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Details on computations

Details on MM force-field and MD simulations

MD simulations have been run in the constant isothermal-isobaric (NPT) ensemble at 298 K and
1 atm with an integration step of 1 fs. The chemical system was placed in a cubic box with a side
length of 36.34 A containing between 1400 and 1600 TIP3P' water molecules, the exact number
depending on system and environment (bulk water or aqueous B-CD). The SHAKE algorithm® was
used to keep the water molecules rigid. Periodic boundary conditions with a cutoff of 9 A both for
electrostatic and van der Waals interactions have been applied. The AMBER force field has been
used to describe the B-CD and the Generalized AMBER one (GAFF) for the guest molecules® due
to the lack of suitable parameters for the nitrogen and oxygen atoms of the ester nitro group.
Atomic charges for B-CD were chosen according to Bonnet et a/,* while for the guest species, they
were obtained from the restrained electrostatic potential (RESP) model at the HF/6-31G(d) level of
theory.” In the case of transition states, a flat-welled harmonic potential was used to freeze the
relative positions of atoms in the six-member ring that define the reaction coordinate. The geometry
defining the energy minimum of the ring was taken from calculations using the implicit model. The
initial geometry of the host-guest complexes was obtained by inserting at random the B3LYP/6-
31G(d) optimized guest molecules into the B-CD cavity through the PyMOL program® followed by
MM energy minimization. The trial B-CD structure was taken from the Protein Data Bank. After an
equilibration period of 500 ps, simulations have been carried out for another 500 ps saving
snapshots every 1 ps. Atomic charges for guests and force constants used for TS constraints are
provided as a separate file of the Supporting Information.
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Details on QM/MM computations

Total QM/MM energies are computed as follows:
E= EQM +Eyt EQM/MM
E =FE,6  +F

OM /MM elec Lennard-Jones
where Egy and Ejyy correspond to the QM and MM system energies, respectively, and Egan 18
the interaction energy, with:

E,, =< y)(H" ‘1//>
Eelec =< Mﬂl/l>
Here, i corresponds to the polarized wavefunction of the chemical system and H’ and V hold,

respectively, for the unperturbated Hamiltonian of the chemical system and the electrostatic
potential created by the MM environment
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Table 1S. B3LYP/6-31G(d) calculations of species involved in neutral ester hydrolysis
mechanisms. Cartesian coordinates of optimized structures in bulk water using the implicit solvent
model.

R (H,0)
C 0.020055 -0.179639 -0.248112
C -0.082528 -1.571929 -0.111864
C 1.067100 -2.353683 -0.056485
C 2.307904 -1.722738 -0.139207
C 2.436578 -0.340537 -0.274976
C 1.280309 0.429607 -0.329205
N 3.525171 -2.545002 -0.081607
O 3.395320 -3.763944 0.040107
C -1.188716 0.697409 -0.311399
O -1.119681 1.912356 -0.442084
O 4.613698 -1.973470 -0.158108
O -2.328488 0.014149 -0.214757
C -3.560785 0.772268 -0.273699
0 -4.073895 3.212425 2.101114
H 1.009139 -3.430928 0.048201
H 3.419179 0.112920 -0.335861
H 1.344558 1.507792 -0.434428
H -1.057682 -2.042466 -0.049437
H -4.352140 0.022116 -0.274960
H -3.648355 1.426673 0.598650
H -3.591887 1.361451 -1.194265
H -5.011870 3.233360 1.837117
H -3.618895 3.655043 1.346574
H -2.193223 3.444576 -0.298905
O -2.728599 4.244196 -0.118688
H -2.076074 4.894033 0.207088
TS,
C -0.106564 -0.150043 0.144581
C 0.040274 -0.061535 1.532229
C 1.318913 0.107124 2.083615
C 2.437343 0.184015 1.262570
C 2.261015 0.091358 -0.121114
C 1.001352 -0.074649 -0.695748
C -1.218693 -0.152310 2.395885
O -0.874350 -1.230124 3.495757
N 3.433440 0.171979 -0.992108
0 3.262663 0.092586 -2.211963
0 4.541970 0.315732 -0.468546
O -2.330280 -0.314241 1.868456
O -1.114435 1.104675 3.367912
C -1.699100 2.272336 2.786589
0 -1.863730 -0.049967 5.364405
H 3.431652 0.313159 1.674557
H 0.899286 -0.142004 -1.772882
H -1.103159 -0.279726 -0.265253
H 1.434526 0.177899 3.160105
H -2.713766 2.065074 2.431607
H -1.722738 3.043826 3.561318
H -1.084809 2.623156 1.948528
H -1.631428 0.703217 4.619935
H -1.454173 -0.810284 4.683556
H -1.241002 0.059761 6.117825
H -1.358226 -2.019742 3.170581
TS,
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Table 4S. Binding energy analysis (kcal mol™) for head-first (H-F) and tail-first (T-F) modes of
complexation of the ester reactant with the B-CD. Energies are calculated from the expression
<Ecp.ester™ - <Ecp™> - Eester, Where Eg refers to the MM energy of system S in water solution (a
continuum model is employed to account for solvation energy. Averages are computed over 250
structures that have been optimized starting from snapshots of the MD simulations in water

solution.

H-F T-F
AE 4w -23.0 -22.1
AEejec -1.2 -1.3
AEsoly 5.8 5.5
AEsretch -0.9 -0.8
AEpend -0.9 -1.0
AEorsion -4.4 -3.7
AEping -24.6 -23.4
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