Computational Details – Chapter 4
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Density functional calculations were performed with the Gaussian09 suite of software, revision D.01,[1] using the (U)M06-2X functional,[2] the 6-31G(d)** basis set.[3–5] All geometries have been computed and optimized in the gas phase. The stationary points were characterized by full vibration frequencies calculations as minima (no imaginary frequency) or transition states (one single imaginary frequency). When necessary, final proof for the position of the transition state was obtained by an IRC calculation. All coordinates are reported in angstroms, energies in kcal‧mol-1.

1. Photochemical conversion of phosphabarrelene 3.12 to 5-phosphasemibullvalene 4.19

Calculations revealed that the photochemical conversion of phosphabarrelene 3.12 to 5-phosphasemibullvalene 4.19 proceeds in an analogous manner as the acetone-sensitized rearrangement of benzobarrelene 3 to benzosemibullvalene 4, investigated by Zimmerman et al. (Scheme 1).[6] In case of 3.12, the biradicals BR1 (ΔE = –21.0 kcal·mol-1; ΔEa = 0.7 kcal·mol-1) and BR2 (ΔE = –21.0 kcal·mol-1; ΔEa = 0.7 kcal·mol-1) formed during the interconversion are additionally stabilized by the phenyl-groups in α-position of the phosphorus heterocycle (Scheme 2 and 3). This stabilization leads to the selective conversion of 3.12 to 4.19, in contrast to the conversion of 3 to 4.


Scheme 1. Reaction mechanism for the di-π-methane rearrangement of dibenzobarrelene 3.


Scheme 2. Reaction mechanism for the photochemical rearrangement of phosphabarrelene 3.12.


Scheme 3. Relative (U)M06-2X/6-31G(d) energies (in kcal·mol–1) for the 
photochemical rearrangement of phosphabarrelene 3.12 in the triplet state.

2. Photochemical conversion phosphabarrelene 3.42 to 5-phosphasemibullvalene 4.23 and 4.24

DFT calculations support the predominant formation of phosphasemibullvalene 4.23 over 4.24, revealing the 17.2 kcal·mol–1 favored formation of BR2 (ΔEa = 6.7 kcal·mol-1), whereas biradical BR3 is only favored by 10.3 kcal·mol–1 and has higher activation barrier of 9.5 kcal·mol-1 (Scheme 5). The predominant stabilization of biradical BR2 over BR3 is caused by stabilization of additional phenyl-group in α-position of the phosphorus heterocycle. Once the intermediate BR2 is reached, the diradical undergoes intersystem crossing to the ground state to form 4.23. 



Scheme 4. Relative (U)M06-2X/6-31G(d) energies (in kcal·mol–1) for the photochemical rearrangement of phosphabarrelene 3.42 in the triplet state to form 4.23.



[bookmark: _GoBack]Scheme 5. Relative (U)M06-2X/6-31G(d) energies (in kcal·mol–1) for the photochemical rearrangement of phosphabarrelene 3.42 in the triplet state to form 4.24.
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