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Bare reaction mechanism of chiral transition of ibuprofen molecules
and the catalysis of water molecules using carbonyl and
benzene ring as H transfer bridge
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Abstract; The bare reaction of chiral transition of ibuprofen molecules and the mechanism of water-assis-
ted proton transfer from carbon to carbonyl were studied using the B3LYP method of density functional
theory and the MP2 method of perturbation theory. The molecular structure analysis showed that the hy-
drogen bond angles corresponding to the eight membered ring transition state bTS2 + 2H,0, and the ten
membered ring transition state bTS2 + 3H, 0 in the processes of water-assisted proton transfer from carbon
to carbonyl were all much larger than that corresponding to the six membered ring transition state bTS2 -

1H,0. Moreover the eight membered ring structure of transition state bTS2 + 2H,0 was almost coplanar,
and the ten membered ring structure of transition state a_ TS1 + 3H,0/bTS2 - 3H,0 was obviously out of

plane. The study on the reaction path showed that there were six paths in the title reaction, where respec-
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tively proton only using ketonic O or methyl C and carbonyl O or carbonyl and benzene ring as the transfer

bridge from one side to the other of chiral C. Calculations of potential energy surface showed that the path

using proton was the dominant reaction channel, and carbonyl and benzene ring as the transfer bridge was

the dominant reaction path. The Gibbs free energy barrier of the rate-determining step of bare reaction

was 287. 1 kJ - mol ", which would be reduced to 144. 9 kJ - mol ' because of the chains constituted by

two water molecules. The results showed that the chiral transition of ibuprofen molecules could be realized

in multiple paths and the water molecules had a better catalysis on H transfer heterogeneous reaction of

ibuprofen molecules, as well as the presence of water molecules in the body of a life, temperature fluctua-

tions, molecular frequent collisions and the action of some enzyme conditions were the cause of S-Ibu op-

tical isomers.

Key words: chiral; ibuprofen; density functional theory; transition state; perturbation theory; Gibbs

free energy
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Fig. 1 Geometries of S and R type ibuprofen molecules
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Fig. 2 Chiral transition process of Slbu in different paths of channel a
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Table 1 Thermal recalibration Gibbs free energy, transition state imaginary frequency, single point energies, total Gibbs free

energies, relative total Gibbs free energies of the each stationary point in channel a of chiral transition process of Slbu

Structures G/(a. u) E,/(au) G/ (a u) AG,../ (k] » mol™") I,/cm™
Slbu 0.239 65 —655.335 44 —655.095 79 0.0
al TS1 0. 235 29 —655.218 42 —654.983 13 295.8 2 055.19
al INT1 (42 amTS2 FlI anTS2) 0.239 41 —655.294 54 —655.055 13 106. 7
m 43 1H
am TS2 i AL 5t St 0.239 30 ~655.280 53  —655.050 23 119. 6 213.72
am INT2 0.238 96 —655.290 04 —655.051 08 117. 4
amTS3 0.235 33 —655.218 55 —654.983 22 295. 6 2 058. 08
am P R Ibu 0.240 23 —655.333 82 —-655.093 59 5.8
n S i iE
anTS2@ MOR X i FiE#% 0.233 64 —655.168 76 -654.935 12 421.8 1 528.57
an P R1bu 0. 240 27 —655.333 82 —655.093 57 5.8
a2 TS1 MUF i 0.233 79 —655.168 80 —654.935 01 422.1 1525.13
a2 INT1 (42 amTS2 F1 anTS2) 0.239 42 —655.294 62 —655.055 20 106. 7
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Table 2 Thermal recalibration Gibbs free energy, transition state imaginary frequency, single point energies, total Gibbs

free energies, relative total Gibbs free energies of the each stationary points in channel b of chiral transition process of Slbu

25K G/ (au) E,/ (au) G/ (a.-u) AG,./ (kJ - mol™") I,./cm™
STbu 0.239 65 -655.335 44 - 655.095 79 0.0
b_STS1 0.235 05 - 655.282 53 —655. 047 48 126. 8 1 906. 23
b_SINT1 0.240 27 -655.333 82 - 655.093 55 5.8
b_TS2 0.233 86 -655.218 09 - 654.984 23 292.9 2 087.92
b_INT2 0.238 85 - 655.299 22 - 655. 060 37 93.0
b_TS3 0.236 14 -655.252 31 -655.016 17 209.0 1 660. 03
b_INT3 0.239 13 - 655.280 89 - 655.041 76 141.9
bl J3ifiE
bl_TS4 0.235 98 - 655.253 00 -655.017 02 206. 8 1 654.21
bl_INT4 0.238 85 -655.299 25 —655. 060 40 92.9
b1_TS5 0.233 96 -655.218 14 —654.984 18 293.0 2 087.78
bl_P1_RIbu 0.240 27 -655.333 82 - 655.093 55 5.8
b1_TS6 0.235 05 - 655.282 53 —655. 047 48 126. 8 1 906. 23
bl_P2_RIbu 0.239 64 —655.335 44 —655. 095 80 0.0
b2 43id JE
b2_TS4 0.235 18 -655.202 32 -654.967 14 337.8 782.75
b2_P1_RIbu 0.240 27 -655.333 82 - 655.093 55 5.8
b2_TSS 0.235 05 - 655.282 53 —655.047 48 126. 8 1 906. 23
b2_P2_RIbu 0.239 64 —655.335 44 - 655.095 80 0.0
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Fig. 5 Gibbs free potential energy surfaces diagram of chiral transition process of Slbu in the different paths of channel b
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Fig. 6 Elementary reaction process of rate-determining step of water-assisted Slbu chiral transition
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Table 3  Thermal recalibration Gibbs free energy, transition state imaginary frequency, single point energies, total Gibbs
free energies, relative total Gibbs free energies of the each stationary points in elementary reaction process of rate-determining

step of water-assisted Slbu chiral transition

2y G/(a.u) E,/(a u) G/ (a u.) AG,../ (K] + mol™") I,./cm™
bINTI - 1H,0 0.260 14 -731.661 91 -731.401 77 0.0
bTS2 - 1H,0 0.256 62 -731.588 92 -731.332 30 182. 4 1 693.91
bINT2 - 1H,0 0.261 29 -731.602 29 -731.341 00 159.6
bINTI « 2H,0 0.280 55 -807.991 89 -807.711 34 0.0
bTS2 - 2H,0 0.278 76 -807.934 91 -807. 656 15 144.9 1241.33
bINT2 - 2H,0 0.281 79 -807. 963 66 -807. 681 87 77.4
bINT1 - 3H,0 0.301 77 - 884.325 41 - 884.023 64 0.0
bTS2 - 3H,0 0.299 67 - 884. 268 64 - 883.968 97 143.5 962. 62
bINT2 - 3H,0 0.304 05 - 884.296 65 —883.992 60 81.5
Stbu - 3H,0 0.300 51 - 884. 323 06 -884.022 55 0.0
aTSI - 3H,0 0.299 45 - 884. 263 08 - 883.963 63 154.7 809. 38
aINTI - 3H,0 0.301 95 —884.292 66 —883.990 71 83.6
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Fig. 7 Gibbs free potential energy surfaces diagram of
elementary reaction process of rate-determining

step of water-assisted Slbu chiral transition

M4 FTLE: 8 Uil ER bTS2 - 2H,0
110 JTCH A BTS2 - 3H,0 fl%k s 12C - 32H -
340 1370 - 39H - 300 #Rit K T 6 JCEFid A
bTS2 - 1H,0 (%S 12C - 32H - 340 #1340 -35H
-300, Ff H ¥ 180°, FH g, bTS2 - 2H,0 #I
bTS2 « 3H,0 t bTS2 - 1H,0 [ tfas, mAEm
Ae22fil. MK 4 BT EH: 10 TTHLES bTS2 -
3H,0 %R 12C —32H - 340 #1370 —39H - 300
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B AIK T bTS2 - 2H,0, {H3& 4 J5 51 1 A 14K
Py, 10 JTHAEPEAS bTS2 - 3H,0 5 8 JTiid
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4 b_TS2 -1H,0, b_TS2 - 2H,0, b_TS2 - 3H,0 Fil a_TSI - 3H,0 [ FHELEH S 4L
Tabel 4  The primary structure parameters of b_TS2 - 1H,0/ b_TS2 - 2H,0/ b_TS2 - 3H,0/a_TS1 - 3H,0

5 FEEMA (A (°) FEZmM (M (°))
12C —32H - 340 (148.468)
b_TS2 « 1H,0
340 -35H -300 (155.251)
12C -32H =340 (166.971) 12C -32H -340 -35H (12.358)
b_TS2 + 2H,0
370 —39H -300 (168.711) 300 —39H - 370 -35H (11.687)
12C —32H - 340 (177.473) 12C —32H - 340 - 35H (58.094)
b_TS2 - 3H,0
370 —39H -300 (174.126) 300 -39H —370 —41H (22.083)
12C —32H =350 (172.690) 12C —32H =350 -38H ( -74.150)
a_TSI - 3H,0

340 -36H -310 (173.395)

310 -36H -340 -42H ( -66.012)

a_TS1 « 3H,0 IJP i P25 A Uk B A B SRR,
HIRIE 1o PRS2 7 B (i - T, i e P A
SKAR, AR, A BIRELARXIIE I X i P
SMERE LU T A 7 A B
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180°; s JE 2 bTS2 - 2H,0 K 8 JULIf 45 #y LA I
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