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S1 Computational details

Density functional theory (DFT) level computations were carried out with TURBOMOLE 7.3! and ORCA 4.12 program
packages. Both TURBOMOLE and ORCA were used for searching transition states, whereas geometries, vibrational
frequencies, and single-point energies were computed with TURBOMOLE. Lowest energy conformers were searched with
CREST3 and GFN-xTB.* A dispersion corrected mGGA functional TPSS-D3,%6 was used for the structure optimisation with
def2-TZVP7 basis sets. Final single-point energies were calculated using the PW6B95-D38 hybrid functional and def2-TZVPD
basis sets.? These functionals were chosen because they provide accurate geometries and energies for wide range of
systems.’® The multipole accelerated resolution-of-identity approximation for Coulomb term!12 was used with
TURBOMOLE with the corresponding auxiliary basis sets.’®> The grid m4 and default convergence criteria of 107 and 10
were used for density and energy, respectively. The 3D images were created using CYLview.*

Solvation effects were accounted in all structure optimizations using the COSMO? solvation model with dielectric
constant of dichloromethane (DCM, 8.9), and in final energies COSMO-RS solvation model was used as implemented in
COSMOtherm19 program package'® with BP_TZVPD _FINE_19.ctd parameter file based on BP86!7/def2-TZVPD
computational level. The Gibbs free energies in solution were calculated according to published protocol: G = Eg,4(SCF) +
chem.pot. + G, '8 where Eg,5(SCF) is the final energy of the system in gas phase at PW6B95-D3/def2-TZVPD level,
chem.pot. is the chemical potential calculated at the optimisation level (TPSS-D3/def2-TZVP) using the gRRHO
approximation by Grimme,»® and G, is the solvation free energy of each species in DCM from COSMO-RS. All
thermodynamic functions were calculated at 298.15 K and vibrational frequencies were used without scaling. The reference
state for Gibbs free energies at room temperature is 1 bar of ideal gas and 1 mol of liquid solvent.

The pK, values were calculated according to Eq. 1
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Where AG is the acid dissociation free energy: HA = H* + A-, R is the gas constant and T is temperature in Kelvins. The
proton’s solvation free energy of -207.7 kcal/mol in DCE2° was used to balance the acid dissociation.

The gold-affinities for different conjugate bases of strong acids presented in Table 2 in the main body were calculated
relative to the Au-Cl bond strength as is shown in Figure S1.
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Figure S1. Equilibrium used to calculate the Au-X bond strength.
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S2 Reaction free energy profiles

The effect of water assisted (see Figure S2) and substrate assisted (see Figure S3) chloride solvation was compared in
addition to chloride staying close to the active centre in Figure S4. It is generally agreed that the protodeauration is the
rate-determining step (RDS), but however, for oxazoline cyclisation,?222 the rate of the reaction is highly dependent on the
ligand/counterion combination.?*> The computational mechanism study for Au(lll) catalysed oxazoline synthesis?*
demonstrated that both substrate and the product can mediate the proton transfer, while product is the more efficient
agent for proton transfer. Thus, we compare the energetics with product as the agent in proton transfer in the absence of
chloride with the free energies for chloride-assisted protodeauration.

The activation free energy barrier of the RDS TS3-ClI- is higher if additional substrate coordinates chloride out of the
system (Figure S3) whereas water assisted solvation of the chloride (Figure S2) favours the TS3-Cl- over TS3. In the TS3 the
chloride assists in the cyclisation by coordination (Figure S4). However, in the first step of the protodeauration, TS4 and
TS4-Cl-, the latter is lower in energy for both water and substrate assisted chloride abstraction as the bidentate
(monodentate) H-bonding between NHs and chloride is disrupted by 4a, see Figure S2, Figure S3, and Figure S4. Same trend
is observed in the second step of protodeauration, TS5 and TS5-CI-, as the chloride mediated TS5 is higher in energy than
the product mediated TS5-CI-, see Figure S2, Figure S3, and Figure S4.
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Figure S2. The Gibbs free energy profile for water assisted abstraction of chloride from the catalyst centre. Structures with 5a are similar to the
schematic drawings but without the side arm.
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Figure S3. The Gibbs free energy profile for substrate assisted abstraction of chloride from the catalyst center. Structures with 5a are similar to the

schematic drawings but without the side arm.
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Protodeauration, TS5 in Figure S4, is the RDS in the 2a catalysed reaction as the activation free energy barrier is 21.3
kcal/mol. With the catalyst 5a the 5-exo-dig cyclisation is the RDS with 23.2 kcal/mol activation free energy and the
protodeauration is of similar magnitude with 2a: 21.6 kcal/mol.
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Figure S4. Gibbs free energy profiles when chloride coordinated by HB donor(s) near the catalytic center. Structures with 5a are similar to the
schematic drawings but without the side arm.
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S3 Images of selected structures

In 2a-TS1 the substrate’s NH is hydrogen bonded to side-arm’s sulfonyl oxygen, and side-arm’s NH is hydrogen bonded to
the chloride, see Figure S5. If the substrate’s NH is also coordinated to the chloride (2a-TS1’), the activation free energy
barrier is 0.8 kcal/mol higher, whereas if the substrate’s NH does not form HB the activation free energy barrier is 5.0
kcal/mol higher (2a-TS1”’). For comparison, monodentate HB to chloride in 5a-TS1 has 3.6 kcal/mol higher activation free
energy barrier compared to 2a-TS1. In 2a-TS1 the Au-Cl and Cierminai-Au bond lengths are 2.52 A and 2.41 A, respectively,
while in 5a-TS1 the bond lengths are 2.57 A and 2.77 A, respectively. Importantly, in all 2a’s TS1s the alkyne’s terminal
hydrogen is pointing to the mesityl ring that might inhibit the reactivity of internal alkynes due to steric hindrance.
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Figure S5. The TS1 structures for 2a and 5a.
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The bidentate HB stabilises the 2a-B by 4.4 kcal/mol compared to monodentate H-bonding in 5a-B, see Figure S6. The Au-
Cl bond length is elongated from 2.31 A to 2.58 A in both 2a and 5a. The bond angle Cypc-Au-Cl decreases from 179.8° to
105.0° and from 179.9° to 96.2° with 2a and 5a, respectively. The Ciermina-Au bond lengths are 2.12 A in both 2a and 5a
while the Cypc-Au-Cierminal bond angles are 121.5° and 129.6° for 2a and 5a, respectively.

2a-B 5a-B
AG = 9.9 kcal/mol AG = 14.3 kcal/mol

Figure S6. The B structures for 2a and 5a.

In TS2 the hydrogen bond distances between the NHs and chloride decrease by 0.22 A on average and the bidentate HB
with 2a lowers the activation free energy barrier by 4.0 kcal/mol compared to 5a, see Figure S7. The Au-Cl and Cierminai-Au
bond lengths for 2a are 2.93 A and 2.16 A, respectively, while for 5a the bond lengths are 3.03 A and 2.17 A, respectively.
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Figure S7. The TS2 structures for 2a and 5a.
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In the C intermediates the distance between Au and chloride is 3.93 A and 3.18 A for 2a and 5a, respectively. With 2a the
chloride is hydrogen bonded to both NHs and with 5a to the substrate.

2a-C 5a-C
AG = 7.9 kcal/mol AG = 14.5 kcal/mol

Figure S8. The C structures for 2a and 5a.
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The side-arm of 2a assists in the 5-exo-dig cyclisation step by hydrogen bonding either with the chloride anion or with the
substrate’s NH, see Figure S9. The hydrogen bonding interactions lower the activation free energy barrier by 5.0 kcal/mol
(TS3) and by 4.4 kcal/mol (TS3-Cl) compared to 5a.
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Figure S9. The cyclisation transition states TS3 (top row) and TS3-CI- (bottom row) for 2a (left column) and 5a (right column). The
2a-TS3-Cl and 5a-TS3-Cl free energies are with water solvated chloride ion.
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