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6 156.3 (s, CJ, 128.7 (dd, JCH 159, Ca), 127.2 (br d, JCH = 164, Cm), 
123.5 (br d, JcH 162, C,,), 71.5 (t, JCH = 145, CHzO), 63.5 (br q, JCH 
= 139, MeO). The elemental analyses of l e  were variable, we presume, 
because DME is labile. The analogous triflate derivative (see below) 
analyzed consistently. 

mmol) was dissolved in 40 mL of diethyl ether and the solution was 
chilled to -20 OC. Silver trifluoromethanesulfonate (1.17 g, 4.6 mmol) 
was added in small solid portions, and a precipitate of silver chloride 
formed. The reaction was allowed to warm to room temperature and was 
stirred overnight. The silver chloride was removed by filtration and 
washed with DME. The solvents were removed from the fdtrate in vacuo, 
and the residue was recrystallized from dichloromethane layered with 
pentane; yield (1.27 g, 84%). This reaction may also be run in DME as 
the solvent. IH NMR (CD2C12): 6 7.45-7.20 (m, 10, Haryl), 4.08 (s, 6, 

Mo(NP~)~(OSO~CF~)~(DME). Mo(NPh)2ClZ(DME) (1 .OO g, 2.3 

MeO), 4.04 (s, 4, CH20). ”C NMR (CD2CI2): 6 156.9 (s, CJ, 130.2 
(d, JCH = 139, CJ, 128.9 (d, JCH = 144, Cm), 125.9 (d, JCH 165, Cp), 
72.2 (t, J C H  = 148, CHzO), 65.4 (q, JcH = 144, MeO).  ”F NMR 
(CD2C12): b 29.5 (s). Anal. Calcd for MoCI&0F&12N208S2: c, 
32.44; H, 3.02; N, 4.20. Found: C, 32.31; H, 3.01; N, 4.13. 
Mo(N-~-Bu)~CI~(DME) (If). Chlorotrimethylsilane (8.91 g, 0.082 

mol, 28 equiv) was added dropwise to a solution of tert-butylamine (3.43 
g, 0.047 mol, 16 equiv) in DME (60 mL). A white precipitate formed. 
To this slurry was added ammonium dimolybdate (1 g, 2.94 mmol) all 
at once as a solid. The mixture was heated to 65 OC for 5 h. The mixture 
was then filtered. The solvent was removed from the orange-brown 
filtrate to give a brown residue. The brown residue was extracted with 
pentane to give a yellow solution, from which the solvent was removed 
in vacuo to give Mo(N-t-Bu),C12(DME) as a yellow powder which is 
>95% pure by ‘H N M R  yield 1.35 g (58%). Recrystallization from 
pentane yields analytically pure yellow needles. ‘H NMR: b 3.46 (s, 6, 
MeO),  3.24 (s, 4, CH20), 1.40 (s, 18, CMe,) .  I3C NMR: b 71.7 (s, 
m e 3 ) ,  70.7 (q, CH,O), 62.4 (d, CH20), 30.1 (q, CMe3). Anal. Calcd 
for M o C , ~ H ~ ~ N ~ C I ~ O ~ :  C, 36.10; H, 7.07; N, 7.02. Found: C, 35.87; 
H, 7.13; N, 6.76. 
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Introduction 
Transition-metal carbonylate anions are of great importance 

in organometallic chemistry.’ Solid-state structures of metal 
carbonylate anions are usually determined by X-ray analyses with 
large counterions (e.g., [PPN]+, [PPh4]+), the anions and cations 
being well separated in crystal lattices. With alkali-metal, al- 
kaline-earth-metal aluminum,2 and lanthanide  cation^,^ interac- 
tions between these cations and the carbonyl oxygen atoms of the 
metal carbonylates (i.e. isocarbonyl linkages) have been observed 

(1)  (a) Ellis, J.E-J. Organomef. Chem. 1975,86, 1. (b) Adams, R. D. In 
The Chemistry of Metal Clusrer Complexes; Shriver, D. F., Kaesz, H. 
D., Adams, R. D., Eds.; VCH Publishers, Inc.: New York, 1990; p 129. 

(2) Darensbourg, M. Y. Prog. Inorg. Chem. 1985, 33, 221 and references 
therein. 

(3) (a) Marks, T. J.; Kristoff, J. S.; Alich, A.; Shriver, D. F. J.  Organomet. 
Chem. 1971.33, C35. (b) Crease, A. E.; Legzdins, P. J .  Chem. Soc., 
Dalton Trans. 1972,268. (c) Crease, A. E.; Lcgzdins, P. J.  Chem. Soc., 
Dalron Trans. 1973, 1501. (d) Onaka, S.; Furuichi, N. J.  Organomer. 
Chem. 1979,173,77. (e) Tilley, T. D.; Andersen, R. A. J.  Chem. Soc., 
Chem. Commun. 1981,985. ( f )  Tilley, T. D.; Andersen, R. A. J .  Am. 
Chem. Soc. 1982, 104, 1772. (8) Boncella, J. M.; Andersen, R. A. 
Inorg. Chem. 1984, 23, 432. (h) Boncella, J. M.; Andersen, R. A. J .  
Chem. Soc., Chem. Commun. 1984, 809. (i) Recknagel, A.; Steiner, 
A.; Brooker, S.; Stalke, D.; Edelmann, F. Chem. Ber. 1991, 124, 1373. u) Deng, H.; Shore, S. G. J .  Am. Chem. Soc. 1991, 113, 8538. 

Table I. Crystallographic Data for ([(C5H5N)4Na]2[Fe2(C0)8]~m 
chem formula C48H40Fe2N8- Z 4 

fw 1014.58 temp, OC -60 
Na208 d(calc), g 1.346 

space group Pbca (No. 61) 
a, A 15.796 (4) p, cm-I 6.5 12 
b, 8, 17.203 (6) R(F0) 0.057 
c, A 18.428 (4) RW(F0) 0.045 
v, A’ 5007.3 

in solution as well as in the solid state, giving rise to contact ion 
pairs. Ion-pairing phenomena are most conveniently studied in 
solution by infrared spectroscopy and in the  solid state by sin- 
gle-crystal X-ray analyses.2 

The solid-state structures of the  sodium and potassium salts 
of the typical mononuclear carbonylate anions [ Fe(CO),]” have 
been determined! They reveal interesting interactions between 
[Fe(C0),l2- and Na+ or K+. The structure of the typical dinuclear 
dianion [F%(C0),l2- has previously been determined as its [PPN]+ 
and [PPh,]+ salts.5 In view of the interesting structural aspects 
of the  ion-pairing phenomena in the  solid state,2 we set out to 
determine the structure of Na2[Fe2(CO),]. Na2[Fe2(CO)s] 
crystallizes in saturated pyridine solutions as the title compound. 
Reported herein is the novel two-dimensional extended sheetlike 
structure of { [(C5H5N),Nal2[F$(C0),]).. as determined by X-ray 
analysis and related NMR and infrared studies. T h e  crystal 
structure of {[(C5H5N),Na]2[F$(CO)8])m is to our knowledge the 
first example of a dinuclear transition-metal carbonylate dianion 
involved in an extended structure via isocarbonyl linkages.6 
Experimental Section 

All manipulations were carried out on a standard high-vacuum line 
or in a drybox under an atmosphere of dry, pure N2. Tetrahydrofuran 
(THF) was dried by distillation from sodium-benzophenone ketyl into 
storage bulbs equipped with Teflon stopcocks and containing sodium- 
benzophenone ketyl. CH3CN was dried over P4OI0 with continuous 
stirring for 2-3 days followed by distillation into storage bulbs. Pyridine 
was dried over sodium and distilled prior to use. Na2[Fe2(C0),] and 
[PPh4]2[Fe2(CO)8] were prepared by procedures reported in the litera- 
ture.sb 

All IR spectra were recorded with 2-cm-’ resolution using a Matt- 
son-Polaris FT-IR spectrometer. Solution spectra were obtained in 
Perkin-Elmer liquid cells with 0.1-mm Teflon spacers and KBr windows. 
Spectra in Nujol mull were obtained with KBr plates. Proton NMR 
(6(TMS) = 0.00 ppm) and NMR (b(TMS) = 0.00 ppm) spectra 
were obtained on a Bruker AM-250 NMR spectrometer operating at 
250.14 and 101.25 MHz, respectively. 

Preparation of ([(C&IH,N),”a~Fe2(CO),1),. In the drybox 500 mg of 
Na2[Fe2(CO)8] was dissolved in a minimal amount of dry pyridine and 
the resulting solution was filtered and stored at -40 OC for 1 week, during 
which time red crystals of ([(C,H,N)4Na]2[Fe2(CO)8])m bigger than 2 
X 2 X 2 mm3 were obtained. 

Infrared Spectra. For ([(C5H5N),Na]2[Fe2(CO)8])m (YCO, cm-I): in 
Nujol mull 1927 (m), 1855 (m, sh), 1830 (s); in THF 1986 (w), 1970 
(vw), 1922 (s). 1875 (s), 1829 (m); in CH,CN 1977 (w), 1939 (w), 1914 
(s), 1863 (s), 1840 (w, sh); in pyridine 1973 (w), 1942 (w, sh), 1914 (m), 
1863 (s), 1940 (w, sh). For [PPh4]2[Fe2(C0)8] (vc0, cm-I): in Nujol 
mull 1909 (m), 1847 (s, br); in CH3CNSb 1992 (vw), 1953 (w, sh), 1914 
(m), 1865 (s). 
13C(1H) NMR Spectra. For ([(C,H5N),Na],[Fe,(Co),]Im (THF-d,, 

303 K, ppm): 6 227.84 (s, carbonyls); 6 150.74 (s), 6 136.24 (s), 6 124.29 
(s, pyridines). 

X-ray Crystal Structure Determination. A crystal of the size 0.45 X 
0.50 X 0.60 mm3 was cut from a bigger crystal, coated with epoxy resin, 
and then mounted on the tip of a glass fiber under N2 All crystallo- 
graphic data were collected at -60 OC on an Enraf-Nonius CAD4 dif- 
fractometer with graphite-monochromated Mo Kct radiation. Unit cell 
parameters were obtained by a least-squares refinement of the angular 

radiation (A, A) Mo K a  (0.71073) 

(4) (a) Chin, H. B.; Bau, R. J.  Am. Chem. Soc. 1976, 98,2434. (b) Teller, 
R. G.; Finke, R. G.; Collman, J. P.; Chin, H. B.; Bau, R. J .  Am. Chem. 
SOC. 1977, 99, 1104. 

(5) (a) Chin, H. R.; Smith, M. B.; Wilson, R. D.; Bau, R. J.  Am. Chem. 
Soc. 1974,96, 5285. (b) Bhattacharyya, N. K.; Coffy, T. J.; Quintana, 
W.; Salupo, T. A.; Bricker, J. C.; Shay, T. B.; Payne, M.; Shore, S. G. 
Organometallics 1990, 9, 2368. 

(6) For other examples of extended structures due to Na+-isocarbonyl 
linkages, see ref 13a,e,g. 
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Figure 1. ORTEP drawing of a portion of the two-dimensional structure 
of {[(CsHsN),Na]2[Fe2(CO)a])m (30 % thermal ellipsoids). Hydrogen 
atoms are omitted. 

settings from 25 reflections, well distributed in reciprocal space and lying 
in a 20 range 24-30’. The diffraction symmetry (Dzr, mmm) and the 
systematic absences (hkO for k = 2n + 1; h01 for h = 2n + 1; Okl for I 
= 2n + 1) uniquely determine the space group Pcub (No. 61). The data 
set was transformed to the standard space group Pbca. Crystallographic 
data are given in Table I. 

All data were corrected for Lorentz and polarization effects. Decay 
(0.2%) and absorption effects (absorption coefficient = 6.512 cm-I) were 
not corrected for. The structure was solved by employing a combination 
of MULTAN 11/82 and difference Fourier techniques with analytical 
scattering factors used throughout the structure refinement and both real 
and imaginary components of the anomalous dispersion included for all 
non-hydrogen atoms. All the crystallographic computations were carried 
out on a DEC Vax station 3100 computer, using the Structure Deter- 
mination Package (SDP).’ After all of the non-hydrogen atoms were 
located and refined, the hydrogen atoms of the pyridines were placed at 
calculated positions (C-H = 0.95 A, B(H) = 1.3B(C) A2). Then, with 
the positional and thermal parameters of all of the hydrogens fixed, the 
non-hydrogen atoms were refined anisotropically. New hydrogen posi- 
tions were calculated again, and this procedure was repeated until the 
parameters of non-hydrogen atoms were refined to convergence (final 
shift/error 5 0.03). RF = 0.057, RwF = 0.045, and GOF = 1.26 with 
307 variables refined for 2388 unique observations [ I  2 l.Ou(l)] of 2839 
reflections collected over the 28 range 4O I 28 I 45O. The highest 
residual peak on the final difference Fourier map is 0.37 e A-’. 
Results 

Carbonyl stretching frequencies of 1 [(C,H,N),Na] ?[ Fez- 
(CO)8])m in different media and its NMR chemical shift are 
given in the Experimental Section. The crystal structure of 
([(C5H5N)4Na]2[Fe2(C0)8])~ consists of puckered polymeric 
sheets stacked along the crystallographic b axis. There a re  no 
abnormal interactions between the sheets. The  two-dimensional 
sheetlike network is formed by the interactions between the Na+ 
cations and the carbonyl oxygen atoms of the [Fq(C0),l2- dianion 
(Le., Na-isocarbonyl linkages). Figure 1 shows a portion of the 

(7) SDP (developed by B. A. Frenz and Associates, Inc., College Station, TX 
77840) was used to process X-ray data, to apply corrections, and to solve 
and refine the structures. 

Table 11. Non-Hydrogen Positional Parameters for 
I [ ( C S H S W ~ N ~ I  2 [ F W O ) a I  1- 

atom 
Fe 
Na 
01 
0 2  
0 3  
0 4  
N1 
N2 
N3 
N4 
c1 
c 2  
c 3  
c 4  
c11 
c12  
C13 
C14 
c15 
c 2  1 
c22  
C23 
C24 
C25 
C3 1 
C32 
c 3 3  
c34  
c35  
C4 1 
C42 
c 4 3  
c44  
c45  

X 

0.55776 (3) 
0.741 19 (9) 
0.6702 (2) 
0.6536 (1) 
0.5054 (2) 
0.4841 (2) 
0.6375 (2) 
0.8418 (2) 
0.7138 (2) 
0.7582 (2) 
0.6249 (2) 
0.6142 (2) 
0.5236 (2) 

0.5685 (2) 
0.5119 (3) 
0.5276 (3) 
0.5981 (3) 
0.6501 (2) 
0.8395 (3) 
0.8892 (3) 
0.9444 (3) 
0.9475 (3) 
0.8951 (3) 
0.7486 (2) 
0.7241 (3) 
0.6599 (3) 
0.6235 (3) 
0.6521 (3) 
0.7009 (3) 
0.7038 (3) 
0.7701 (3) 
0.8306 (3) 
0.8225 (3) 

0.5115 (2) 

Y 
0.02757 (3) 

-0.05218 (9) 
0.0825 (2) 

-0.0188 (2) 
-0.0948 (2) 

0.1792 (2) 

0.0007 (2) 
0.0706 (2) 

-0.1784 (2) 
0.0605 (3) 

-0.0011 (2) 
-0.0470 (3) 
0.1183 (3) 

-0.1036 (3) 
-0.1514 (3) 
-0.2142 (3) 
-0,2280 (3) 
-0.1774 (3) 
-0.0056 (3) 
0.0284 (4) 
0.0716 (4) 
0.0779 (4) 
0.0423 (3) 
0.1027 (3) 
0.1661 (3) 
0.2006 (3) 
0.1685 (3) 
0.1048 (3) 

-0.2193 (3) 
-0.2899 (3) 
-0.3209 (3) 
-0,2819 (3) 
-0,2098 (3) 

-0.1155 (2) 

z 
0.05000 (3) 

-0.2127 (1) 
0.1646 (2) 

-0.0902 (2) 
0.1639 (2) 
0.0439 (2) 

-0.2824 (2) 
-0.1299 (2) 
-0.2873 (2) 
-0.1394 (2) 
0.1 182 (3) 

-0,0360 (2) 
0.1172 (3) 
0.0444 (3) 

-0.2609 (3) 
-0.2853 (3) 
-0.3358 (4) 
-0.3585 (3) 
-0.3308 (3) 
-0.0459 (3) 

0.0062 (4) 
-0.0283 (4) 
-0.1146 (5) 
-0.1617 (3) 
-0.3530 (3) 
-0.3967 (3) 
-0.3712 (3) 
-0.3044 (3) 
-0.2650 (3) 
-0.1139 (3) 
-0,0728 (3) 
-0.0584 (4) 
-0.0826 (3) 
-0.1221 (3) 

B, A20 

2.54 (1) 
3.66 (4) 
4.77 (7) 
4.20 (7) 
4.54 (7) 
5.20 (8) 
3.78 (8) 
4.41 (9) 
4.20 (9) 

3.20 (9) 
2.96 (9) 
3.19 (9) 
3.30 (9) 
4.7 (1) 
5.9 (1) 
6.1 (1) 
5.5 (1) 
4.5 (1) 
5.3 (1) 
8.0 (2) 
9.0 (2) 
8.6 (2) 
6.2 (1) 
4.4 (1) 
5.2 (1) 
5.2 (1) 
5.0 (1) 
5.1 (1) 
5.0 (1) 
5.9 (1) 
6.4 (1) 
6.4 (1) 
5.6 (1) 

4.37 (9) 

“Anisotropically refined atoms are given in the form of the isotropic 
equivalent displacement parameter defined as (4/3)[a2@( 1,l) + b2@- 
(2,2) + c2j3(3,3) + ub(cos y)@(1,2) + uc(cos @)(@(1,2) + bc(cos a)& 
(2,311. 

Table III. Selected Bond Distances (A) and Angles (deg) for 
I[C,H,N)4Nal2[Fe2(Co)all~ 

Bond Distances 
Fe-Fe 2.815 (1) Na-Nl 
Fe-C 1 1.736 (4) Na-N2 
F 4 2  1.780 (4) Na-N3 
Fe-C3 1.780 ( 5 )  Na-N4 
Fe-C4 1.781 ( 5 )  Ol-c l  
Na-0 1 2.587 (3) 0 2 x 2  
Na-02 2.585 (3) 03-C3 

04-C4 

Fe-Fe-C 1 
Fe-FeX2 
Fe-FeX3 
Fe-Fe-C4 
Cl-Fe-C2 
Cl-Fe-C3 
Cl-Fe-C4 
C2-FeX3 
C2-Fe-C4 
C3-FeC4 
0 1 -N-02 
01-Na-N 1 
01-Na-N2 
01-Na-N3 
0 1-Na-N4 

Bond Angles 
175.7 (1) 02-Na-Nl 
85.4 (1) 02-Na-N2 
79.9 (1) 02-Na-N3 
84.6 (1) 02-Na-N4 
98.5 (2) Nl-Na-N2 
96.7 (2) Nl-Na-N3 
94.9 (2) Nl-Na-N4 

117.5 (2) N2-Na-N3 
119.0 (2) N2-Na-N4 
119.5 (2) N3-Na-N4 
178.8 (1) N a - O l C l  
93.8 (1) Na-02-C2 
89.8 (1) Fe-Cl-01 
86.8 (1) F d 2 - 0 2  
95.4 (1) Fe-C3-03 

FeX4-04 

2.458 (4) 
2.445 (4) 
2.471 (4) 
2.481 (4) 
1.173 (4) 
1.164 (4) 
1.154 (4) 
1.163 (4) 

87.0 (1) 
89.4 (1) 
92.3 (1) 
85.6 (1) 

173.4 (1) 
90.4 (1) 
85.4 (1) 
95.3 (1) 
88.8 (1) 

175.3 (1) 
148.4 (3) 
177.6 (3) 
179.7 (9) 
177.2 (3) 
175.6 (3) 
176.2 (4) 

network. Crystal data, positional parameters, and important bond 
distances and angles a re  listed in Tables 1-111, respectively. A 
center of symmetry resides at the midpoint of the Fe-Fe bond; 
therefore only half the formula of ( [(C,H,N)4Na],[Fe2(CO)8]) 
is crystallographically independent. Four carbonyl groups (two 
axial and two equatorial carbonyls) in each [Fe2(CO)8]z- unit are 
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connected to four different Na+ cations via isocarbonyl linkages. 
Na+ is in a tetragonally distorted octahedral environment, with 
four pyridine ligands arranged in a propeller fashion in the 
equatorial plane and two oxygen atoms (one from an axial carbonyl 
ClOl  of a [Fe2(CO),12- unit, the other from an equatorial car- 
bonyl C202 of a different [Fq(CO),]” unit) in the axial positions. 
Discussion 

Structure. In general, coordination of the oxygen atoms of metal 
carbonyls to 2+ and 3+ cations causes a decrease in the M-C 
bond distance and an increase in the C-O bond d i s t a n ~ e . ~ * ~ ~ J - ~ ~ ~  
In the title compound, however, the structure of the dianion does 
not seem to be perturbed by the Na-isocarbonyl interactions. For 
example, all the equatorial F e C  and C-O bond distances are the 
same within experimental error, irrespective of whether they 
participate in isocarbonyl linkages. The geometry of [FQ(CO)~]~- 
is only slightly distorted from ideal DW symmetry, thereby implying 
a weak ion-pairing effect. The structural parameters of [Fez- 
(CO)a]2- in the title compound are very similar to those of pre- 
viously determined [Fe2(CO),] 2-  structure^.^ The Fe-Fe bond 
distance of 2.8 15 (1) A in the title compound is not significantly 
longer than the values in [PPNI2[Fe2(CO),] (2.787 (2) A)5a and 
in [PPh4]2[Fe2(C0)a] (2.792 (1) A).5b 

The coordination of pyridines in a ‘propeller assemblage” 
around Na+ in the title compound resembles that observed in 

arrangement of five pyridine ligands in an equatorial plane of 
pentagonal-bipyramidal geometry is also observed for Yb2+ in 
[Yb(C5H5N)5(CH3CN)2] [Hg(Fe(CO)4)2].11 The Na-N distances 
in the title compound have an average of 2.464 A. The Na-N 
distances of 2.463 (5)lM and 2.471 (7) for sixcoordinate Na+ 
cations are comparable to the value reported here. The Na-N 
distances for four- and fivecoordinate Na+ cations are 2.391 (5)lzb 
and 2.384 (6) A,12c respectively. 

Two Na-O distances of 2.587 (3) and 2.585 (3) A in the title 
compound are quite long compared to other Na-O distances 
observed in the interactions between Na+ and isocarbonyls, which 
range from 2.318 to 2.555 A.4a*13 The Na-Ol-Cl and the 
Na-O2-C2 angles are 148.4 (3) and 177.6 (3)O, respectively. 
Na-04  angles involving terminal carbonyls in the other reported 
structures range from 115.1 to 162.40.13 On the basis of the large 
range of Na-0-C angles observed, we believe that the M-QC 
angles are not critical for effective cation-isocarbonyl interactions 
and that steric effects in the solid state control the angularity of 
these interactions. 

The infrared spectrum of 
([(C5H5N),Na]2[F~(CO)8])~ in Nujol mull shows three infrared 
absorptions at 1927 (m), 1855 (m, sh), and 1830 (s) cm-’. On 
the other hand, only two major carbonyl absorptions are observed 
for [PPh4]2[Fe2(CO)8] both in Nujol mull (1909 (m), 1847 (s, 
br) cm-l) and in CH3CN solution (1914 (m), 1865 (s) cm-l). The 
absorption at 1830 cm-I in the infrared spectrum of the title 
compound is believed to be due to the interactions between the 

(C5H5N)4n(B&)210 and in [(CSHSN)4MgI [Mo(CO)3Cp129 The 

Infrared and NMR Spectra. 

(8) Petersen, R. B.; Stezowski, J. J.; Wan, W.; Burlitch, J. M.; Hughes, R. 
E. J. Am. Chem. SOC. 1971, 93, 3532. 

(9) Ulmer, S. W.; Skarstad, P. M.; Burlitch, J. M.; Hughes, R. E .  J .  Am. 
Chem. SOC. 1973, 95,4469. 

(IO) White, J. P. 111; Deng, H.; Shore, S. G. Inorg. Chem. 1991, 30,2337. 
(11) Deng, H. Ph.D. Dissertation, The Ohio State University, 1991. 
(12) (a) Lockhart, J. C.; McDonnell, M. B.; Clegg, W.; Hill, M. N. S.; Todd, 

M. J .  Chem. Soc., DaIron Tram. 1989. 203. (b) Veith, M.; Bohnlein, 
J.; Huch, V. Chem. Ber. 1989, 122, 841. (c) Edema, J. J. H.; Gam- 
barotta, s.; Bolhuis, F.; Spek, A. L. J .  Am. Chem. Soc. 1989,111, 2142. 
(d) Rabe, G.; Roesky, H. W.; Stalke, D.; Pauer, F.; Sheldrick, G. M. 
J. Organomet. Chem. 1991, 403, 11. 

(13) (a) Hu. N.; Nie, G.; Jin, Z.; Chen, W. J.  Organomet. Chem. 1989,377, 
137. (b) Alvanipour, A.; Zhang, H.; Atwood, J. L. J .  Organomet. 
Chem. 1988, 358, 295. (c) Clarkson, L. M.; Clegg, W.; Norman, N. 
C.; Tucker, A. J.; Webster, P. M. Inorg. Chem. 1988, 27, 2653. (d) 
Chan, A. S. C.; Shieh, H.-S.; Hill, J. R. J .  Organomet. Chem. 1985, 
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Na+ cations and the oxygen atoms of the carbonyl groups in 

The infrared spectrum of ([(C,H5N)4Na]2[F~(CO)~])~ in THF 
also suggests the presence of ion pairing (three major absorptions 
are at 1922 (m), 1875 (s), and 1829 (m) cm-l). However, the 
I3C NMR chemical shift of the title compound in THF-d8, a 
singlet at 6 227.84 ppm for the carbonyls, fails to distinguish 
between unbound carbonyl groups and Na+-bound carbonyl groups 
at room temperature. The singlet remains at -80 OC. In CH3CN 
and in pyridine, two major infrared absorptions at 1914 (m) and 
1863 (s) cm-I are at the same positions as the absorptions from 
[PP4]2[Fq(CO)8], despite a noticeable shoulder at 1840 (w) cm-I. 
These results indicate that the ion pairing in CH3CN and in 
pyridine solutions is significantly reduced, if not totally absent. 
Other IR studies of Na2[Fe2(CO),] reveal three carbonyl bands 
at 1910 (m), 1860 (s) and 1835 (w) cm-I in DMFI4 and at 1914 
(sh), 1868 (s) and 1821 (m) cm-l in THF.15 These results suggest 
that contact ion pairing between Na+ and [Fez(C0),lz- is also 
operative in DMF and THF. 
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Introduction 
The reaction of trimethylaluminum with dialkylmagnesium is 

perhaps one of the most celebrated reactions in the aluminum 
magnesium mixed-metal chemistry. Investigations mostly con- 
centrated on dialuminum magnesium complexes, e.g., Mg[Al(O- 
CH3)2(CH3)2]2 and Mg[Al(CH3)4]2.1~2 Monoaluminum mag- 
nesium complexes were synthesized in different laboratories;’” 
however, the first example of an X-ray crystal structure of 
[Me$i(N(t-B~)),(AlMq)(Mg1)]~ was reported r ~ n t l y . ~  Herein, 
we report the syntheses of ((CH3)2Al[p-N(C2H5)2]2Mg(CH3))2 
(1) and ((CH3)2Al[p-N(i-C3H7)2]2Mg(CH3)}4 (2) from the re- 
actions of trimethylaluminum (AI(CH3),) with bis(diethy1- 
amino)magnesium (Mg[N(C2H5)2]2) and bis(diisopropy1- 
amino)magnesium (Mg[N(i-C3H7)2]2), re~pectively.~ Surpris- 
ingly, four molecules of (CH3)2Al[p-N(i-C3H7)2]zMg(CH3) (h) 
associate weakly as a tetramer (2) in the solid state through the 
interactions of tricoordinate magnesiums with carbons or/and 
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