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would seem quite plausible, if not inevitable. While the 
foregoing steps seem relatively clear, on the basis of pre- 
vious pentadienyl chemistry, the driving forces for the 
following step are not aa readily apparent. Intermediate 
XI still contains a T i 4  single bond, perhaps quite 
strained, and could again be susceptible to a coordination 
and coupling of a fourth isocyanide molecule, resulting in 
an iminoacyl complexs1 which can most easily be repre- 
sented by XII, although the actual coordination is likely 
to be more complex (possibly dynamic), as in XIII. Sub- 
sequent ortho-metalation, hydride-tranafer, and coupling 
s t e p  would lead to the observed product. While it would 
be poesible to have the ortho metalation precede the co- 
ordination of the fourth isocyanide ligand, this alternative 
is not favored here, though by no means ruled out, as one 
might expect the ortho-metalation step to require a greater 
energy of activation than an additional coordination and 
migratory insertion involving the fourth isocyanide, pfv- 
ticularly given the poseibility that the bonding of the h d  
isocyanide in XI might still be strained. 
The facility with which (pentadieny1)titanium com- 

pounds undergo coupling reactions with unsaturated or- 

ganic moleculea such as nitriles, isonitrilea, imines, ketones, 
and awtylenea demonstrata that a rich body of chemistry 
in thia area re" to be explored. It can be expected that 
Bome of  the^ reactiona wi l l  prove useful for the syntheses 
of organic molecules, particularly if some control can be 
exertad on the number of incorporated unsaturated mol- 
e c u k s 2  Such a possibility seems likely, and efforte 
utilizing highly substituted cyclopentadienyl ligands are 
currently underway. 
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Addition of 1,a-dioxane to a tetrahydrofuran solution of (2,4,6-i-PrSC&)MgBr results in the dispro- 
portionation of the Grigneud reagent to give MgBr2-dioxane and the bulky diorganomagnesium compound 
Mg(2,4,&i-PrsC,,HJ2Cp Further reaction with [Li(EtZO)(2,4,6-i-Pr3C&J], yields the magndta species 
~i(THF)o.~(Et,0)0.4] [Mg(2,4,6-i-PrsC,,HJs]. Each compound has been structurally and spectroscopically 
characterized by X-ray crystallography and 'H NMR. We alao report the X-ray crystal structure of the 
known species M ~ ( M ~ S ) ~ ( T H F ) ~ ( M ~ ~  = 2,4,6-MesC&I& [L~(THF)o.s(E~ZO)O.~I [Mg(2,4,6-i-Pr~C6H&I is 
the first unassociated lithium organomagnesiate compound involving a structure with three-coordmate 
magnesium. Crystal data at 130 K with Mo Ka (X = 0.71069 A) radiation are a~ follows: M~(MW),(THF)~, 
orthorhombic, a = 9.019 (2) A, b = 28.752 (6) A, c = 36.782 (6) A, 2 = 16, apace group n d d ,  R = 0.045; 
Mg(2,4,6-i-PrsCsH2)2(THF)2, orthorhombic, a = 33.865 (10) A, b = 33.912 (11) A, c = 12.406 (4) A, 2 = 
16, space group Fdd2, R = 0.040; [Li(THF)o.6(Et&)o.4] [Mg(2,4,S-i-PrsC6H33], monoclinic, a = 12.819 (3) 
A, b = 15.103 (3) A, c = 24.600 (5) A, B = 91.13 ( 2 ) O ,  2 = 4, space group R1/c, R = 0.080. 

Organic derivatives of magnesium are among the most 
common organometallic synthetic reagents.' Generally, 
they are categorized as either Grignard reagents or di- 
organomagnesium compounds which can be represented 

(1) (a) Coates, G. E.; Green, M. L. H.; Wade, K. Organometallic 
Compounds, 3rd & Methuen: London, 1967. (b) Lindeell, W. E. In 
Comprehensive Organometallic Chemistry; Wilkineon, G., Stone, F .  G. 
A., Abel, E. W., Eda.; Pergamon: Oxford, U.K., 1982; Vol. 1, Chapter 4. 
(c) Markka, P. R.; Akkerman, 0.5.; Bickelhaupt, F. Adu. Orgonomet. 
Chem. 1991,32, 147. 
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by the formulas RMgX and Mgh, respectively (R = alkyl, 
aryl; X = halide). Them descriptions are misleading since 
two-coordinate magnesium is unknown at room tempera- 
ture in the donor solvents in which they are synthesized. 
In addition, their existence in solution is characterized by 
equilibria 1 and 2. These equilibria are often complicated 

2RMgX 4 MgRz + MgXz (1) 

2hMg 4 MgR+ + Mg&- (2) 

solvating medium 

solvating medium 
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by rapid exchange of R  group^.^ Furthermore, the degree 
of association of species in solution varies considerably as 
a function of R and donor solvent.' Examples of all these 
solution species have been crystallized as adducts with 
various donor molecules, and the structures of organo- 
magnesium species have been the subject of a recent re- 
view.lC The structures of ethereal adducts, however, have 
been obtained in the case of RMgX, MgX2, and the 
bridged species [Mg(CH2C6H4CH20)(ClH302)13,3 [ (o-  
ani~yl)~MgTHF]~,' and [ (p-tol~l)&igTHF]~~ and the 
monomers MgPh2(THF)2,5 Mg(p-tol~l)~(THF)~,6 and 
Mg[(9,lO-bis(trimethylsilyl)-B,lO-anthracenediyl)] (THF1.B 
Other structures of MgR2 species appear to be confined 
to the neutral species (MgPh2),,B Mg[C(SiMe9),l2,' and 
MgMe2*2B (B = NC7H13,8 TMEDAg), the adducts 

~ylyl-18-crown-5),~~ MgEt2(18-crown-6),13 and Mg(C= 
CPh)2(TMEDA)2,14 and the sandwich compounds Mg- 
($-C&J2 (R = H, Me).16 Our primary interest in organic 
derivatives of magnesium and the related lithium epecies 
(LiR) has been the establishment of their structures on 
crystallization from ether solvents. Crystallized solvate 
adducta of this kind are most likely to bear a resemblance 
to their structures in solution. In this paper we report on 
the synthesis and structure of the species Mg(Mes),(THF), 
(1) and Mg(2,4,6-i-Pr3C6H2)2(THF)2 (21, which are rare 
examples of structurally characterized monodentate ether 
adducts of MgR2 monomers. 

The second objective of the work described here is the 
isolation of unassociated species of the type LiMgRs. The 
ionic magnesiate species [MgRJ has been isolated by the 
addition of crown ethers or cryptands to diorgano- 
magnesium compounds.16 In addition, enhanced reaction 
rates and varied chemical behavior have been attributed 
to the magnesiate species formed." The species MgR3- 
is probably more nucleophilic than the MgR2 precursor. 
Closely related complexes of the type M M g b  (R = alkyl, 
M = alkali metal) have also been generated in solution by 
reduction of magnesium alkyls with alkali metals.13 The 
complexes were not isolated, however. Magnesiates are 
moat easily prepared by simple mixing of the diorgano- 

MgPh2(TMEDA),l0 Mg(C,H1J2(TMEDA),11 MgPh2(1,3- 

Waggoner and Power 

magnesium and organolithium compounds: 
MgR, + RLI - LiMgk (3) 

Their solutions have been shown to exhibit chemical be- 
havior similar to those prepared from Mg& and crown 
ethers or ~q7ptands.l~ As early as 1951, Wittig et al. 
investigated the diphenylmagnesium/phenyllithium sys- 
tem in solution and proposed the formation of a species 
with the structural formula LiMgPhP2O The addition of 
TMEDA to solutions of LiMgPh, has given the dimeric 
[Li(TMEDA)I2[Ph2MgPh2MgPh.J, which featurea two Ph 
groups bridging the magnesium centers; the four other 
phenyls bridge Li and Mg with the lithiums also coordi- 
nated to TMEDA?l The structures of additional lithium 
TMEDA magnesiates involving phenyl, ethynyl, and 
benzyl ligands have also been reported.22 In the case of 
the species [Li(PhCC),Mg(TMEDA)],, the geometry at 
magneaium is trigonal-bipyramidal in which two of the five 
sites are occupied by nitrogen donors. In the case of the 
benzyl species [Li(TMEDA),] [ (TMEDA)Lil3zl2MgBzl~l 
(Bzl = CH2Ph) the magnesium atom is coordinated by 
benzyl groups, two of which bridge to a TMEDA-coordi- 
nated Li. The structure is completed by the countercation 
[Li(TMEDA),]+. Recently it has been suggested that 
lithium magnesiates with composition LiMgR, have 
structures with bridging R groups and sufficient ether 
molecules bonded to the metal atoms to make each at least 
tet~acoordinate.~~ This view of their structures had already 
received support from experiments that involved the ad- 
dition of LiMes to MgM-, which afforded a complex that 
was described as L ~ M ~ M ~ S , ( T H F ) & ~  We now report that 
addition of an ether solution of [Li(EtzO)(2,4,6-i-Pr3C~2)]2 
to Mg(2,4,6-i-Pr3C6H2)2(THF)2 in THF gives the species 
[Li(THF)o.e(E~O)o.4] [Mg(2,4,6-i-Pr3C6H2),], in which the 
magnesium is coordinated by three 2,4,6-i-Pr&& p?ups, 
two of which bridge to an ether/THF-complexed kthum. 

Experimental Section 
General P d u r e s .  All work was performed under anaerobic 

and anhydrous conditions by using Schlenk techniques or a 
Vacuum Atmospheres HE-43 Dry Box. MesBr was purchased 
from a commercial supplier; 2,4,6-i-Pr3C6HzBr and 2,4,6-i- 
Pr3C,J-IZLi were synthesized as described in the literature.% The 
latter was isolated as ita etherate adduct [Li(Et&)(2,4,6-i- 
Pr3C&&]2.25 Solvents were freably distilled under Nz from Na/K 
and degassed three times immediately before use. Compounds 
2 and 3 gave satisfactory C, H analyses. 

Physical Measurements. 'H NMR spectra were obtained 
on a General Electric QE300 spectrometer. 

Mg(Mes)2(THF)2 (1). Compound 1 was synthesized by a 
literature procedure.23 Crystals suitable for X-ray structural 
analyses were grown from EtCpITHF solution in a -20 OC freezer. 
Mg(2,4,6-i-Pr,C,H2)2(THF')2 (2). A tetrahydrofuran solution 

of (2,4,6-i-Pr3C6Hz)MgBr was prepared in a manner similar to 
that for MesMgBr.=* A solution of l,4dioxme (5 g, 56.7 "01) 
in THF (20 mL) was added dropwise to the (2,4,6-i-Pr3C&Iz)MgBr 
solution (0.386 M, 130 d). The white slurry waa stirred overnight 
and then allowed to settle for ca. 4 h. The yellow supernatant 
solution was transferred to another Schlenk flask via a double- 

(2) Evans, W. V.; Pearson, R. J.  Am. Chem. SOC. 1942,64,2865. 
(3) Lappert, M. F.; Martii, T. R.; Raston, C. L.; Shelton, B. W.; White, 

A. H. J. Chem. SOC., Dalton Trans. 1982, 1959. 
(4) Markies, P. R.; Schat, G.; Akkerman, 0. S.; Bickelhaupt, F.; 

Sweets, W. J. J.; Spek, A. L. J. Organomet. Chem. 1991,411, 291. 
(5) Markies, P. R.; Schat, G.; Akkerman, 0. 5.; Bickelhaupt, F.; 

Sweets, W. J. J.; van der Slui~, P.; Spek, A. L. J. Organomet. Chem. 1990, 
393, 315. 

(6) Lehmkuhl, H.; Shakoor, A.; Mehler, K.; m e r ,  C.; Angermind, K.; 
Tsay, Y.-H. Chem. Ber. 1986,118,4239. 

(7) Al-Juaid, S. S.; Eabom, C.; Hitchcock, P. B.; McGeary, C. A.; 
Smith, J. D. J.  Chem. Soc., Chem. Commun. 1989,273. 

(8) Toney, J.; Stucky, G. D. J.  Organomet. Chem. 1970,22,241. 
(9) Greiser, T.; Kopf, J.; Thoennm, D.; Weka, E. J. Organomet. Chem. 

1980, 191, 1. 
(10) Thoennes, D.; Weka, E. Chem. Ber. 1978,111,3381. 
(11) Yasuda, H.; Yamauchi, M.; Nakamura, A.; Sei, T.; Kai, Y.; Ya- 

suoka, N.; Kaeai, N. Bull. Chem. SOC. Jpn. 1980,53,1089. 
(12) Markies, P. R.; Nomoto, T.; Akkerman, 0. S.; Bickelhaupt, F. J. 

Am. Chem. SOC. 1988,110,4845. 
(13) PBjerski, A. D.; Bergatreseer, G. L.; Parvez, M.; Richey, H. G., Jr. 

J .  Am. Chem. SOC. 1988,110,4844. 
(14) Schubert, B.; Behrens, U.; Weiss, E. Chem. Ber. 1981,114,2640. 
(15) (a) Biinder, W.; Weins, E. J. Organomet. Chem. 1975,92,1. (b) 

Andersen, R. A.; Boncella, J. M.; Burns, C. J. J. Orgonomet. Chem. 1986, 
C49, 312. 

(16) (a) Squiller, E. P.; Whittle, R. R.; Richey, H. G., Jr. J. Am. Chem. 
SOC. 1985,107,432. (b) Pajerski, A. D.; Parvez; M.; Richey, H. G., Jr. J.  
Am. Chem. SOC. 1988,110,2660. 

(17) See ref 9. Aleo, see: (a) Richey, H. G., Jr.; King, B. A. J.  Am. 
Chem. SOC. 1982,104,4672. (b) Richey, H. G., Jr.; Kushlan, D. M. J. Am. 
Chem. SOC. 1987,109, 2510. 

(18) Malpw, D. B.; Eaetham, J. F. J.  Org. Chem. 1973, 38, 3718. 

(19) Richey, H. G., Jr.; Farkaa, J., Jr. Organometallics 1990,9,1778. 
(20) Wittig, G.; Meyer, F. J.; Lange, G. Justus Liebigs Ann. Chem. 

1951,571, 167. 
(21) Thoennes, D.; Weiss, E. Chem. Ber. 1978,111,3726. 
(22) Schubert, B.; Weise, E. Chem. Ber. 1984,117, 366. 
(23) Seidel, W.; BGrger, 1. 2. Anorg. Allg. Chem. 1978,447, 195. 
(24) (a) Whitesides, G. M.; Eieenhut, M.; Banting, W. M. J. Am. 

Chem. SOC. 1974, I, 5398. (b) Smit, C. N.; Bickelhaupt, F. Organo- 
metallics 1987, 6, 1156. 

1988, 341, 1. 
(25) Bartlett, R A.; Dies, H. V. R.; Power, P. D. J.  Orgonomet. Chem. 

(26) Pelter, A. Personal communication. 
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Table I. Crystallographic Data for the Structural 
Analyses of 1-3 
1 2 3 

formula CzeHSBMgOz C d d W z  C4sHmLiMB.O 
fw 406.89 575.22 713.40 
temp, K 130 130 130 
cryst syst orthorhombic orthorhombic monoclinic 
a, A 9.019 (2) 33.865 (10) 12.819 (3) 

28.762 (6) 33.912 (11) 15.103 (3) 
c, A 36.782 (6) 12.406 (4) 24.500 (5) 
b, A 

a, deg 
8, deg 91.13 (2) 
Y, deg 
V, A3 9539 (3) 14247 (8) 4742 (2) 
spacegroup F2dd Fdd2 m / c  
z 16 16 4 
Ddc, g 1.13 1.07 0.999 
p, cm-' 0.89 0.75 0.68 
28 range, deg 0-55 0-50 0-50 
no. of obsd 2146, Z > 3u(n 2934, Z > 2u(n 4925, Z > 2u(n 

no. of variables 279 406 457 
R, R, 0.045, 0.052 0.404, 0.042 0.080, 0.085 

tipped needle and was concentrated under reduced pressure. 
Addition of EhO yielded an off-white solid. The solid was re- 
dissolved in THF/EhO. Cooling overnight in a -20 O C  freezer 
gave the product 2 as colorless crystals: yield 9.09 g, 63%; mp 

1.24 (d, p-CHMez, 'JHH = 6 Hz), 1.44 (broad, THF), 2.70 (sept, 
o-CH. 3Jw = 6 Hz), 2.96 (sept, p-CH, VHH = 6 Hz), 3.54 (broad, 

rflns 

124-125 OC; 'H NMR (C&) 6 1.22 (d, O-CHM~~?JHH 6 HZ), 

~~ ~~~~ 

THF), 6:66 (8, aryl H). 
[Li(THF)o.s(EtaO)~.rl tMg(2,4,6-j-Pr~C~H2),1 (3). An EhO 

solution (40 mL) of [(2,4,&i-Pr3C&JLi()I2 (208 g, 7.33 "01) 
was added dropwise to an EhO solution (40 mL) of Mg(2,4,6-i- 
Pr3C&Jz(THF)2 (2; 4.21 g, 7.33 "01) at 0 OC. The solution was 
gddy-warmed to room temperature, and stirring WBB continued 
for 2 daye. The solvent was concentrated to ca. 30 mL, and cooling 
overnight in a -20 "C freezer gave the product 3 as colorless 
crystals: yield 4.44 g, 85%; lH NMR (C&) 6 1.17 (broad, 
THF/&O), 1.23 (d, o-CHM%, VHH = 6 Hz), 1.37 (d, p-CHMez, 

= 6 Hz), 3.05 (sept, o-CH, %JHH = 6 Hz), 7.05 (8,  aryl HI. 
X-ray Crystallography. Crystals of the compounds were 

transferred from the Schlenk tube under N2 to Petri dishes and 
immediately covered with a layer of hydrocarbon oil. A suitable 
crystal WBB selected, attached to a glass fiber with silicone grease, 
and immediately placed in the low-temperature nitrogen ~tream.~ 

The X-ray data for compounds 1-3 were collected by using a 
Synte.~ P21 diffractometer equipped with a locally modiiied Syntex 
LT-1 device for low-temperature work and graphite-mono- 
chromatad Mo Ka radiation (A = 0.71069 A). Calculations for 
compounds 1 and 2 were carried out on a Data General Eclipse 
computer using SHELXTL (Version 5). Cdculatiom for stz~cture 
3 were carried out on a Micro VAX 3200 computer using 
SHELXTL PLUS. Important crystallographic parameters and 
refinement data are provided in Table I. An o-scan method was 
used for all data collections as described in ref 27. No decay in 
the intensities of two standard reflections was observed during 
the come of data collections for compounds 1-3. Scattering 
factors were from common  source^.^ The structure of 1 was 
solved by a Patterson map for the Mg position. The structures 
of 2 and 3 were solved by direct methods. All non-hydmgen atoms 
were refined anisotropically for compounds 1-3. Hydrogen atoms 
in the etructuras of 1-3 were included at calculated poeitiom using 
a riding model with C-H = 0.96 A and U d H )  = l.2[Uh(C)] or 
1.2[U+,(C)], where U*, is the equivalent isotropic thermal 
parameter. Disorder was modeled for two isopropyl groups in 
compound 3. Disorder was also modeled in the solvent molecule 

'JHH 6 Hz), 2.50 (broad, THF/EhO), 2.79 (sept, p-CH, 3 J ~ ~  

(27) This method is deecribed in: Hope, H. In Experimental Or- 
ganometallic Chemistry: A Racticum in Synthesis and Characteriza- 
tion; Wayda, A. L., Darensbourg, M. Y., Eds.; ACS Symposium Series 
357; American Chemistry Society: Washington, DC, 1987; Chapter 10. 

(28) International Tabla for X-ray Crystallography; Kynoch Press: 
Birmingham, England, 1974; Vol. IV. 

Table 11. Important Atomic Coordinates (XlO') for 1-3 
It Y z 

Mg(Mes)z(THF)z (1) 
Mg 0 2634 (1) 3518 (1) 
O(1) -1460 (3) 3024 (1) 3210 (1) 
00) 1190 (4) 3240 (1) 2620 (1) 
C(1) 834 (4) 2095 (1) 3154 (1) 
C(10) -653 (4) 2441 (1) 4064 (1) 

Mg(2,4,6-i-Pr3C6H2)z(THF)2 (2) 
2056 (1) 3346 (1) 

226 (1) 
Mg 
O(1) 3328 (1) 

2725 (1) 828 (1) 1925 (2) 
C(1) 1222 (1) 3472 (2) 

641 (2) 
o(2) 3404 (1) 
C(16) 3722 (1) 903 (1) 

1580 (1) 7105 (1) 4105 (1) 
3183 (6) 7305 (6) 4826 (3) 

Mg 
Li 
0 4285 (3) 7514 (3) 5313 (1) 
C(1) 3138 (3) 7745 (3) 3972 (2) 
C(2) 4129 (3) 7350 (3) 3985 (2) 

846 (l) 2184 (2) 

[Li(THF)o.s(EtzO)~.,1[Mg(2,4,6-i-Pr3C~H~)31 (3) 

C(16) 353 (3) 7149 (3) 3496 (2) 
C(31) 1667 (3) 6584 (3) 4946 (2) 
C(32) 1518 (3) 7043 (3) 5446 (2) 

Table 111. Important Bond Distances (A) and 
Angles (deg) for 1-3 

Compound 1 
MgC(1) 2.182 (3) Mg-0(1) 2.067 (3) 
MgC(10) 2.165 (3) Mg-0(2) 2.079 (3) 

LC(l)MgC(lO) 118.8 (1) LC(lO)MgO(l) 118.3 (1) 
LC(l)MgO(l) 105.5 (1) ~C(lO)Mg0(2) 100.9 (1) 
~C( l )Mg0(2)  121.8 (1) ~0(1)Mg0(2)  88.4 (1) 

Compound 2 
MgC(1) 2.179 (3) Mg-O(l) 2.107 (2) 
MgC(16) 2.177 (3) Mg-0(2) 2.110 (2) 

LC(l)MgC(16) 123.1 (1) LC(16)MgO(l) 99.6 (1) 
LC(l)MgO(l) 121.7 (1) LC(16)Mg0(2) 121.5 (1) 
~C( l )Mg0(2)  99.7 (1) ~O(l )Mg0(2)  87.1 (1) 

Compound 3 
MgC(1) 2.249 (4) LiC(1)  2.195 (9) 
MgC(16) 2.147 (4) Li-C(2) 2.650 (9) 
Mg-C(31) 2.206 (4) Li-C(31) 2.251 (9) 
M g L i  2.700 (8) Li-.C(32) 2.673 (9) 
Li-0 1.858 (8) 

~C(l)MgC(31) 105.0 (1) ~oLiC(32) 105.4 (5) 
LLiMgC(16) 171.4 (2) LMgLiC(2) 77.5 (5) 
LC(l)MgC(16) 121.8 (2) ~MgLiC(32) 75.5 (5) 
~C(16)MgC(31) 131.2 (2) ~C(l)LiC(31) 105.3 (3) 
LOLiMg 176.5 (5) LC(l)LiC(32) 125.5 (5) 
LOLiC(1) 124.4 (2) LC(2)LiC(31) 122.6 (5) 
fOLiC(2) 101.8 (5) LC(2)LiC(32) 152.7 (5) 
~oLiC(31) 130.3 (4) 

attached to the Li in 3. The presence of either THF or diethyl 
ether is reasonable. The position and isotropic thermal parameters 
of relative carbon atoms were optimized for a THF occupancy 
of 0.6 and a diethyl ether occupancy of 0.4. An absorption cor- 
rection was applied for all compounds by using the method de- 
scribed in ref 29. The coordinates of important atoms are given 
in Table 11. Important bond distances and angles are listed in 
Table 111. 

Description of the Structures of 1-3 
Mg(Mes)2(THF)2 (1). Compound 1 possesses the 

structure illustrated in Figure 1. There is no crystallo- 
graphically imposed symmetry. The magnesium has dis- 
torted-tetrahedral coordination with angles at the metal 

(29) The absorption correction was made using the program XABS by 
H. Hope and B. Moezzi. The program ob& an absorption tensor from 
F,, - F, differences: Moezzi, B. Ph.D. Dissertation, University of Cali- 
fornia, Davis, CA, 1987. 
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Figure 1. Computer-generated thermal ellipsoid plot of 1. H 
atoms are omitted for clarity. Important distances and angles 
are given in Table 111. 

Figure 2. Computer-generated thermal ellipsoid plot of 2. H 
atoms are omitted for clarity. Important distances and angles 
are given in Table 111. 

that vary from 88.4 (1) to 121.8 ( 1 ) O .  The angle at mag- 
nesium between the two mesityl groups is 118.8 (l)', 
whereas an angle of 88.4 (1)' separates the two THF do- 
nors. The average Mg-C bond distance is 2.174 (3) & and 
the average Mg-O bond distance is 2.073 (3) A. 
Mg(2,4,6-1-PraC6H2)2(THF)2 (2). The structure of 

compound 2 (illustrated in Figure 2) is very closely related 
to that of 1. There is no crystallographically imposed 
symmetry, and the angles at magnesium vary from 87.1 
(1) to 123.1 (l)', with the lowest value separating the two 
THF donors and the largest angle being between the two 
2,4,6-i-Pr3C6H2 groups. The average Mg-C and Mg-O 
bond distances are 2.178 (3) and 2.109 (2) A, respectively. 

structure of 3, which has no symmetry restrictions, is de- 
picted in Figure 3 and involves a contact ion pair between 
[Mg(2,4,Si-Pr&&J31- and [LiU")~.,&Etd".f,~ which 
resulta in a short Li-Mg contact of 2.700 (8) . The Li, 
0, Mg, C(l), C(l61, and C(31) atoms are coplanar, and the 
angles at magnesium (105.0 (21, 121.8 (2), and 133.2 (2)O) 
display considerable distortion from idealized trigonal 
values. The narrowest angle, LC(l)MgC(31), involves the 
2,4,6-i-Pr3C6H2 groups bound to the Li+ ion. The Li-C- 
(ipso) distances are 2.195 (9) A for C(1) and 2.251 (9) A 

[Li(THF)o.s(EtzO)o.rl[Mg(2,4,6-1-PraC6H~)al (3). The 

(30) Disorder WBB modeled in the solvent molecule attached to lithium. 
The position and isotropic thermal parametere of relative carbon atoms 
wera optimized for a THF occupancy of 0.6 and a diethyl ether occupancy 
of 0.4. 

C(47 

C(47a 

Figure 3. Computer-generated thermal ellipsoid plot of 3. H 
atoms are omitted for clarity. Important distances and angles 
are given in Table 111. 

for C(31). The MgC(1) and Mg-C(31) bond distances of 
2.249 (4) and 2.206 (4) A are significantly lo er than the 
terminal Mgc(16) bond distance of 2.147 ( 4 ) t  The C(l), 
C(lS), and C(31) aryl rings subtend angles of 63.1,56.0, 
and 6.2' with respect to the MgC(l)C(16)C(31) plane. 
There are angles of 14.4 and 0.6' between the Mg vectors 
and the respective planes of the C(1) and C(31) rings. The 
Li-O bond distance is 1.858 (8) A. 

Discussion 
Diorganomagnesium Compounds. Mg(Mes),(THF), 

(1IB and Mg(2,4,6-i-Pr3C8H2),(THF), (2) can be readily 
obtained from their respective Grignard solutions in tet- 
rahydrofuran by disproportionation with 1,4-dioxane. 
Compounds 1 and 2 are useful synthetic reagenta for the 
efficient preparation of several speciea, including the bulky 
RMCl, or &MCl compounds (R = Mes, 2,4,6-i-Pr3C&,; 
M = Al, Ga).31 As iuylating agents their advantag@ over 
the use of the related Grignard reagent involve greater 
control of reaction stoichiometry and easier purification 
of reaction products. In addition, diorganomagnesium 
compounds serve as precursors to magnesiah, which have 
shown enhanced chemical reactivity in comparison to their 
neutral precursors.18J7 As already mentioned in the In- 
troduction, relatively few diorganomagnesium etherate 
compounds have been structurally characterized. Two 
crown-ether complexes, Ph2Mg(l,3-xylyl-l&crownd) and 
Et&g(l&crown-6), which exhibit threaded structures with 
linear M g b  moieties, have been reported.l'13 The octa- 
hedrally coordinated species Mg(C=CPh),(TMEDA),, 
which possesses a pseudo-threaded structure with axially 
bound M P h  groum and two TMEDA groups occupying 
the equatorial sites, has also been rep0rted.l' In addition, 
the structures of the sandwich compounds Mg(q6-C,R6), 
(R = H, Me) have appeared.1s More relevant to the studiea 
described here are the structures of Ar,Mg(THF)* (Ar = 
Ph, p-tolyl),6 which are mononuclear with Mg bound to 
two terminal Ph or p-tolyl groups and THF's. In the Ph 
species the Mg-C distance is 2.127 (4) A with a LCMgC 
angle of 122.4 (1)O.  The L O W  le is 94.2 (1)O,  and the 
Mg-O distances average 2.030 ( 4 3 .  The compound also 
possesses 2-fold symmetry. In the p-tolyl derivative the 
Mg-C distances average 2.128 (8) A with a LCMgC angle 

(31) Waggoner, K. M.; Petrie, M.; Power, P. P D i a s i  H. V. R.; Ruh- 
landt-Senge, K. Unpublished reed*. 
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Scheme I. Effemt of the Size of the Oman0 Group on the Dsgree of Aeaociation of Lithium Magneeintee 

R@g + RLi 

R = F l l  

T 

W 

of 124.4 (3)O. The LOMgO(N) angle is 96.7 (2)O, and the 
Mg-0 bond lengths average 2.041 (6) A. In addition, an 
incomplete X-ray analysis of Mg(C6H5),(EkO), and solu- 
tion 'H NMR data were consistent with a monomeric 
molecule and tetrahedral coordination at magnesium; 
however, important bond distances and angles were not 
described.s2 Mg(t-Bu),(THF), was propoeed to be dimeric 
in solution, but the solid-state structure is not 

It is obvious that the structures of 1 and 2 bear a very 
close structural resemblance to that of Ar2Mg(THF) (R 

Ph, p-tolyl). The Mg-C distances in 1 and 2 are only 
marginally longer than those observed in the phenyl and 
ptolyl derivatives. Moreover, the Mg-C distances are 
consistent with the 2.17-A value predicted from the sum 
of the covalent radii.% In contrast, the Mg-O distances 
in the seriea Ph, Mes, 2,4,6-i-Pr3Ca2 in 1 and 2 are shorter 
than those in the Ph or p-tolyl derivatives. Another 
anomaly is that the LCMgC angles in 1 and 2 are respec- 
tively lese than and about equal to those observed in the 
Ph and ptolyl derivatives. It is notable, however, that the 
LOMgOanglesin 1 and2 are narrower byca6O. Increasing 
the size of the organo substituent from Mes to 2,4,6-i- 
PrsCJ3, results in a small increase in the Mg-O distance, 
but there is essentially no increase in the LCMgC angle 
between the Ph and 2,4,6-i-Pr3C6H2 derivatives. The 
LOMgO angles change in a direction that reflects an in- 
crease in steric requirements imposed by the Mes and 
2,4,6-i-Pr3C6H2 groups. The Mg-O bonds are also mar- 

~~ ~ ~ 

(32) Stucky, G.; Rundle, R. E. J. Am. Chem. SOC. 1964, 86, 4825. 
(33) Cone, 0. E.; Heslop, J. A. J. Chem. SOC. A 1968,514. 
(34) P a w ,  L. The Nature of the Chemical Bond, 3rd ed.; Cornell 

Univereity Prw: Ithaca, NY, I W .  

I -  

ginally longer in 1 and 2, claw to that predicted by the sum 
of the radii (2.1 A).% 

Magneeiates. Magnesiates may be prepared from the 
corresponding diorganomagnesium compound by a variety 
of methods. For example, they may be isolated by dis- 
proportionation of the diorganomagnegium precursor with 
crown ethers or cryptands.16 Magnesiates have also been 
isolated by reaction of the diorganomagnesium precursor 
with alkyl- or aryllithium compounds to afford Li-Mg 
organometallic complexes.21t22 Although studies of such 
systems have been known for over 50 years,2o very few 
structural studies have appeared. 

The S p i e s  [Li(T~)o.~(Eko)o.~1[~(2,4,6-i-pSc~H&d 
(3) may be crystallized from solutions formed by the ad- 
dition of (2,4,6-i-Pr3C6H2)Li in Et20 to (2,4,6-i- 
Pr3C6H2),Mg in THF. The most outstanding feature of 
3 is the 3-fold coordination of the magnesium atom. Only 
three other structures involving three-coordinate magne- 
sium have been published. One is the recently reported 
magnesiate of the type formed by the cryptand-induced 
disproportionation of MgNp, (Np = neopentyl).lh The 
resulting structure has the formula [NpMg(a,l,l-cryp- 
tand][MgNp3]. The other two involve a rare, naturally 
occurring zeolite crystal in which magnesium was reported 
to be bound to three oxygensS and the dimeric amido- 
bridged compound [ ~ - B U M ~ ( ~ - N ( S ~ M ~ , ) , ~ ] ~ ~  

The three LCM~C bond angles in 3 are 105.0 (l), 121.8 
(2), and 133.1 (2)O, which result in dbtorted-trigonal-planar 

(35) Mortier, W. J.; Pluth, J. J.; Smith, J. V. Nature (London) 1971, 

(36) Engelhardt, L. M.; Jolly, B. 5.; Junk, P. C.; Raaton, C. L.; Skel- 
256, 718. 

eton, B. W.; White, A. L. Auut. J.  Chem. 1986,39, 1337. 
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coordination at magnesium. The narrowest LCM~C angle 
is associated with groups that bridge the Li+ ion. The 
2,4,6-i-Pr3CsH2 groups, which bridge lithium and magne- 
sium, have Mg-C(l) and Mg-C(31) bonds of 2.249 (4) and 
2.206 (4) k These are somewhat longer than the terminal 
Mg-C(16) bond length of 2.147 (4) A. A simplistic ex- 
planation for this difference involves the higher effective 
coordination n u m b  of C(1) and C(31) and the consequent 
lower electron density available for the Mg-C bridge bonds. 
However, a comparison of the Mg-C distances in 3 with 
those of [NpMg(2,l,l-cryptand)] [MgNp,] (in which the 
cation-anion separation is greater than 7.18 A) reveals a 
similar pattern. The three Mg-C bond lengths in this 
latter compound are 2.125 (12), 2.240 (12), and 2.296 (16) 
A with angles of 116.9 (5),  117.6 (5 ) ,  and 124.8 (6)'. 
Whether or not the remarkable similarity of these param- 
eters with those of 3 is coincidental awaits the determi- 
nation of further examples of three-coordinate Mg species. 

A comparison of 3 with the lithium magnesiate species 
[ Li(TMEDA)] [Ph2MgPh2MgPh2] 21 and [ Li( TME- 
DA)2](TMEDA)LiBz12MgBz12] (Bzl = illustrates 
the effect of the size of the organ0 group on the degree of 
association observed (see Scheme I). Clearly, the large 
2,4,6-i-Pr&H2 substituents impose a coordination number 
of 3 at magnesium. Oddly, the Mg-C(l) and Mg-C(31) 
bond distances of 2.249 (4) and 2.206 (4) A in 3 are longer 
than the Mg-C(11) and Mg-C(21) distances of 2.186 (3) 
and 2.182 (3) A in the phenyl compound, which ala0 involve 
bridging to lithium. This is in spite of lower coordination 
of the magnesium in 3. It is, thus, possible to argue that 
longer bond lengths are expected because of the increased 
size of the 2,4,6-i-Pr3C8H2 groups in 3. In the benzyl de- 
rivative, the bridging Mg-C(l) and Mg-C(15) bond dis- 
tances are significantly longer and are 2.322 (11) and 2.313 
(9) A, respectively. Part of the reason for this could be 
the ability of the benzyl ligand to delocalize negative 
charge, thereby reducing the strength of the Mg-C bond 
by decreasing the ionic contribution to the bond strength. 
It is also notable that the magnesium complex bears a 
negative charge which increases the electron density in the 
complex and thereby tends to reduce the ionic contribution 
to the strength of the Mg-C bond. The Li-C(ips0) dis- 
tances (2.251 (9) and 2.195 (9) A) in 3 are significantly 
shorter than the Li-C(ips0) distances in the phenyl com- 
pound (2.419 and 2.472 A). This can be rationalized on 
the basis of the higher coordination number of the Li+ ion 

Waggoner and Power 

in the phenyl species. Significantly, the benzyl compound 
poasesses Li-C(Bzl) bond distances (2.229 (21) and 2.272 
(16) A) which are shorter than the Li-C(ipso) distances 
in either the phenyl compound or compound 3. One of the 
reasons for this is that the interaction between the Lit ion 
and the C(ips0) carbons in both 3 and the phenyl species 
is mainly an interaction with the ring a-electrons?' In 
the case of the benzyl species, some a-interaction in the 
Li-C bond is also present. It follows that the M g 4  bonds 
in the benzyl species must ala0 have ?r-character (and 
thereby a lower a-contribution), which is in agreement with 
the longer than expected Mg-C bonds, both bridging and 
terminal. In line with these views, it is notable that there 
is a small angle of 14.4O between the Mg-C(l) vector and 
the plane of the C(1) ring. This suggests reduced u- 
character in the Mg-C bond and increased u-character in 
the Li-C bond. The longer Mg-C(l) and shorter Li-C(l) 
bonds are in accordance with this view. 

These compounds illustrate the structural dependence 
of intermetallic complexes on the nature of R. For very 
small R groups, the degree of association increases. For 
example, dimethylmagnesium and methyllithium in di- 
ethyl ether produce complexes of composition Li2MgR4 or 
Li3MgRs,38 As the size of the R group is increased, stable 
low-coordinate intermetallic magnesiates may be isolated. 
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