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Benchmark Study on the Choice of Methodology:



For the benchmarking study of the DFT method, we have modeled the rate determining step (TS2),
the second step in which benzaldehyde adds to the enolate, by using M06-2X/6-311+G(d,p), B3LYP/6-
311+G(d,p) and B3LYP-D3/6-311+G(d,p) // B3LYP/6-311+G(d,p) level of theories in conjunction with
CPCM implicit solvation method. We have calculated the isomeric proportions (%) of synthesized aldol
adducts by both considering the activation free energies (AG*) and the relative stabilities of the hydrolized
products (AGx,) using the Boltzmann distribution function. According to the results presented in Table
S1, none of the methodologies can provide the experimental distribution when the calculations were
performed with AG” since the latter are quite low and do not control the stereochemistry of the reaction
while all the methodologies satisfied the general tendency of stereoselectivity when the calculations were
performed with AG,y,. The most accurate results were obtained when M06-2X/6-311+G(d,p) level of
theory was used for modeling the aldol addition reaction. Thus, the results presented in this study are
reported based on the M06-2X calculations.

Table S1. Comparison of experimentally determined and calculated isomeric proportions (%) of
synthesized aldol adducts. The calculated values are based on relative hydrolyzed product Gibbs free
energies (AGx,), Whereas the calculated values in parentheses are based on activation free energies
(AG?).

ee %* ee % ee % ee 7%
Compound Isomer g xperimental) (M06-2X)  (B3LYP) (Big{f{'gy /

. RMS*+RMR* 80 100 (36) 76 (26) 99 (21)
SMS*+SMR* 20 0(64) 24 (74) 1(79)
. RPS*+RPR* 23 12(19)  34(61) 2 (69)

SPS*+SPR* 77 88 (81) 66 (39) 98 (31)

- RMS*+RMR* 47 49(93)  24(19) 40 (52)

SMS*+SMR* 53 51(7) 76 (81) 60 (48)

v RMS*+RMR* 100 100 (95)  88(92) 100 (98)
SMS*+SMR* 0 0(5) 12 (8) 0(2)

4 without any purification.
ee: enantiomeric excess

Table S2. Calculated thermodynamic parameters (kcal/mol) and kinetics (M's') for the enolization
reactions of SM and RM isomers of 4 thiohydantoin derivatives as precursor of aldol adducts (M06-
2X/6-311+G(d,p) / CPCM(THF), 195 K).



reactant product AG AG/# k, AG,? Kk,
S e 22 2 Gpl 22 ool
Rapren MAFemolwe D00 30 SR 05 S0
R MALRemole - o0 35 TR 2T Somon
S - - M

AG ,: Reaction Gibbs free energies (kcal/mol)

AG/*: Gibbs free energy of activation of the forward reaction (kcal/mol)

Ky calculated rate constant of the forward reaction (M-s7)

AG/7: Gibbs free energy of activation of the reverse reaction (kcal/mol)
k,: calculated rate constant of the reverse reaction (‘s™/)

Relative Gibbs Free Energies
(kcal/mol)
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Figure S1. Free energy profile for the enolization of SM-pre-I and RM-pre-1 (R=CH; and X=CF;) in
the presence of LDA, with respect to the most stable geometries of the isolated reactants.
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Figure S2. Plots of

(a) interaction energy (AEj,) vs forming bond distances between C5 of Li-enolate and C(=0) of
d
benzaldehyde (* “enot ™ Cbenz),

benz d
(b) distortion energy of benzaldehyde (AE dist) vs  Cenol” Cbenz for compounds RMS*-I, II, III,
RMR*-L, II, II, IV and SMS*-1, 1L, IIL, IV,

enol

(c) distortion energy of Li-enolate (AE dist) Vs
IL, IIL, IV and SMS*-L, 11, 111, IV,

enol d
(d) distortion energy of Li-enolate (AE dist) vs  Cenol” “benz for compounds SMR*-I, II, III, IV and
RMS*-1IV in TS2.

d
Cenol = benz for compounds RMS*-I, II, ITI, RMR*-I,
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Figure S3. The activation energy (AE,), the total distortion energy (AEgi) and the interaction energy
(AE;y) between benzaldehyde and Li-enolate of RMS*-I and RMR*-I (a), RMS*-I and RMS*-1V (b)
as a function of forming C,,,-Cp,,.. bond length along the aldol addition reaction. The location of the TS
is represented by stars.



