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Experimental Section

General Methods. 1H and 13C NMR spectra were recorded on a Bruker DPX 400 MHz spectrometer. All 13C NMR spectra were proton decoupled. Toluene, THF and hexane were distilled from sodium-benzophenone. n,s-Dibutylmagnesium in heptane (Aldrich) was standardised immediately prior to use using salicylaldehyde phenylhydrazone.
 The synthesis of butylsodium was as previously published.
 All synthetic work was carried out under an inert argon atmosphere.

Synthesis of NaMgBu3 (1) BuNa (0.08 g, 1 mmol) was suspended in hexane to which Bu2Mg (1 mL of a 1M solution in heptane, 1 mmol) was added. A white solid precipitated. The mixture was stirred at room temperature for 15 mins and volatiles were removed under vacuum. The solid residue was characterized by NMR spectroscopy. 1H NMR (400 MHz, 25oC, d8-toluene): 1.97-1.34 (m, broad, distinct resonances at 1.63, 1.53 and 1.42), 1.33-1.05 (m, broad, distinct resonances at 1.10 and 1.08), -0.12-(-1.06) (m, broad, main resonance at -0.52). 13C{1H} NMR (100.63 MHz, 25oC, d8-toluene): 32.01, 31.88 (broad), 30.42, 30.38, 14.43, 14.23, 9.93 (broad, M-CH2).

Synthesis of Na2MgBu4 (2) BuNa (0.16 g, 2 mmol) was suspended in hexane and Bu2Mg (1 mL of a 1M solution in heptane, 1 mmol) was then added. A white solid precipitated. The mixture was stirred at room temperature for 15 mins and volatiles were removed under vacuum. The solid residue was characterized by NMR spectroscopy. 1H NMR (400 MHz, 25oC, d8-toluene): 1.88-1.42 (m, broad, distinct resonance at 1.52), 1.33-0.94 (m, broad, distinct resonances at 1.09 and 1.08), -0.26-(-0.98) (m, broad, distinct resonance at -0.45 and -0.73). 13C{1H} NMR (100.63 MHz, 25oC, d8-toluene): 32.36 (broad), 32.01 (broad), 30.49, 30.40, 14.43, 14.28, 11.08, 9.91 (broad, M-CH2).
BuNa NMR analysis. A NMR tube was charged in the glove box with 0.08 g of BuNa. 0.5 mL of deuterated benzene were added and a few drops of deuterated THF to help to dissolve all of the solid. 1H and 13C NMR spectra were recorded. 1H NMR (400.13MHz, 293K, d6-benzene): 2.06 (m, 2H, CH2), 1.77 (m, 2H, CH2), 1.25 (t, 3H, CH3), -0.45 (m, 2H, Na-CH2). 13C{H} NMR (100.63MHz, 293K, d6-benzene): 37.19 (CH2),35.17 (CH2), 14.82 (CH3), 9.56 (Na-CH2).

n,s-Bu2Mg NMR analysis. 0.5 mL of a 1M commercial solution of Bu2Mg in heptane were placed in a Schlenk tube and the solvent was removed under vacuum. The solid residue was then redissolved in deuterated benzene (0.6 mL). 1H and 13C NMR spectra were recorded.
 1H NMR (400.13MHz, 293K, d6-benzene): 3.73 (m, OCH2, OCH), 3.42 1.68-0.68 (m, broad, CH2’s, CH3’s aliphatics), 0.54-(-0.3) (m, broad, Mg-CH2), -0.68 (m, broad, Mg-CH). 13C{H} NMR (100.63MHz, 293K, d6-benzene): 64.6 (OCH2, OCH), 38.0, 37.6, 31.2, 29.4, 29.1, 20.2, 19.6, 14.2, 14.1, 13.9, (CH2’s, CH3’s aliphatics), 9.6, 9.4 (Mg-CH2, Mg-CH).
Synthesis of [{[Na2(DABCO)3 (toluene)]2+ (MgBu4)2-}(] (3) BuNa (0.4 g, 5 mmol) was suspended in hexane (10 mL). Then Bu2Mg (5 mL of a 1M solution in heptane, 5 mmol) was added to produce a white precipitate. A solution of DABCO (0.84 g, 7.5 mmol) in toluene (2 mL) was then introduced. The mixture was stirred at room temperature for 15 mins affording a pale yellow suspension. THF (ca 2 mL) was added until all of the solid dissolved. Placed in the freezer at -28°C, the resulting solution deposited yellow crystals (yield of first batch, 0.32 g, 18%).1H NMR (400 MHz, 25°C, d8-THF): 7.17-7.06 (m, 5H, C6H5, toluene), 2.64 (s, 36H, CH2, DABCO), 2.27 (s, 3H,CH3, toluene), 1.34 [(m (broad), 8H, CH2, Bu], 1.19 (m, 8H, CH2, Bu), 0.80 (t, 12H, CH3, Bu), -0.46 [m (broad), 8H, Mg-CH2, Bu]. 13C{1H} NMR (100.63 MHz, 25oC, d8-THF): 128.75, 128.02, 125.12, 122.47 (C6H5, toluene), 47.54 (CH2, DABCO), 31.56 (CH2, Bu), 30.25 (broad, CH2, Bu), 23.41 (CH3, toluene), 14.09 (CH3, Bu), Mg-CH2 signal not detected.
Synthesis of [DABCO.NaCH2Ph] (4). BuNa (0.8 g, 10 mmol) was suspended in hexane (10 mL). Then Bu2Mg (5 mL of a 1M solution in heptane, 5 mmol) was added to produce a white precipitate. A solution of DABCO (0.84 g, 7.5 mmol) in toluene (2 mL) was next introduced. The mixture was stirred at room temperature for 15 mins affording an orange suspension. THF (ca 1 mL) was added until all the solid dissolved. Placed in the freezer at -28°C, the resulting solution deposited an orange microcrystalline solid (yield of first batch, 0.21 g, 35%).1H NMR (400 MHz, 25°C, d8-THF): 6.15 (m, 2H, Hmeta, Ph), 5.86 (m, 2H, Hortho, Ph), 5.03 (m, 1H, Hpara, Ph), 2.64 (s, 12H, CH2, DABCO), 1.91 (s, 2H,CH2). 13C{1H} NMR (100.63 MHz, 25oC, d8-THF): 157.22 (Cipso, Ph), 129.69, 113.38 (Cortho and Cmeta, Ph), 100.38 (Cpara, Ph), 48.08 (CH2, DABCO), 41.05 (CH2).
When the orange precipitate obtained after the addition of a solution of DABCO in toluene to the suspension of Na2MgBu4 in hexane is isolated the 1H NMR spectrum shows a mixture of compounds 3 and 4, in the expected ratio of 2:1.

Alternative synthesis of 4. BuNa (0.4 g, 5 mmol) was suspended in hexane (10 mL). Then DABCO (0.56 g, 5 mmol) was introduced. Toluene (2 mL) was added to the white suspension which changed colour instantaneously to orange. The solid was isolated by filtration and washed with hexane (2 ( 5 mL), (0.92 g, 81%). This solid gave the same analysis as the previous sample.
	Molecule
	HF/6-31G*
	Zero Point

Energy
	B3LYP/6-311G**
	B3LYP/6-311G** corrected

	NaBu
	-318.497763
	0.127203
	-320.158329
	-320.042574

	(NaBu)2
	-637.046781
	0.254223
	-640.355488
	-640.124145

	MgBu2
	-512.986508
	0.257580
	-515.869209
	-515.634811

	(MgBu2)2
	-1026.002028
	0.516505
	-1031.764925
	-1031.294905

	Na2MgBu4
	-1150.081281
	0.512954
	-1156.265074
	-1155.798286

	NaMgBu3 (1)
	-831.537420
	0.385440
	-836.069762
	-835.719012

	NaMgBu3 (2)
	-831.537340
	0.385441
	-836.069561
	-835.718810

	(NaMgBu3)2 Ci
	-1663.101763
	0.772810
	-1672.165675
	-1671.462418

	(NaMgBu3)2 C2
	-1663.102170
	0.772828
	-1672.165899
	-1671.462626


2 NaBu → (NaBu)2 





-24.47 kcal mol-1

2 MgBu2 → (MgBu2)2




-15.86 kcal mol-1

NaBu + MgBu2          →           NaMgBu3           
(1)         
   -26.12 kcal mol-1       (on dimerization this goes to the Ci model)            
(2)
               -25.99 kcal mol-1 
 (on dimerization this goes to the C2 model)       
2 NaMgBu3               →           (NaMgBu3)2
Ci
               -15.31 kcal mol-1      
C2
              -15.69 kcal mol-1
2 NaBu + MgBu2 →      Na2MgBu4



-49.15 kcal mol-1
(NaBu)2 + (MgBu2)2 →   (NaMgBu3)2


-27.34 kcal mol-1
(NaBu)2 + ½  (MgBu2)2 →  Na2MgBu4


-16.74 kcal mol-1
NaBu
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Computational Details
The geometry of the molecules was optimized using Gaussian 03
 Exploratory ab initio calculations at the Hartree Fock (HF) level were performed, utilising the 6-31g* basis set
 . The resultant optimised geometries were subject to a frequency analysis and the refined by further density functional theory (DFT) calculations
 using the B3LYP functionals
,
 and the 6-311G** basis set
,
. The geometrical structural features from the DFT calculations are reported here while the total energy value from the DFT calculation is adjusted by including the zero-point energy abstracted from the HF calculation modified by the factor 0.91.
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