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Fig. S1 Molecular structure of 2. Selected bond lengths (A) and angles (deg): Mol-Mo 1
2.7510(5), Mo1-Rul 2.6625(4), Mo_1-Rul 2.9529(4), Mo1-B1 2.261(4), Mo1-B2 2.276(4), Mo1-
B1 2.261(4), Mol-B2 2.133(5), Mo_1-B2 2.133(5), Rul-Ru_1 2.8822(5), B1-B2 1.622(5), B2-
B 2 1.679(7), B1-Rul 2.180(4), B1-H1 1.080(19), B2-H2 1.224(19), B1-B2-B 1 118.5(2), B2-
B 1-Rul 136.9(3), B1-Rul-Ru_1 93.73(10), B2-B1-Mol 75.5(2), Mol1-B1-Rul 88.41(15), B2-
B1-Mol 64.2(2), Mo1-B1-Mo 1 79.08(13), Rul-B1-Mol 73.66(12), B1-B2-Mol 60.9(2), Mol-
B2-Mol 77.15(15), B1-Mo1-B2 85.32(16), B1-Mo1-B1 100.48(13), B1-Mol-Rul 103.59(11),
B2-Mo1-Rul 94.58(11), B1-Mo1-Mo_1 53.79(11), B2-Mo1-Mo 1 53.75(12).



Fig. S2 Molecular structure of 3. Selected bond lengths (A) and angles (deg): B1-B2 1.63(3), B1-
B 1 1.73(6), Mol-Mo 1 2.9262(11), Mol-B1 2.195(13), B 1-Mol 2.211(14), Mol-B2
2.222(14), B_2-Mol 2.260(11), Mol-B1 2.195(13), B1-H1 1.13(2), B2-H2 1.150(11), B2-H2A
1.156(11), B2-B1-B_1 120.6(10), B2-B1-Mol 70.7(7), B1-B_1-Mol 67.3(8), B2-B1-Mol
68.8(7), B1-B_1-Mol 66.4(11), Mol-B1-Mo 1 83.2(5), B1-B2-Mol 68.0(9), B1-B2-Mol
66.4(7), Mol-B2-Mo 1 81.5(4), B1-Mol-B 1 46.3(15), B1 Mol B 2 82.8(10), B1-Mo1-B2
43.2(8), B1-Mo 1-B2 42.9(8), B1-Mol1-B2 81.6(9), B2-Mo 1-B2 98.5(4), B1-Mol-Mo 1
48.6(4), B1-Mo_1-Mol1 48.1(3), B2-Mo1-Mo 1 49.8(3), B2-Mo_1-Mol 48.7(3).



Fig. S3 Molecular structure of 4. Selected bond lengths (A) and angles (deg): Mol-Mo2
2.9611(7), B1-B2 1.719(12), B2-B3 1.736(10), B3-W1 2.340(7), Mol-B1 2.247(8), Mol1-B2
2.134(7), Mol1-B3 2.333(7), Mo2-B1 2.189(8), Mo2-B2 2.185(7), Mo2-B3 2.172(7), Mol-W1
3.0004(6), Mo2-W1 2.9433(6), Mo2-Cl1 2.4246(15), W1-Cl1 2.5203(16), B3-H3 1.15(2), BI1-
HID 1.13(2), B1-HI1E 1.15(2), Mo2-H1E 1.77(7), B2-H2 1.15(2), B1-B2-B3 121.2(6), B2-B3-
W1 131.8(5), Mo2-Cl11-W1 73.03(4), B2-B1-Mo2 66.7(4), B2-B1-Mol 63.5(4), Mo2-B1-Mol
83.7(3), B1-B2-Mol 70.4(4), B3-B2-Mol 73.4(4), B1-B2-Mo2 67.0(4), B3-B2-Mo2 66.1(3),
Mo1-B2-Mo2 86.6(3), B2-B3-Mo2 66.9(3), B2-B3-Mol 61.2(3), Mo2-B3-Mol 82.1(2), Mo2-
B3-W1 81.3(2), Mo1-B3-W1 79.9(2), Cl11-W1-Mol1 86.44(4), Mo2-W1-Mol 59.752(14)



Fig. S4 Schematic representation of atomic deviations from the mean plane of [Ru,B,] in 2.

L1 Experimental Section

General Considerations:

All the manipulations were conducted under an Ar atmosphere using standard Schlenk
techniques. Solvent were distilled prior to use under Argon atmosphere. [Cp*MoCly],
[Mo(CO)s].thf and [W(CO)s].thf were prepared according to literature methods,! while other
chemicals such as, [LiBH4] 2.0 M in THF, Cp*H, n-BuLi, [Mo(CO)s], [W(CO)s] and [Ru3(CO);;]
were obtained commercially (Aldrich) and used as received. Mel was purchased from Aldrich and
freshly distilled prior to use. The external reference for the "B NMR, [BuyN(BsHg)] was
synthesized with the literature method.> Preparative thin layer chromatography (TLC) was carried
on 250 mm dia aluminum supported silica gel TLC plates (MERCK TLC Plates). NMR spectra
were recorded on 400 and 500 MHz Bruker FT-NMR spectrometer. The residual solvent protons
were used as reference (o, ppm, CDCl;, 7.26), while a sealed tube containing [BusN(B3;Hg)] in
[Dg]benzene (Jg, ppm, -30.07) was used as an external reference for the "B NMR. Infrared
spectra were recorded on a Nicolet 1IS10 spectrometer. The photo-reactions described in this report

were conducted in a Luzchem LZC-4 V photo reactor, with irradiation at 254—350 nm. MALDI-



TOF mass spectra were recorded on a Bruker Ultraflextreme by using 2,5-dihydroxybenzoic acid
as a matrix and a groundsteel target plate and CH analyses were obtained on Perkin Elmer

Instruments series II model 2400.

L2 Synthetic Section

Preparation of [(Cp*Mo),{u-#%:#%-B;H4Ru,(CO)g}] (2):

In a flame-dried Schlenk tube [Cp*MoCly], (0.1 g, 0.27 mmol) in 10 mL of toluene was treated
with 5-fold excess of [LiBHy4.thf] (0.7 mL, 1.4 mmol) at -40°C and allowed to stir at room
temperature for one hour. After removal of toluene, the residue was extracted into hexane and
filtered through a frit using Celite. The brownish-green hexane extract was dried and taken in 10
mL of toluene and heated at 90 °C for 72 hours wth [Ru3(CO);,] (0.18 g, 0.28 mmol). The volatile
components were removed under vacuum and the remaining residue was extracted into hexane
and passed through celite. After removal of solvent, the residue was subjected to chromatographic
work up using silica gel TLC plates. Elution with a hexane/CH,Cl, (90:10 v/v) mixture yielded
brown 2 (0.01 g, 4%).

2: MS(MALDI): m/z 908 [M+Na]*. isotope envelope C,sH3sB40sMo,Ru,Na requires 908. ''B
NMR (22 °C, 128 MHz, [Dg]-benzene): 6 = 91.3 (br, 2B). 'H NMR (22 °C, 400 MHz, [Dg]-
benzene): 6 = 7.81 (B-Hy), 1.91 (s, 30H, 2Cp*),13C NMR (22 °C, 100 MHz, [Dg]-benzene): =
188.3, 183 (CO), 97.0 (CsMes), 14.1 (CsMes). IR vbar/cm™!: 2403 (B-H,), 1799, 1743 (CO).

Preparation of [(Cp*MoCO),BsHg] (3):

In a flame-dried Schlenk tube [Cp*MoCly], (0.1 g, 0.27 mmol) in 10 mL of toluene was treated
with 5-fold excess of [LiBH4.thf] (0.7 mL, 1.4 mmol) at -40 °C and allowed to stir at room
temperature for one hour. After removal of toluene, the residue was extracted into hexane and
filtered through a frit using Celite. The brownish-green hexane extract was dried and taken in 10
mL of thf. The resulting solution was heated at 65 °C with previously made [Mo(CO)s].thf for 24
hours. The solvent was evaporated in vacuo and residue was extracted into hexane and passed
through Celite. After removal of solvent from the filtrate, the residue was subjected to
chromatographic workup using silica gel TLC plates. Elution with a hexane/CH,Cl, (80:20 v/v)
mixture yielded 3 (0.06 g, 40%).



3: MS(MALDI): m/z 572 [M]*. isotope envelope C,,H36B40,Mo, requires 572. ''B NMR (22 °C,
128 MHz, [Ds]-benzene): 6 = 15.8 (br, 2B), 63.7 (br, 2B). 'H NMR (22 °C, 400 MHz, [Dg]-
benzene): 0 = 4.56 (br, 4H, BH;), 1.94 (s, 30H, 2Cp*), -9.81 (br, 2H, Mo-H-B). 13C NMR (22 °C,
100 MHz, [Ds]-benzene): 6 = 185 (CO), 102.3 (CsMes), 10.3 (CsMes). IR (hexane) viem™': 2417w
(BHy), 1912 (CO). Elemental analysis (%) calcd for 1>Cy;'Hz6!'B,4'°0,7°Mo,: C, 46.54; H, 6.39.
Found: C, 46.28; H, 6.12.

Preparation of [(Cp*MoCO)(Cp*MoCl)(n-H)B;H;W(CO)4| (4):

In a flame-dried Schlenk tube [Cp*MoCly], (0.1 g, 0.27 mmol) in 10 mL of toluene was treated
with 5-fold excess of [LiBHy.thf] (0.7 mL, 1.4 mmol) at -40°C and allowed to stir at room
temperature for one hour. After removal of toluene, the residue was extracted into hexane and
filtered through a frit using Celite. The brownish-green hexane extract was dried in vacuo,
extracted with 10 mL of thf and heated at 65°C with [W(CO)s; thf for 24 hours. The solvent was
evaporated in vacuo and residue was extracted into hexane and passed through Celite. After
removal of solvent from the filtrate, the residue was subjected to chromatographic workup using
silica gel TLC plates. Elution with a hexane/CH,Cl, (80:20 v/v) mixture yielded 4 (0.025 g, 10%)
along with 3 (0.01 g, 6%)

4: MS(MALDI): m/z 806 [M-2CO]". isotope envelope Cy;H34B30;C1{M0, W, requires 806. ''B
NMR (22 °C, 128 MHz, [Dg4]-benzene): 6 = 75.4 (br, 1B), 99.2 (br, 1B), 106.6 (br, 1B). 'H NMR
(22 °C, 400 MHz, [Ds]-benzene): ¢ = 6.1, (br, 3H, BHy), 1.8 (s, 30H, 2Cp*), -8.04 (br, 1H, Mo—
H-B). 3C NMR (22 °C, 100 MHz, [Dg4]-benzene): 6 = 193, 183 (CO), 103.5 (CsMes), 10.2
(CsMes). IR (hexane) v/em™!: 2403w (BHj), 2002, 1894, 1836 (CO). Elemental analysis (%) calcd
for 12C,5'H34'1B31°0435°Cl,7°Mo,'84W: C, 34.98; H, 3.99. Found: C, 35.19; H, 3.79.

Preparation of [(Cp*Mo0),(CO)4(ns-B)Ru(CO)s(p-H)] (5):

In a flame-dried Schlenk tube, a green solution of 3 (0.1 g, 0.17 mmol) and Ru3(CO);, (0.11 g,
0.17 mmol) in toluene (15 mL) was thermolysed for 72 hours at 90°C temperature. The volatile
components were removed under vacuum and the remaining residue was extracted into hexane
and passed through celite. After removal of solvent, the residue was subjected to chromatographic
work up using silica gel TLC plates. Elution with a hexane/CH,Cl, (80:20 v/v) mixture yielded
orange solid 5 (0.013 g, 8%).



5: MS(MALDI): m/z 962 [M]*. isotope envelope C30H31B;090Mo,Ru, requires 962. ''B NMR (22
°C, 128 MHz, [Ds]-benzene): & 128.4 (s, 1B). 'H NMR (22 °C, 400 MHz, [Dg]-benzene): & 2.04
(s, 30H, 2Cp*), -18.9 (s, 1H, Ru-H-Ru). 3C NMR (22 °C, 100 MHz, [Ds]-benzene): & 196.1,
191.3 (CO), 99.7 (C5Me5), 11.6 (C5Me5). IR vbar/cm!: 2046, 2017, 1976 (CO). Elemental
analysis (%) caled for 2C3'H3,''B16019°°Mo0,!°'Ru, : C, 37.67; H, 3.26. Found: C, 37.75; H,
3.20.

13 Crystal structure determination

Suitable X-ray quality crystals of 2-4 and S5 were grown by slow diffusion of a hexane:CH,Cl,
solution. The crystal data for 2-4 and S were collected and integrated using a Bruker Axs kappa
apex2 CCD diffractometer, with graphite monochromated Mo-Ka (A = 0.71073 A) radiation at
173 K. The structures were solved by heavy atom methods using SHELXS-97 or SIR923? and
refined using SHELXL-975.

Crystal data for 2: CysH34B4OsMosRu,, M, = 879.79, Monoclinic space group C2/c, a =
17.5892(4) A, b = 15.9899(4) A, ¢ = 11.2183(3) A, B = 102.02°, V' = 3085.94 A3, Z = 4, peatea™
1.894 gecm™3, p = 14.589 mm!, F(000) = 1720, R;= 0.0317, wR?= 0.0872, 3019 independent
reflections [20<72.47°] and 192 parameters.

Crystal data for 3: C»H36B40,Mo,, M, = 587.84, Tetragonal space group P4;2,2, a = 9.004(3) A,
b=9.0043) A, ¢ =31.305(10) A, B =90°, V=12538.06 A3, Z =3, peaica= 2.826 gecm=, = 5.103
mm-!, F(000) = 1978, R;= 0.0371, wR?= 0.0952, 2237 independent reflections [20<50°] and 145

parameters.

Crystal data for 4: C,sH33B;05C1;Mo,W;, M, = 858.13, Monoclinic space group P2,/n, a =
9.005(8) A, b =18.588(14) A, ¢ = 17.767(14) A, B =99.38°, V' =2934.6 A3, Z =4, peaca= 1.942
geem™, p=4.876 mm!, F(000) = 1656, R;= 0.0347, wR>= 0.0686, 5173 independent reflections
[20<50°] and 350 parameters.

Crystal data for 5: C30H3B1010MoyRu,, M, = 955.37, Orthorhombic space group Pccn, a =
17.2668(7) A, b =30.7845(13) A, ¢ = 12.5659(6) A, B =90°, V= 6679.4 A3, Z =8, peateca= 1.900
geem>, = 1.674 mm', F(000) = 3736, R;= 0.0361, wR?= 0.0816, 4726 independent reflections
[20<46.36°] and 416 parameters.



Crystallographic data have been deposited with the Cambridge Crystallographic Data Center
as supplementary publication no. CCDC-1036041 (2), CCDC-1036042(3), CCDC-1036043(4)
and CCDC-1036888 (5). These data can be obtained free of charge from The Cambridge

Crystallographic Data Centre viawww.ccdc.cam.ac.uk/data_request/cif



Fig. S5 Molecular structure of (5). Selected bond lengths (A) and angles (deg): B1-Mo2 2.114(7),
B1-Mol 2.131(7), B1-Ru2 2.177(7), B1-Rul 2.191(7), Mo1-Rul 2.9782(8), Mo1-Ru2 3.0351(8),
Mo2-Ru2 2.9858(7), Mo2-Rul 3.0377(7), Rul-Ru2 2.8293(7), Rul-H1 1.81(6), Ru2-H1 1.62(6),
Mo2-B1-Mol 176.4(4), Mo2-B1-Ru2 88.2(3), Mo1-B1-Ru2 89.6(3), Mo2-B1-Rul 89.7(3), Mol-
B1-Rul 87.1(3), Ru2-B1-Rul 80.7(2), B1-Mol-Rul 47.28(19), BI-Mol-Ru2 45.83(19), Rul-
Mol-Ru2 56.125(17), BI1-Mo2-Ru2 46.79(19), B1-Mo2-Rul 46.15(19), Ru2-Mo2-Rul
56.022(16), B1-Rul-Ru2 49.42(18), B1-Rul-Mol 45.61(19), Ru2-Rul-Mo1 62.954(18), B1-Rul-
Mo2 44.10(19), Ru2-Rul-Mo2 61.060(17), Mol-Rul-Mo2 89.691(19), BI-Ru2-Rul 49.84(18),
B1-Ru2-Mo2 45.04(19)



1.4 Computational Method

Geometry optimizations and electronic structure calculations were carried out on Gaussian09
(rev. C.01) program package* using BP86 functional® (composed of the Becke 1988 exchange
functional and the Perdew 86 correlation functional) and def2-TZVPS basis set from EMSL Basis
Set Exchange Library. The 28 core electrons of molybdenum, ruthenium and tungsten were
replaced by the quasi-relativistic effective core potential def2-ECP’. To save computing time all
the calculations were carried out with the Cp analogue model compounds, instead of Cp*. The
model compounds were fully optimized in gaseous state (no solvent effect) without any symmetry
constraints. Vibrational analysis was carried out for all structures, and the absence of any
imaginary frequency confirmed that all structures represent minima on the potential energy
hypersurface. The NMR chemical shifts were calculated on the BP86/def2-TZVP optimized
geometries using the gradient corrected hybrid functional hybrid Becke—Lee—Yang—Parr
(B3LYP) functional.® Computation of the NMR shielding tensors employed gauge-including
atomic orbitals (GIAOs)?. The ''B NMR chemical shifts were calculated relative to BoHg (B3LYP
B shielding constant 84.23 ppm) and converted to the usual [BF;.OEt;] scale using the
experimental 6(!'B) value of B,Hg, 16.6 ppm!? Population analysis was performed using natural

bond orbital (NBO)!!- 12 as implemented in Gaussian09.



1l.  Supplementary Data

Table S1. Selected bond parameters for the compounds 2’-4" optimized at the BP86/def2-TZVP

Level.
2’ 3’ 4’
Exp. Cal. Exp. Cal. Exp. Cal.
d(Mo-Mo)  2.751 2.748 2.926 2.947 2.961 2.997
d(B1-B2) 1.622 1.625 1.626 1.658 1.719 1.739
d(B2-B 2) 1.679 1.681 1.736 1.718 - -
d(B2-B3) - - - 1.736 1.734
d(B3-Wl1) - - - - 2.339 2.356
d(Ru-Ru)  2.882 3.06 - - - -
d(Ru-B) 2.180 2.24 - - - -

Table S2. DFT calculated and experimental "B chemical shifts 6 (ppm) and IR (cm’,
uncorrected) stretching values for 2'-4' at BP86/def2-TZVP.

Compound 2' 3’ 4'

1B NMR Exp. Cal. Exp. Cal. Exp. Cal.

B1 91.3 93.3 15.8 15.1 75.4 72.5

B2 91.3 87.5 63.7 67.4 106.6 110.5

B3 - - - - 99.2 93.2

IR-values

CO; 1799, 1852 1912.7, 1916.3, 1894,2002 1894.1, 1899.8,
1743 1780 1869.3  1874.7 1937.5, 1993.1

COp; - - - - 1836 1830.8




Table S3. DFT calculated energies of the HOMO and LUMO (eV), HOMO-LUMO gaps (AE =
Erumo - Enomo, €V) for the compounds 2'-4' and [(Cp*Mo),B4Hg).

Compound 2' 3 4' [(Cp*Mo),BH;g]
HOMO -5.934 -4.515 -4.659 -3.409
LUMO -5.039 -2.597 -3.342 -2.327
AE 0.859 1.918 1.317 1.082
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Fig. S6 Comparison of the MO diagram of 2 with [Cp3Ni,]*, [(CpMo),P¢], [(CpRe),BsHg] and
[(CpTi):Pg].



Cartesian coordinates (xyz) for all the optimized geometries of 2’-4’ and [(Cp*Mo),B,Hs]
calculated at BP86(def2-TZVP level.)

Fig. S7 Optimized geometry of 2’ Complex.

Cartesian coordinates for the calculated structure of 2’ (in A).

Center Atomic Atomic Coordinates (Angstroms)
Number Number  Type X Y z

0 1.710715 -1.966580 1.592412
0 -1.180834 -1.491497 2.220377
0 -0.375443 -3.502299 0.500395
0 2.544379 -0.781206 -2.929109
0 3.012665 -1.329480 -1.699438
0 3.439381 -0.290452 -0.883747
0 3.243861 0.926713 -1.588248
0 2.690127 0.621042 -2.862235
0 -0.647631 -1.713168 -1.321272
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-1.914038
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-3.685411
2.009732
3.066990
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-1.283324
0.709009
2.414846
2.071872
0.898252
-0.953700
0.381393
0.208383
-1.193190
-1.902656
-1.007105
-1.249615
-2.501827
-3.495914
3.286768
2.687709
0.889746
-0.806959
0.940384
-3.766012
-1.448329
0.092022
-1.229082
-3.640261
-2.968504
-1.171191
-1.650066
0.999658
1.298182




Fig. S8 Optimized geometry of 3'.

Cartesian coordinates for the calculated structure of 3’ (in A).

Atomic
Type

Coordinates (Angstroms)

Y Z
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-0.826047
-1.506440
1.756240
-0.846938
0.570597
1.255522
0.269340
-1.037186
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60 1 0 5.342720 -2.134870 -0.578542
61 6 0 1.161474 -1.902074 0.771910
62 1 0 0.960500 -0.851182 -1.671727
63 42 0 1.471156 -0.132964 -0.082747
64 8 0 1.129537 -2.942554 1.308270
65 1 0  -0.402968 -0.129992 -2.924720
66 1 0 0.402968 -0.130023 2.924719

Fig. S9. Optimized geometry of 4’.

Cartesian coordinates for the calculated structure of 4’ (in A).

Center Atomic Atomic Coordinates (Angstroms)
Number Number  Type X Y z

1 6 0  -4.225459 1.425546 0.743037
2 1 0 -4.238896 1.967737 -0.210222
3 1 0 -3.632200 2.007267 1.460197
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Fig. S10. Optimized geometry of [(Cp*Mo),B,Hs].

Cartesian coordinates for the calculated structure of [(Cp*Mo),B,Hg]. (in A).

Center Atomic  Atomic Coordinates (Angstroms)
Number Number  Type X Y z

-0.003385 0.826520 1.410044
-0.004919 1.429390 2.454737
0.006282 -1.848277 -0.015916
-3.281565 0.855315 0.872114
-3.253558 -0.569455 1.080857
-3.376781 -1.207800 -0.201842
-3.465380 -0.177915 -1.216909
-3.424826 1.092646 -0.540112
-3.631301 2.430138 -1.191718
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58 1 0 1.014926 1.668787 -0.824765
59 42 0 1.369899 0.004921 -0.203567
60 1 0 -1.014816 -1.668538 -0.825235
61 1 0 -0.013035 3.050273 0.098339
62 1 0 0.013010 -3.050240 0.097709
63 1 0 1.014822 -1.652970 -0.838461
64 1 0 -1.014732 1.653192 -0.838240
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