral geometries. The Li-Si distance is 
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TABLE 3. Selected bond distances (A) and angles (“) for 

Li(THF),SiPh,(l) and Li(THF),Si(SiMe,), (2) 

Compound I 
Si-Li 

Si-C(1) 
Si-C(7) 

Si-C(13) 

2.672(9) 
1.940(5) 
1.947(5) 

1.923(5) 

Li-Si-c(1) 118.3(3) 
Li-Si-C(7) 116.9(2) 

C(l)-Si-C(7) 101.4(2) 

Li-Si-C(13) 115.2(3) 

C(l)-Si-C(13) 100.8(2) 

C(7)-Si-C(13) 101.6(2) 

Compound 2 
Si(l)-Si(2) 
Si(l)-Si(3) 
Si(l)-Si(4) 
Si(l)-Li 

Si(2)-C(1) 

Si(2HX2) 
Si(2)-c(3) 
Si(3)-c(4) 

Si(3)-C(5) 

2.330(4) 

2.328(4) 
2.336(4) 

2.669(13) 
1.882(9) 

1.880(9) 
1.88900) 
1.883(9) 

1.89500) 

Si(2)-Si(l)-Sic31 
Si(2)-SiWSi(4) 
Si(3)-Si(l)-Sic41 
Si(2)-Si(l)-Li 

Si(3)-SiW-Li 
Si(4)-SiWLi 

SiW-Si(2)-C(1) 
Si(l)-Si(2)-C(2) 

C(l)-Si(2)-C(2) 
Si(l)-Si(2HX3) 
C(l)-Si(2XX3) 
C(2)-Si(2)-C(3) 
Si(l)-SiWC(4) 
Si(l)-Si(3)-C(5) 
C(4)-Si(3)-C(5) 

103.1(l) 

101.70) 
103.1(l) 
117.0(3) 
117.1(3) 
112.8(3) 

109.7(3) 
118.4(3) 
106.1(4) 
111.3(3) 
106.1(4) 
104.4(4) 
112.0(4) 

118.2(4) 
104.4(S) 

Si(3)-C(6) 

Si(4)-C(7) 
Si(4)-C(8) 
SiWC(7) 
Si(4)-C(9) 
O(l)-Li 

O(2)-Li 
O(3)-Li 

Si(l)-Si(3)-C(6) 

C(4)-SiWc(6) 
C(5)-Si(3)-CX6) 
SiW-SX4)-C(7) 
Si(l)-SK4)-C(8) 
C(7)-Si(4)-c(8) 

Si(l)-Si(4HX9) 
C(7)-Si(4)-C(9) 
C(8)-Si(4)-c(9) 
Si(l)-Li-O(l) 

Si(l)-Li-O(2) 
Si(l)-Li-O(3) 
O(l)-Li-o(3) 
O(2)-Li-O(3) 
O(l)-Li-O(2) 

Li-O(l) 
Li-O(2) 
Li-O(3 

Si-Li-O(l) 
Si-Li-O(2) 

O(l)-Li-O(2) 
Si-Li-O(3) 
O(l)-Li-O(3) 

O(2)-Li-O(3) 

1.983(9) 
1.976(9) 

1.991(10) 

113.5(4) 
113.2(4) 
104.7(4) 

109.9(4) 
103.5(4) 
111.6(4) 

1.877(11) 

1.86500) 
1.887(11) 
1.865(10) 
1.873(9) 

1.93504) 
1.965(14) 
1.935(14) 

110.4(4) 
105.6(5) 
105.3(5) 
117.8(3) 
112.5(4) 
104.3(5) 

110.1(3) 
106.3(5) 
104.8(5) 
114.4(6) 
117.2(6) 
115.7(6) 

104.8(7) 
101.3(6) 
101.5(6) 

2.672(9) A and the average Si-C bond length is 1.937(9) 
A. The distortion in angles surrounding silicon and 
lithium may be gauged from the average values 101.3(3) 
and 116.8(11)” for C-Si-C and Li-Si-C and 106.6(10) 
and 112.2(15) for 0-Li-0 and 0-Li-S angles. 

2.2.2. Li(THF),Si(SiMe,), (2) 
The asymmetric unit of 2 comprises a single molecule 

(Fig. 2) with no imposed symmetry. There is distorted 
tetrahedral coordination at both litjuum and silicon. 
The Li-Si bond length is 2.669(13) A and the average 
Si-Si distance is 2.331(3) A. For the central silicon 
atom the average Si-Si-Si and Si-Si-Li bond angles 
are 102.6(6) and 115.6(19Y. The asymmetry in the 
angles surrounding lithium is apparent from the aver- 
age 0-Li-0 and 0-Li-Si values of 102.5(15) and 
115.8(10)“. 

3. Discussion 

The species LiSiPh, [5] and LiSi(SiMe,), [6,7] were 
generated in solution by literature procedures. Crystal- 
lization from THF/hexane mixtures resulted in crystals 
that had the stoichiometry given by the formulae of 1 
and 2. The compound 2 has already been obtained as a 
crystalline material [7] and spectroscopically character- 
ized, whereas 2, to our knowledge, has not been previ- 
ously reported as an isolated species. 

Both 1 and 2 possess very similar structures. The 
Li-Si bond lengths are essentially identical and the 
amount of pyramidicity defined by sum of the angles 
(c”) at the Sic, (c”Si = 303.8”) and SiSi, (c”Si = 
307.9”) moieties is very similar. These two characteris- 
tics, together with the monomeric nature of 1 and 2 are 
the most noteworthy aspects of the stpctures. 

The Li-Si bond lengths (cu. 2.67 A) in 1 and 2 a!e 
marginally shorter than the bond distance (2.69 A) 
predicted by the sum of the covalent radii of lithium 
(1.52 A) and silicon (1.17 A) [lo]. They are significantly 
longer than the 2.542 A calculated for non-solvated 
LiSiH, [ll]. The Li-Si distances are, however, ve,‘y 
similar to the average Li-Si bond length (2.68 A) 
observed in (LiSiMe,), [l] in which the lithium bridges 
-SiMe, groups. In addition, they are only sligh!y 
shorter than the Li-Si bonds (2.69(l) and 2.70(l) A) 
observed in 4 [2]. A comparison of the structures of 2 
and 5, both of which contain the -Si(SiMed), moiety, 
show that the Li-Si distance in 5 (2.630(5) A) is a little 
shorter than that seen in 2. The observation of rela- 
tively long Li-Si bonds in all the compounds l-6 is, in 
some respects surprising since heteronuclear bonds are 
normally found to be shorter than the sum of the radii 
of the bonding atoms. This contraction has often been 
attributed to an ionic contribution to bond strength 
[12]. In the case of the Li-Si derivatives, however, the 
ionic contribution to the bond is probably reduced 
significantly since the electronegativity of silicon is 
relatively low and the SiR; anion is rather large. 
Furthermore, the geometry of the [SiRsI- (R = Ph or 
SiMe,) moiety indicates that the silicon orbital that 
interacts with lithium has an increased s-orbital com- 
ponent. The less directionalized character of this or- 
bital may thus contribute to the longer Li-Si distances 
observed. 

The structure of 1 may be compared with those of 
the closely related carbon derivative Li(Et20),CPh, 
(7) [13] and the tin and lead derivatives Li(PMDETA) 
MPh, (M = Sn (8) [14]; Pb (9) 1151, PMDETA = 
pentamethyldiethylenetriamine). In 7, the coordination 
at the central carbon is essentially planar, in contrast 
to the pyramidal coordination of silicon in the [SiPhJ- 
moiety in 1. The large difference between the geometry 
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of 7 and the silicon, tin or lead species may be viewed 
as a consequence of the much greater inversion barrier 
in the case of the heavier elements. It is notable, 
however, that the Li-C djstances in 7 are also some- 
what long (> 2.306(14) A); this is most probably a 
consequence of some delocalization of the negative 
charge onto the phenyl rings which results in interac- 
tions between the Li+ ion and three (instead of one> of 
the [CPhJ carbons. Thus, the higher effective coordi- 
nation of the Li+ ion combined with some negative 
charge delocalization leads to the longer Li-C dis- 
tances observed. The fairly short C-Ph distances ob- 
served in 7 are consistent with the delocalization. These 
short C-Ph bonds may be contrasted with the long 
Si-Ph distances in 1 which average 1.937(9) A. This 
distance is much longer than that normally seen b,e- 
tween silicon the carbon of Ph substituents (cu. 1.85 A> 
[16]. The lengthening may be a consequence of the 
increased negative charge density in silicon which re- 
duces the ionic contribution to the Si-C bond strength. 
The hybridization of the Si-C bond may also play a 
role. In spite of the length of the Li-Si interaction, 
7Li and 29Si NMR studies at cu. - 80°C indicate that 
the Li-Si bond remains intact in solution at least at 
low temperature. The 29Si NMR spectrum displays a 
quartet pattern centered at 9.28 ppm with a J (29Si- 
‘Lil coupling of 45 Hz which is comparable to that 
measured for 6 [4]. Similarly, the ‘Li pattern consists of 
a broad peak which displays two satellite peaks owing 
to coupling to the 29Si nucleus. The coupling constant 
is identical to that observed in the 29Si spectrum. 

The monomeric formulation of both 1 and 2 in the 
crystal phase also merits comment. The observed unas- 
sociated structures are not characteristic of many of 
the more familiar lithium derivatives of alkyls, aryls, 
amides or alkoxides [17]. In these species, monomers 
are seen only for very hindered or delocalized molecules 
or where strong chelating agents are used to complex 
the Li+ ion. Recent results for a variety of lithium 
derivatives of several heavier main group moieties (e.g. 
Li(THF),P(H)Mes [181, Li(dioxanel,AsPh, [19], 
Li(py)S-2-Me-C,H, [20]) have suggested that 
monomeric character is much easier to achieve for the 
heavier element compounds. A further illustration of 
this phenomenon is seen in a comparison of the struc- 
tures of [Li(THF)0(2,6-‘Bu,-4-MeC,H,)l, 1211 and 
Li(THF)3S(2,4,6-‘Bu,C,H2) [22] where a monomer is 
seen only in the case of the thiolate derivative. The 
structures observed for 1 and 2 are thus in harmony 
with these findings and it appears that the major 
reason for the difference in structural patterns is the 
relative weakness of the lithium interaction with the 
heavier main group element. It seems that the interac- 
tion of the lithium ion with neutral donors such as 

ethers is competitive with the interaction with groups 
such as -SR-, -AsR; or -SiR;. In other words, 
solvation by donors like Et,0 or THF is apparently 
preferred to increasing the number of weak interac- 
tions to the main group elements as a result of associa- 
tion. Currently, the number of structures of lithium 
derivatives of the heavier main group elements is rela- 
tively small. It remains to be seen if this tendency 
toward monomeric structures in the heavier derivatives 
is observed in a wider range of compounds. 
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