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Figure S1. Minimum-energy structures (CASSCF(2,2)/6-31G(d)) of the complexes A) between
lumiflavin and thiomethanol (S, electronic state) and B) lumiflavine semiquinone and thiomethyl
radical SCHj3 (T, electronic state). The arrangement of the molecules in the equilibrium complexes
is unfavorable for the LOV photoreaction. In the ground electronic state the energy of the
equilibrium structure (A) is 2.9 kcal/mol lower than that of the complex R.
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Figure S2. Energy profile of the photo-reaction calculated by the CASSCF(2,2)/6-31G(d) method
in the triplet electronic state. Geometry optimization was performed with the N5-H distance fixed.
To keep the thiomethanol fragment above the isoalloxazine ring, dihedral angles S-N5-C5a-C9a
and S-N5-C4a-C10a were fixed during the optimization at 90 and -90 degrees, respectively.
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Figure S3. Energy profile of the dark-reaction (S-C4a covalent adduct dissociation) calculated by
the CASSCF(2,2)/6-31G(d) method in the ground electronic state. Geometry optimization was
performed with the S-C4a (A) and S-H (B) distances fixed, respectively. To keep the thiomethanol
fragment above the isoalloxazine ring, dihedral angles S-N5-C5a-C9a and S-N5-C4a-C10a were
fixed during the optimization at 90 and -90 degrees, respectively. The energy indicated by the

asterisk corresponds to the same structure with the S-C4a and S-H distances of 3.10 and 3.98 A,
respectively.
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Figure S4. Adiabatic energy profiles along the S-C4a-bond internal coordinate calculated by the
state-averaged CASSCF(4,3)/6-31G(d) method for the Sy, T, and S; electronic states. Biradical
structure is a minimum in the T, and S; electronic sates. In the Sy electronic state, Biradical lies on
the energy surface slope connecting TS-dark and Add (see also Figure S3).
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Figure S5. Energy profile for the zwitterionic covalent adduct formation (suggested by Schleicher,
E.; Kowalczyk, R. M.; Kay, C. W. M.; Hegemann, P.; Bacher, A.; Fischer, M.; Bittl, R.; Richter,
G.; Weber, S. J. Am. Chem. Soc. 2004, 126, 11067-11076) calculated by the CASSCF(2,2)/6-
31G(d) method in the triplet electronic state. Geometry optimization was performed with the S-
Cda distance fixed. To keep the thiomethanol fragment above the isoalloxazine ring, dihedral
angles S-N5-C5a-C9a and S-N5-C4a-C10a were fixed during the optimization at 90 and -90

degrees, respectively.



SI6

Table S1. Total energies [Hartree] of the model complexes evaluated by different methods with
the 6-31G(d) basis set. The CASSCF equations were solved for the Sp, S; and T; electronic states,

respectively.

Electronic  Method R R-photo  TS-photo Biradical Add TS-dark
state
So RHF -1304.549556 -1304.454579 -1304.4518615
CASSCF(2,2)  -1304576423 -1304.520331 -1304.565059  -1304.480149
MCQDPT2 -1307.440091 -1307.411408 -1307.460488  -1307.393553
S, CASSCF(2,2)  -1304.398787
MCQDPT2 -1307.319341
T, ROHF -1304.443636  -1304.467340 -1304.428341 -1304.515333
UHF -1304.449436*
CASSCF(4,4)  -1304.465046  -1304.489505  -1304.436685 -1304.532676 -1304.396474
MCQDPT2 -1307.349787  -1307.366718  -1307.346167 -1307.402157 -1307.331776
*$°=2.5

Table S2. Total energies [Hartree] of the model complexes calculated with averaging for the Sq-Sy,
and T;-T, electronic states, respectively, with the 6-31G(d) basis set

Electronic state Method R R-photo Add
So CASSCF(2,2) -1304.545306 -1304.539754
MCQDPT2 -1307.438864 -1307.462566
S, CASSCF(2,2) -1304.378703 -1304.351097
MCQDPT2 -1307.333678 -1307.338455
T, CASSCF(4,4) -1304.453892 -1304.480753
MCQDPT2 -1307.349698 -1307.368241
T, CASSCF(4,4) -1304.411000 -1304.407687
-1307.307689 -1307.307975

MCQDPT2




Cartesian coordinates of the model complexes, [A]
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