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Theoretical studies on formation of inclusion complexes of phenylpropionic acid derivatives
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Abdtract : Objective To investigate the rules of forming incluson complexes between hydroxypropyl-
B-cyclodextrin (HPB-CD) and phenylpropionic acid derivatives. Methods The structures of 6-HPB-CD
(n=4) were built from the crystalling3-CD. Hydroxyl or methoxyl substituted phenylpropionic acid deriv-
atives were optimized under OPL AS2005 force field. The incluson complexes were smulated by docking
method of dide in Schrodinger software package. Results Hydroxypropyl substituted structures in
RiR:R:sRs-, RiR:RsRs- , and RiR:R:Rs- postions of 3-CD were helpful to the incluson formation, and
thosein RiR2R4Rs positions were unfavorable to the incluson formation. The more the numbers and the
larger the molicularsof substituentsin benzene ring of phenylpropionic acid derivatives were, the less con-
ducive to the incluson formation was. Conclusion The different substitution positions of HPB-CD and
phenylpropionic acid derivateives could sgnificantly affect the formation of incluson complexes and the
model s of incluson.

Key words: hydroxypropyl3-cyclodextrin (HPB-CD) ; phenylpropionic acid derivatetives; incluson
complexes; theoretical study
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Table 1 Interaction energiesand inclusion models of ligand and receptor
/(K3 - mol %) 5 os e
1 2 3 4 5 6 7 8 9 10 11 12 13

HPB-CD-1 -99.5 -99.5 -94.9 -99.5 -96.1 -92.8 -93.6 -88.2 -80.3 -90.3 -95.3 -89.5-88.2 10
HPB-CD-2 -91.1 - 102.4 - 100.3 -96.1 -99.9 - 101.6 - 86.5 - 92.0 - 79.4 - 94.9 -87.8 - 102.0 - 84.0 8
HPB-CD-3 - 104.5 - 103.7 - 102.0 - 100.7 - 102.4 -89.5 -81.9 -93.6 - 94.1 -98.2 -91.5 -94.9 - 92.8 12
HPB-CD-4 -85.7 -744 -849 -81.1 -79.8 -88.6 -83.2 -82.3 -80.7 -76.9 -80.7 -81.1-78.2 6

o O Fr U W
o N O o o

B-cb -94.1 -100.3 -91.5 -80.7 -90.7 -93.2 -86.1 -95.7 -87.4 -86.1 -89.0 -86.5-91.1 13
2 AB 01 02 ( x10"* nm)
Table 2 Distances from point A and B o ligand to O1 and O2 in receptor ( x 10" * nm)
HPB-CD-1 HPB-CD-2 HPB-CD-3 HPB-CD-4 B-cb

A-O1 A-O2 B-O1 B-02 A-O1 A-O2 B-O1 B-O2 A-Ol1 A-O2 B-O1 B-02 A-O1 A-O2 B-Ol1 B-O2 A-O1 A-O2 B-O1 B-O2
1 56 15 31 6.4 21 45 84 49 52 1.1 389 7.9 24 51 53 81 58 1.4 3.2 6.1
2 6.8 22 26 55 6.5 20 2.8 56 50 06 42 7.0 33 1.7 51 80 50 0.6 43 7.0
3 1.7 33 6.7 25 49 20 30 7.0 57 15 33 6.2 19 33 7.0 9.8 47 0.2 50 8.3
4 6.3 1.7 3.6 6.6 04 45 7.7 48 6.0 1.4 33 7.0 33 1.8 50 7.9 51 1.1 3.8 7.7
5 6.1 1.7 3.1 59 6.0 1.4 29 7.1 54 10 3.8 6.7 3.5 1.8 6.0 89 44 1.2 3.1 6.7
6 55 1.4 35 7.2 48 0.1 49 84 6.0 21 1.5 52 1.7 3.7 6.5 85 6.0 1.8 3.0 6.8
7 56 1.0 34 7.6 22 31 6.7 28 58 16 31 6.8 20 3.6 7.0 95 51 1.1 4.4 8.1
8 53 1.3 23 6.0 6.3 2.0 3.2 6.0 55 1.2 35 7.3 1.5 40 7.1 95 56 1.3 2.1 4.0
9 6.2 1.5 3.8 6.9 6.2 1.6 3.8 6.8 52 08 40 6.8 3.4 6.5 46 7.6 46 1.2 2.9 6.5
100 6.2 1.7 25 6.7 59 1.8 31 6.0 1.9 3.0 6.7 2.7 35 1.7 24 54 50 1.0 2.8 4.6
11 1.8 59 59 29 58 1.6 2.6 3.6 57 1.7 1.4 53 47 05 23 6.2 54 1.2 3.6 7.3
12 2.1 56 51 23 2.8 20 88 44 65 19 22 6.4 31 21 27 56 49 04 4.8 8.2
13 6.5 2.2 27 31 1.6 55 55 32 63 1.8 1.5 35 1.5 3.0 57 9.0 52 08 41 7.3
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3 A B 4 ( x10 *nm)
Table 3 Shortest distances from point A and B of ligand to four substituents of receptor ( x 10™ 'nm)
HPB-CD-1 HPB-CD-2 HPB-CD-3 HPB-CD-4
A-O B-O A-O B-O A-O B-O A-O B-O
1 5.8 9.7 8.6 4.8 4.2 10.4 7.4 9.2
2 5.3 10.3 5.5 9.4 3.6 10.1 4.4 9.4
3 8.8 6.6 4.7 10.7 3.5 9.5 5.3 11.1
4 4.6 9.8 9.5 4.7 3.6 10.1 4.5 9.3
5 4.8 9.7 4.7 10.9 3.4 9.9 4.4 11.3
6 5.4 10.6 5.3 10.9 3.6 9.1 5.8 10.4
7 5.5 11.2 8.3 6.6 3.5 10.6 5.8 10.4
8 5.5 10.5 4.7 9.7 4.0 9.9 6.2 11.0
9 5.3 9.9 4.9 10.0 3.5 10.1 9.0 9.1
10 4.7 12.0 5.3 9.4 7.5 2.6 4.5 7.1
11 10.2 4.9 5.6 7.8 4.0 8.9 3.7 8.5
12 9.2 6.7 7.7 2.6 5.1 10.8 4.8 7.3
13 4.8 8.3 10.1 5.7 4.2 7.4 5.0 10.3
: ( B-CD
12) 7. 5 kJ/ mol ( 9) (-90 3 kd/ mol) , , 4
6 7 kJ/ mol ; B-CD,
, ( 13) HPB-CD-1 HPB-CD-2 HPB-CD-3 HPB-
2 9 kJ/ mol 10) Cbh-4 13 ,D S P
7. 9 kd/ mol 10 3 0 8 5 0 12 1 0 6 0 7,
2, A B-CD 13 0 O , 3
o1 02 , S
,A-O1 0.45 0 6 nm,A-O2 , )
0. 2 nm ,B-01 4 B-CD
02 05mn€$m 04 08nm A-0O2 , ,
,B-01 B-02
B-cD 13 . B-CD .
- 90. 3 kJ/ mol , D
, 221 HPB-CD-1
: : B-CcD
, (- 94 0 kd/ mol) (ES , HPB-
, , CDh-1 ,
, : HPB-
, . CDh-1 ES, ,
B- : ES,
CD -OCHs -OH ,
22 B-CD : )
HPB-CD-1 HPB-CD-2 HPB-CD-3 HPB-
CD-4 , 13 HPB-CD-1 , 23
-928 -936 -9 1 - 815 kJ/ mol 3 311 12 A-01 B-02 02
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