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Abstract 

The organolithium etherate complexes [Li(Et,O),(CPh,)] (1) and [{Li(Et,O)- 
(2,4,6-(CHMe,),C,H,)),1 (2) have been crystallized from their ether solutions and 
structurally characterized by X-ray crystallography. The complex 1 has the rare 
mononuclear structure, with lithium coordinated to two ethers and at least three 
carbon atoms of the CPh, group; it thus offers an interesting comparison to the 
structure of [Li(l2-crown4),][CPh,], which contains a free [CPh,]- ion. The 
structure of complex 2 is dimeric, and features two lithium atoms bridging between 
two 2,4,6-(CHMe,),C,H, (Trip) groups. The lithium atoms are three-coordinate, 
being bonded to diethyl ether in addition to two carbon atoms. A significant feature 
of this structure is the asymmetric nature of the lithium bridging, with significant 
distortion in the angles and distances surrounding lithium being apparent. This is 
suggestive of the weak association due to the large size of the Trip group. These 
structures represent rare additions to the small number of known structures involv- 
ing organolithium compounds solvated by commonly used monodentate ether 
solvents. 

Introduction 

The renewed interest in the reactivity, structure, and bonding of organolithium 
compounds is reflected in a number of recent reviews [l-3], which have detailed the 
large amount of structural and theoretical data now available. Much of the struct- 
ural data [l] deal with either solvent-free compounds, adducts with chelating bases 
like tmeda (Me,NCH,CH,NMe,), such as [{PhLi(tmeda)},] [4] or intramolecularly 
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chelated complexes such as [Li,(C,H,-2-CHzNMe2),], [(Li(EtlO)(Naphthyl-8- p- 
NMe,)}2] [6] or [{LiCH(CHj)(CH,),(OMe)},] [7] and these have provided much 
valuable information. However, organolithium reagents are, with few important 
exceptions, often used in ether solvents. To date, the know66 >tructurc> r>f organo- 
lithium complexes in which a monodentate ether is the c~~lv ~.i>lv;ttc Lrre limited to 
1.1.3,3-b&(2,2’-biphenylenepropene) lithium diethyl etherate [X]. j { Phl.i(Et ,,0)14] 

[9], [{PhLi(EtzO)),LiBr] 191, [(l.i(thf),(2,4.6-Me,(‘,H,,i,I [li)]. (;I,I(E~,O)- F-- 
(CH,Ph)},] [lOI and [{LiCH(CH,),)2 LiBr,. 4&O] (1 I] In tlm laborator>. u‘c 
have attempted to crystall&e and determine the structures of organolithium etherate 
complexes. in order to provide accurate structural data on species u hich arc closclv 
related to the structure in the solution phase [I 2.1 :I]. Here. ‘ii%: ri’port thtx snucturcs 

. . . 
of two further examples V&IL% differ sgmlrcantlv from those prei rousli r~por6c~!. 

Experimental 

All operations were performed under an NL atomosphere. All solvents were 
distilled from conventional drying agents and degassed twice pr6or to LX. HCPh, 
and 7.4,6-(CMMe2),C,H2Br (T’ripBr) were purchased from I.anc;~ster Synthesis and 
used as received. 2 was synthesized in ;I manner similar rc.1 that reported bv 

Whitesides [14] and more recentlv by Bickelhaupt ]15]. 

Synthesis of the etherute complexes, I und 2 
(Li(Et,O),(CPh,)J (I). 1 WHS synthesized by treating HCPh; (2 44 g. 10 6nmol) 

in Et,0 (35 ml). cooled in an ice bath, with BuLi in hcxane (1.6 ,‘lf: 6.25 ml). The 
solution was allowed to warm to ambient temperature and stirred for a l‘urthcr 4 11. 
Removal of Et,0 under reduced pressure to incipient crystallization :md slow (20 h I 
cooling in a freezer ( - 20 o C‘\ paw the product, orange-red cr\,a:ak \r’icld PiG. rn.p. 
9599°C. 

/ { Li(Et,0)(2,4,6-(Chase, i:C, EJ,)) J (2). I n manner similar to T.4.6Me :(.‘,,HI,Li 
[10.16] and 2,4.6-(CMe,),C,I~IZI,i, 2,4.6-(CHMe, )3Ch H, Br (l‘ripBr) was con\ crted 
to 2 via reaction with BuLi in Et+. PripBr (1.4 0 b. 5 minol) in I-6 ,O (26) nil) uas 
cooled to ca. - 30 o C, treated with the equivalent of BuI.i in hexanc (I 6, .lf ) and 
stirred for 2 11. The reaction mixture was concentrated under reduced pressure (IO i 0 
ml) and cooled in a - 20°C freezer for 3 days. to give the product 2 ai colorlrs\ 
crystals. Yield 73%. The crs.~tal~~ soften a6 lh2”C ;mtl tn& :O .i reddish cGI *it 
176m 177Oc‘. 

X-Ruy q~stallogruphic .studie.v 
All data were collected with a Syntex P2, diffractometer equipped with a locally, 

modified low temperature device using MO-K,, radiation. Calculations were carried 
out on a Data General Eclipse computer using SHELXTI. programs version 4 and 
5. The atomic form factors including anomalous dispersion were from ref. 17. 
Orange-red needles of 1 and colorless parallelepipeds of 2 u-erc obtained ;6\ 
described above. To prevent possible reaction with 6he ;6ir t.lr loss of solt-en6. the 
crystals were left in the mother liquor until ready for use. A ~~~~-nplc u’;I’ remo~ctl 
under N, flow and covered with a hvdrocarbon oil from zshich .6 single crvst;rl M. as 
selected. The crystal was mounted on a glass fiber in a rnou6lting p6n u.ith silicc,tn 
grease and immediately placec! 061 the diffractometer iu ,6 61.rw tcmprr;6turc N. 
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Table 1 

Crystal data and summary of data collection and refinement n 

[Li(EW)2(CPhs)l(L) [{Li(Et20)(2,4,6-(CHMe,)3C,H,)),1(2) 
formula 

fw 

crystal system 

space group 

conditions 

crystal dims. (mm) 
crystal color and 

habit 

a (A) 

b (A) 

c (A) 

o(O) 

P (“) 

Y (“) 

v (A’) 

Z 

&tc (g cm-‘) 
linear abs. coeff. (cm-‘) 

range of abs. corr. fctrs. 

scan speed (” mu-‘) 

scan width (” ) 

w offset for bkgd. (” ) 

2 0 range (” ) 

octants collected 

no. of refl. collected 

no. of unique data 

R (merge) 
no. of check refl. 

no. of data used in rfmt. 

no. of variables 

data/variable ratio 

R(F) 

R,(F) 
weighting scheme 

largest A/o 
largest feature 

on final diff. 

map (eAe3) 

398.5 568.9 
monoclinic triclinic 
F2r/a Pi 
hOl,h = 2n,OkO,k = 2n none 

0.05 x 0.15 x 0.50 0.25 x 0.53 x 0.80 
orange needles colorless, rectangular plates 

15.381(4) 

10.087(2) 

16.525(3) 

110.73(2) 

2398(l) 

4 

1.10 

0.62 

1.00-1.03 

15 

1.2 

1.2 

o-55 

+h+k+l 

6005 
5492 
0.03 

2;(0,~3)(2,0,0) 
no decay 

1484 Z z 30(Z) 

133 

11.2 

0.074 

0.071 

[02(F,)+0.0005F02]-’ 

0.005 
0.48 near C(20) 

9.479(l) 

9.532(2) 

10.641(l) 

90.56(l) 

94.17(l) 

102.68(l) 

935.1(2) 

I 

1 .Ol 

0.60 

1.01-1.05 

20 

1.0 

1.0 

o-55 

+h+k+l 
4365 
4317 

0.005 

2x4, - L2)(0,3,1) 
no decay 

2942 I > 30(Z) 
214 

13.7 
0.050 

0.057 

[u2(Fh)l-’ 
0.013 
0.28 near C(4) and C(10) 

” All data were collected on a P2, diffractometer with a graphite monochromator using MO-K, (X 

0.71069 A) radiation at 130 K by a w scan method. Computer programs are from SHELXTL, version 5, 

installed on a Data General Eclipse computer. R = C )I F, 1 - 1 F, II/ 1 F, ) and R, = 

XllF,l- (F,IJw”~/C~F~W~‘~~ with w defined in the table. Neutral atom scattering factors and 

corrections for anomalous dispersions are from the International Tables for X-Ray Crystallography, 

Kynoch Press, Birmingham, England, 1974, Vol. IV. 

stream (130 K). 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 Tables 3 and 4. Complete bond distances, angles, 
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Table 2. Atomic coordinates ( x 104) and isotroprc thermal parameters (s’ x 10’) for [LI( F,t :(I) J (CPh , )I 
(1) and [(Li(OEt,)(2.4,6-(CHMe2),C,~l,))*] (2) 

.4tom ,: L : 

(;mymnd I 

I.i(l) 

c‘(l) 
(‘(2) 

(‘( 3) 

C‘(4) 
(‘(5) 

C‘(6) 

C(7) 

C(8) 

C’(9) 
(‘(10) 

C( I 1 ) 
c‘(12) 

(‘(13) 

C’( 14) 

C(15) 

(‘(16) 

C-(17) 
C(18) 

(‘(19) 

O(l) 
O(2) 

C‘(201 

C(21) 

(‘(22) 

(‘(23) 

(‘(24) 

c‘(25) 

(‘(26) 

C(271 

C‘ompound 2 

I.1 

()(lJ 
c‘(l) 

C(2) 

c‘(j) 
C(4) 
(‘(5) 

C‘(6) 

C‘(7) 

c’(8) 

C(9) 
<‘(l(I) 

<‘(II) 
<‘( 12) 

C-(13) 

c‘( 14) 

c‘(15) 

C(16) 

<‘(II) 

C( 18) 

C’(lY) 

3849(8) 

5340(4) 

5 17.1(4) 

4904(4) 

4700(4) 

4739(J) 

5031(4, 

5236(4) 

5749(4) 

6330(4i 

6707(T) 

6522(5, 

5971(5j 

5578(4, 

5360(5) 

472344) 

4748(S) 

5395(5) 

6022( 5 ) 
6018(4) 
3495(3) 

27X0(3) 

2614(5) 

267X6) 

4048( 5 j 

377815 1 
2407(5) 

2974(S) 

2274(6) 

2538(6‘1 

1077X(3) 
11723(l) 

x41 8(2) 

?744(2) 

6975( 2) 

682X(2) 

742X(2, 

81X4(2) 

7803(2j 

P207(4) 

6406( 3 ) 
6039(2) 

5722(Z) 

6894(2) 
X795( 2) 

7683(2) 
10146(2) 

11038(2) 

108X8(2) 

1326S(2) 

13X59(2~ 

1X73(13) 

lOY5(6) 
1838(7) 

3184(7) 

i879(7) 

3272(X) 

1943(7) 

1263(7) 

1771(7) 

X93(7) 

3501(7i 

7007(7) 

lYlY(S, 

1310(7) 

~~ 368( 6) 

i124(7) 

‘505(8) 

--3196(R) 

-2484(71 

-- 11(12(7\ 

3355(S) 

910(5) 

4iiOW) 

5214(X) 

3981(R) 
X06(8) 

-- 15318) 

- 270(4i 

949(9) 
20X4( 8 I 

4441(3) 

?S?l(li 

4212(2) 

2X23(2) 

?115(2) 

3WP(2) 

4X)7( 2 1 
5030(2) 
: 97q 2 , 
54X(?) 

1 ‘lhY(3) 

IOY3(2) 

‘S2?(2 1 

01X(‘?) 

6640(Z) 

746X( 2 ) 
69x)(2) 
?I 11(Z) 

15?9(2) 

3639( 3) 

:12.1(i) 
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Table 3 

Selected bond distances (A) and angles (” ) for 2 

Li-O(l) 1.930(3) 

Li-C(1) 2.249(3) 

I_-C(1’) 2.203(3) 

O(l)-Li-C(1) 113.0(l) 

O(l)-Li-C(1’) 132.8(2) 

C(l)-Li-C(1’) 114.1(l) 

Li-C(l)-Li’ 65.9(l) 

anisotropic thermal parameters and hydrogen atom coordinates and structure factor 
tables are provided in the supplementary material. 

[Li(Et,O),(CPh,)] (1). The orientation matrix and cell dimensions were ob- 
tained by a least-squares fit of 24 well-centred reflections with 25 o < 28 < 35 O. The 
structure was solved by direct methods. Hydrogen atoms were included using a 
riding model with r(C-H) of 0.96 A and U,,,(H)-1.2 U,,,(C). The structure was not 
refined anisotropically due to the low number of observed reflections (1484, 
I > 3a(I)) compared to the number of refining parameters (133). 

[ { Li(EtrO)(2,4,6-(CHMej)& H,) } J (2). Cell determination was made using 
10 well-centered reflections with 19 o < 28 < 24”. The structure was solved by direct 

Table 4 

Comparison of important bond distances (A) and angles (“) in [Li(Et,O),(CPh,)] (l), [Li(lf-crown- 

4),][CPhs] (3) and [Li(tmeda)(CPh,)] (4) 

1 3 4 

C(l)-C(2) 1.450(10) 1.451(5) 

C(l)-C(8) 1.484(9) 1.459(5) 

C(l)-C(14) 1.476(9) 1.450(4) 

C(2)C(l)C(8) 119.7(6) 119.4(3) 

C(2)C(l)C(14) 121.0(6) 122.3(3) 

C(8)C(L)C(14) 117.2(5) 118.4(3) 

I: C(1) angle 357.9 360.1 

phenyl ring twist with respect to C(1) C(2) C(8) C(14) plane 

C(2) twist 
C(8) twist 

C(14) twist 

distance 

out of plane C(1) 

Li-C interactions 

24.8 21.3 

35.5 30.3 

31.9 42.0 

0.12 0.0 

Li-C(1) 2.306(14) 

Li-C(2) 2.446(16) 

Li-C(14) _ 

Li-C(H) _ _ 

Li-O(1) 1.954(14) 

Li-O(2) 1.911(11) 

1.462(13) 

1.488(10) 

1.448(9) 
117.0(6) 

122.8(7) 

118.3(6) 

358.1 

30.6 

44.8 

19.7 

0.12 

2.227(8) 

2.511(3) 

2.488(l) 

2.541(9) 
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methods. .4n absorption correction was made using the program XABS [ 181. 
Hydrogens were added by the riding model with r(c’-H) of 0.46 ,k and Ly,,,,( Ii) = 1.2 
l!,,,(C) where U,,,, is the equivalent isotropic thermal parameter. .A11 non-hydrogen 
atoms are refined anisotropically. A large thermal ellipsoid QYIS cGxcr\xd for C(X). 
possibly due to motion or disorder in the iJl1 direction. “\i0 l;jrgt* fcaturtzi ‘r\‘crt: 
observed on the final difference map. 

Description of structures 



Fig. 2. Computer generated plot of 2. Thermal ellipsoids at 30% probability level for anisotropic atoms. 

angle with the C(l)-Li’ vector. The carbon-carbon distances within the Trip and 
ether moieties are all normal. 

Discussion 

The relationship between the solid state and solution phase structures of organo- 
lithium reagents is of considerable interest. Since these reagents are normally used 
in ether solvents, their solvate structures are of obvious relevance to the solution 
species. There are few structures of compounds of this type reported. The reasons of 
the scarcity of data are mainly because of the perceived, and sometimes real, 
difficulties in crystal handling due to ready desolvation. There is no doubt that this 
is a difficulty in many of these compounds. However, this problem can usually be 
overcome, as described in the X-ray section and previous reports [9,10]. In the case 
of both compounds 1 and 2, there is little problem with desolvation when handled 
as described, and the melting points of both compounds are quite high. 

The structure of 1 is a rare example of a mononuclear organolithium complex. 
Only a few such complexes are known, and these are confined to compounds with 
either very bulky organic groups or organic anions stabilized by delocalization. The 
closest related complexes to 1 are [Li(l2-crown-4),][CPh,l (3) [19] and 
[Li(tmeda)(CPh,)] (4) [20]. The molecular structure of 1 is a contact ion-pair 
between [Li(Et20)2]+ and [CPh,]-, similar to that found in 4. A comparison of 
important distances and angles in the [CPh,]- moiety in 1, 3 and 4 is given in Table 
4. The major conclusion from these data is that the structures of the [CPh,]- 
moieties in 1 and 4 are almost identical, with similar degrees of pyramidicity and 
distortion as a result of the interaction with the [Li(Et20)2]+ or [Li(tmeda)]+ 
moieties. A fuller discussion of these factors is given in ref. 20. However, the 
interaction of the lithium ion with the [CPh,]- anion in 1 differs from 4. In 4, the 



closest contacts involve C(1). C(2), C(14) and C(15), as listed in Table 4. In I. 
however, the lithium atom interacts with only three atoms. C( 1). C‘(2) and C’(3). at 
similar distances. This i; similar lo the case of’ [jI.i( 1,8-diamino-3,6- 
diazaoctane)(CH,Ph)Ji,l [Zi] and [{Li(Et,O)(CHZPh)),] jlOJ where Li’ rntcracts 
with just two carbon atoms in the latter. rather than with three carbon4 m the 
former. It is not known at prebent why this is so, since wcakcr intcraction~ cxit11 rhc 

carbanion centre would be expected when more strongly ccmrdiir:il~lig aniinc baaeb 

arc ud. The Li- -0 bond distances are quite normal. antl \er\ similar !o Thor l‘01 
L,i . OEt2 complexes wAth similar coordination numbers ar IithIum j IO]. 

The structure of the [f l,i(l”t,O)(2,4,6-(CHMe~ )iCeHJ ))-] complex (2) may be 
compared with those of the less sterieaily-crowded I{ L.i( t-t ,O)Ph ;-i 1 (5) 191. and 
[{ Li(thf)z(2.4,6-Ms,C‘,1-i- j 1, i (6) [IO]. The phenyll~thiunr crhci.aLc. 5. ir ~etramcric _ !_J 
with the familiar distorted cubanc: structure. Replacement <\f 1% h> 7.4.h-Mc;C,, H 
aifords the dimer 6, but the degree of solvwtion h,14 no\\ I)et,n d~~ul~led. in this I.:ase. 
thf rather than Et LO was ~setl for practical reasons involving ihe i:1ck :\f ioluhilit~~ 
of 2.4.6-Me3C,Ii,Li in Et ,O. Wrvertheless, the trend 15 ClGli- raihinf the \tcrlc 
requirements reduces the degree of agg. regation t‘ri)ITl four tci 114~:. :% lurrher In~‘rc;Isc 
in siLe in the case of 2 also vields a dimer but no\\ thr sol\ation IS reducrtl t<, (XX 
molecule of Et,0 per lithium atom, yielding lhree coordinate Ii thium ctXntrcs. It JIM) 

be anticipated that the use <it’ the e\‘en bulkier 2.4.h-((‘Me; );c’,,H, group +~ld. FEW 
ateric reasons, result in either a mononuclear complex or ‘i iiesol~~;~ted dimer. 
Unfortunately. suitable cryatnlx of such a complex have so far proved eluG\~. 

The structure of 2 displays a number of other feature5 which point to a 
considerable degree of distortion, which suggests that it might c’aGlv dxs~~iate to 
monomers either in solution or with :I slightly more strongly <oortlinating ~~~lvt’nt, 
For example, the lithium bridging is not sytnmerric~. 7‘171~ 14 il/uatruteci b: the 
significant difference in the I.i-- C’(1 ) and 1.1~ C‘( 1’ I bc.)nds of O.i146 .‘$ and the 
irregularity of the O( 1 )LiC(l j and C(1’) angles. which are 1 I .3.1)( I i an<! 1?3.8(2~ I’. 
These distortions. which are presumably due to steric crowding. suggest that 
dissociation is quite likely if crowding is increased further. It ma> LANAI he argued 
that the Li ~-C distances in 2 are relatively short, since they arc‘ onl~ slightly longer 
than those seen for 6. ‘This 15 despite the fact that lithium ib on!;,, ihret’-~.ooriiili~t~ in 
2, whereas in 6 it is four-coordinate. Attempts to crystdlizc tk nest highr\t ruernhcr 

of the series, a 2.4,6-(CMe,);(‘,I-T, Li ether xolvate. arc conti~~uinp 
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