


P 78 ¥

ARG__062 Wy
upc____ %9 BO78004404 ..

B OE B ¥ B
et VAT I VA

BRS BREBHE

| 3L}

1]

L5
kéjzﬁg

HZIW. Rt HHA

BRI S

AR 224 ERE WK FH4LE
WIXHRAEHS: 20008 6 5 11 H WICABHEA: 20004E6 H 19 H
FAETRA: P EB BRI FE RSB

EREBEREER:




BB BRI W 418 % 2000

M

DTV FUEN - ANEETE. ©RA T A B L i R
CLr T IRG G B A, v ih & R S I W L B 5 64k U SR A B 7 B 8 ik 7
TEEYT . EIRE S, R %5 A KSR H U R NS DG ER
SR AT H . ACRGENE T RSN LA T 1010 54518 F8 4 16 i 2
RO T ICILVE RIS, LUK 5% e AL 2 I MR SRBRS 78 90 TR SR 92 o g %
ReRUL. IR E Y30 T BB ITR B S — B, B0 R R 3 4 R A ik 4%
PEM SRS AL % U B2 B, AR MG T B A i A R B
TSR TT AR RV 5. AR TARRT LU R B3R 40 HEAT T B 5.

F# LRGN MRETOC LSRR BRI SRERPR

s GRNMEIET B 05 S RS — A SR B R E T A e
& TR MR C-6 A1F EMABIREHTEY (DMAC-CD). Xti%iha
KT W R G OCHERAT 2 R0 5 TR BIVE F AT T80t R 4. 4
R, LB YR ICAT 29 3R Z AR H0 T T 3% 2 4R 7 7 Ak R 485 (9 AR M
EAENREB P E I “ B0 MRTTEIME%E, (8% 54k |
—FNIGERR IR B AR 45 & 1 S 8B /REIBOE . CD W, 3155 6.
MR E R FINMREF R TSNS CD WiEd, 35 «gue”
WEDTERITIRE “ =0 B4REY, WL —RE K X EE N
FITE Rt T HLZs.

= BT BRI REME AR EE AN R R OB S B A AT Y, IS dE
B I B-CD/ B R 4 T IR & R R AT T LR HIST. MR I8 e kit
it R ARUR NIRRT 925k, MMM SR # W E R, 33t -
IR RSN AR RAL 2 TR SN RARE ., RRELL
SV LS RSF LRI A BT R RO . BT 55 B e i 47
AWZAFHAT TR AT S . SREW, B/KRSER SRS
BTN, BED T —REEAL CD A2 S5A 51 RIS RE
JTCBLERR,  MUEEA BIAT - BN, B CD BN AT F %,
EEEZMGKE T AEAZESS, B4 CD WIS MEL S CD e, Fnt
R, A HE AT ER BB S CD Rl “ A4 B4 A4a
ARG 00 7 5 AR B MR IR IR T2 B B 45 ) L A R 85 5 B )

=BT AN SRR R e E B B RER AT A . R RS A B S R )
TP BT ARSI T LA REART Y LA & b 3R 25 4R B T ) B w5 2L
VISR SRS FRMMIER. 82X, BRoMS%E T, 74 CD MK

I



oh [E R B AL R R BT 8 30 2000

REMAMELEERE THEEAENESRFPEBTE R, #54
EHIA RIS, BERETFHREREEN S LE LB NRF 8 =
PR B8 AT LA 2 R B B SRR 43 R A A A, DR T 5 3 U B 2 )
SHRHBERRKNGEER: MERREGHANKESIESCRE TR
ETRNOEAER, ENZEGREE RS EHERRIE . %
IR B A1 () ER RIS T LA Ay 397 00 5% S 4 3 OB 38 I 5 IR B 11 1 4 )
BT, Falg cu”,
B BB TR BRI F R R AT T B A RN B9

— BT EA 13 NEERRKRE RIS Y. B %K L
R O EAT N LA R BRBE S M LA BT 5T, B B0 LU b B R =
AMEYFES TARFE SR FHSE (PED), BRX—idfAERZUM KT A
JSUI pH fH; B ER F R T8 S 551X — PET i #2.

= RIS BNFHERBCRR XA IR L £ 2 TR S W R b, R R
. RIEHIE R 'H NMR S FBIFAIR T 4B S WIE A4S 7
SRR EFEES TR EER. SREH, BAERET HPO,” &
HSO,” AILLE = R HIBR R AR AR 454 F M E X AR S YT S 3 144
TR R, TERREREREREE. WET EREREY
FIRSE B HONLF R, Xt = R BRABIR S 1 B 7 2 14 A 0 45 1 A0 34 31
TEREAT THST, B2 T AR : 2B &4l RERI B A2 7 A ST =
GiRRY, = EFIEBCIRS T840 F 77 LUIE 4 9% 6 44 2 sk 98 o #2. Hh
U SRR 1 T = R BB BUAAR R 2 114 4 Tt 1T LAFI & EURRAR B
FIEFETEMGS 5 T TR E k5 FIRIBOL & 4 3.

= ERT ZERMBERANERANEHATEY . SEENSWERR DK
WCHIEAT Sy, UURZEEFIRMER pH ESREKEWHET TR, GRE
W, RN EWIER YRR T HTN IR — R R GHIE, 2w
AR TEAER T B A R b X 5% 7 RGN E S
i, 7 H = FHREUCPERAFEN: 4%BUEWIEANRESF 5 MK
Bt DNA > FAERIR, St MMEBIAMUATAE DNA 4 THRIEST S5 2 44 40 - Ja)
WIS 374685, T B8 BN ZEm¥FE 2 ) DNA 4 THIR FHBILZ.
LR TAE G — LT RA S DNA 2 FHIER, FREHEERSEIY
P LU RMAEROECHE R O IEIR L T EEM S £ %R

11



FEA BB FE BB 118 3 2000

Study on Synthesis and Properties of New Fluorescent Chemosensors

Ph. D Candidate: Hongzhi Xie ( Organic Chemistry)
Directed by: Professor Shikang Wu

Abstract

Molecular recognition, as the base of molecular transportation and enzyme
catalysis , is the one of main branches in supramolecualar chemistry. Fluorescent
chemosensor and ionchromophore, based as the molecular recognition and spectral
response, have been designed and synthesized to be used in biochemistry, clinical
medicine, environmental science and the other area related to human health. In this
thesis, the progress of molecular recognition base on cyclodextrins( CDs) and the
study on the variation of photo-physical properties of fluorescent molecules which
were complexed by CDs were reviewed in details. The recent study on the
fluorophore-modified CD derivatives used as fluorescent chemosensors was also
included in this section. On the other hand, the new fluorescent chemosensors and
ionchromophores for detecting of anionic species is also one of important areas in the
molecular recognition, the development and feature of artificial synthetic receptors for
anions were also reviewed. The feasibility of developing chemosensors was discussed
for anions by which induce the variation of optical spectra of host compounds. In
present work, the following area has studied.

Section 1 Design, synthesis and properties of fluorescent chemosensor based on
chalcone-modified cyclodextrin

1) A new fluorescent chemosensor, B-cyclodextrin derivative (DMAC-CD) ,
which was modified by a N’N-dimethylamino-chalcone(DMAC) at one of the Cs
position of B-CD with a 1.2-diamino-$,8-dioxa-decane chain, was synthesized. The
photo-physical behavior and the molecular recognition of this compound were
investigated by fluorescence spectroscopy. The results show that, the chalcone moiety
of this CD derivative was located in the less polar CD cavity in the aqueous solution
and a “self-inclusion “complex was formed which gave a higher fluorescence emission.
When the guest molecules such as 1-adamantanecarboxylic acid (1-ACA) was added
to the solution, there exists an “in-out” movement of appended chalcone group from
cyclodextrin cavity, leading to a decrease in fluorescence of DMAC-CD. As for the
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long-chained guests such as cationic surfactants with different length of alkyl chain
added, they can insert into the CD cavity as a spacer to form a ternary inclusion
complex with the host molecule. Thus a new host-guest mechanism was developed.

2) A comparative study on the fluorescence behavior for the chemical modified (3-
cyclodextrin appended a mono-N,N- dimethylamino-chalcone group (DMAC-CD) and
the non-modified B-CD mixed with free dimethylamino-chalcone (DMAC+CD) in
alcohol/water mixed solvent have been carried out in this section.. The peak
wavelength and maximum emission intensity obtained in fluorescence spectra
indicated that the inclusion behaviors of above-mentioned systems were obviously
different in mixed alcohol/water solvents. The solvent-induced multi-component
complex formation and dissociation and the effect of polarity and size of alcohol used
on the inclusion behavior were also studied carefully by the changing of composition
of mixed alcohol/water solvents. Result indicated that the self-inclusion complex of
DMAC-CD has a higher stability in above mixed solvents than that of the DMAC + B
—CD system. The obtained results and the observed phenomena were discussed in
details.

3) A series of chalcone derivatives with the different aza-oxaalkane linkers were
synthesized. The interaction of these chalcone derivatives, DMAC-CD with
transitional metal ions were studied by steady state and time-resolved fluorescence
spectral techniques. The experimental results showed that the fluorescence of chalcone
derivatives were quenched by transitional metal ions and the quenching is contributed
to dynamic mechanism, and the quenching capability of metal ions is accorded to their
oxidizing potentials seriously; Since the complexes of chalcone derivatives with Fe’*
can be formed, their fluorescence quenching is resulted from both of the steady and
dynamic mechanism. As for the chalcone-modified cyclodextrin (DMAC-CD), the
typical steady quenching was observed upon addition of transitional metal ions. This
chalcone-modified cyclodextrin can be used as a fluorescent chemosensor to detect
transitional metal ions, especially for Cu*".

Section 2 Study on fluorescent chemosensors and ionchromophores for selectively
recognizing of anionic species

1) A kind of open chain compounds, which contain three, two or one naphthylurea
groups, were prepared. It is found that the photo-physical behaviors of these
compounds in DMF solution depend strongly on the molecular conformation of
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2)

3)

them and the acidity of solution. In the same time, the intra-molecular photo-
induced electron transfer (PET) process between naphthyl group and nitrogen
atom of tertiary amine group at the tip of molecule was found and this process
strongly depends on the acidity of solution. It means that this process can be
reduced by protonation of nitrogen of the tertiary amine group in tripodal
compound.

Based on synthesis of six naphthyl substituted urea and thiourea open-chained
compounds, the interaction of these compounds as host molecules with several
anionic guests in molecular level were studied via absorption, fluorescence and
'HNMR spectra. The experiments show that the anionic guests such as H,PO,”
and HSO,” can form host-guest complexes with tri-podal urea or thiourea host
molecule with a good selectivity and lead to the variation of photo-physical
properties of these host molecules. The stability constants and stoichiometry of
these host-guest complexes were determined. The binding manner and possible
structures of the complexes were proposed. The results demonstrated that both
two tri-podal naphtyl substituted urea or thiourea compounds can be used as a
fluorescent chemosensor or ionchromophore to recognize the oxoanions with
higher selectivity.

Naphthol substituted polyamine derivatives were synthesized and their photo-
physical properties in solution influenced by solvent systems with different
polarity, pH values were studied in details. The experiments showed that these
kinds of compounds have only one fluorescence emission band in less polar
organic solvents, attributed to the fluorescence of their neutral form. In the
aqueous solution, however, these compounds have two emission bands
corresponding to the fluorescence of the neutral and anionic forms. Upon addition
of ctDNA molecules, the fluorescence of these compounds was all quenched and
the obvious difference between two fluorescence emission bands was observed.
The results indicated that not only a photo-induced electron transfer between
DNA molecules and naphthol groups occurred, but also a proton transfer between
them was existed. Based these properties of the substituted polyamines, the
interaction of DNA with them, the energy transfer and substance transfer, and
which induced the variation in photo-physical properties of the these ligands can
be well studied.
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HMEER. &8-mHEAER. E0RSEARIKSFIHA . 4BER B HEED
R 5 Be AR A LA A S0 A B KRB 5 T X — B e E T
2o HElX —SUs PR EBEFES TR o FHS7&1E =15,
43 iR AT AT LU 2 AU An3Eat, o Ext F v mik B fS g &M e R
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FEOT LU it o v A e = A A 18 4 2 (5 R F 3R LARs i, Hpok(s
SHERSETEEMES, KB NH RN % §UX 28 (Fluorescent
Chemosensor). it FRR LG KBEM S T EER, HA AT
FAHUTILAFE: (1) HERSMRSE: () FFLWSTFEEHTIT-£
REs (3D mTUARIA e A HoR S L4 i sL i il . 2 2 TEME R R
BT AL IR B8 R FE A 0] F LA W2 R JERCEMEHE . Hik, 0 TICT & ¥,
BOEGSYRAMER YA, ERTRN. AESRTFHBNRTRENY
FEORA S FRIC R BT E A D H TR RS W it

RKIGWFBRED T ER—RE Lo (1) SRy i 852 M43 4
(receptor), ERFTHANMLEEEH ST, (2) REHE (chromophore) &4y,
ERBTRNETHE: (3) EEREI S BB spacer), B RTTERE
REBAMEZEREN: (@) FSEWINEHD, CEIKRDFIEN 4 T 2R
B RCAE SR NHVEA . 8t 7593 F /K P b8 i 2 A4 28 o )
T, ATLA BRI R E S AR

P2 BB AR R A B TR R S WL F IO R RIS TR KK
KR, AR IEAR YR BT8R Z X (a7 B B & 4 e il [ £ R 4 T A X — S )
RSB KM G, X — AR 2 02 APk N 1 & 5 fE AR R 1A
R. ATHEA GRS MEEEERR SR EA ST, DRI AR A
MRS R SR el LA & TR A TAE SRSk
T LR G BB MRS AR P T BE R S B &80 h TR R s (L
PUERS . FEXTAATR W ERAT A U R BT 4 RO B T R R S RE S
HATTER IR
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HHET r AR OEAREVNREHURYEANEAIERNEE S, MFishEAAN]
ERHINE, CHRABSFHFN—DNEESLR2-5]. BRI AR N £
SMEKRIM R T — MRS TEES TRSHE/EAME TR, Wk
TIEELEYRI THRUNEAMZRY IR —HIERNEM(6-7]. SHHELEE
PLoFRIRE S, MHEIIGEFMERER, R SHNAT49. 8&.
1% EPHRY. LS AR RE T AL[8-9]. SCHR & X ks 78 & A4 1 1 A
MR REHAT T IFARER . HPEERBL RN — R 5R[10a], #iE8
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e F it BFHR[10e], HHEILIRVEST ARSI [10f], 300 8 K KA1 4:
YIXNE LN H A IER[10g], A THRBIEE(10h], 28R R N F[10i)
FR RS Z B M[10)]% .
—. &R
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ZHE. Villiers T 1891 £ F KR T HRIKE[11], EEHZ] 1903 4 Schardinger A
SPEATRG M BT B AT T A HOE[12-14) . B E RIS BIFE = 11 6-8 4 D(+)-
merbE R T, Wi 1, 4-BEEEMETR, MK a-, B-, Y-SREIK, H
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¥ 8 7.5 - 83

Figure 2. Structure of the CDs and schematic representation of the cavity shape.
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TR, BHAEM 5 A (a-) B 85A(Y-) A%, TiEEEEL N 8A. T 7
R TR HRIOE R, g E (EREEN C2 Ml C-3 L) LT
PIKNOAE, TT—HREMT R —wmi/hak. HFARBHAEEN C-H 8
HMEEF AR, mEEE s, FHAMEREANREEMR. SMNERKE )
BE[15]. BIAMBEMNESRFASESRK, Hfha-, B-, v-HBMSREEHE 2,
6.5 F1 12 DMeEfRK. SRKNAESET o -FEK DM BRI, Hifia-,
Y-S AR K R VIR R, 4 107 mol dm™ [T v - B AR A0 T
2x10? mol dm™ [2-3].

—. A4REAYHERMERIL

AR RES TS R BL 5 BC S 00 BE 7 /& Pringsheim T 1930 &8 R A HLRI[16-
18] HABAKE AI/KEEVE A SL A IS X IR O R 1. SE RR PR A AT 1) &5 -G 8 ) LA
T 3o AN [ B A LR B A A P A6 2L R A AR I AR S AR 21 [19-22]

KB CD AR SYRERE S 20 FafME RS E 5513,
15, 21-25). i8I (1) HAKAHBAER: (2) SR%Sa1FER,: (3) it
AMALER: 4) W CD AEBKE K. (5) S8&RYERD CD Bk
Be. RMARERIMIER T, IR EN R ELERSYHRE L RE
B, BSFRAE S Ti#EE CD WS SIERB/N, T2 CD AKX
K FEFERORB T EENRREY. R, REWHRE N X kE T 8%
FAGHBHKFFE. Y98 ET AR asE, Hir2Emilarkeatt. &
FRNAA2, 3, 25-28]. Pk, {H[29-30)LA Ky #E 3, 3RS RETN. HE
HEATUAFMEAMBSE s FRERBER GBS, Hdor
T % 148 H = K ARBCAL RE RT3 ) F P R

T e MRS RIBCAL R N P A S 2 ik, ®HBE RS ERD
[32-34], HTFWRWCHiIE[12, 35, 36-38], A - f0i[39-42], Rl (FEAR
Ya[31, 43-46 RN 8] 43 #9266 18 [47-50], ¥midLIR(22,511 L 7 B HESLUR(ESR)
FE[52,53,151, HAH[23, S4B AHEE(SS, 56], BAEHYK(57], pH AAAL[35,
SS)RIES Fik PEFAR[S9), WEMRALIL[2S, 26)F1HLFVL[44, 60]5% %,

FERXEL T vEAd, Gk R AR AR e A O ) I H Y A T I R
5% ESF RN EFRESYVFEEE. MRAARRE FNSEH FEEES
PR HE L, 4 Van't Hoff AFEQIE G AT Lo &8 IS AT R N I (3 thRE
BA(AG)s X —Hl AL AT LU RS R kil e, 00 B AT DLR 6 (8] 0 #2
VA T8 L R ) R B T SR A s N S A s . AR CERIRE M B 2 A
KEFES TSR OERGIER, mIBMES 7l T8 Uv-vis ik,
RIS A S Al B RN, WA s N A — R R R

NMR i EiEm el LR TR E A S B A0 1B 4R S¥ 7
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vEBt. BT AR BT SGNEA L. REZES TE SRR T
FABHZELSMAFENIKEZ BIRRER, o LLE 5453 THBEER
ZEFH. NMR EMI R R A BERNE ARG T mmssy, mET R
H % F NMR SR 4 'H-"H #5555 NOE N kT AR 5 & 45T 1
FHERBI UL R TE B & WIS . SRR RER R BUSMR, 0 B e a2
ERITARHE . ESR %M THE AR5 A i E R R TE IS S W P& 4
AR R ME—n] AR ST A RIS 55 8 e R0 2 A4 P i g R v

B i (CD) EMRFI IR R T RIFRITTE. BT BRI 5T
FERAGFENRE, SHETFUHEES FEANRSEREARSIFR_ARES
RAAW, XA LU E T B SR S R, T — R AT i
WK UV-Vis Rl & g |,

PR AR R RN, B PR (ISE) M pH AR EEREERAS
HWIRE 5 e e A 2 (e A AR R AL E M. ISE R AR T LA
EMNERBEWP RO TS THRAE, T pH HlEE HFEMITE 2R
FAH, AREREEFREMEEAERNER.

B4R RIKIERIE A LU F TR UM S F 1 40 F U OME R . I m
ME R LR RER T MARNER, BENNREOENESRT TERY
TR AR FEERIER, WAL 3 € &0 E KA RS IKE.

FASTE L R PRV VB B K AR IR NI R TE NI RE JS R AR, I ER
BAS —meEA S 7E, Bl K R N ER R, B U EE
PSS RYE AR T M. Bl 3-TEAE LR e K AR I ML AE I AN AR 5 A
BIR, TEMAGRIGRR )G, ZKRRNE N SWHAE, RIERIFBRRT
BRSNS FAEINEIER, AR T LB IR 5 E&RIRIIN & &% 4

REAWHALR VAN F ST UUEE 2 M ARE, 1
FARESS I TE AL B YIRS LAR S RIS S . AT 'H NMR AR UAT
WEAWRE G LTH RS J 2451k l61]. MREERBEY, LT
FRIFT(H-3, H-SPHERRGHFER NMR E5 m@E@giB. 5—HH, WRE
GRAEEZERSME, H-1, H-2 LUK H-4 8 F 2 2R8I . °C NMR
WHENBLURERD P REENE A CD SRR T — SRR T
H. HAf NMR FB. #lin 'H-'H ONE RN AHX &R H CD B4 THEN
T BIHERA B o U B T L AR TR Y B R Bt LA R B[R] 43 R A T R
X BRI TR BB RS AR5 ) % v B 2 3E % R A M43]. R,
BCE MR UM R AT LU ) X-H AT E LI E . A, X—AEATER
RILABT, XREARE CD BEESHMARE —Erl%E. EH—X,
B il (ICD) AN BER AW ST RN ES EENEUNTFE.
HEHE, Yo r s THmsaE e, ER-E%T BB HEKRN
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55, MHBEESFrERSIHMBENIBRMETITR, 83 —NEES: M
f, HEAEK, RIE CD & ERIHA—NES[62]. KRNEMFHE_—EIEx
it CD EEE&YMHEE, EBTENZXMFES CD FiE S R NLKR
B, AFJLAESHNERE e ESHEmE —ENER. MHHER
MBS N, ARKMZTFEEANAERLESERE — eSS F 2R
. BRATTLLEE 7 F 50 E, CARB SR E T LRE I LA S
B — i 5 R I E & A
=, IR GRS BA

N T CAERREEEARNIhEE, R LA R L 2 00 N M R
E EMESR, AU HITI B, AT ER & B A AR R
AP0, WMETEETER, EIWES TSRS, HEEERITE 2 1M 3
EATERBEE, T 6 A —%RE, MBS FHTHATEERERE T C2
M C3 BEEs FASEMETERIEAT NEMANEKBRIER RGN . X—
FTAREMEEERG AR B HEMNEE N TH. ENEHITARREL
FIEER, HAEZROEANEERBEMSER M MBS & AR R E
YIRS . BEAENR LSRR, ERNMVIERBR, EHRET RN
FREFEMEAE M AFERE CRIE, UARF =B . RS TR EER =M
7RE, Hd oy LR RS CAFEEEEWETR). 12 EHEERYE
Bo®, 3 A HUFRIE B A i) BRRIHE S 0 T AN B R R 7 A O 1T A A 1B e
(63]. FTLAE—EO T, — A EilflAsE EH 6 7 LiiHE (F3 /D,

I: normal reactivity, weak base( e.g. pyidine) > 6-modified CD
and a non-complexing electrophile
II: reversed rectivity, strong base(deprotonatel 2-modified CD

/ and a non-complexing electrophile

III: reaction via complex formation 2-,3- or 6-modified CD
use a complexing electrophile or mature of the three.
\ IV: protect a-position, any base > 6-modified CD
any electrophile
V: protect 3-position, weak base > 3-modified CD or
any electrophile 2-modified CD

Figure 3 Overiew of the methods for modification of cyclodextrins.

5




