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1.1 Supplementary Data

Figure S1. Molecular structure and labelling diagram of 3. Selected bond lengths (A): B1 B2
1.694(16), B1 B3 1.698(16), B1 Os1 2.173(11), B1 Os3 2.174(12), B2 B3 1.706(17), B2 Os1
2.186(11), B2 Os2 2.192(12), B3 Os3 2.188(10), B3 Os2 2.190(11), B4 B6 1.707(14),B4 B5
1.730(15), B4 Os3 2.174(11), B4 Os1 2.184(11), B5 B6 1.707(16), B5 Os2 2.188(10), B5 Os1
2.200(10), B6 0s2 2.174(10), B6 Os3 2.188(10), Os1 Os3 2.7782(5), Os1 Os2 2.7841(5), Os2
0s3 2.7786(5).
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Figure S2. Molecular structure and labelling diagram of 4. Selected bond lengths (A): Os1
0s2 2.7893(11), Os1 Os3 2.8017(10), Os2 Os3 2.721, B1 B4 1.793(9), B1 Os2 2.041(6), B1
Os3 2.045(6), B2 B4 1.714(9), B2 B3 1.832(9), B2 Os2 2.146(6), B3 B4 1.711(9), B3 Os3
2.134(6), B4 0s3 2.232(6), B4 Os2 2.243(6), BS Os3 2.119(5), B5 0s2 2.139(5).
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Figure S3. Schematic generation of the cluster framework of 2 from tricapped trigonal

prism.
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Figure S4. Diamond-Square-Diamond (DSD) rearrangement of the parent closo-cluster to

form the corresponding hypoelectronic cluster 4.

S6



1.2 Spectroscopic details
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Figure S5. ESI-MS spectrum of 1 in CH,Cl,.
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Figure S6. IH NMR spectrum of 1 in CDCl.
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Figure S7. 1H{*'1B} NMR spectrum of 1 in CDCl; (*hexane, esilicon-grease, +H,0).
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Figure S8. Stacked H (bottom) and *H{*'B} NMR (top) spectra of 1 in CDCl3 (tCH,Cl,,

*hexane, esilicon-grease, +H,0).
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Figure S9. '1B{*H} NMR spectrum of 1 in CDCls.
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Figure S10. Stacked 'B{*H} (bottom) and !B NMR (top) spectra of 1 in CDCls.
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Figure S11. 13C{1H} NMR spectrum of 1 in CDCl; (#H-grease).
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Figure S12. IR spectrum of 1 in CH,Cl,.
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Figure S13. ESI-MS spectrum of 2 in CH,Cl,.
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Figure S14. 'H NMR spectrum of 2 in CDCl; (esilicone grease, *hexane).
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Figure S15. 'H{*1B} NMR spectrum of 2 in CDCl; (esilicone grease, *hexane).
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Figure S16. Stacked 'H (bottom) and *H{1'B} NMR (top) spectra of 2 in CDCl; (esilicone

grease, *hexane).
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Figure S17. 'B{*H} NMR spectrum of 2 in CDCls.
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Figure S18. Stacked ''B{*H} (bottom) and !B NMR (top) spectra of 2 in CDCls.
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Figure $19. 3C{*H} NMR spectrum of 2 in CDCls.
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Figure S20. 'H-11B HSQC NMR spectrum of 2 in CDCls.
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Figure S21. The variable temperature stacked 'H NMR spectra of 2 in dg-toluene (1CH,Cl,,

esilicone grease, #H-grease, *hexane).

S14



39.3
11.4

-90°C

K -75°C
\/\,—J\, -50°C

A -25°C
k J 0°C
L

25°C

I I T T I I I [ | I
60 50 40 30 20 10 0 -10 -20 -30 ppm

Figure S22. The variable temperature stacked 'B{*H} NMR spectra of 2 in ds-toluene.
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Figure S23. IR spectrum of 2 in CH,Cl,.
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Figure S24. ESI-MS spectrum of 3 in CH,Cl,.
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Figure $25. 'H NMR spectrum of 3 in CDCl; (esilicone grease, *hexane, +H,0).
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Figure S27. Stacked 'B{*H} (bottom) and !B NMR (top) spectra of 3 in CDCls.
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Figure $28. 13C{*H} NMR spectrum of 3 in CDCl; (#H-grease).
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Figure S29. IR spectrum of 3 in CH,Cl,.
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Figure S30. ESI-MS spectrum of 4 in CH,Cl,.
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Figure S31. 'H NMR spectrum of 4 in CDCl; (esilicone grease, *hexane).

S19




_~2.03

™~1.01
-1.04
-17.58

N |

T T T T T T T T T T T
0 -2 -4 -6 -8 -10 -12 -14 -16 -18 ppm

:

Figure $32. 'H{*1B} NMR spectrum of 4 in CDCl; (esilicone grease, *hexane, +H,0).
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Figure S33. Stacked 'H (bottom) and *H{1!B} NMR (top) spectra of 4 in CDCl; (esilicone

grease, *hexane, +H,0).
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Figure S34. 1B{*H} NMR spectrum of 4 in CDCls.
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Figure S35. Stacked 1B{*H} (bottom) and 1B NMR (top) spectra of 4 in CDCls.
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Figure $36. 3C{*H} NMR spectrum of 4 in CDCls.
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Figure S37. IR spectrum of 4 in CH,Cl,.
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Il Computational Data

Table S1. Selected geometrical parameters and Wiberg indices (WBIs) of 1"-4".

1/1 2/2
Expt. Cal. WBI Expt. Cal. WBI

Os1-B1 2.130 2.148 0.511 Os1-B2 2.304 2.246 0.430
Os1-B24 2.114 2.148 0.511 0s2-B2 2.308 2.252 0.428
Os1-B3 2.210 2.239 0.446 Os1-B3 2.302 2.318 0.357
Os1-B4 2.218 2.250 0.404 Os1-B3 2.292 2.267 0.417
Os1-B5 2.209 2.250 0.404 Os1-B1 2.213 2.221 0.419
Os1-B6 2.198 2.239 0.446 Os1-B4 2.191 2.205 0.599
B1-B2 1.770 1.813 0.543 0Os2-B5 2.209 2.136 0.843
B2-B3 1.799 1.810 0.553 0Os2-B6 2.201 2.069 0.514
B3-B4 1.743 1.763 0.598 B2-B3 1.790 1.810 0.575
B4-B5 1.754 1.788 0.527 B2-B1 1.761 1.829 0.577
B5-B6 1.735 1.763 0.598 B2-B6 1.762 1.824 0.518
B6-B1 1.797 1.810 0.553 B1-B6 1.721 1.812 0.560
B3-B7 1.961 1.957 0.475 B3-B4 1.758 1.765 0.631
B6-B9 1.948 1.957 0.476 B3-B5 1.763 1.773 0.577
B4-B8 1.758 1.800 0.507 B4-B5 1.722 1.758 0.610
B5-B8 1.795 1.800 0.507

B4-B7 1.751 1.773 0.558

B7-B10 1.774 1.802 0.542

B7-B8 1.729 1.788 0.536

B9-B8 1.754 1.788 0.542

B8-B10 1.690 1.729 0.596

B9-B10 1.777 1.788 0.542

3/3’ 4/4
Expt. Cal. WBI Expt. Cal. WBI

Os1-0s2 2.778 2.798 0.379 0Os1-0s2 2.785 2.758 0.386
0s2-0s3  2.779 2.779 0.363 0s2-0s3 2.716 2.720 0.357
0s3-0s1 2.784 2.795 0.383 0s3-0s1 2.796 2.759 0.383
Os1-B4 2.185 2.184 0.520 0Os3-B5 2.115 2.188 0.551
Os1-B5 2.175 2.185 0.515 0Os3-B1 2.055 2.216 0.538
Os1-B1 2.201 2.181 0.520 0Os2-B1 2.033 2.212 0.552
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Os1-B2 2.184 2.183 0.515 Os2-B5 2.148 2.218 0.531
Os2-B2 2.174 2.203 0.489 Os1-B2 2.146 2.150 0.563
Os2-B3 2.188 2.191 0.453 Os1-B3 2.168 2.148 0.566
Os2-B5 2.175 2.201 0.489 Os3-B3 2.132 2.214 0.485
0Os2-B6 2.189 2.174 0.453 Os1-B5 2.202 2.083 0.737
0Os3-B1 2.187 2.203 0.484 Os2-B4 2.239 2.213 0.405
Os3-B3 2.175 2.188 0.454 Os2-B2 2.117 2.200 0.497
Os3-B4 2.191 2.203 0.484 Os3-B4 2.262 2.224 0.485
Os3-B6 2.191 2.187 0.454 B4-B2 1.684 1.742 0.631
B1-B2 1.731 1.742 0.601 B4-B3 1.687 1.739 0.638
B2-B3 1.706 1.743 0.640 B4-B1 1.818 1.726 0.653
B3-B1 1.706 1.741 0.642

B4-B5 1.695 1.741 0.601

B5-B6 1.698 1.743 0.640

B6-B4 1.706 1.744 0.642

Table S2. Calculated 1B chemical shifts for 1-4’ (The experimental values are provided in
parentheses).

Cluster Calculated !B chemical shifts (ppm)

1 20.1(15.7), 11.51 (12.8), 6.68 (4.9), 1.79 (-0.7), -43.2 (-43.9)
22 33.4,6.2,-24.1

3 65.48 (63.8), 42.40 (37.3)

4 67.34 (92.8), 44.63 (57.8), -20.4 (-10.7)

2Note that, in case of cluster 2, as the structure was optimized with two
B-H-B and two Os-H-B (shown in Figure S36), the DFT study shows three
11B peaks as expected.
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(b)

Figure S38. Selected molecular orbitals of 1. (a) HOMO-2, (b) HOMO-12, (c) HOMO-13 of 1.

Isosurfaces are plotted at an isovalue of +0.04 (e/bohr3)%/2,

Figure S39. Selected localized orbitals of 1 computed using IBOview: (a) a 1c-2e lone pair on
osmium; (b-h) five 3c-2e B-H-B bond orbitals and two 3C-2e B-B-B bond orbitals; and (i-o)

multicenter osmium-boron and boron-boron bonding orbitals.
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Figure S40. Frontier molecular orbitals and their respective energy levels for VII-IX.

Isosurfaces are plotted at an isovalue of +0.04 (e/bohr3)Y/2 (AE = HOMO-LUMO energy gap).
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Figure S41. Frontier molecular orbitals of [(Cp*0s),BsH;], [(Cp*0Os),BgH¢], 3, and 4.
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Figure S42. Selected localized orbitals of 3: (a) a 1c-2e lone pair on osmium; (b) a 2c-2e B-H
bond; (c-d) two 3c-2e B-B-B bond orbitals; and (e-I) multicenter osmium-boron and boron-

boron bonding orbitals.
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Figure S43. Selected localized orbitals of 4: (a) a 1c-2e lone pair on osmium; (b-d) three 2c-
2e Os-B bonding orbitals; (e) a 3c-2e Os-B-B bond orbital; and (f-I) multicenter osmium-

boron and boron-boron bonding orbitals.
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Figure S45. Optimized geometry of 2
T.E.=-723.5174469 a. u.
Cartesian coordinates for the calculated structure of 2 (in A).
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Figure S46. Optimized geometry of 3’
T.E.=-1006.1239080 a. u.
Cartesian coordinates for the calculated structure of 3 (in A).
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Figure S47. Optimized geometry of 4’
T. E. =-980.6683821 a. u.
Cartesian coordinates for the calculated structure of 4 (in A).
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