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Figure SI-1. ECD and UV spectra of 1 (left) 2 (right) as a function of the temperature (from -10 °C
to 40 °C).
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Figure SI-2. Optimized 3D-structures of the most populated conformers of 1 (DFT-B3LYP-TZVP).
Top row: P-conformers, bottom row: M-conformers
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Figure SI-3. Calculated VCD (top) and IR (bottom) spectra of the most populated conformers of 1

(DFT-B3LYP-TZVP)
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Figure SI-4. Optimized 3D-structures of the most populated conformers of 2 (DFT-B3LYP-TZVP).
Top two rows: M-conformers, bottom two rows: P-conformers
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Figure SI-5. Calculated VCD (top) and IR (bottom) spectra of the most populated conformers of 2
(DFT-B3LYP-TZVP)
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Figure SI-6. Experimental ECD (top) and UV (bottom) spectra of 1 in neutral 1x10° M methanol
solution (black line) and after addition of HCI (from 0.004 M purple to 0.01 M red).
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Figure SI-7. Left: Experimental ECD (top) and UV (bottom) spectra of 2 in neutral 1x10° M
methanol solution (black line) and after addition of NaOH (from 0.002 M green to 0.01 M red).
Right: Experimental ECD (top) and UV (bottom) spectra of 2 in neutral 1x10° M DMSO solution
(purple) and after addition of NaOH (from 0.002 M light blue to 0.01 M green).
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Figure SI-8. Experimental ECD (top) and UV (bottom) spectra of 2 during the neutralization in
methanol (left) and DMSO (right). Starting from the basified condition (blue line for basic MeOH
and green line for basic DMSO), HCI was added till the complete neutralization of the solution
(black line for MeOH, purple line for DMSO).



Table SI-1. Boltzmann population factors for the six main conformers in the neutral and protonated
condition for compound 1.

conformer Boltzmann pop% IEF-PCM MeOH
Neutral form Protonated form
1P 32 19
1M 24 9
2P 18 21
2M 13 42
3M 11 7
3P 2 2
Sum M-P 55P-45M 42P-58M

Table SI-2. Boltzmann population factors for the ten main conformers in the neutral and
deprotonated condition for compound 2.

conformer Boltzmann pop% IEF-PCM DMSO
Neutral form Deprotonated form
1M 31 26
1P 18 29
2M 13 10
2P 12 17
3M 8 3
3P 6 5
4P 4 5
AM 4 2
SM 3 1
5P 1 2
Sum M-P pop% 56M-44P 42M-58P
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Figure SI-9. Experimental ECD (top) and UV (bottom) spectra of 8,12-bis[(1S)-
methylpropyllmesobiliverdin-XIIlo, (left), 8,12-bis[3-acetoxy-(1S)-methylpropyl]mesobiliverdin-
XlIIa (center), and 6 (right) in neutral 10> M methanol solution (black curves) and DMSO solution
(purple curves), in the presence of 0.01 M of HCI (red curves) and in the presence of NaOH 0.02 M
(blue curves for basified methanol and green curves for basified DMSO solutions, respectively).



Figure SI-10. (Top) Superposed DFT-calculated structures for 1P conformer of 1 in the neutral
form (green carbon atoms) and protonated form (grey carbon atoms). (Bottom) Superposed DFT-
calculated structures for 1P conformer of 2 in the neutral form (green carbon atoms) and
deprotonated form (purple carbon atoms).
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Figure SI-11. MOs involved in the three main electronic transition of neutral 1 (H stands for
HOMO, L for LUMO). On the left wavelength and oscillator strength of the transition are given.
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Figure SI1-12. MOs involved in the three main electronic transition of protonated 1 (H stands for
HOMO, L for LUMO). On the left wavelength and oscillator strength of the transition are given.
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Figure S1-13. VCD (top) and IR (bottom) experimental spectra of verdin 2 in 10° M CDCI3
solution in neutral form and with added zinc triflate. Red line: 2 neutral, grey: 2 + Zn triflate after
30 mins, blue: 2 + Zn triflate after 3 hours, green: 2 + Zn triflate after 5 hours .
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Figure SI-14. ECD (top) and UV (bottom) spectra of verdins 1-6 in 5x10°> M CHClIs solution with
added zinc triflate.
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Figure SI-15. ECD (top) and UV (bottom) experimental spectra of verdin 6 in 5x10° M CHCls
solution with added zinc chloride.
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Figure S1-16. VCD, IR, ECD and UV spectra of 8,12-bis[(1S)-methylpropyl]mesobiliverdin-XIIIa
in chloroform (red line) and with added zinc triflate (blue line).



Analysis of the dependence of the excitonic couplet molar intensity versus concentration and
evaluation of association constant Ka.

We treated the observed excitonic intensity values AAgobs= Agmax— Aemin @S function of
concentration Ciot (reported in Figure SI-16A), analogously to what done in Nogales et al.[1] for
chemical shift data signaling dimer formation. We assume that there are two species in solution and,
due to the excitonic nature of the signal, we assume they are a monomeric species with vanishing
AAgnm, and a dimeric one with intrinsic AAg;, corresponding to the highest concentration spectrum.

We can write:
M

where Ka is the association constant and Cit is the concentration of the compound, which is
partitioned in the concentration of the monomer Cw and of dimer Cp.

Assuming that AAeos, is just due to AAep contribution, we may write:

BAeops = Adep 22 = AAep (1 o) )

tot Ctot

and we obtain

_ (AAep—~Ahegps)

Ale,pMien
Aep tot » 3)

C —
M {MEOBS_MED}zzctos

and then K,

The last equation may be rewritten by taking the logarithm base e, as follows:
logAAe,,s — 2log(AAsp — AAs,y,s) = [logKy + log2 — logAAep] + logCior 4)

From Figure SI-16B one may verify that observed data are well represented by equation (4), with a
linear dependence on logC;,:, With coefficient 1. This observation is a strong backup to the
proposed model for the monomer dimer equilibrium and permits us to evaluate the association
constant Ka=72930 M, assuming AAs,= 158 M*cm?, the value recorded at the highest
concentration.

As a further check, from equations (1), one may derive:

—14+/1¥8KaCror ., |Crot . ..
Cy = T = fﬁ in the limit of for K, Cypr > 1 (5)

Considering equation (2) and (5), we obtain:

AAe,ps = AAep — AAep (2K, Cppp) ™12 (6)

The last relation, used for data obtained on most concentrated solutions, permits us to check that the
assumed AAep value is correct, as obtained from intercept of the equation of the straight line with
the ordinate axis in Figure SI-16C and as shown in the equation within the same figure.

[1] Nogales. D. F.; Ma, J-S.; Lightner. D. A. Self-Association of Dipyrrinones Observed by 2D-
NOE NMR and Dimerization Constants Calculated From *H-NMR Chemical Shifts. Tetrahedron,
1993, 49, 2361-2372.
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Figure SI-17. Analysis of CD spectra of verdin 2 at different concentration (Figure 7 in the text):
A) Plot of excitonic intensity AAgobs VS concentration Ciot

B) Plot of logAAe,,; — 2log(AAsp — AAs,,.) versus log Ciot from which Ka has been deduced
C) Plot of excitonic intensity AAeabs VS (Cror) /2 for extrapolating AAep concentration.
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Figure S1-18. Comparison of experimental (black line) spectra of 10 M chloroform solution of
Zn?*-2 with the calculated ECD/UV (left) and IR/VCD (right) spectra. Calculated spectra are shown
for dianionic dimer (blue line), dimer lactam/lactim (red line) based on two M units.
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Figure SI-19. Comparison between experimental (black line) and calculated IR spectra of zinc
complexes of 2. Calculated IR are shown for dianionic dimer (blue line), dimer with a lactim ring
for each biliverdin (red line), weighted average of anionic monomer (green line) and weighted
average of lactam/lactim monomer (orange line).



