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1 General information

Column flash chromatography was done using 60 Å 70-200  silica gel dried at 200º C under vacuum 

and kept under nitrogen. Analytical thin layer chromatography (TLC) was carried out on silica gel plates 

(Silica Gel 60 F with fluorescent indicator 254 nm). 1H, 13C, COSY, HMQC and HMBC NMR spectra were 

recorded on a Bruker 400 MHz Advance II NMR spectrometer. Chemical shifts (δ scale) are reported in parts 

per million (ppm) relative to the central peak of the solvent. Melting points were determined on capillary and 

are uncorrected. HRMS analysis was performed using a Orbitrap Exploris Mass Spectrometer.

2 Theoretical calculations

2.1 Computational Details

Calculations were performed using the Gaussian 09 software packageS1 and the PBE0 functional, without 

symmetry constraints. That functional uses a hybrid generalized gradient approximation (GGA), including 25 

% mixture of Hartree-FockS2 exchange with DFTS3 exchange-correlation, given by Perdew, Burke and 

Ernzerhof functional (PBE).S4 The model used for the calculations included one extra Br2 molecule that 

stabilized the bromide ion loss in the form of Br3
-, in the first step of the mechanism. The optimized geometries 

were obtained with a standard 6-31+G(d,p).S5 Transition state optimizations were performed with the 

Synchronous Transit-Guided Quasi-Newton Method (STQN) developed by Schlegel et al,S6 following 

extensive searches of the Potential Energy Surface. Frequency calculations were performed to confirm the 

nature of the stationary points, yielding one imaginary frequency for the transition states and none for the 

minima. Each transition state was further confirmed by following its vibrational mode downhill on both sides 

and obtaining the minima presented on the energy profile. The electronic energies (Eb1) obtained at the 

PBE0/6-31+G(d,p) level of theory were converted to free energy at 298.15 K and 1 atm (Gb1) by using zero 

point energy and thermal energy corrections based on structural and vibration frequency data calculated at the 

same level.

Solvent effects (CH2Cl2 in the formation of 1 and THF in the formation of 6) were accounted for in all 

calculations (including geometry optimizations) by means of the Polarisable Continuum Model (PCM) 

initially devised by Tomasi and coworkersS7 with radii and non-electrostatic terms of the SMD solvation 

model, developed by Truhler et al.S8 Single point energy calculations were performed on the geometries 

obtained at the PBE0/6-31+G(d,p) level using the same functional and a 6-311++G(d,p) basis set.S9 The free 

energy values presented (Gb2-D3) were corrected for dispersion by means of Grimme DFT-D3 methodS10 with 

Becke and Johnson short distance damping,S11 being derived from the electronic energy values obtained at the 

PBE0-D3/6-311++G(d,p)//PBE0/6-31+G(d,p) level (Eb2-D3) according to the following expression:

(Gb2-D3) = (Eb2-D3) + Gb1 – Eb1
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2.2 Computed mechanism for the synthesis of 1
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Figure S1. Free energy profile for the formation of 1 from (-)-Carvone (Part I). Distances in Å and free energy values (kcal/mol) relative to A (A is 14 kcal/mol less 

stable then the separated reactants: (-)-Carvone + SeBr2 + Br2).
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C-H deprotonation
and HBr elimination
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O-H deprotonation
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2.3 Computed mechanism for the synthesis of 6

Figure S6. Free energy profile for the formation of 6 from the enolate of 1 and product 4 (assisted by a Br2 

molecule). Distances in Å and free energy values (kcal/mol) relative to the separated reactants (enolate + 4 + Br2).

3 Single crystal X-ray diffraction

X-ray crystallographic data for compounds 1, 2 and 6 were collected from single crystals using an area 

detector diffractometer (Bruker AXS-KAPPA APEX II) at room temperature and graphite-monochromated 

Mo Kα ( = 0.71073 Å) radiation. Cell parameters were retrieved using Bruker APEX2S12 software and refined 

with Bruker SAINTS13 on all observed reflections. Absorption corrections were applied using SADABS.S14 

The structures were solved by direct methods using SHELXTS15 and refined with full-matrix least-squares 

refinement against F2 using SHELXL-2014/7.S13 These two programs are included in the WINGX-Version 

2021.33 program package.S16 All non-hydrogen atoms were refined anisotropically, and the hydrogen atoms 

were inserted in idealized positions, riding on the parent C atom. Drawings were made using Mercury 2024.2.0 

and Olex2 – 1.2.7,S17,S18 a program that was also used to calculate Ring planarity. Relevant details of the X-ray 

data analysis are displayed in Table S1. Crystallographic data for compounds 1, 4  and 6 was deposited with 

the Cambridge Crystallographic Data Centre (CCDC 2394794-2394796) and can be obtained free of charge 

from: CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: 44-1223-226033; e-mail: 

deposit@ccdc.cam.ac.uk) or http://www.ccdc.cam.ac.uk/deposit.

mailto:deposit@ccdc.cam.ac.uk
http://www.ccdc.cam.ac.uk/deposit
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Table S1. Crystallographic details for compounds 1, 4 and 6.

1 4 6
Chemical formula C10 H12 O Se C10 H11 Br O Se C20 H22 O2 Se2

Formula weight 227.16 306.05 453.29

Crystal colour Colourless Colourless Colourless

Crystal size (mm) 0.18 x 0.10 x 0.04 0.20 x 0.15 x 0.15 0.18 x 0.12 x 0.06

Crystal system Monoclinic Monoclinic Triclinic

Space group P21/n P21/n P-1

a (Å) 7.300(7) 7.767(3) 10.0831(14)

b (Å) 10.3528(9) 10.906(4) 10.4303(15)

c (Å) 12.964(12) 12.122(4) 10.7237(16)

 () 90 90 71.641(6)

 () 91.02 90.882) 70.303(6)

 () 90 90 63.501(6)

V (Å3) 980.1(15) 1026.7(6) 932.0(2)

Z 4 4 2

d (mg.cm-3) 1.539 1.980 1.612

µ (mm-1) 3.781 7.506 3.976

 range () 2.517-25.319 3.095-25.680 2.225-25.745

Reflections collected/unique 10862/1789 6465/1949 24783/3552

Rint 0.1127 0.033 0.1552

GoF 1.019 1.022 1.012

Final R indicesa,b [I > 2(I)] R1=0.0650, 
wR2 =0.1539

R1=0.0376, 
wR2 =0.0827

R1=0.0561, 
wR2 =0.0915

a R1 = ||Fo| – |Fc||/|Fo|; b wR2 = [[w(Fo
2 – Fc

2)2]/[w(Fo
2)2]]1/2

Table S2. Root-mean-square deviation of plane S1-C2-C3-C3A-C7A and individual atom deviations for 

compounds 1, 4 and 6.

1 4 6

RMSDa  deviation [Å] 0.00405 0.007987 0.010227 0.002757

Average atom deviation from plane S1-C2-C3-C3A-C7A (Å) 0.0036 0.007 0.009 0.0024

Se1 (Se2) 0.002 0.005 0.002 0.003

C2 (C10) 0.005 0.001 0.005 0.002

C3 (C11) 0.006 0.007 0.013 0.000

C3A (C11A) 0.004 0.012 0.015 0.003

Atom absolute deviation 

from plane                                       

S1-C2-C3-C3A-C7A (Å)

C7A (C15A) 0.001 0.01 0.01 0.004
a – Root-mean-square deviation
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Table S3 – Bond lengths for compounds 1, 4 and 6

Bond length / ÅBond
1 4 6

C(2)-C(3) 1.346(13) 1.355(7) 1.359(8)
C(2)-Se(1) 1.849(10) 1.847(5) 1.856(7)
C(3)-C(3A) 1.425(12) 1.423(6) 1.422(8)
C(3)-C(8) 1.515(13) 1.494(7) 1.500(9)
C(3A)-C(7A) 1.361(11) 1.360(6) 1.367(8)
C(3A)-C(4) 1.513(12) 1.490(6) 1.505(8)
C(4)-C(5) 1.465(13) 1.518(6) 1.510(8)
C(5)-C(6) 1.353(11) 1.512(6) 1.529(7)
C(6)-C(7) 1.485(13) 1.526(7) 1.531(7)
C(6)-C(9) 1.558(14) 1.561(6) 1.557(7)
C(7)-O(1) 1.214(12) 1.208(6) 1.234(6)
C(7)-C(7A) 1.453(15) 1.447(6) 1.465(8)
C(7A)-Se(1) 1.874(8) 1.860(5) 1.860(5)
Br(1)-C(6) n/A 1.991(4) n/A
Se(2)-C(10) n/A n/A 1.852(7)
Se(2)-C(15A) n/A n/A 1.874(5)
O(2)-C(15) n/A n/A 1.216(7)
C(15)-C(15A) n/A n/A 1.445(8)
C(15)-C(14) n/A n/A 1.546(7)
C(6)-C(14) n/A n/A 1.577(8)
C(14)-C(17) n/A n/A 1.546(7)
C(14)-C(13) n/A n/A 1.549(8)
C(15A)-C(11A) n/A n/A 1.362(8)
C(11A)-C(11) n/A n/A 1.441(8)
C(11A)-C(12) n/A n/A 1.494(8)
C(11)-C(10) n/A n/A 1.342(8)
C(11)-C(16) n/A n/A 1.510(9)
C(12)-C(13) n/A n/A 1.516(8)
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4 NMR and mass spectra
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4.2 Phenol 2
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4.3 Phenol 3
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4.4 Compound 4
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4.5 Compound 5
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4.6 Dimer 6
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4.7 Oxime 7
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