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The Self-assembly Behavior of Helical Columnar Superstructure Formed
by Mono-[6-0-6- (4-chlorobenzene) ]-f-cyclodextrin
WANG Tingting, XIE Fengyuan, WANG Jing, WENG Meiqi, SUN Xinyi, CHA Yadong, FAN Zhi

(College of Chemical Engineering and Materials Science, Tianjin University of Science & Technology,
Tianjin 300457, China)

Abstract: A mono-modified S-cyclodextrin derivative, mono-[6-O-6- (4-chlorobenzene) ]-B-cyclodextrin was synthesized
through the reaction of 6-OTs-S-cyclodextrin and 4-chlorophenol in N, N-Dimethylformamide (DMF) , and its self-assembly
behavior was determined by single-crystal X-ray analysis and Nuclear Magnetic Resonance (NMR) . The crystal structure
showed that a cylindrical supermolecule with a double helix axis was formed through continuous inserting the chlorophenyl
group of the modified f-cyclodextrin into the cavity of adjacent cyclodextrins from the second hydroxyl groups in the solid
state. Mono-[6-O-6- (4-chlorobenzene) ]-B-cyclodextrin also showed the same self-assembly behavior in aqueous solution.
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RUEESES, 2 W, 76 100 CFF4E 18h. N, N— 4k
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AR A A SR 1d, 78 40 ‘CLAT I
JEZEH. XTHRBARLSL, 405 99% , W B B R EFHE
ABRAF]; FEC T B LS 5, B 5% EA
BRI DR 2 R, ZEIRK TR 4 IR, JOKRIREE
TR AT BT B 2 Pk S 11 .25 .

1.2 B [6-]-6-4-8F) - p- BN H &
121 #-[6-8-6-(4—F IR RmEEAK) |-S-2R 45 (6-
OTs-B-CD) #5465,

MR SCHR[91- T 6-OTs--CD 4G (B 1), 1E
1500 mL ZEIE/K AN 200 g S—FMKS , 7ERE R0
T, F 6min NAJEHIN 8.3 mol/L S AL KIFR
60 mL, Z /KPR AR I 5 i AT 2R SR (30.3 @)
() B, 10 min PYTREANSEEE , SOW I H 7 B 1
GUiEtr . IR THE 2.5h, BisEke. 33E, F
FH AR 2 (2 mol/L) 18 15 U8 R 2 SOl 1k , it B PR R 7E
5CT, AEaitiEg . wKRPELSS S 2 Ka,
70 CF T 6 h, Firfd Pt 18.6 g, WK 9.2%.
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Fig.1 Schema of synthesis
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RARIT, 25 CTRHEHE 2h 5, N -—{6-A-6-
(4—H L ok 36 ) 1-B- PRI KE (1.9 ¢, 1.5 mmol) )
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EY 1 kg B Siemens SMART CCD [
PRAGHAT 7087, Mo # Kodit2k (1=0.071073 nm) , A
SR o R N T EBOURST R 0.30nm
x 0.20 nm x 0.15 nm [WHLERIA, 76 113 2)K RET,
o260 X4, TE-15<h<13.-21<k<13.-31<
1<31 JEEWNILILE 24337 ARTH S TE5 R E
FUE IE . b 1A 25 K 1Y fif A R0 45 4 0% O 43 i
SHELX97 (Sheldrick , 1990) F1 SHELX97 (Sheldrick ,
1997) FEFP5E AL

H Varian Mercury VX300 B aEILHRIGHETTH
mn P AR GRS 0 [ EA1108 BT R 4%
BEASC 2 A  FR J 2R
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B[6—4H —6— (4— 1 FEZERATBESL) |-p-ER A . 'H
NMR (DMSO-d6, TMS) § 2.50(s, 3H, CH3) , 3.1 ~
3.9(m, 40H, C2H-C6H) , 4.26 ~ 4.40 (m, 2H, C6’H) ,
4.74(d, 1H, CI’H) , 4.80 (m, 6H, C1H) , 7.40(d, 2H,
ArH) , 7.74(d, 2H , ArH) ; JC % 4> #F B8 (4
(C40H7603,S-4H,0) : C 43.24% H 6.22% ; JLR /M HT
ST - C 43.44% H 6.25% .

BA[6-4H—6- (45K |- p-FIEE (k& 1. 'H
NMR (D,0) : § 3.4 ~4.4(m, 42H) ;4.9 ~5.0(m, 7H) ;
6.9 ~7.0(d,2H) ; 7.2 ~ 7.3(d, 2H) .JC K /0 BT FIE
(C4gH7,Cl035-6H,0) : C 42.59% .H 6.33% ; JLEMHT
SEIAE : C 42.77% H 6.48% .
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b=19360(10)nm, c =2.8810(15)nm, ar=90°, f =
90°, y=90°, V'=7.612(7)nm’; Z = 4; fx & Wy R[[>
20(D) JAF: R =0.2226, wR, = 0.431 6.
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Fig.2 Molecular structure of compound 1
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Tab.1 Geometrical structure of f-CD in compound 1
HERAIC dosw-oswv/nm 04 ZIAIMIESM/(0)  £C4m)-04m)-Cl(n+1)/(°)  Hllifh/ () MR/ () 04 JE e V- mifY I B /nm
Gl 04317 133.4 117.9 121.6 16.8 -0.009 2
G2 0.445 2 131.2 118.1 117.3 4.1 -0.002 1
G3 0.433 6 123.9 119.0 115.2 132 0.008 0
G4 0.436 4 125.6 118.9 112.7 6.8 -0.0015
G5 0.4342 1313 118.3 117.8 59 -0.005 6
G6 0.456 3 132.8 117.7 116.4 6.8 0.000 5
G7 0.424 5 118.7 119.5 112.6 10.7 0.009 8

T AT #(C1 = C2) |+ |#(C2 = C3) | - [#(C3 = C4) | - |#(C4 = C5) | + |(C5 - O5)| + |#(05 = CV) [FEATHE; WiRHA N 04 S Cln.Cln,

04 1,04 (n + 1) FIHZ [ H £ .

Iy AERIER], g VE e R A
IR P A Dy AR RBK 2S5, Wi 3 Fm.
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Fig. 3 The self-assembly structure of compound 1
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Tab.2 Hydrogen-bonding interaction between adjacent f-
CD hydroxyls in compound 1

D-H--A dH-A)/mm  dD--A)/mm ~£D-H--A/(°)
021-H21B--037 0.216 0.298 39 (16) 178
021-H21B--047 0.251 0.283 53 (15) 105
022-H22B---031 0.213 0.291 59(15) 161
022-H22B---041 0.247 0.289 59 (15) 114
023-H23B--064' 0.202 0.283 84(15) 177
024-H24B---043 0.239 0.278 11 (14) 110
025-H25B--034 0.209 0.287 51(15) 159
025-H25B---044 0.229 0.275 76 (14) 117
027-H27B--036 0.233 0.31423(16) 169
027-H27B--046 0.234 0.278 76 (15) 115
032-H32B--022 0.256 0.290 57(15) 107
032-H32B--066'" 0.200 0.278 61(15) 161
033-H33B--024 0.198 0.280 43 (15) 178
033-H33B--043 0.260 0.294 14(15) 107
034-H34B--025 0.206 0.287 51(15) 176
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D-H--A dH--A)/mm dD--A)/mm /D-H--A/(°)

034-H34B--044 0.254 0.291 52(15) 109
035-H35B--026 0.293 0.274 80(14) 179
035-H35B--045 0.252 0.286 84 (15) 107
036-H36B--027 0.232 0.31423(16) 177
036-H36B--046 0.249 0.285 14(15) 108
037-H37B--021 0.216 0.298 39 (16) 179
037-H37B--047 0.258 0.292 99(15) 107
061-H61C--041 0.248 0.299 85(16) 122
061-H61C--052 0.203 0.284 56 (15) 175
037-H37B--047 0.258 0.292 99(15) 107
061-H61C--041 0.248 0.299 85(16) 122
061-H61C--052 0.203 0.284 56 (15) 175
064-H64C--054 0.244 0.288 93 (15) 115
064-H64C---023 0.206 0.283 84(15) 158
066-H66C--032" 0.297 0.278 61(15) 178
035-H35A--044 0.259 0.295 18(15) 102
042-H42A---062 0.255 0.293 28(15) 103
045-H45A.---065 0.238 0.280 47 (15) 105
047-H47A---068 0.259 0.291 49(15) 100
054-H54A---043 0.248 0.286 58 (15) 103
057-H57A--046 0.249 0.283 54(15) 101
074-H74A---043" 0.246 0.338 15(18) 169

Wl SRR x+ 12, —y+1/2, —z+1; il XSFREH-x-1, y+
172, —z+3/2; iii WFRE Sy x+ 172, —y=1/2, —z+1; iv W FRIG
H-x, y+1/2, —z+3/2.
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Fig.4 Three-dimension structure of compound 1
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Fig. 5 'H ROESY spectrum (300 MHz) of compound 1
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