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CHKBEBTEETIN “ B METENRIEN, B 55 MFm 1
— SRR SN SEERFEEE CD WK, 31E% RS,
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ERRE, BT REHAR CD Az PH 504N B RESSRR L
TTREKHR: MUAMETEER—EREN, K CD BAME AR T,
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ETHEIUEAIEM, ENZEREEKTEGTEHSFRNE. &
IR ERAE  B) SFR S T LAFE S 37 B 9 e S U B3 B BRI FE R U 42 TR
BT, fFFAE Cu',
B XHRTRATIERE RN NI EUR R T B ARN MR

— BT EE 1~3 NEENAHRERME TELEY. @izl sma
WRPRAMET AULRE LA LLBRR, MRS E RN =
ARNEVFES THANREFHTFHERE (PET), XM T /i
JRE) pH 1, SUEKEMNRETFRFUKESMESEEX— PET 352,

Z R EBANFERRHIR AR EZ LT SWRIER R AR
i, RE R 'H NMR Bl FERIEAR T ZBUEWIED FHSTF
SARMERAE TEES FRIMAHLER . LRRE, FEHEF H,PO,” &
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THRYBEH R LN, MHEMHBRENEEYE., WET FEEESY
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ERAT TR, BB THEN EZ AR SRR SRR,
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TP A& I ER5 1 40 T IRBOGRE & 4251k,
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Study on Synthesis and Properties of New Fluorescent Chemosensors
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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-5,8-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 l-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 B-
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

v

e v e e - e

s



T EMFRBEFNAFTE LY 2000

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 ¢tDNA 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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1R R BB DL 2 T A (a) 18 1 5 2R 0 AF R4 SR AR TR T E A
fir TG A, £ ERZHED, ETFFEG T E R LR
KHHER) TR R R, XERABS FIEHREAEEHNERERES
THMENMFERNEY OIS EEH . REHEY TUFEEA RS TR %
WAL LS F R AN DR ERRY, HLEEEAR-EAK
MHAER . ®E-cHTER . SRR SRAR KSR, SRR 343
KA BRI AN TR I SE A R G B KR AEB S T X — a2 B EH )
Zo HENZL YU RIBHR EEEP RS TR S FERARS TER =7,
193 5 PN 5T AT LA AU ALY, i BXd Tt sS4 S| m
ANLZHRS T RAEEENESE L.

T FVRTEEERTIRAM R KNG, XTELE A EAEGS Ik
P WRIKEESE . SRR 5 AR @R R FI AAEE . 27
i) LB we v M8 = A FE 85 2 15 RIS T8 R UG I, Horh k(s
SHE G THEEMES, K ERAH YO 4 ¥ B8R 3 (Fluorescent
Chemosensor). il 73 1B ARG RBFEM 4> Tl MM AR, HAL & a7 LUy
BHLUTILATTE: (1) RERENRBE: (2) Tl FeamIr-x
Jifg: (30 W RUGRIA R AR R AR S A R SE IR B . U 4> e F IR Z R4y
FATAER ARSI AT LR ZOE R A MBS, Bk, W TICT %6,
MEFESYNBEEEVEL. EETHN. LESHTEBNBRFEERE
FRCR A F RN R O A T 5O BUR B 1%t

R FBUEDY T EE— RGN U (1) SFRWF i3 2654
(receptor), ERBTHAIMG G EMS T (2) Kol (chromophore) FB4),
ERAEAGE TR (3) EREB S WARIRE R spacer), & 3%
KEOAMFEZERER: (4 FSWE) B, TEISRY A 5 782 ki
I SOCESRUMIER . BITTED T ACE b @ b 2 Ry 22+ 5% 1 i
T, AU SRR AE S .

R F BURSRE IR I & R R0 P G L5 PRI IS TR A 1
A, BB IR AR H T a1 2 B B TR e 1 69 & O AR AT
RS2 BRI, 7EIX— 77 B 5040 25 19 2 A A 47 oA 1 4 5k A R 1 44
e MT R E R BT MERB VT R RS T, LR R R R
AR R PR 7 AR B BB & T 3T . A TR RIS i
T ULSE A BB A A RRE RO o P TR B B & AL & IR B 35 5k 2
MUk d% o FEXTAUATHDCHIIRAT A WL RS NI dh 4y T FIBH B T4 A g 14 5
AT IR A A
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B R R EATEYR TR

faifr

B, B, FEUABE FEBAERBES 5 LG ALK RGN
Samaeh . XMETHMELNRE S, HFHEYSE S —Hae Ll “8iE”
(logic)&Z WU THRRN S FEZBEEYB RS A HEEMNNE. NTHEHRKK
EZHREH T/ N TR REFES S, FEAINENES FEEEER, M
10 A8 44 2 [ 5 ) o 1 1 B e R Y ) () 7 gt — PR (1), i+ 94, BT
AWK o F HARER G4 A FE VLM EYUR NI A IERIEE T, MTT5 AT
ERHIXNE, SHAHES FUFER—ANEESX[2-5]. BIMNIREE RN E
SRRAKHITE R T ARG TR A THASBATTAER MO T SRR, NNITR
THEAPR Y THRNEORZBHI R —BEANE®E6-7]. A
Ml FRIRES), AFHRBIBAMIER, Emg) ZHNHTEY. 5.
. PR ks DB TP [8-9]. Uk Bt BRI ¥ 75 5% /N AT 1 1
MER#AT MIFMPITER . KBRS e — B 25k [10a), RE%
9T [10b], BLEEAC & 3 1 WA [10c], T A& R E & g[10d],
Wi TH BT R [10e], Bt IRVEX KB SR S YMBT 5T 101, 818 B ik
Yix A HLR N R EER[10g), A THEHIEE[10h], 29481k R M B [10i]
ARG AL 22 BB 101]% .
—. SRR

WRIKE L UER A Bacillus macerans JEBEHIAER T Y& s B R &
R, Villiers T 1891 F & AL T H#IKE[11], BEF) 1903 4F Schardinger 4
SHEATEIME B 2 BEHAT T IE A IARGE [12-14]) . B 3 WS FRRI RS 2 (4 6-8 4> D(+)-
Mg, @il 1, 4-BEEMEETR, SR Aa-, B-, v-HBK, H
ERJINE 2 PBros. BRSBTS REY], HOREOHRE Y IR BT S S R aE

r _
6 0-5

0-4 4\—‘5/2'11

37 Y

073 >
0-2'3

D CD n.units cavity(;\)
C
o< 6 47 - 52
& 7 6.0 — 6.4
S} X 8 7.5 - 8.3

Figure 2. Structure of the CDs and schematic representation of the cavity shape.
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JHIAR, BiIEM 5 A Ca-) 3] 85A(Y-) A%, MiEEEHELAN 8A. HTH
ERE R uH ARG R, R (EREERN C2 M C3 L) TR
MR E, MR T B —wmf/hOk. AFHRPREMAREH C-H &
MEEFEMIER, TR ME R, FERERE LA NEEm, SMEEKELH
Re(15]. (HAMIRSIINE P EESREERAK, Hba-, B-, v-RMSREEHE 2,
6.5 F 12 M efdaiK. SBKRMAFAESET o - AR DS KIS, Fiba-,
Y -ARIRE A K BRI, N 107 mol dm™ I v -SREE R YA REE 21/ N
2x107 mol dm™ [2-3].

. BEREYMNTERAERIE

RH RS HENE FE LB S5 TC -5 IR RE 1 /& Pringsheim T 1930 & R K ILHI[16-
18] ARIRE KM R H ARSI (K, BRI o] i v (9 45 5 e Ay 1L
B R AN TR YA AL B B A0 A A A 1R A7 AR S B A 7 [ 19-22].

TEKEWP CD B AWM RN Z 2 FRIKAEER NS 13,
15, 21-25]. EAITH: (1) BAKMEER, Q) SBESER; (3) jafk
AMIAER: (4) M CD WIBBIREREK: (5) BEEWEH/N CD S5 H
AE. RMARTEBISMIER 11, LA ES R EALE SR EMEEXE
R BEDFRAESFH#E CD ABRTESESER R, T4 CD WEA
NIRRT AR S EENESY. 54, BEMhfaEt ke FEGS
TAGRBUKEHIE. SRR FHAHMBEALE, LS mmlamKEtt. &
FRMAE2, 3, 25-28] Pk, fEH[29-301LARY Bt [3, 31#HSREDL. HE
T T AR FIE AR 5 B R 9 FIRER B S I S W ER (b 245 4F, HoAh i
FEL % B2 H E R ARRAL B A3 2.

M52 SRR R LA IR LB 8 0 £ v, RN B B A
[32-34], LT RMOGIE[12, 35, 36-38], B —{0i%[39-42], Fexyeil (FaAd
JE[31, 43-46) RN [ 53 492 606 18 [47-50], BBEILAR[22,5 117140 F A M 3LHR(ESR)
B (52,53,15], TA[23, SAIFIBAREIELSS, 56], BAMEHIK[ST], pH B35,
SBIANE i FEFAR(S9], WSMRIZIER[25, 26)FIH Sk (44, 60]2%%%,

TERRAE iy, el vk R FL AN AS AN 77 (F O3 M A F 9 58 R 0 ks
HEWS PR TR RSV . FIUARREE FNER EEARS
VIR E, 22 Van't Hoff J7FRALBE St AT LA & v 0 A7 SR W 19 1 Hh Ak
TA(AG) e IX B AT LR R A B v 52, ot FL th o] LA T BT i 4 39 48 o
VLK T T RS SO TSR B R S P 8. R CRiB £ B
KT T SRR RALEF, TSI %S Tt T8/ UV-Vis B,
AR A ST RN, BRSO R N — B R

NMR i 5E v 1] AR T80 53 MR 5 24 59 1 T BRI A S5 BT S i 30 A 2
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M. HETR B G A S gAML, RIEEE S T8 SRR R AL
AR S A SRR Z Bl KR, 0 LOlE £ &40 T4 ILAF F G
25 . NMR E ISR A ZRENE RS ol EI2, o B i LUF|
F & NMR £k 4 TH-"H MR NOE N KT 5T ¥ 5 2444 710
FHHAMUMTERE YRS, a2 EENRBUER, mAFENENFE
E AT . ESR & H T AWK 5 8 AR BT AL & 09 F 8% £
iR AR R ME - 0T AR R 5 B i 3 A S AR R A I RO I0E A v .

A % (CD) R R FHE NIRRT k. BT RS 4 1
AGAHTFHRIE, "HETFHEREEYTHEANRSESEES TR AEE
KA, IXFEEL ] LU TE B B S W S ELR, TTIX — M BUAS ] fELE
LT UV-Vis i H g2 3

YRR e R, B EFEHAR (ISE) M pH A EERERNAS
ARG 55 1y HUBar P A b D) AR T4 R B A B S . ISE R S R AT UL R
M B/ BNEBE D RAOLEERNFHRE, T pH BNESEEERITE AN
FAER, AR F R R AER.

TBGHE f ok R o] LU T8 SO X T4 FROEBIER . %k
M e I B R FUA P ARG, BERMER SRR ES FamY
FERBUBA B 2, M ol LAM B8 3 52 B 2 T A 45 I & B e rE

SEETEAE 52 rh Vs i R KR IR R R IE NN TRIRS 5 R AL Ik, I SR8
WA — 35 PR TG, B bR KR R N A A 4k, th AT LU 5 55
WIS S EMIE B3 24 . Bl 3-T 3t 2 PR S /K 8 52 I 7E I FR 86 S B
Bk, A MANSHIEBRRE, KRR SHE, RIESRIEER
BRI SR SE SR IE R, RIRE o m] LLRIAB R RS 5 4RI MR 0 45 - 2 3

ISERHIR SR SRR NESHT LSS £ AME, H
FEAHELE P BUBC & WIS ARSI E) 1. K10 '"H NMR HA TR T
e AW AC & W0 LM R h ) 2451 [61]. R BEALY, LT
BET[H-3, H-SPE SR E R NMR (ES W8, B—7E, s
AR ERISH, H-1, H2 LR H-4 BR T4 2 SIS0 . °C NMR
T M LR B FHILKEMN A CD RS WRIF ARG T 3 — 5 5 T
Ho M NMR FE, (04 'H-"H ONE ZUWAHSCIE G595 324t CD .45 40 F 28 14
I P R HERRLAL 75 0 DG 9% bt 1 3o o7 A L ) R LA JB I ] 430 S 1 T &
ﬁ-&ﬁﬂ%ﬁ%ﬂﬁ£E%#mﬂ@ﬁ%ﬁﬁm%$ﬁ€%%mﬂoﬁﬁ,
ACTT VIR LT B LU B XS AT B LI . AT, X — A T4 [
HJLANIF, I 4 3R78 CD SR &I i — B R, SoRE— ok,
B0 (ICD) By RS L 25 B0 & s BP9 33 B S I 3 B
HGUR, 0 TR0 TABRE A S, 75 @i h 2855 2 0
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R, EHEESTHREKRSHMEAERL T, 884 FEES: H
k. HEER, RIRECDELERHA—MRIET[62]. KM EARE —Ailx
fil. CD REEPHAERN, HBERNLZXMAEST CD FRESHEMIFTELK
1. ARJLMESMRTE B E B ESHEmE —ENER. IS HERE
RSP, ARKAEFHEAMAERERER SR 620 EENH
o FANTATLUAE 5 7 A2t 8, UR A S RO o] LRSI RS LA F R
B SRR R RE B AR .
BN b bt e A

AT AR R R AR M IIEE, R BRS R R R 5 00 R R R AN
VE LR, AT SRR REAT I E A, AN N B R R e
ArEAI0)) . WATHEATIR, TEMRIRE S TR, HLHERoE 2 f00 3
L 2R, A 6 AL BN YR, MRS T TR EE B T C2
R C3 FRR M T AR AR T ARl BRI R 4. ix—
NI RN LRI S ER 0 B R Bl RE ) P 0. DRI 78 AT BRI AL,
SEAZRET,  H SRR E MPIAN B B R R R SR AR M RIS b R R R T A
GYINIRES) . FRRTEN B E R, ERMKEIE, SRE T RV
(FIEPEE A IRIORERE B, XU =B . FEBIRS 2 T e =
FRdk, b 6 EROFRILEME S GRSt EIR) . T 2 f7 LRt
B3, 3 AN IR R KT A o 1 BARRG J5 1A0 T S 53 4 S % 70 S AT T 4 4
(631 BTUAFE BT, —NREAMIE R B 6 7 LB (B3 mD.

I: normal reactivity, weak base( e.g. pyidine) » 6-modified CD
and a non-complexing electrophile
I1: reversed rectivity, strong base(deprotonaiel 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 s 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.
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