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Transition State Study on the S-Proline-catalyzed Direct Aldol
Reaction between Acetone and 2,2-Dimethyl-propionaldehyde
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(Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry and Chemical Engineering,
Suzhou University, Suzhou 215006)

Abstract HF and DFT calculations were employed to study the four stereoisomeric transition states in the
stereo-controlling step of the direct aldol reaction between acetone and 2,2-dimethyl-propiona dehyde cata
lyzed by S-proline. The solvent effect of DM SO was involved. The calculation results reveaed the enantio-
selectivity of the reaction.
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Scheme 1 S-Proline-catalyzed direct adol reaction between
acetone and aldehyde
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Figurel Optimized geometries of two enamine intermediates 3
at thelevel of B3LY P/6-31G**
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Table 1l The energies of anti- and syn-enamine intermediates 3
at variant levels and their differences AE

Item HF/6-31G* B3LYP/6-31G* B3LYP/6-31G**
Energy of anti-

enamine/Hartree 014676 —517.865 —517.887
Energy of syn-

enamine/Hartree —514.679 —517.867 —517.889
AE/(kJmol ™ 7.877 6.039 6.039
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Figure2 R- and Stransition states forming from anti- enamine
at thelevel of B3LY P/6-31G**
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Table 2 Main geometric parameters of four transition states at
thelevel of B3LYP/6-31G**

Fs)g'r;tger anti-RTS anti-STS sn-RTS sn-STS
Bond length/nm
C(6)—C(8) 01956 01907 02035 0.1969
C(5)—C(6) 01412 01425 01412 0.1410
N(9)—C(5) 01331 01326 01332 01332
H(3)—0(7) 01386 01344 01288 0.1368
0(2—H(@) 01079 01102 01130 0.1076
C()—0(2) 01312 01308 01301 0.1304
0(7)—C(8) 01293 01305 01295 0.1289
Bond angel/(°)

N©)C(5)—C(6) 1204 1198 1231 1223
N©)—C(5)—C@) 1189 1184 1170 1178
O(7)—C(8—H(10) 1171 1132 1159 1149

Dihedral angle/(°)

C(6y—C(8)—
O(7)—C(11)
N(©O)—C(E)—
C(4)—C(6)
C(12—N(9—
C(5)—C(13)
O(7)—C(8)—
H(10)—C(11)

1191 —1284 1231 —1216

168.2 1714 —1678 —167.6

—1794 —178.6 173.3 168.9

136.0 —1335 1382 —137.9
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Table 3 Relative energies (kJmol) of four transition states at
variant levels and their two lowest vibrational frequencies (v; and
v,) at the level of B3LY P/6-31G**

Item anti-R-TS anti-STS syn-R-TS syn-STS
HF/6-31G* 0 19.691 23367 16.803
B3LYP/6-31G* 0 18641 22317  19.429
B3LYP/6-31G** 0 17.853  21.267  19.429
B3LYP/6-31G**
 DMSO 0 17.066 23104 15.228
vilem ™t 322,951 411.63i 559.91i 356.93i
volem * 46.47 43.99 36.59 31.89
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Figure 4 The result of IRC calculation for anti-R-TS at the
level of B3LYP/6-31G**
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