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Table 111. Calculated (Observed) Geometrical Parameters 
bond lengths (A), bond angles (deg), 

molecule calcd (obsd) calcd (obsd) 
ZnMe, ZnC, 1.89 (1.930)" CZnC, 179.4 (180.0)" 
ZnEtz ZnC, 1.91 (1.950)" CZnC, 177.0 (180.0)" 

ZnCC, 118.7 (114.5)" 
CCC, 115.3 (113.6)" 

Zn(Pr-n), ZnC, 1.91 (1.952)" CZnC, 179.0 (180.0)" 
ZnCC, 118.0 (114.5)" 

ZnF, ZnF, 1.68 (1.810)b FZnF, 180.0 (180.0Ib 
ZnClz ZnC1, 2.12 (2.050)b ClZnCl, 180.0 (180.0Ib 
ZnBr, ZnBr, 2.23 (2.210)b BrZnBr, 180.0 (180.0)* 
ZnI, ZnI, 2.38 (2.38, 2.42)b IZnI. 180.0 (180.0)b 

"Almenningen, A.; Halgaker, T. U.; Haaland, A.; Samdal, S. 
Acta Chem. Scand., Part A 1982, A36, 159. *Akishin, P. A.; Spi- 
ridonov, v. P. Sou. Phys. Crystallog. 1957,2, 472. 

an atom belongs are the relevant overlap integrals. MO- 
PAC provides for their calculation for all elements. 

Results and Discussion 

- 

Table I shows the final parameters for zinc, in the no- 
tation used previ~us ly .~ ,~  

Table I1 shows the heats of formation (AHf), first ion- 
ization energies, and dipole moments (IL) calculated for 
molecules containing zinc, together with available exper- 
imental values for comparison. The ionization energies 
were estimated from orbital energies, using Koopmans' 
theorem. 

The errors in the heats of formation calculated for ZnS 
and Zn2+ are both large: 83 and 55 kcal/mol, respectively. 
MNDO is known4 to perform poorly for diatomic mole- 
cules, and the formalism of MNDO is not sufficiently 
flexible to include multiply charged atoms. Omitting these 
two species, the average error in the calculated AHHf's is 13 
kcal/mol, comparable with those for other metals.18-20 
While the average error in the dipole moments is small  (0.1 
D), this relates to experimental values determined in so- 

lution, usually in n-heptane. The average error in the 
ionization potentials is 1 eV, similar again to that for other 
metals.1B-20 

The calculated geometries compare well with experi- 
ment, the only significant errors being the shortness of the 
ZnF bond (calculated 1.68 A; observed 1.81 A) and the 
inability to handle sandwich compounds. Thus while 
MNDO predicts cyclopentadienylmethylzinc (CpZnMe) 
to have the classical q1 structure, gas-phase studies% have 
indicated it to be a half-sandwich with a q5-cyclo- 
pentadienyl group. This weakness (Le., the inability to 
handle nonclassical bonding) has been noted previously 
in the case of boron,27 tin,18 and lead.20 The geometry of 
q5-CpZnMe is therefore not included in Table 111. The 
same is true for bis(pentamethylcyclopentadienyl)zinc, 
which has one $-bonded and one +bonded (or a-bonded) 
Cp ring.28 MNDO again predicts a classical structure. 
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Structure of a Lithiated Phosphoyllde, 
{ [ Li( CH2)P( C6J-15)2(CH2)]2( di~xane),],~(dioxane) 
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Chemistry Department, Universitr of Hawaii, Honolulu, Ha waii 96822 

Received November 13. 1985 

Pale yellow, air-sensitive crystals of [Li(CH2)(CHz)P(C6H5)z]4,(C4H~02)7 belong to space group PI with 
cell constants of a = 13.529 (3) A, b = 14.472 (1) A, c = 11.771 (1) A, a = 109.017 ( 8 ) O ,  B = 90.05 ( 1 ) O ,  and 
y = 94.009 (9)'. The structure was solved by a combination of direct methods and difference Fourier maps 
and refined by least-squares methods to final error indices of R = 10.9% and R,  = 10.4% by using the 
3552 unique reflections with I > 3u(4 from the data set containing 5954 unique reflections. The molecular 
structure consists of two eight-membered rings in the saddle conformation, each composed of two 
[ (CHz)(CHz)P(C6H5)2]- ligands bridging two lithiums. The two rings are joined by a disordered bridging 
dioxane molecule which is coordinated to a Li in each ring. The coordination about the lithiums is completed 
by additional dioxanes which are also disordered. 

Lithiated phosphoylides, [Li(CH2) (CH2)PR2], have been 
known [Li(CH2)(CH2)P(C6H6)2]4.(C4H802)7 the mid 1960s 
and have been used as starting materials for the synthesis 
of organometallic cornp~unds.l-~ NMR studies demon- 

(1) Schmidbaur, H.; Tronich, W. Chem. Ber. 1968, 101, 3556. 
(2) Manzer, L. E. Inorg. Chem. 1976, 15, 2567. 

0276-7333/86/2305-1496$01.50/0 

strated' that does not exist in solution and suggested that 
R 
I 

I 
Li-CHz-P=CHz 

R 

are the most probable structures for this class of molecules. 

0 1986 American Chemical Society 
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/CH2-Li-CH2 \ 
/PR2 PR2 or R2P 

,CH2\ 
Li 
\ /  \ 

CH2 CH2-Li-CH2 

The lithiated phosphoyides, however, have proven to be 
difficult to crystallize, and their structure in the solid state 
has, consequently, not yet been reported. During our 
studies of metal-ylide chemistry at least five of our co- 
workers tried without success to obtain single crystals for 
X-ray diffraction. Finally, we serendipitously obtained 
crystals from a reaction of ThC1, with [Li(CH,)(CH,)P- 
(C6H5),In in a THF-dioxane mixture which proved to be 
the title compound. 

Data Collection and Refinement 
Pale yellow, air sensitive crystals of [Li(CH,)(CH,)P- 

(C6Hd2]1~(CIH802)7 were obtained as unreacted starting material 
from a 4:l mixture of Li(CHz)(CHz)P(C6H5)2 and ThC14 in a 
THF-dioxane solvent mixture. An irregularly shaped crystal was 
mounted in a 0.5-mm capillary tube under a Nz atmosphere. 

Data collection and reduction parameters are listed in Table 
I. The instrumentation and data reduction proceedures have 
been described previously? The cell constants and their standard 
deviations were detetmined as a = 13.529 (3) A, b = 14.472 (1) 
A, c = 11.771 (1) A, a = 109.017 (S)', 6 = 90.05 (l)', y = 94.009 
(9)' by a least-squares treatment of the angular coordinates of 
15 intense independent reflections with 20 values between 14' 
and 78'. The complete data set of 6090 reflections was collected 
from the (*h,*k,*Z) hemisphere with (3.5' < 26 < 115') and was 
merged by SHELX-767 into 5954 unique reflections with the final 
data set used for the structure solution consisting of the 3552 
unique reflections with I > 3 4 .  

The structure was solved in the space group PI. An initial direct 
methods solution, obtained by using MULTAN 80,6 gave a set 
of atomic positions for two phosphorus atoms, the eight carbon 
atoms bonded to them, and four additional carbon atoms of a 
phenyl ring. The remaining carbon, oxygen, and lithium atoms 
were located in a series of difference Fourier maps and least- 
squares refinements using SHELX-76. Atomic scattering factors 
for W, Co, and were supplied by SHELX-76, and those for Lio 
were taken from the literature.8 

Refinement proceeded to R = 16% with rigid body phenyl rings 
and all atoms isotropic. At this point disordering in the dioxane 
units waa indicated by large thermal parameters and large peaks 
in the difference map in the vicinity of the rings. This disorder 
was modeled by assuming that each ring adopts two different 
positions but that the oxygen atom which is coordinated to lithium 
occupies nearly the same site regardless of the location of the 
remaining ring atoms. Each of the dioxane oxygen atoms which 
are bound to a lithium was, thus, refined anisotropically with a 
fixed occupancy of one. Two sets of the remaining four carbon 
and one oxygen in each ring were refined with the restrictions 
that all sites within an individual set had identical occupancies, 
and the sum of the occupancies was one for the each atom between 
the two sets. This resulted in an R = 12.5%. The relatively large 
thermal parameters of the ring atoms indicate that the disorder 
has not been completely modeled and may be the reason for the 
overall poor fit and high refinement indices obtained for the 

_ _ _ _ _ ~  

(3) Cramer, R. E.; Maynard, R. B.; Gilje, J. W. Inorg. Chem. 1981,20, 
2466. 

(4) (a) Schmidbaur, H. Angew. Chem., Znt. Ed. Engl. 1983,22,907. (b) 
Kaska, W. C. Coord. Chem. Reu. 1983, 48, 1. (c) Weber, L. In The 
Chemistry of the Metal-Carbon Bond; Hartley, F. R., Patai, S., Eds.; 
Wiley: New York, 1982; pp 91-180. 

(5) Cramer, R. E.; Maynard, R. B.; Paw, J. C.; Gilje, J. W. Organo- 
metallrcs 1983,2, 1336. 

(6) MULTAN 80, a system of computer programs for the automatic 
solution of crystal structures from X-ray diffraction data by P. Main, 
1980. 

(7) SHELX-76, a system of computer programs for X-ray structure 
determination by G. M. Sheldrick, 1976. 

(8) International Tables for X-Ray Crystallography; Kynoch Press: 
Birmingham, England, 1967; Vol. 4, pg 99. 

gx c I S 0  

Figure 1. Ortep drawing of the independent unit of [Li- 
(CH,)(CH2)P(C6Hs)2]4.(C4Hs02)7 For clarity the hydrogens on 
the phenyl and dioxane fragments have been omitted, the thermal 
parameters of the methylene hydrogens have been reduced to 
equivalent arbitrary values, and only one of the disordered di- 
oxanes is shown at  each position. 

Figure 2. Ortep drawing of the [Li(CHz)(CH2)P(C6H5)2]4. 
(C4H80& molecule. For clarity two dioxanes which are located 
above the plane of the figure and the hydrogens on the phenyl 
and dioxane fragments have been omitted, the thermal parameters 
of the methylene hydrogens have been reduced to equivalent 
arbitrary values, and only one of the disordered dioxanes is shown 
at  each position. 

structure. The possibility of more complex disordering, perhaps 
involving the substitution of dioxane by occasional THF molecules, 
was considered, but no more complex models were attempted. 

In the final least-squares cycle, phosphorus and the oxygen 
atoms bound to lithium were refined anisotropically and the 
hydrogens on the methylene carbons C ( l ) ,  C(2), C(3), and C(4) 
were refined independently. The phenyl carbon and hydrogen 
atoms were treated as rigid groups with idealized geometry as- 
suming C-C = 1.395 A and C-H = 0.950 A and with a common 
isotropic thermal parameter for all phenyl hydrogen atoms. 
Hydrogen atoms were added to the dioxane carbons at calculated 
positions and were allowed to 'ride" on their respective carbon 
during refinement. The dioxane hydrogen atoms were refined 
with a common isotropic thermal parameter. Final values of R 
= 10.9% and R, = 10.4% were obtained. The atomic positions 
and thermal parameters of the independently refined atoms are 
listed in Table 11. Table I11 (supplementary material) gives the 
positional, occupancy, and thermal parameters for the disordered 
dioxane carbon and oxygen atoms. The positional and thermal 
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lowing discussion. The P-C(C&,) distance 1.839 (3) A is 
a normal P-C single bond length, and the P-CH2 sepa- 
ration 1.706 (6) A, which is somewhat greater than 
1.64-1.67 A found in free y l i d e ~ , ~ , ~  is typical for a phos- 
phoylide metal ~omplex .~*~  In most complexes containing 
a bridging [CH2-PR2-CH2]- ligand the bond angles about 
phosphorus are close to the tetrahedral v a l ~ e . ~ , ~  In [Li- 
(CH2)(CH2)P(C6Hj)2]4.(C4H802)7, however, the CH2-P- 
CH2 angle 114 (1)' is significantly greater than logo, and 
the C6H5-P-C6Hj angle 99.7 (2)' is less than this value. 

While the nature of lithium-carbon bonding is contro- 
versial'O and cogent arguments can be made to support 
either an ionic model in which the lithium-carbon bond 
is described in terms of tight ion pairing" or a covalent 
picture often involving delocalized, electron-deficient 
bonding,12 organolithium compounds usually adopt 
structures which can be rationalized by assuming ionic 
bonding.l0 If the Li-C bond is ionic, [Li(CH2)(CH2)P- 
(C6H5)2]4-(C4H802)7 can be described as a salt of dioxane 
solvated Li' cations with [ (CH2)(CH2)P(C6H6)2]- anions. 
The covalent bonding within the anion can be described 
in terms of the three resonance structures: which indicate 

Table I. Crystal, Data Collection, and Reduction 
Parameters for [Li(CH,)(CH2)P(C6H,),1, (ClHB02)7 
formula 
fw 
space group 
a ,  A 
b, A 
c ,  8, 
a, deg 
B, deg 
Y, deg v. A3 
2' 
d, g/cm3 
cryst dimen, mm 
cryst shape 
radiatn 
scan type 
scan rate, deg/min 
28 range, deg 
total observns 
unique observns 
unique data with Z > 3u(O 
no. of parameters 
over determination ratio 
R" 
R w  

C84H112Li4014P4 
1497.46 

13.529 (2) 
Pi 

14.472 (1) 
11.771 (1) 
109.017 (8) 
90.05 (1) 
94.009 (9) 
2172.8 (4) 
1 
1.144 (calcd) 
0.7 X 0.4 X 0.5 
irregular prism 
Cu Ka; X = 1.5418 8, 

2.0-24 
3.5-115 
6090 
5954 
3552 
301 
11.8 
0.109 
0.104 

2 8 j 8  

Figure 3. Ortep drawing of the eight member Li(l)-C(l)-P- 
(l)-C(z)-Li(2)-C(3)-P(2)-&4) ring of [Li(CH,)(CH,)P- 
(~~Hd2144C4He.Oz)i. 

parameters for the rigid phenyl group carbon atoms appear in 
Table IV (supplementary material), Table V (supplementary 
material) tabulates the positional, occupancy, and thermal pa- 
rameters for the fixed hydrogen atoms, and Table VI (supple- 
mentary material) is a listing of the observed and calculated 
structure factors. 

Results and Discussion 
Ortep representations of the structure of [Li(CH2)- 

(CH2)P(C6H5)2]4.(C4HB02)7 are shown in Figures 1 and 2, 
bond angles and distances for the nondisordered atoms are 
summarized in Tables VI1 and VIII, and those for the 
disordered dioxane atoms appear in Table IX and X 
(supplementary material). The molecular structure con- 
sists of two eight-membered rings in the saddle confor- 
mation (Figure 3). Each ring is composed of two 
[ (CH2)(CH2)P(C6Hd2]- ligands bridging two lithiums. The 
two rings are joined by a bridging dioxane molecule which 
is coordinated to Li(2) in each. This dioxane lies on a 
crystallographic inversion center, denoted as I in Figure 
2, which relates one ring to the other. The coordination 
of Li(2) is completed by a dioxane coordinated in a mon- 
odentate fashion and that about Li(1) by two monodentate 
dioxanes. 

The unique eight-membered ring consists of two crys- 
tallographically independent [ (CH,) (CH2)P(C6Hj)2]- lig- 
ands. However, the metrical parameters of the two are 
very similar and average values will be used in the fol- 

. /  
'CHz 

// 
CH2 

A B C 

that a sizable partial negative charge should be localized 
on each methylene carbon atom with a formal positive 
charge on phosphoru~.'~ Coulombic repulsion of the 
methylene groups could then open the CH2-P-CH2 angle. 
In complexes of less electropositive metals where charge 
is more equally shared between metal and carbon atoms, 
this effect would become less important. Unfortunately, 
structural data are not available for a large number of 
compounds containing a M-CH2-PR2-CH2-M unit, and 
most of those which have been determined contain met- 
al-metal bonds or small bridging atoms which may them- 
selves influence the geometry of the ylide. Nonetheless, 
it is interesting that the CH2-P-CH2 angle has been ex- 
panded to 113' in an ethoxide-bridged Ti(1V) complex14 
and an oxo-bridged U(1V) compound,15 both of which 
should have quite polar metal-carbon bonds. 

The charge distribution within the ring may also be 
reflected in the large CH2-Li-CH2, 127 (l)', and P- 
CH2-Li, 122 (4)', angles and in the ring conformation. In 
the saddle form adopted by the eight-membered rings of 
[Li(CH2)(CH2)P(C6H5)2]4.(C4H~02),, the methylene groups 
define a distorted tetrahedron which, given the constraints 
imposed by the geometry of [ CH2-PPh2-CH2]-, minimizes 
the repulsion between CH2 units. The separation of the 

(9) Schmidbaur, H. Acc. Chem. Res. 1975, 8, 62. 
(10) Wardell, J. L. In Comprehensive Organometallic Chemistry; 

Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon: New York, 
1982; Vol. 1, pp 43-120. 
(11) (a) McDowell, R. S.; Streitwieser, A., Jr. J.  Am. Chem. SOC. 1984, 

106,4047. (b) Bachrach, S. M.; Streitwieser, A., Jr. J .  Am. Chem. SOC. 
1984, 106, 2283. 
(12) Schleyer, P. v. R.; Clark, T.; Kos, A. J.; Spitznagel, G. W.; Rohde, 

C.; Arad, D.; Houk, K. N.; Rondan, N. J. Am. Chem. SOC. 1984,106,6467. 
(13) Cramer, R. E.; Mori, A. L.; Maynard, R. B.; Gilje, J. W.; Tatsumi, 

K.; Nakamura, A. J. Am. Chem. SOC. 1984, 106,5920. 
(14) Scharf, W.; Neugebauer, D.; Schubert, U.; Schmidbaur, H. Angew. 

Chem., Int. Ed. Engl. 1978,17, 601. 
(15) Cramer, R. E.; Gilje, J. W.; Bruck, M. A.; Edelmann, F. Abstracts 

of Papers, American Chemical Society; Miami, F1; American Chemical 
Society: Washington, DC, 1985; INOR 213. 

(16) Engelhardt, L. M.; Jacobsen, G. E.; Raston, C. L.; White, A. H. 
J .  Chem. SOC., Chem. Commun. 1984, 220. 
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Table 11. Atomic Positions and Thermal Parameters for Independently Refined Atoms of [Li(CH,)(CH,)P(C,H,),], (CdH@2), 

Anisotropically Refined Atoms - .  

atom X Y 2 U(11) U(22) U(33) U23) u(13) U(W 
P(1) 0.7099 (1) 0.4502 (1) 0.1358 (2) 0.052 (1) 0.048 (1) 0.058 (1) 0.018 (1) -0.007 (1) 0.002 (1) 
P(2) 0.6601 (1) 0.1436 (1) 0.2955 (2) 0.057 (1) 0.047 (1) 0.049 (1) 0.014 (1) 0.001 (1) 0.010 (1) 
O(51) 0.9123 (5) 0.2122 (5) 0.0265 (6) 0.106 (5) 0.089 (5) 0.092 (5) 0.010 (4) 0.028 (4) 0.021 (4) 
O(61) 0.9498 (4) 0.2799 (4) 0.3043 (6) 0.080 (4) 0.072 (4) 0.112 (5) 0.032 (4) -0.020 (4) 0.008 (4) 
O(71) 0.4047 (4) 0.2560 (5) 0.1815 (6) 0.056 (4) 0.125 (5) 0.134 (6) 0.076 (5) -0.010 (4) 0.004 (4) 
O(81) 0.4663 (5) 0.4326 (5) 0.3901 (5) 0.154 (6) 0.084 (5) 0.074 (5) 0.022 (4) 0.032 (4) 0.048 (5) 

Isotropically Refined Atoms 
atom X Y 2 U, A2 atom X Y z u, A2 

Li(1) 0.833 (1) 0.265 (1) 0.183 (1) 0.068 (4) 
C(1) 0.8026 (7) 0.4202 (6) 0.2111 (8) 0.066 (2) 
C(2) 0.6009 (7) 0.3803 (7) 0.1257 (8) 0.067 (3) 
H(l)  0.864 (5) 0.463 (5) 0.219 (5) 0.06 (2) 
H(2) 0.786 (4) 0.427 (4) 0.292 (5) 0.05 (2) 
H(3) 0.550 (5) 0.409 (5) 0.093 (7) 0.10 (3) 
H(4) 0.612 (4) 0.322 (5) 0.079 (6) 0.06 (2) 

Li(2) 0.5378 (9) 0.3260 (9) 0.262 (1) 0.061 (4) 
C(3) 0.6138 (7) 0.2543 (7) 0.3656 (8) 0.062 (3) 
C(4) 0.7264 (7) 0.1423 (7) 0.1716 (8) 0.062 (2) 
H(5) 0.585 (4) 0.251 (4) 0.423 (6) 0.05 (2) 
H(6) 0.670 (4) 0.299 (4) 0.397 (5) 0.06 (2) 
H(7) 0.743 (4) 0.087 (4) 0.141 (5) 0.04 (2) 
H(8) 0.675 (5) 0.154 (4) 0.123 (5) 0.06 (2) 

Table VII. Selected Bond Distances (A) of 
[Li(CH,)(CHz)P(C,H,)zI, (C~HBOZ), 

P(l)-C(1) 1.695 (9) P(2)-C(3) 1.71 (1) 
P(l)-C(2) 1.71 (1) P(2)-C(4) 1.71 (1) 
P(l)-C(ll) 1.842 (6) P(2)-C(31) 1.836 (5) 
P(l)-C(21) 1.842 (7) P(2)-C(41) 1.837 (5) 
Li(l)-C(l) 2.22 (2) Li(2)-C(2) 2.16 (2) 
Li(l)-C(4) 2.18 (2) Li(2)-C(3) 2.14 (2) 
Li(l)-0(51) 2.08 (2) Li(2)-0(71) 2.07 (1) 
Li(l)-0(61) 2.09 (2) Li(2)-0(81) 2.07 (1) 
C(l)-H(l) 0.98 (6) C(3)-H(5) 0.79 (7) 
C(l)-H(2) 0.96 (7) C(3)-H(6) 0.95 (6) 
C(2)-H(3) 0.97 (8) C(4)-H(7) 0.81 (6) 
C(2)-H(4) 0.86 (7) C(4)-H(8) 0.96 (6) 

Table VIII. Selected Bond Angles (deg) of 
[Li(CHI) (CHZ)P(C6HS)Zk (ClH802)7 

C(l)-P(l)-C(2) 114.4 (5) C(3)-P(2)-C(4) 112.8 (5) 
C(l)-P(l)-C(21) 106.4 (4) C(3)-P(2)-C(31) 105.1 (4) 
C(l)-P(l)-C(ll) 115.8 (3) C(3)-P(2)-C(41) 116.6 (4) 
C(2)-P(l)-C(ll) 105.0 (4) C(4)-P(2)-C(41) 104.9 (4) 
C(2)-P(l)-C(21) 114.9 (4) C(4)-P(2)-C(31) 117.6 (4) 
C(ll)-P(l)-C(21) 99.7 (2) C(31)-P(2)-C(41) 99.6 (2) 
C(l)-Li(l)-C(4) 127.9 (7) C(2)-Li(2)-C(3) 126.4 (7) 
C(l)-Li(1)-0(61) 102.5 (7) C(2)-Li(2)-0(71) 102.0 (7) 
C(l)-Li(1)-0(51) 109.6 (7) C(2)-Li(2)-0(81) 111.7 (7) 
C(4)-Li(1)-0(51) 102.6 (7) C(3)-Li(2)-0(81) 103.8 (7) 
C(4)-Li( 1)-0(6l) 113.0 (7) C( 3)-Li( 2)-O( 71) 115.9 (7) 
0(51)-Li(1)-0(61) 97.2 (6) 0(71)-Li(2)-0(81) 92.0 (6) 
P(l)-C(l)-Li(l) 122.0 (6) P(2)-C(3)-Li(2) 119.9 (6) 
P(l)-C(2)-Li(2) 127.0 (6) P(2)-C(4)-Li(l) 119.1 (6) 
P(l)-C(l)-H(l) 113 (4) P(2)-C(3)-H(5) 108 (5) 
P(l)-C(l)-H(2) 113 (3) P(2)-C(3)-H(6) 106 (3) 
Li(1)-C(l)-H(l) 113 (4) Li(2)-C(3)-H(5) 114 (4) 
Li(l)-C(l)-H(2) 89 (3) Li(2)-C(3)-H(6) 102 (4) 
P(l)-C(2)-H(3) 109 (4) P(2)-C(4)-H(7) 107 (4) 
P(l)-C(2)-H(4) 106 (4) P(2)-C(4)-H(8) 99 (4) 
Li(2)-C(2)-H(3) 109 (5) Li(l)-C(4)-H(7) 119 (4) 
Li(2)-C(2)-H(4) 93 (4) Li(l)-C(4)-H(8) 101 (4) 
H(l)-C(l)-H(2) 104 (5) H(5)-C(3)-H(6) 105 (6) 
H(3)-C(2)-H(4) 112 (6) H(7)-C(4)-H(8) 109 (6) 

two lithiums is maximized by their diagonal position in 
the saddle. 

In addition to the two carbons from [CH2-PPh2-CH,]- 
ligands the coordination sphere about each lithium con- 

tains two dioxane oxygens. In a covalent bonding model 
each of the atoms coordinated to Li could be considered 
as a two-electron donor making the electron count about 
lithium eight. It is, thus, electron precise. The average 
Li-C bond length 2.17 (3) A is, within experimental un- 
certainty, the same as in [(tmed)LiCH2PMezl2, 2.146 (7) 
A, which is the most closely related molecule for which a 
structure has been reported.16 As is often true with elec- 
tron-precise organolithium compounds, these distances are 
a t  the short end of the 2.1-2.4-A range observed for Li-C 
bonds in lithium alkyls.1° 

While the structural chemistry of organolithium com- 
pounds is complex and there is no assurance that solid 
state and solution structures of a compound will be the 
same, it is gratifing that the features observed for [Li- 
(CH,) (CH2)P(C6H5)2]4.(C4H802), in this study are those 
proposed on the basis of NMR solution measurements.' 
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