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B OE AW REERABATETEBHMH(HP-E-CD) 5 FiRARARFTTHE, &
SER—EBERTELSWALT HPBCD H B RAREARALES A, ARB KA TR
SAHEAR NERBERE HP-BCDAR, ALt R b —TAA R AL LSO W B AFLEH
X ASAREESAFRAT AL HOREMN, %46 HP-3CD 9 & M40, 84 8 T HP-p-
CD st &R 8 5 F iR A MAE, 4k 89 F K, HP-3-CD #9251 & H 4k F 8 4k p-CD;s sb & s B4k,
HPR-CD AR FHN S FRAED BN RBRRE 35 25, BRREASHFKFH4 HPB-CD B EAK
4 & WA E F SR K T B4k 8-CD, :

X@E: BEERFHHE; 2T RIGEA AN BRI HGRRBA b E ot
HESHKS: TS 201.2 IRARIAE: A

Investigation of Molecular Recognition Ability of
Hydroxypropyl-g-Cyclodextrins

"YUAN Chao, JIN Zheng-yu, ZHAO Jian-wei, YUAN Xin-hua
(Key Laboratory of Food Science and Safety, Ministry of Education, Jiangnan University , Wuxi 214122, China)

Abstréct:The molecular recognition ability of hydroxypropyl-g-cyclodextrins ( HP-3-CD) was
investigated by measuring the stability constant of complexes which formed by HP-8-CD and
guest molecules. The degree and distribution of substitution of HP-8-CD were determined by the
reductive-cleavage method and methylation analysis. Phenolphthalein and methyl red were
selected as the models for large and small guests to react with HP-B-CD. The formation and form
of complexes were determined by infrared and ultraviolet-visible spectroscopies. The stability of
the two kinds of complexes was investigated by spectrophotometry, combining the configuration
characteristics of HP-B-CD, the molecular recognition rule of HP-8-CD were concluded. The
molecular recognition ability of HP-3-CD was lower than B-CD to large guestes. With regarded to
the small guest molecules, HP-B-CD has higher complex forming ability, especially of which the
degree of substitution was about 3. 5 and the distribution of substitution was even.
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HHAKE (cyclodextrin, CD) & —F i B H %
BREED « 1L, 4B FREENITFRNEEE. X—
BREWR/MT M HAKHEARLE . FEEEN
THWL%, 18 CD SR\ EA FAKE, ATIE R
AR CHBK IR WD XKML T4
), 18 CD B 4 FiH 9 (molecular recognition)
BENHSFENERS T EEDF (supramole-
cule)fk &4,

SFRANBRE S FRIFBERDFRAN S T
Hih TR ER BN BN FRIMAE
R, N\ RBSE THHEROBY FERRED,
COEBHBKZE I, EHEBPTLUS ZEEARA
B, AETEEE S ERMBKINERT  EEEKS
FHEMBEACDHERE, ERESGYBST
TR, NREEES FHRBE BEENTE
BN, A ERM LA BEHRR. B
I, E 45k CD ] 5 VB S Al Rk fn s #r ik
HEGHTEMAY Y., HFNHABREHESE 7
MEEBEREN -CD, HEBCDEC2.C3 £H#
ZEEESFHRHER FRAEKPERERMK
(1.85 g/dL, 20 C),BR#l T H A A,

A B3R B K (hydroxypropyl-8-cyclodex-
trin, HP-B-CD) & B-CD HyB kA% , R EH 5
ABAITHT pCOM A TFREE, KBHRKE
BoHAZABIFHAAEENELE . Il NE
RAE &K CD BERHEY, HP-3-CD £4 8-
COEBUERGTEAREN RN H G, KEKE
ToC2 N BREEER, MR FERAFEMALE;
HWRET.C-2,3,6 i BEAATHEL, HTF C6
iz A BN BUREEESI AN R, HEE
bR, BURCEE SR BE UL 4 4 7E N R I B 2 0 R
. MBS HARAERSE W HP-g-
CD W43 F iR B 88 7 , 32 T 5% o JL R .

MRS FRINENEREELANSEEETERE
BV ERE Y. HPB-CDEA—FHRALEY,
NBEESTHRER, ERES TR FIEBBE 5
PLOHBREEHHREEEN RIS H. BREEFHR
FME4 %3 HP-3-CD &= S B EMBAESHAH
B, A BB AR A T R4 A B B B O

HABRS HPR-CO 5R &AL AW E S
BARZERTHERAENEREENEW.,
MEELERNLGEEE HP-p-CD WA E &S T
MR E B PO R HRE .

BB RO R KAy, MEBEH
HI LB HEEIFLUBREF RS0, 05 3 NRE

BT b B SRR G M . B EEIFLL NN
XUEE R L, B P E, T B R G H . LA BR
MR RO REER MELSHHERTUET B
HP-3-CD iy 4+ FiRFEES . HAh BB A
VWP RE pH EW A B G, B LS E
ERMNESYHERMBEEYE. RRoOFAEHET
BYEKF CD BN E AT Y M E 1/ A™ , Tawarah
FSAXHELM S MK CDWESWHTTH
KU . fEEFES T HP-B-CD M &R £, B K
PR BRAE R “ B Ry & (R AL, i B AT Y8R
/NI B R BEAY, R R B AT HE VA R R B TR O AR R
FEGESYE RN B H W, iR,
FGHECEEMNELSYNREER. TRAE
AR BARBE F B 2 4 46 89 HP-B-CD 5 AR & (&
ERE &Y E ¥, \NT#E HP-3-CD #4r F
WA,

1 M¥5F%

1.1 E5RA

Trace MS S f8,3% — T IEH 1Y : £ B Finni-
gan 2\ A 7= i s Nexus {8 57 48 B 21 41 Y6184 . &
& Thermo Nicolet 2 &) y= i ; UV-1201 % % 48 /5[
W4Y 06 6 BE it db 50 ER A 4 A AN 2R A F P A
AB135-S ®I & T 73 #1 X F : Mettler-Toledo 2 &) ¢
s KQ-250B RUE A G vE 28 - R\ B A (U8
FRA R =&

B-CDs: k24l p EEGER LB AERAFA
A= HP-B-CO MR ERES M (1270 5 &
RSN SS B 45, A BE>99. 0%, A AR (1~4)
NS 1800 F il 45, B 41HE & (5~8) MR
B8 5% T H#%; HP-3-CD %1 B8 7 (9) : USP %i#
H4r%, BA wako AR =&, RERMBHA €45
iz
1.2 XBHE
1.2.1 HPBCDe#g#alz HP-R-CDHERMAE
B EE 43 A6 B3 Clucanu % AU (38 JH — SRk
P A 7182, HP-3-CD £ 7 B 224k L K 2
LB R Z Btk D— BB LY, A GC-MS
AT . GC-MS %&4.0V1701 EHEH (30 m
X0.25 mm), BFHR . BBBE 150 C,LL3 T/
min FBZE 250 C,{&H 10 min , X HE SR, EI
BB TIHRET0 eV,

1.2.2 E44e#&5En BUIRMBBL(CP
FELOMA 25 mL 0. 04 mol/L HP-3-CD I #  , 3
fMA 2.5 mL 0. 04 mol/L BB GI (Lh B0 I Wi, B4
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JERETH S LEEP 72 b, B 4 CKkAR
FlL2h, BUHBEMBEHRK. REBER.ZEBEBRS
HP-3-CD %84 B 4T 850 — AT WO AR . #
RKRBBELHTREAESWEREER. 45 B HP-g-
CD.Z#4 HPRCD 5&%& 1: 1 REYMERY
HATLLSM LR .
1.2.3 CD 5 ®mskAEFHME REWKEH 1.2
mmol/L # B-CD Fi HP-3-CD & %& ¥, B 0. 375
mmol/L By BRYE W 2. 5 mL fl A & 54 W (2
mL), R 54 B A 0. 04 mol/L BRERGIB W, I =
BFKERER 25 mL, BIMBEEECTHRE
(500 r/min,72 h), f# 43 F iR R B3k B V8. 7E
550 nm bMIERAE, h THBKEGE LA,
I B Ak TE VR AL, R b AT DA B AV VR P I S B B Y
WEE Copy - AN FIE B W CD B BRI B E ¢
i CCD9EE:.F9

Cpp = Cppy T Copcp ’ ¢

o = Ccom T Crpcp ()
EAERL 1 1 NESYRREFR K Th &
3 itEHB7.

¢ Cop —C
K = PP—CD _ PP PP (3)

Copgr X Ccop Cppgr X (Cep ™ Cop - Cppyy )
1.2.4 CDsWAu#EFHME CDEHHEL
WREFRhHSAEWHERERNE. 8F CD &
BWATHIE 2,4,6,8,10 mL, FMATEM PR
1 2.5 mL $£# (0. 04 mol/L), i £ B FKEAF

25 mL, B BIK R & W7E 30 C T H H (500 r/min,
72 h)EAFIRF R ALK BB S . 7E 520 nm
bW EROEHEE R TR A4S CD 8157 520 nm
BREEARE HERIM IR TR ELNE
B, 2% MWHEREHKEAIARB 118
&. BBEHH K 1 i1 Higuchi-Connors &8
B/, UEREFEKERELER 3 K.

2 #XR5i3

2.1 HP-p-CD H& a7

HP-3-CD W& {5 Sl X Z Btk D—# %
WA RS R#ETHTEE. EETFEET,
LB D-HEH A EA RO NERNE, o
MERALE L. BEEWNENIAFSUENR
H, PEBEET BREBERAEC2MLA:R
WEET BHAEFESIACEMAE. B AT
RETLAE A GRS 2,3 R 6 LB
MERE AT T 1, BRRERF N TS
TR, XEHT,SBKET.C2,3,6 fiEEE
WBE, B F C-6 dras [ AL BB/, U BERY 5
MH, 5 C23 B EZMEIE. BHKR
2,3 (L EREEN 6 MR ERBAE LAERT 1,
BRAEHBNEPRE?2 M. BAERBEKET.C
2 PRI PR R ORGSR E B R AT
fim. XRHERNEHNS BAREREHWEL.

£1 HP-H-CDHERRESHNELREXN K E
Tab,1 Distribution of substituents and the respective relative DS value of hydroxyl groups in HP-B-CDs

B 5
A4 B 4

Rk 1 2 = 3 4 5 6 = 7 8 R

DS(3) 0.18 0. 50 0.57 0.98 0. 88 1.18 1. 90 1.98 1.43

DS(2) 1.24 1.53 2.51 3.24 1.59 2.97 3.61 5.10 2.85

DS(2+3) 1.43 2.03 3.08 4,22 2.47 4,15 5.51 7.08 4,28

DS(6) 1.78 1.92 2.78 4,48 0. 66 0.91 1. 67 2.20 1.25

DS(2-+3)/ DS(6) 0. 80 1.05 1.11 0.94 3.73 4.55 3.30 3.22 3.43

STBRRE 3.21 3.95 5.77 8.68 3.14 5. 06 7.19 9,27 5.53
2.2 IRSH 7 A ST IR AR5 1 737 em” 2b R BRI L 1 (45

A1 R M Bk K B Bk — HP-3-CD B & ¥ R 4.5
K. WLAE IR S Y s BE R B B
HP-3-CD & 8 & nfy 45 £, 3 380 cm™ & HP-B-CD
REMME R, ERSEE R ERE D, B

WEhig,1 611 #0 1513 e BERTRIEZE, 7
BEEYMLI RGP RAEEXRBR M RE,
P53 B LY DR B K A 55 . R B 2R A e 4 i B i 4K
REE EMMESEEBED, KBRS F LA
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433 A HP-B-CD 75 & (AR » #5843 R 30 A B 3 22 3 1

e 2% HP-3-CD fil,

“\/MW
Wﬁ”f“‘v/

3500 3000 2500 2000 1500 1000 500
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1 H®E(a) HP-p-CD(d)RHBEEHM(DIMESY
(c) RO LT oM e
Fig. 1 Infrared spectra of phenolphthalein (a}, phenol-
phthalein/HP-§-CD mixture (b), complex {c)
and HP-$-CD (d)

2 230 A 34T — HP-B-CD H & M4
S, BB RS Y (R BT A HP-
B-CD R BB, 1 712 oAb K S4B 45
R, 1 601 e REFHERIRFE, 1 366 cm” AL
TR H R, 54 B4 A6 R B R HP--CD
B W, 34 FF LT 9 K B4R & 83 AL HP-B-CD

SRR, LSRRI HP-3-CD = R SR,

3500 3000 2500 2000 1500 1000 500
B Hom’
B2 BEL(a) HF--CDAREBEWOINEEY
(cIRueLsh kil
Fig. 2 Infrared spectra of methyl red (a), methyl red/
HP-B-CD mixture (b}, complex (c]) and HP-f-
CD (d)
2.3 T RKESH
Mk HP-3-CD R “# AWM R — TRk
ERE 3. AREEBRFBRRURLAHETER
. B BB E T ER— AR ER I E
550 nm AL ER K. %A HP-3-CD 5, &4
Bk 5 HP-g-CD Jd 1 44 71 R @A Bk f A,
BEASTHANLEACDNEER JERES

MBS THR. BB ARIE XRERE K5
FRA, I SR 550 nm 4b % i A » 3 Al 0
W 4 T 55 T L IX B 2R K W] HP-g-CD AT iR
SR BRI R 4 9. HP-g-CD 7£% 4~ 1 4 1
PMERRA IR, 3E AW 550 nm Ak 9 TR 6 BE, T
DB T R R T AR A B B B 9 L T

BREIAZAYNBRETE.
1985
1.588
1.191
~
0.794 .
a
0397
R A
200 330 460 590 720 850
¥ t/nm
B3 BEk(a) HP-p-CD(c)RHEEAW(LIMES—F
T i e

Fig. 3  UV-Vis absorption spectra of phenolphthalein
{a), HP-§-CD (c) and phenolphthalein - HP-
p-CD inclusion complex (b}

R HP-g-CD RFHEE AN ES—TR
i RE 4, HP--CD MG ERMRFERT 0. H
EOAEBEBRPULCHEFERFE, HEH
N EEAE 277 nm H 520 nm LbFEAE BRI
520 nm Ab 2% 7 B 4L B BT T L HE AR R B9 R thi
277 nm b RBEM n—>n" KT, FELMAZ
HP-8-CD %W B 5 , 5 B0 S 41 1 38 50 W s e 88 55
FHO, XWIER T HP-R-CD i 5 F RO ME R
HEREAY. ;i THELE 520 nm KR YOI
WA BRI R E A Y SR, B AT LAE A R
A TR B B 5 FLP-B-CD XF B BE4T RS RCR L A

HBEREENEESYPRERE.
2.0
1.6
1.2
~
0.8
0.4
0 L .C A .
200 330 460 590 720 856
# ¥/nm
B4 REL(a) HP-FCD(c)RHE MG (b) KIS —

R0 OB M e i
Fig.4 UV-Vis absorption spectra of methyl red {a),
HP-B-CD (c) and methyl red - HP-p-CD inclu-
sion complex (b)
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2.4 BEERBERSW

B #E 3KE CD 5MBESYHRE R BEL
Es5. A BRAKNBERHENRAKR, B@EHHE
BEERREMEFATN TR, SRESRNBEERS
TREHFEFEFOEIL. MRBET.BAER
X B BK A4 4 IR B RE JT RE L (ELBT 4 HP-B-CD M &
BHEF &4 p-CD., BPEMSI AT LT E ¥
m CD X &Z M4 FRM: —~FHERESERS
ERLRH, R E AR KSR BREAYHR
EEBH—FTHEHEREAREEKRT CODBKER
MR, RREREZS5FEREREENILE. B4
EERS CDERNEAYNRETHE R, BEK
B FaFEK, e a8 CD 38, Bk X+ HP-g-
CD ki, =RINMHENFEWMEXR, FRESYNEE
WAL, 3F HBUR BB, B e W UK

25000
22500

—e— Group A

-?__: 20000 | —:—(Ciggltl&l?
g 17500}
= 15000}
s 125001
# 10000}
7500}
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0

0.1 2 3 4 5 6 7 8 9 1011
DS
5 BE5 HP-pCD EAWNBERY
Fig. 5 Stability constant of phenolphthalein inclusion
complexes formed with HP-§-CD

WIEAHBE B E LK, &3 Higuchi-Connors i
BHEBSBCDEREAEAYNBEEHNE
6. PR EN LA A ARRMREFHE LA,
TEBRE 3.5 EABRIBK, RIGEH T ;B AR
mil—-BE28 A ERRE 6.8 AL B A AR
MPREFE. EMBEEAN, HP-3-CD 5 R &4
EAYMBERIETRABCD ERELEEY
MiEEE. FEWMEREY FRAMAE S TFHE
L EREMNE _MEW. NESEEYNEEY
BghmGE T ESHA, B T E AR, X
EWNF A SRR A A8 RHBRARER
FEHMAATE C-2,3,6 R E, XEEF MM T
2% J B R FR X {8 2 ) 5 BEL o 2 BB G L BB IR R 9
R R R E M B, B RS SEHE BB K,
R BURE RIS I A = AL HEH G T
ER.FEREFHSB TR, BIMAES S £H
HEMTFTHERCD, BARAWERNELT TS

HRAE C-2 fir, R N B AR XEA 2 5938 = e i 1k
BLEMBBARET S FEAESURNERE R HOE
BT Adl, RL2ME T p-CD. {HEEH B
%, B W A 1 B S B L A9 AR BOR B A
HERRE 6.8 £AABEDT ABAHER. MEEMLS
FREROEGYRNBEEEBME TESHWEMUN BA
B AR TR R A Ak

4000

3500} —o— Group A

3 —a— Group B
o~ 4 control
= 3000
&

g 2500
- 4 2000

-

® 1500

1000+

500

0 1 2 3 4 5 6 7 8 9 101
DS
6 RELS HP-CD EEYNBEEH
Fig. 6 Stability constant of methyl red inclusion comple-
xes formed with HP-§-CD

SZAXREB . BT HPCO WEBERER, X
FRAWEFRN IS ETEREEY. B4
YREEE TR CD. ¥ TRAANWKEZF &
HP-3-CD F 4 19 4> F R 3 Bk 77, 5 B 2 B BE
3. 574 U ZEF- #3437 i) HP-B-CD, JE % 3& & ML
FAF /NG F B K P i 4 F iR Ao 10 A
3 & iE

BN R — B E AR R T E T HP-B-
CD ¥ dh B B BE R 2 40 4 IR T B
FEREEC2HMAARBEKET , RAEEES]
A C-6 i . BEBUESBRA BB AT 43 BI4E h KL NE
PR 5 HP-3-CD [, JRLL A A1 4 Ah — 0T I 3%
BRETEAYHERMESGER. UEAYRE
BRI AR BT E-B- M (HP-3-CD) i 4 F
WHIREHAT TR, AL EEA IR TR
MESYHRENE, S REW, MNRXWE &, HP-
B-CD YR 5 B8 1 & F & f& p-CD; 3¢ 8 /b 9 & 4%,
HP-3-CD % 58 #5> F IR BIRE 7, 45 DI R BUR B 3.
5 A4 BRES A FHIM HP-3-CD 5% K44
8 E B BUR K F Rk p-CD.



30 £ & 5 42 H H R F # % 26%

% % 3L #k (References) :

[1] Szetjli J. Introduction and general overview of cyclodextrin[J]. Chemical Reviews, 1998, 98. 1743—1753.

(2] EME. FHRAFEIM] JUR B R, 2001,

[3] Buckingham A D, Legon A C, Roberts S M. Principles of molecular recognitionf M]. Banff: Blackie Academic & Profes-
sional, 1993.

[4] Del Valle E. Cyclodextrins and their uses: a review[]J]. Process Biochemistry, 2004, 39: 1033—1046.

(5] #E.2EF ATE, % WERHE (1605 FHHNEEFEESERHIED]. K& 5EWBARER,2007,26(1):33
—36.
CUO Bo, JIN Zheng-yu, ZHOU Wan-li, et al. Spectral Data Analysis and Identification of Glucosyl(a-1—+6)p-cyclodex-
trin[J]. Journal of Food Science and Biotechnology, 2007, 26(1): 33— 36. (in Chinese)

(6] BE WXV, HFE.%. pPANKOLERREZMOERRZAED]. &R 5EWHE AN, 2003,22(2):67—70.
FENG Lei, TAO Wen-yi, AO Zong-hua, et al. Studies on inclusion complex of volatile oil from rhizoma curcumae with 8-
Cyclodextrin[J]. Journal of Food Science and Biotechnology, 2003,22(2): 67~—70. (in Chinese)

[7] Szente L, Szejtli J. Highly soluble cyclodextrin derivatives; chemistry, properties, and trends in development[]J]. Ad-
vanced Drug Delivery Reviews, 1999, 36: 17—28.

[8] Rao C T, Fales H M, Pitha J. Pharmaceutical usefulness of hydroxypropylcyclodextrins: “e pluribus unum” is an essential
feature[J]. Pharmaceutical Research, 1990, 7;: 612—615.

[9] Stella V J, Rajewski R A. Cyclodextrins; their future in drug formulation and delivery[J]. Pharmaceutical Research,
1997, 14. 5560—5567.

[10] Buvari-Barcza A, Barcza L. Influence of the guests, the type and degree of substitution on inclusion complex formation of
substituted-p-cyclodextrins[J]. Talanta, 1999, 49, 577—585.

[11] Tawarah K M, Khouri S J. An equilibrium study of p-methyl red inclusion complexes with a- and p-cyclodextrins[J].
Carbohydrate Research, 1993, 245. 165—169.

[12] Pitha J, Milecki J, Fales H, et al. Hydtoxyprbi:yl-ﬁ-cyclodextrin; preparation and characterization; effects on solubility
of drugs[J]. International Journal of Pharmaceutics, 1986, 29(1). 73—82.

[138] Ciucanu I, Kerek F. A simple and rapid method for the permethylation of carbohydrates[J]. Carbohydrate Research,
1984, 131; 209—217.

(FHE%SH Rk HA)



