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Abstract 

The synthesis and structural characterization of the new metal-terphenyl derivatives [BrMCoH3-2,6-Mes,(THF)]: (M = Mg (I), Co 
(2); M e s ' -  -C6H .-2.4,6-Me 3) are described. The magnesium derivative I was synthesized by reaction of the previously known iodide 
IC6H3-2,6-Mes, with activated magnesium, Subsequent treatment of I with COO:, affords 2 in moderate yield. Compounds I and 2 have 
very similar dimeric structures, in which two bromides bridge two melals, Each metal is also coordinated to a -C6H3-2,6-Mes 2 group 
and a THF molecule. The metals are thus four-coordinated, "ll'ke cobalt species 2 is a very unusual example of a stable CoOl) ~r-bonded 
hydrocarbyl. The Co-Co separation of ca. 3.5 ,g, precludes the existence of significant metal-rnetal bonding. Crystal dat~: at 130K with 
Mo Kct (A - 0.71073~,) ntdiation: I, a , -  9.432(2), b - 21.973(5), t'~, 12.558(2)/~. / 3 -  94.87(2) °. Z -  2. monoclinie, space group 
P21/c,  R - ,  0.058 for 3(X)6( I > 2~r(l))data,  2, a ~ 9.394(2), b = 22.033(7), c ~, 12.390(3)/~. /3 = 94.99(2) °. Z - -  2, monoclinic, space 
group P21/c,  R ,, 0.077 for 2675(I > 2o ' ( i ) )  data. 

Kcywords: Magi~esium: Coball; Aryi; Bromide; Crystal structure 

I. Introduction 

Over tile past two decades Ihere Iias been an ever 
expanding interest in the synthesis of very ste,'ically 
demanding ligands and their applications in the kinetic 
stabilization of unusual valencies or bonding, as well as 
low coordinate environments, in a lathe range of transi- 
tion metal and main group compounds, lolydrocarbyl 
ligands [I] (i.e. ligands that bind through carbon and 
involve C-H bonded substituents) have played a majo,' 
role in this area. The most common hydrocarbyl groups 
are either alkyls or aryls, and of these two the chemistry 
of the alkyls is the most highly developed fi'om the 
point of view of steric effects, ltowever, sterically 
encumbered aryl ligands had not been tile subject of 
systematic exploration in the same way as bulky .'dkyl 
ligands such as -CH(SiMe:~)2 [2] or -C(SiMe~)~ [31 
until after ca. 1980. The discovery of compounds such 
as Mes2Si=SiMes2 [41 and Mes ° P=PMes" [5] (Mes 
-_C6H~.2.4,6-Me~; Mes° -~.C~,ltz-2,4,6.tBu~)in 
the early 1980s has led to a more widespread use of 
bulky aryl ligands to achieve a higll degree of cro'~ding 

" Corresponding author. 

in derivatives of a variety of elements tllrougliout t i le 
periodic table. The nlost notable of these ligands is the 
Mes" group [5]. featuring orthoJBu substituents which 
has bee,~ shown to stabilize two°coordination in magneo 
slum [6], manganese [6] and iron [6,7] (more recent 
examples of bulky aryls include oC~H~-2,6(SiMe~): 
and =C~ H z-2,4,6{CFI(SiMe ~),} ~. see Ref. [8]). 'I1~e puro 
suit of increasingly crowded environments has h:d us to 
examine the use of m-terphenyl ligands ~C~ H ~-2,6-Ar~ 
for this purpose (Ar~ Mes [9], Dipp [10] or Trip [IO]: 
Dipp = -CoFl~-2.6-'Prz. Trip = C611,°2.4.6-tPr:~). For 
example, it has been demonstrated that terphenyl sub° 
stituents at sulfiu" or selenium in thiolate and selenolate 
ligands, i.e. in -E(C~,H ~°2.6-Mes: ) (E ~ S or Se). can 
effect two-coordination in tl~e monomc,'ic species 
M{E(Coli ~.2,6-Mes,)}: (E ~ S [I 1.12] or Se [13]: M ~- 
Mg [12]. Fe [I I]. Mn [I 3]. Zn [I i]). Structural stt,dies 
have also shown that the uusolvated aryl lithium de,'ivao 
rive has the dinteric formula (LiC~,H~-2.6-Mes,): [9]. 
which is at present the lowest degree of aggregation for 
aq uqcomplexed ,.t,'yl lithium compound. In addition. 
EtzOLiCt, H ~.2,6-TrilL, [10] has a monomeric structure 
with a two-coordinate lithium ion. Furthe,'more, applica° 
tion of this ligand to gallium chemistry has resulted in 
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m unusual, almost T-shaped geometry in the bisaryl 
derivative CIGa(CeH.~-2,6-Mesz), [141 and the stabi- 
lization of a novel, formally aromatic 2~-electron, Ga:, 
ring in the compound Naz(GaC6H.~-2,6-Mes2)~ [15]. 
The synthesis and structure of two new derivatives 
involving the elements magnesium and cobalt are now 
reported. 

2, Experimenhll section 

2.1. General procedures 

All experiments were performed under a nitrogen 
atmosphere either by using modified Schlenk techniques 
or in a Vacuum Atmospheres HE 43-2 drybox. Solvents 
were freshly distilled from a sodium-potassium alloy 
and degassed twice prior to use. L~C, ~ H, and ~Li NMR 
spectra were recorded in C~D~ or C7D s solutions by 
using a General Electric QE-300 NMR spectrometer. IR 
data were recorded as Nujol mulls on a Perkin-Elmer 
1430 spectrometer. Magnetic measurements were per- 
formed on a Johnson-Matthey magnetic balance, n-BuLl 
( l .6M solution in hexanes) was purchased commer- 
cially and used as received. IC6H~-2,6-Mes ., [16] and 
(LiC~H~+2,6-Mes~)., [9] were prepared by literature 
procedures. 

2,2. IBrMgC~ H~+2,6=Mes,(THF)I, 

ICoH~o2,6oMes.~ (1.76g, 4retool) was added via a 
solid addition funnel to a THF (75 ml) suspension of 

activated [17] magnesium (9 retool). The solution was 
stirred overnight and then filtered through a layer of 
Celite. The THF was then removed under reduced 
pressure and the remaining white residue was extracted 
with toluene (50 ml). The volume was reduced to incipi- 
ent crystallization and cooled overnight in a - 2 0 ° C  
freezer to afford colorless crystals of the product in ca. 
70% yield; m.p. 182-186°(2. Anal. Found: C, 68.15; H, 
6.69. C2sH~BrMgsO Calc.: C, 68.67; H, 6.79%. ~H 
NMR (PhMe-d s) ~ 1.89 (br, s, 4H, THF), 2.05 (s, 6H, 
p-Me), 3.84 (br, s, 4H, THF), 6.94 (t, 1 H, p-H), 7.10 (d, 
2H m-H(Ph)), 7.46 (s, 4H m-H(Mes)). ~]C{=H} NMR 
(PhMe-ds) 20.4-21.2 (various Me and THF carbons), 
127.3-128.5 (various m and p carbons), 130.0-141.4 
(various quaternary carbons). IR (Nujol, =, (cm- ' ) ) :  
1945 w, 1870 w, 1800 w, 1765 w, 1730 w, 1705 w, 
1610s, 1570 s, 1300 w, 1210 m, 1230 m, 1175 m, 1085 
m, 1070 m, 1015 s, 920 m, 900 w, 870 s, 850 s, 800 s, 
775 m, 735 s, 710 s, 695 w, 540 s, 500 w, 440 w, 415 
w, 385 w, 320 s. 

2.3. [BrCoC~ Hs-2,6-MeszfTHF)I, 

IC6H.~-2,6-Mes, (I.76g, 4mmol) was added via a 
solid addition funnel to a THF (75 ml) suspension of 
activated magnesium (9 retool). The solution was stirred 
overnight and then filtered through a bed of Celite. 
CoCi+ (0.50g, 4retool) was added via a solid addition 
funnel and the reaction mixture was left to stir overnight. 
The THF was removed from the resultant blue solution 
under reduced pressure and the remaining blue precipi+ 

Table I 
Selected dala collection paramelers h~r [BrMC,H ~+2.6oMe~THF)]2 (M + Mg (I) or Co (2)) 

C m . ~ i ~  [BrM~C~II ~o2,O+Mes +(111F)]+ [llrl?oC~ H ~o2.0Mes+(TIIF)], 

FW 9=/9~6 IO48,8 
~ s l l l  color lind habit ¢olotles,~ ptl,sms navy blue prisms 
L~ysl~ll si~e (ram) 0,30 × 0,48 x 0.=/2 0.30 x 0.40 × O.65 
u (~) 9.423(2) 9,394(2) 
b (A) 21,973(5) 22,033(7) 
c (~,) 12,55~(2) 12,393(3) 
B (o) 94~7(~) 94,99(2) 
V (~ ' )  25903(9) 2555,~ 12) 
Z 2 2 
Ct)'slal system monoclinic monoclinic 
Space group P 2,/¢ P 2 ~/c 
d(cale) (gem ~) 1,250 1,303 
Linear abe, e~ff, I,(~27 2252 
Ttahs, ctx'ff. O.34-OX~I O27-O.58 

No, uniq~ dal~ 5t~)~ 4514 
~, refl, ~0[~[ I > 2,0~( I )) 267~( I > 3.(hr (I)) 
No, variables 280 2~(I 
R ~, R~ 0,058, 0,059 O,077.0.126 

R + ,~]+/'~,l = l/'~.ll/~le+~+l, R,, ~ ~ll#'~J = II~IIw~++:/EIF, J++'+'" and w =  I/~r"t4r~) + (;i:o:. Data were collected at 130K using Mo K(~ radiation 
(A - 0.71073 ~). 
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rate was extracted with toluene (25 ml) and filtered. The 
volume was reduced to incipient crystallization and 
cooled overnight in a -20°(2  freezer, producing dark 
blue crystals of the product in ca. 60% yield; re.p. 
140°C (decomp.). Anal. Found: C, 64.82; H, 6.31. 
C2sH3.~BrCoO Calc.: C, 64.13; H, 6,34%. IH NMR 
(PhMe-d s) (30OK) 6 -4 .01 (s, br, 4H, THF), 1.86 (s, 
6H, p-Me), 2.12 (s, 12H, o-Me), 3.09 (s, br, 4H, THF), 
6.65-7.26 (various aryi protons). IR (Nujol, v (cm- i )): 
1905 w, 1845 w, 1785 w, 1725 w, 1610 m, 1565 w, 
1545 w, 1305 w, 1260 w, 1220 m, i165 m, 1120 w, 
1095 m, 1070 s, 1020 s, 950 w, 910 w, 870 s, 850 s, 
795 s, 770 w, 740 m, 725 s, 690 m, 610 w, 565 w, 545 
w, 500 w, 460 w, 410 w, 345 m, 330 m, 280 m. 
UV-vis (nm) (e): 710 (180), 559 (180), 392 (155); 
igea, ~ 4,7 at 298 K. 

2.4. X-ray data collection, the solution and refinement 
of the structures 

2,5, Structural descriptions 

[BrMgC6H3-2,6-Mes2(THF)] 2 and [BrCoC6H3-2,6- 
Mes2(THF)] 2 are isostructural with each other. Each 
asymmetric unit consists of half a dimedc molecule, 
each half being related to the other by an inversion 
center. The two bromide atoms bridge the metals form- 
ing an almost perfectly square MzBr 2 core. The metals 
are each bound to a terminal THF molecule and a 
terminal -C6H3-2,6-Mes z group, and thus are four-co- 
ordinated. The two crystallographically independent 
M-Br  bridging distances are almost equal and the 
internal MzBr 2 ring angles at M and Br are very close 
to 90 °. The mutually trans-orientation of both the THF 
and aryl ligands as well as the planar nature of the 
central M,Br  2 arrays are, of course, required by crystal- 
lographic symmetry. The metal-metal distances are 
3.621(2)A (Mg) and 3.520(2)/~ (Co). Further details 
are given in Table 2. 

The crystals were coated with a layer of hydrocarbon 
oil upon removal from the Schlenk tube. Suitable crys- 
tals were selected, attached to a glass fiber, and immedi- 
ately placed in the low-temperature N2-stream [18]. 
X-ray data were collected with a Siemens R3 m / V  
diffractometer equipped with a graphite monochromator 
and a locally modified LT apparatus. Calculations were 
carried out on a MicroVax 3200 computer using the 
SHELXTL-PLUS [19] program system. Neutral atom scat- 
tering factors and the correction for anomalous disper- 
sion were those supplied with StlELXTL-PLUS. The struc- 
tures were solved by direct methods. The data were 
subsequently refined by fldl,matrix least-squares proce° 
dares. Hydrogen atoms were included by the use of a 
riding model with C-di distances of 0.96/~ and fixed 
isotropie thermal parameters with U , ( i s o ) - 0 . 0 6 A  a. 
An abbreviated list of data collection parameters and 
some important structural details are provided in Tables 
I and 2 respectively. 

Table 2 
Some imponan! bond distances (,~) and angles (°) for [BrMCoH r 
2,6-Mes,~(THF)I, (M ,~ Mg (I} or Co (2)) 

Mg (I) Co (2) 

M-C 2.132(6) 2.053(8) 
M-O 2.012(4) 2.023(8) 
M~- Br 2.559(2) 2.480(2) 

2.579(2) 2.495(2) 
M . . .  M 3.621(2) 3.520(2) 

Br-M--Br' ~) .4(  I ) 89.9( I ) 
M-Br-M' 89.6{ I ) 90. I( I ) 
Br-M-C 126.3(2) 126.1(2) 
Br ° - M-C 125.0(2) 125.7(2) 

3. Discussion 

The reaction between IC 6 H 3-2,6-Mes2 [ 16] and acti- 
vated magnesium [17] affords the Grignard compound 1 
in good yield. The appearance of the bromide instead of 
iodide in the formula of I (and 2) arises front the use of 
'activated' magnesium which is a mixture of magne- 
sium metal and MgBr 2. Attempts were also made to 
disproportionate 1 with 1,4-dioxane into the presently 
uncharacterized bisaryl Mg(C6H3-2,6-Mes2)2 and the 
MgBr2(l,4-dioxane) 2 co-product in a manner similar to 
the preparation of MgMes~ [6]. Although precipitation 
of the adduct was evident upon the addition of 1,4odio 
oxane, the magnesium diaryl has not been obtained in a 
pure state and crystals suitable for X-ray studies have 
not yet been obtained. Parallel experiments involving 
the cobalt derivative 2 gave similar results. 

The structural characteristics of Grignard reagents 
and other classes of organomagnesium compounds have 
recently been reviewed [20]. Typically, the Grignard 
reagents feature a coordination number of four at mag- 
nesium and include donor molecules (usually THF or 
Et20) bound to magnesium. Four-coordination at Mg in 
1 is a little surprising in view of the large size of the 
-C~,H3.2,6.Mes z substituent. Nonetheless, it is evident 
from Fig. 1 that the coordinatton at the magnesiums is 
very distorted from idealized tetrahedral. It is notable 
that the sum of the interligand angles at magnesium, 
involving the two bromides and the aryl group, is 
341.7(2) ° . In effect the angles at the metal indicate that 
the geometry is well on its way towards a trigonal 
bipyramidal arrangement in which one of the axial sites 
is unoccupied. A similar argument may be made for the 
metal coordination ia the cobalt compound 2. The struc- 
ture of ! bears some similarity to those of the bridged 
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C( C(14) 

C1231 

Fig. I. 'Thermal ellipsoid plot (30%) of t. H atoms are omitted for 
clarily. 

dimers [BrMgEt(O(iPr)+}]2 [21] and [BrMgEt(NEt.0le 
[22]. The observation of dimeric structures in the latter 
species has led to speculation that structures of this type 
result only when the compounds are crystallized from a 
weakly coordinating solvent, i.e. O(IPr)2 or NEt~. it has 
been suggested that. for steric reasons, these solvents 
were too weakly coordinating to effect dissociation of 
the organomagnesium complexes into the monomers 
that are normally observed when Grignards m'e crystal° 
lized from d i *  ,her or tetrahydrofuran. A more 
recent structural t~port of a Grignard~THF adduct with 
bridging halides in the compound [ix+BrMg(2, 
MeOCH,CoH4XTHF)]~ [23] appears to contradict this 
interpretation. This structure is. however, atypical of 
most organomagnesium compounds in that the m'yl 
ligand is bidentate and chelating and results in a coordi+ 
n,tion number of five at the metal center, in I the 
magnesium center is four-coordinate and the donor 
solvent is THF. In this ease it may be that the steric 
bulk of the aryl ligand, which prevents the coordination 
of additional THF ligands to the crowded metal ion, 
produces the bridged halide dimer structure if not the 
holed for three-coordinate monomer. The observed 
M8+O distance is 2.012(4)A, which is shorter than that 
in the five-coordinate ,species [BrMg,(2-MeOCH+- 
C~lt4XTHF)] ~, 2,070(5)A (av.), and is very similar to 
that sccn in the four-coordinate dimer [BrMgEt- 
{O(+Pr)~]~, 2,Olg(6)A. The brldging Mg+Br disl~u,ces 
in the latter species, 2,582(3) and 2,576(3)A, are also 
comperablc with those in I (eL Table 2), 

The cobalt species 2 is isosmtctuml with I and 
represems a rare example of structurally characterized 
Co(ii) aryl derivative (Fig, 2), In a wider context it may 
be noted that tnmsition metal species with metal-atoll 
{T-bonds constitute an important class of compounds in 
their own right [24], Homo- and heteroleptic aryl deriva- 

tires that are stable in the absence of stabilizing donor 
ligands such as phosphines or carbonyls are of particu- 
lar interest. Umil recently, the number of well-char- 
acterized compounds was relatively few and even at 
present there are si~ifieantly fewer well-characterized 
homoleptie aryls than alkyls. In the ease of Co(ID 
compounds such species appear to be confined to the 
anionic derivatives Li~(THF)4CoPh 4 (unstable in solu- 
tion) [25], [N(n-Bu)4]a[Co(C6Xh)4] (X ~- F or CI) [26], 
[LiCoMes3] [27,28], a few complexes of mult~E~entato 
ligands [29] such as 2,6-(MeO)~C6H ~-, and the neutral 
dimer MesCo(p,-Mes)2CoMes [28]. The latter com- 
pound with three-coordinate cobalts has also been struc- 
turally characterized. One objective of the work de- 
scribed here was to explore the use of the bulky aryl 
-CoH.:2.6-Mes 2 in the stabilization of unstable species 
such as Co(II) derivatives or of two°eoordimlte, open- 
shell, transition metal complexes [30] of formula 
M(C6H ~-2,6-Mes2) 2. Since it is apparent that three, or 
in some cases four, mesityi groups can saturate the 
coordination environment of a first row transition metal 
[24,31 ], it was thought that two -C6H .~-2,6-Mes z groups 
incorporating four mesityl substiments would have suf- 
ficient bulk to stabilize a two-coordinate, first row, 
transition metal environment. 

Attempts were made to synthesize such a two-coordi- 
nate cobalt diaryl by the reaction of the Grignard reagent 
with CoBr: in a 2:1 ratio. However, only the monosub+ 
stimted organocobalt(ll) halide dimer 2 has been iso- 
lated in a pure state thus far. It has already been noted 
tlmt there is a close con~espondence [32] between the 
structural parameters of 2 and those of its magnesium 
analogue. This is consistent with the close similarity of 
the Shannon~Prewitt radii [33] of the four+¢ool~linate 
Mg ~ * (0.71 A) and the high-spin I'our+coordinale Co ~' + 
(0,72A) ions. The Co+C distance may also be corn- 

q 

+ 

Fig, 2, Thermal ellipsoid p]ol (.'~0~.) of 2, ~'| atoms arc omitted for 
clarity, 
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pared with the average terminal Co-C bond length 
(1.984(5)/~) in MesCo(p.-Mes)~ CoMes [28]. The longer 
Co-C distance in the bromide derivative may be at- 
tributed to the higher coordination number of the met- 
als. The most striking difference between the two cobalt 
compounds, however, is the metal-metal separation 
which, in the case of the mesityl derivative, averages 
2.516(4)~. This value is more than 1A shorter than the 
3.520(2)A distance observed in [BrCoCbH3-2,6- 
Mesz(THF)] 2. The structure of MesCo(tt-Mes)2CoMes, 
together with the spectroscopic and magnetic studies, is 
indicative of considerable metal-metal bonding [28]. 
The magnetic moment measured for [BrCoC6H3-2,6- 
Mes2(THF)], 4.7tt¢ff (at 298K), is significantly greater 
than that of MesCo(p.-Mes)2CoMes at the same temper- 
ature, but is nonetheless indicative of some antiferro- 
magnetic coupling since it is less than what would be 
expected from two high-spin Co 2+ centers. Clearly, the 
metal-metal interaction in 2 is greatly reduced in com- 
parison with MesCo(p.-Mes)2CoMes, most probably as 
a result of the increased coordination number of the 
cobalts and the greater distances associated with the 
bridging region imposed by the longer Co-Br bonds. 
The stability of the bromo aryl derivative is also re- 
markable (m.p. 140°(2) in view of the fact that the 
MesCo(tt-Mes)2CoMes was reported to decompose 
slowly at room temperature [28]. In view of this encour- 
aging result for the -C 6 H 3-Mes2-2,6 derivative of cobalt 
it is possible that the -C6H3-2,6-Mes 2 ligand will 
prove effective in the stabilization of other open-shell, 
transition metal aryls. These investigations are now in 
hand. 
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