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Table S1. Geometrical parameters observed or calculated for the strained bicyclic systems C4H6 (bicyclo[1.1.0]butane), for its heavier homologs M4H6, MxC4-xH6 (M=Si, Ge, Sn, Pb), for some substituted species, and for the two recently observed structures of (Ge4)6-. The geometries observed for two derivatives of the isostructural 2,4-disphosphabicyclo[1.1.0]butane are reported, as well as the geometries optimized for the monocyclic form. Calculated relative energies are given in kcal.mol-1. Proper references concerning these parameters can be found in and from Ref. 14 to 19.
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           bridge          bonds
    angle        anglea    energy
 
bridge         bonds
      angle
anglea      energy

C4H6
HF/DZ+d
 1.467
1.488
120.9
131.0


GVB/6-31G*b
 1.511
1.490
121.9



Exp.
 1.497
1.498
121.7
128.2
Si4H6
HF/DZ+d
 2.368
2.304
122.8
139.9
 +2.7
2.775
2.323
142.0
 96.4
0.


GVB/DZ+d
 2.412
2.310
121.7
146.0
+12.3
2.942
2.342
140.0
 92.4
0.


MP4/6-31G*//HF/6-31G*




 +8.9




0.


MC-SCF (5 conf.)/TZval
 2.485
2.317
123.2
144.0
+17.
2.974
2.352
140.5
 90.7
0.


GVB/6-31G*//GVB/3-21G*
 2.380
2.302
120.0
146.1
+12.4
2.912
2.331
139.0
 90.3
0.

substituent effect

Si4H6
   HF/DZ+d on Si




 +3.9




0.

(SiH)2Si2F2

ibid




 +0.8




0.

(SiF)2Si2H2

ibid




 +6.9




0.

(SiH)2Si2Me2
ibid




   0.



               +9.0
(Si-Ar2)2Si2R2
Exp.c
 2.373
2.322d
121.0
146.9

(SiH2)2C2H2
   HF/3-21G*





1.754
1.829
125.8

mixed Si/C strained rings
(SiMe2)2(CSiMe3)2
 Exp.





1.781
1.839
121.8
130.


(CH2)2Si2H2
  GVB/6-31G*//GVB/3-21G*
 2.189
1.911
118.4
172.8
+23.0
2.503
1.910
140.0
 95.5
0.

(SiH2CH2)Si2H2
 ibid
 2.260
2.307
120.0
155.5
+17.3
2.676
2.332
139.0
 93.1
0.





1.913




1.913

bicyclo[1.1.0]germane, stannane, plumbane




Ge4H6
   HF/DZP
 2.55
2.47


+17.2
3.14
2.51


0.


   MP4/DZP//HF/DZP




+22.0




0.

   DFT/DZP//HF/DZP
 



+21.9




0.


   HF/3-21G*
 2.478
2.417
118.3
142.5
+15.5
3.025
2.442
143.6
 86.5
0.

(GeH2)2(GeMe)2
ibid
 2.476
2.419
115.7
146.7
 +9.4
3.098
2.441
147.7
100.2
0.

Ge4H6
   HF/DZ+d
 2.521
2.441
121.1
143.0
+14.2
3.093
2.480
142.8
 90.1
0.


   GVB/DZ+d
 2.603
2.448
121.5
150.9
+22.3
3.171
2.483
140.8
 90.4
0.

Sn4H6
   HF/DZ+d
 2.898
2.815
117.6
149.0
+20.3
3.659
2.866
146.8
 87.4
0.


   GVB/DZ+d
 




3.713
2.857
144.0
 89.8
0.

Pb4H6
   HF/DZ+d





3.931
3.000
156.4
 84.6



   GVB/DZ+d
 




3.901
2.968
151.6
 86.0


Observedbicyclo[1.1.0] forms of (Si4)6-and  (Ge4)6-
Ba3Si4
   Exp.
 2.29
2.34
113.2

-Ba3Ge4
   Exp.
 2.58
2.57


-Ba3Ge4
   Exp. monomers
 2.712
2.59


-Ba3Ge4
   Exp. polymers
 




3.274
2.60









2.87d
2,4-disphosphabicyclo[1.1.0]butane derivatives

(HP)2(CH)2

MCSCF/DZP   1Ag
 




2.49
1.758
180.0
152.4
0.



MCSCF/DZP   3Au
 




2.57
1.821
180.0
180.0      +5.5

(ArP)2(CCl)2
     Exp.
 




2.43
1.750
180.0
152.4

Ar=2,4,6tBu3C6H2

(ArP)2(CHCSiMe3)
     Exp.
 1.516
1.84
117.3


2.47
1.73
180.0
180.0

aAngle at the bridgehead positions
bEstimated
cAr = 2,6-diethylphenyl; R = tertiobutyl
d Intermolecular Ge-Ge linkage
Table S2. Carbon-carbon bond lengths (Å) and relative energies (kcal.mol-1) calculated at the DFT-B3LYP levela for the two conformers of benzo[1,2;4,5]dicyclobutene C10H6 with D2h symmetry. The geometrical parameters computed for isomer 2c of C10H2(vinyl)4 and those obtained from X-ray diffraction on C10(tBu)2(C6H5)4 are reported for comparison.22






   R1

   R2

   R3

   R4

   E

C10H6
 
     Isomer 2a

1.3944
1.4026
1.5430
1.3456
+2.4a
C10H6
   
     Isomer 2c

1.3888
1.5641
1.3916
1.4583
   0.

C10H2(vinyl)4     Isomer 2c

1.3907
1.5290
1.4065
1.4847

C10(tBu)2(C6H5)4   X-ray

1.412

1.540

1.407

1.471

a Geometry optimization carried out at the MP2 level yields very similar equilibrium distances for 2a and 2c and an energy difference of 3.7 kcal.mol-1 in favor of 2b.

Table S3. Geometrical parameters (distances in Å, angles in degrees) optimized by means of DFT (B3LYP) calculations for [Cr2(-PH2)2(CO)8]y- and [Mn2(-SiH2)2(CO)8]y- (y = 0, 2, corresponding to NRE = 18 and 20 and to FEC = 6 and 8, respectively). Experimental structures obtained for related compounds are reported. Taken from Ref. 25.

NRE

Compound

Spin
 Structurea          M-M         X-X
     M-X        R-X-R

  18
[Cr2(-PH2)2(CO)8]
S=0
a (calc.)
3.044
3.710
2.400
100.4

  18
             "
S=0
c (calc.)
4.742
2.270
2.629
121.8

  18
             "
S=1
a (calc.)
3.510
3.741
2.565
  99.2

  18
             "
S=1
c (calc.)
4.235
2.844
2.551
107.9

  20
[Cr2(-PH2)2(CO)8]2-
S=0
b (calc.)
4.056
3.082
2.547
  95.3

  18
[Mn2(-SiPh2)2(CO)8]
S=0
a (exp.)
2.871
3.852
2.402
    b
  18
[Mn2(-SiH2)2(CO)8]
S=0
c (calc.)
4.614
2.362
2.592
119.2

  20
[Mn2(-SiH2)2(CO)8]2-
S=0
b (calc.)
4.034
2.987
2.510
101.9

a Refers to structures a, b, c of Scheme 5.

b One phenyl group is disordered.

Table S4. Selected interatomic distances for -[SiW10Mo2S2O38]6- (6), -[SiW12S2O38]6- (7), -[SiW10Mo2O40]6- (8) and -[SiW12O40]6- (9) in the metal-metal bonding (MMB) and in the Keggin-delocalized (Keggin) electronic configurations. X-ray values are reported for (6) and (7).




      6




   7



    8


      9


Exp.
MMB
Keggin
Exp.
MMB
Keggin
MMB
Keggin
MMB
Keggin

M-M
2.832
2.998
3.865
2.815
2.872
3.756
2.653
3.103
2.569
3.088

M-X
2.302
2.359
2.464
2.318
2.357
2.446
1.952
1.965
1.957
1.971

M-O(1)a
1.680
1.740
1.759
1.685
1.761
1.773
1.749
1.751
1.764
1.781

M-O(W)b
2.068
2.060
1.864
2.068
2.065
1.877
2.063
1.894
2.068
1.901

W-O(1)a
1.716
1.777
1.774
1.713
1.776
1.776
1.777
1.777
1.779
1.775

W-O(M)b
1.825
1.881
2.077
1.818
1.881
2.065
1.881
2.033
1.876
2.028

W-O(2)
1.930
1.955
1.948
1.923
1.955
1.949
1.956
1.950
1.956
1.955

W-O(3)
2.283
2.270
2.270
2.283
2.296
2.286
2.269
2.299
2.296
2.309

W-O(4)
2.332
2.343
2.362
2.318
2.347
2.366
2.349
2.363
2.353
2.367

Si-O(3)
1.633
1.662
1.660
1.614
1.665
1.670
1.662
1.666
1.665
1.661

Si-O(4)
1.634
1.688
1.690
1.662
1.687
1.693
1.688
1.690
1.686
1.687

a M-O(n) and W-O(n) represent the average distances between the metal and oxygen atoms bonded to (n-1) other atoms, including Si.
b O(M), or O(W) represents the bridging oxygen connecting the [M2X2O2] fragment to the -Keggin moiety.

Table S5. -[SiW10Mo2S2O38]6- (6), -[SiW12S2O38]6- (7), -[SiW10Mo2O40]6- (8) and -[SiW12O40]6- (9): M-M distances (Å) and relative energies (kcal.mol-1) calculated at the equilibrium conformations corresponding i) to the localized MV-MV bonding and ii) to delocalization of the metal electron pair over the Keggin metal framework. The energy barrier separating both conformations have been estimated i) by optimizing the lowest triplet state and ii) by localizing the potential singularity along a synchronous linear transit from the "short" to the "long" M-M separations.

     Cluster
M-M bonding
Keggin
Lowest  Triplet
Linear Transit




Conformation
 Delocalized conf.

Singularity




dM-M
E
dM-M
E
dM-M
 E
 Barrier
 dM-M
E
Barrier

    (6)

2.998
0.0
3.865
+23.8
3.80
+24.4
+0.6
3.77
 +24.2
+0.4

    (7)

2.872
0.0
3.756
+10.2
3.42
+14.4
+4.2
3.50
+13.8
+3.6

    (8)

2.653
0.0
3.103
+12.5
3.03
+13.5
+1.0
3.02
+13.6
+1.1

    (9)

2.569
+2.9
3.088
    0.0
2.86
  +8.7
+5.8
2.85
  +8.5
+5.6

Table S6. Cr-Cr and Cr-L distances (Å) observed in 7 crystal structures of CrII3(dpa)4L2 and CrII3(dpa)4LL' (from Clérac et al).37 They are compared with the distances optimized from DFT calculations.39


Cr1-Cr2
Cr2-Cr3
   L, L'

Cr1-L 

Cr3-L'

10
 
1.995

 2.643

BF4, Cl
2.374

2.530

11

 2.008

 2.614

PF6, Cl
2.536

2.521

Calca
 1.992

 2.670

Cl, Cl

2.574

2.526
Calcb

2.350


Cl, Cl

2.560

12c
 2.296
 
2.414

Cl, Cl

2.539

2.525

12c
 2.326

 2.390

Cl, Cl
 
2.539

2.548

13
 
2.353

 2.365

Cl, Cl

2.560

2.553

14

2.366c

Cl, Cl


2.549d

15

2.365c

Cl, Cl


2.561d

16
 
2.415

 2.422

-C∫C-Ph,
2.326

2.309







-C∫C-Ph

a Nonsymmetric spin coupling

b Symmetric spin coupling

c The asymmetric unit contains two independent molecules.

d Crystallographic symmetry.

