Journal Pre-proof

Bile acid-terpyridine conjugates: Steroidal skeleton controlled AIE effect and metal-
tunable fluorescence and supramolecular assembly properties

Chao Liu, Kaiyu Zhang, Qinxing Sun, Weina Li

PII: S0040-4020(20)30432-4
DOI: https://doi.org/10.1016/j.tet.2020.131283
Reference: TET 131283

To appearin:  Tetrahedron

Received Date: 17 December 2019
Revised Date: 10 May 2020
Accepted Date: 12 May 2020

Please cite this article as: Liu C, Zhang K, Sun Q, Li W, Bile acid-terpyridine conjugates: Steroidal
skeleton controlled AIE effect and metal-tunable fluorescence and supramolecular assembly properties,
Tetrahedron (2020), doi: https://doi.org/10.1016/j.tet.2020.131283.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Ltd.


https://doi.org/10.1016/j.tet.2020.131283
https://doi.org/10.1016/j.tet.2020.131283

Graphical Abstract

To create your abstract, type over the instructiartee template box below.

Fonts or abstract dimensions should not be chaagetlered.

Bile acid-ter pyridine conjugates: steroidal
skeleton controlled Al E effect and metal-
tunable fluor escence and supramolecular
assembly properties

Leave this area blank for abstract info.




Tetrahedron

journal homepage: www.elsevier.com

Bile acid-terpyridine conjugates: steroidal skemetontrolled AIE effect and metal-
tunable fluorescence and supramolecular assembpepres

Chao Liuf® Kaiyu zhang? Qinxing Sufiand Weina Lf"

2 College of Chemistry and Pharmaceutical Scien@asgdao Agricultural University, Qingdao, 266109i6a.
P School of Materials Science and Technology, Chiniversity of Geosciences (Beijing), Beijing, 10808hina
T These authors contributed equally to this article

ARTICLE INFO ABSTRACT
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Furthermore, with the excellent metal coordinawoperties, terpyridine units endow the conjug
with excellent metal response properties kadl to various colourful complexes. The supramdbs
assembly morphology can also be well controlledHgymetal ions. These biological conjugates

Keywords

Bile acid controllable AIE properties and metal tunable fesmence andupramolecular assembly propet
Terpyridine may provide a new avenue for the bioimaging angd dantrollable delivery system.

Conjugates

AIE
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1. Introduction terpyridine-ZA3* complexes exhibiting efficient
intramolecular charge transfer have been explosedoael
Organic luminescent materials have attracted Smgmif metal based AIE active luminogéi?°® Tian and coworkers
attention due to their potential applications inticgd exhibited that the bare organic terpyridine caro ast as
recording® ? lighting equipment;® bioimaging’® sensorS AIE active luminogerf’ The AIE properties of terpyridine
and so forth. However, weakening or quenching & tland its derivatives are attracting increasing ggerfrom
fluorescence emission always occurs in their comatsd various research field§>!
solutions or during the formation of films, which rieferred Bile acids are a class of natural occurring compsun
to as aggregation-caused quenching (ACQ) effectienits with unique concave rigid skeleton, fascinating idac
the usage of traditional luminescent materialsy 2001 amphiphilicity, and excellent biological compatityil®** By
Tang and co-workers firstly reported the aggregatiocombining with bile acid skeleton, a series of fimmeal
induced emission (AIE) phenomenon that is opposite chemical systems, such as adaptable foldafiéts,
ACQ. With the enhanced luminescence emission asapramolecular assembli&s’® shape-memory polymet$,
quantum yields in the solid state or in the aggiedarm, elastomer-like materia§, molecular necklac®, and
much effort has been devoted to develop AIE lumémsg superchiral coordination compleXébave been constructed.
And a series of archetypal AIE luminogens, such Asd bile acid skeleton exhibited excellent struetur
hexaphenylsilole (HPSY, tetraphenylethylene (TPE), controllable and tunable abilities.
biphenyl!® tetraphenylpyrazine (TPB)and tetraphenyl-1,4- In this paper, a series of conjugates combingaiild and
butadiene (TPBD)’ arylbenzene, arylethefleetc. have terpyridine units were developed. It is demonsttaket the
been explored.Terpyridine (tpy) and its derivatives ardwo fragments can retain their respective propestiell and
well-investigated ligands for transition metal ioasd can endow the conjugates with new properties. The three
produce highly stable complexes with fascinatindiogh conjugates CAtpy, DCAtpy, and LCAtpy (Scheme 1)
electronic, and magnetic properti€$? Recently, exhibit similar optical properties in different sehts, such
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as MeOH, CHCIl,, THF, and DMF. While the solventwith Aluminium oxide neutral (200-300 mesh FCP)iihe
polarity can affect the position and intensity dfeit solvent mixtures specified in the correspondingeeixpent.
fluorescence emission peak. For example, the fasemece 'H and *C NMR were recorded on a BRUKER
emission of the three compounds is quenched in Ma@iH AVANCE Il HD 500 MHz spectrometer (Central
shows strong emission at about 450 nm in THF. THisboratory of QAU). Electrospray ionization mass
phenomenon might be attributed to twisted intramger spectrometry (ESI-MS) was measured on a Bruker
charge transfer (TICT) state with a strong depecdesn ESQUIRE-LC spectrometer in positive or negative mod
the solvent polarity. Because of bile acid fragmehtigh-resolution electrospray ionization mass spmeu#try
possessing the unique rigid skeleton and excelldhRlRMS) was measured using quadrupole time-of-flight
amphiphilicity, the aggregation properties of threEOF) as mass analyzer. The UV-Vis absorption spectr
conjugates are finely regulated and the resulteyteaites were recorded on a Hitachi U-3900 Spectrophotometer
can strongly confine and tune the rotation of texpge (Tokyo, Japan) using 10 mm path length quartz ¢aset
units to endow the conjugates excellent AIE propsrt The fluorescence measurements were performed Wsing
Furthermore, with the excellent metal coordinatiod700 FL Spectrophotometer (Tokyo, Japan) and thssion
properties, terpyridine units endow the conjugatgth slit width was kept at 10 nm. Transmission electron
excellent metal response properties, thus leadingatious microscopy (TEM) images were collected on an HT7700
colourful complexes. And the supramolecular assgmhfansmission electron microscope (Central Laboyatoi
morphology can also be well controlled by the méak. QAU). The dynamic diameters of aggregates were ureds
These biological conjugates with controllable AlbBy dynamic light scattering (DLS) using Zetasizeand
properties and metal tunable fluorescence a#d&E system (Malvern).

supramolecular assembly properties may provide & ne

avenue for the bioimaging and drug controllableiveey 2-2 Synthesis —of  4™-(4-bromophenyl)-2,2"6',2" teigline
system. (compound 1)

CHo %
s NH,OH(Conc), NaOH, MeOH
= N
NZ Refluxed 12 h, 37%
Br o

N=

iy To a 120 mL MeOH solution of 4-bromobenzaldehyde
« (1000 mg, 5.40 mmol) was added 2-acetylpyridinelQL3
mg, 10.80 mmol), NaOH (220 mg, 5.40 mmol), and 30 m
concentrated NKDH (ag.). The reaction mixture was

ine, KOH, CuCl

Refluxed 48 h, 95%

5 <, refluxed for 12 h. The oil-bath was then removea] #he
B reaction mixture was cooled to room temperature ditght
Hony Nt yellow precipitate was filtered and washed seqadiptivith
Ln W A deionized HO and MeOH. The precipitate collected from
" e the filtration was purified by column chromatogrgphith

LCAtpy: Ry= Ry=H

aluminium oxide neutral (C}€l,:MeOH = 1:1) to give
target product as white powder. Yield: 37%. NMR (500
MHz, CDCL): 6 = 8.73 (dJ = 5.0 Hz, 2H, terpyridine 3, 3"-
H), 8.70 (s, 2H, terpyridine 3’, 5’-H), 8.67 (d,= 8.0 Hz,
2H, terpyridine 6, 6”-H), 7.86-7.90 (txd; = 8.0 Hz,J, =
Scheme 1. Synthetic routes of CAtpy, DCAtpy, LCAtpy andl.5 Hz, 2H, terpyridine 4, 4"-H), 7.78 (d,= 8.5 Hz, 2H,
HAtpy. bromophenyl H), 7.64 (d] = 8.5 Hz, 2H, bromophenyl H),
7.35-7.37 (txdJ; = 5.0 Hz,J, = 1.5 Hz, 2H, terpyridine 5,
5"-H). *C NMR (125 MHz, CDGC)): 6 = 156.05, 156.01,
149.12, 149.01, 137.36, 136.92, 132.09, 128.87,9123
2.1 General information 12347, 12139, 118.53. HRMS (ESl), m/z calcd for
[CoiH1,BrNg+H]" = 388.0449, 390.0429, found 388.0436,
390.0426.

o DIEA, HOB,

~ HBTU, DMF i
+ /\/\)LOH _ \/\/\'rN\/\H

rt, 12 h, 30%

2. Experimental

All the chemicals were used as received withouthir
purification unless were specifically stated. 4
Bromobenzaldehyde, 2-acetylpyridine, hexanoic kid), 2.3 Synthesis of 4'-(4-N-aminoethylene phenyl)&,2"-
N-Hydroxybenzotriazole (HOBY), N,N- terpyridine (compound 2)
diisopropylethylamine (DIEA), O-benzotriazole-N,N,N'-

tetramethyl-uronium-hexafluorophosphate (HBTU), muys bromophenyl)-2,2":6',2"-terpyridine (388 mg, 1 Mynwas

chloride and metal ions were purchased from Energ&ded KOH (112 mg, 2 mmol) and CuCl (40 mg, 0.1 Himo
Chermcal Technology C.ZO' Ltdi (Shanghal). The CUBTOH der N atmosphere. Then the reaction tube was sealed and
chloride was washed with acetic acid and ethyl rethil

the solid turned white. Cholic acid (CA), deoxydhodcid ¢ TiXture was refluxed for 48 h, during which twour
. . . of solution turned yellow. The refluxed solution sweooled
(DCA), and lithocholic acid (LCA) were purchasedrfr
. . . to room temperature. Afterwards, water was addetitha
Aladdin  Industrial Corporation. All the solvents - . . .
. . . yellow solid was obtained, which was filtered undsgtuced
(analytically pure) were obtained from Sinopharme@ical

ressure and purified by column chromatography with
Reagent Company. Column chromatography was perﬂ;rng(?ummium oxide neutral (Cj€l,:MeOH = 10:1) to give

To ethylenediamine (0.2 mL, 3 mmol) solution of(4-
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target product. Yield: 95%6H NMR (500 MHz, CDCJ): § Lithocholic acid-terpyridine conjugate (LCAtpy)'H
= 8.73 (d,J = 4.0 Hz, 2H, terpyridine 3, 3"-H), 8.69 (s, 2HNMR (500 MHz, CDC}): 6§ = 8.73 (d,J = 4.0 Hz, 2H,
terpyridine 3’, 5’-H), 8.66 (dJ = 8.0 Hz, 2H, terpyridine 6, terpyridine 3, 3"-H), 8.69 (s, 2H, terpyridine ¥’-H), 8.66
67-H), 7.87 (t,J = 8.0 Hz, 2H, terpyridine 4, 4”-H), 7.82 (d,(d, J = 8.0 Hz, 2H, terpyridine 6, 6"-H), 7.85-7.89 (txH,=
J = 8.0 Hz, 2H, phenyl H), 7.34 (tJ = 6.0 Hz, 2H, 7.5 Hz,J, = 2.0 Hz, 2H, terpyridine 4, 4"-H), 7.83 (d,=
terpyridine 5, 5”-H), 6.75 (dJ = 7.5 Hz, 2H, phenyl H), 8.5 Hz, 2H, phenyl H), 7.34 (m, 2H, terpyridine 5;H),
4.32 (br, 1H, phenyNH), 3.28 (m, 2H, phenyl-NHGH,), 6.72 (d,J = 8.5 Hz, 2H, phenyl H), 5.78 (m, 1H, GBI,
3.01 (t,J = 6.0 Hz, 2H,CH,-NH,), 1.56 (br, 2H, NH). '*C  4.41 (m, 1H, phenyNH), 3.63 (m, 1H, B-CH), 3.57 (m,
NMR (125 MHz, CDC)): 6 = 156.64, 155.71, 150.03,2H, phenyl-NHCH,), 3.56 (m, 2H, COH), 0.93-2.35 (m,
149.37, 149.08, 136.81, 128.33, 126.80, 123.65,.3121 24H, steroidal skeleton and alkyl H), 0.91d; 6.5 Hz, 3H,
117.57, 112.99, 46.25, 41.13. HRMS (ESI), m/z cdtlod 21-CH;), 0.88 (s, 3H, 19-Ch), 0.60 (s, 3H, 18-Ch). °C
[CosH21Ns-H] = 366.1718, found 366.1724. NMR (125 MHz, CDC)): ¢ = 174.73, 156.63, 155.72,
_ i i o _ 149.92, 149.11, 149.05, 136.82, 128.35, 126.86,6R23
2.4 Synthesis of bile acid-terpyridine conjugatesd athe 121.41, 117.57, 112.75, 71.85, 56.43, 55.90, 4442473,
reference compound 42.10, 40.41, 40.16, 39.22, 36.51, 35.82, 35.4B6534.56,
Compound 2 (367 mg, 1 mmol) and bile acid or heian®3.53, 31.70, 30.54, 28.28, 27.18, 26.35, 24.185,20.80,
acid (1 mmol), were added into the solution of HO@B5 18.40, 12.00. HRMS (ESI), m/z calcd forj85eNsO+H]"
mg, 1 mmol), HBTU (379 mg, 1 mmol) and DIEA (192 mg= 726.4747, found 726.4741.
1 mmol) in DMF (10 mL). The mixture was stirredrabm Hexanoic acid-terpyridine conjugate (HAtpyX NMR
temperature for 12 h. Then water was added andwell(500 MHz, CDC}): 6 = 8.72 (d,J = 4.0 Hz, 2H, terpyridine
solid was obtained, which was filtered under reduc8, 3"-H), 8.67 (s, 2H, terpyridine 3’, 5’-H), 8.8, J = 8.0
pressure and purified by column chromatography wittez, 2H, terpyridine 6, 6”-H), 7.84-7.88 (txd, = 7.0 Hz,J,
aluminium oxide neutral (C}I,:MeOH = 20:1) to give = 1.5 Hz, 2H, terpyridine 4, 4"-H), 7.78 (d= 8.5 Hz, 2H,
target product as yellow solid. Yield: 30%. phenyl H), 7.34 (m, 2H, terpyridine 5, 5"-H), 6.68, J =
Cholic acid-terpyridine conjugate (CAtpy}d NMR (500 8.5 Hz, 2H, phenyl H), 6.03 (m, 1H, G®), 4.48 (br, 1H,
MHz, CDCL): 6 = 8.72 (dJ = 4.0 Hz, 2H, terpyridine 3, 3"- phenylNH), 3.51 (m, 2H, phenyl-NHzH,), 3.30 (m, 2H,
H), 8.66 (s, 2H, terpyridine 3’, 5’-H), 8.64 (d,= 8.0 Hz, CONH), 2.15 (t,J = 7.5 Hz, 2H,CH,CO), 1.61 (m, 2H,
2H, terpyridine 6, 6"-H), 7.85-7.89 (m, 2H, termjine 4, alkyl CH,), 1.23-1.34 (m, 4H, alkyl CHl, 0.86 ((t,J = 8.0
4"-H), 7.81 (d,J = 8.5 Hz, 2H, phenyl H), 7.33-7.36 (m, 2HHz, 3H, -CH;). *C NMR (125 MHz, CDCJ)): 6 = 174.36,
terpyridine 5, 5"-H), 6.72 (dJ = 9.0 Hz, 2H, phenyl H), 156.58, 155.72, 149.97, 149.06, 136.87, 128.32, 7826
3.91 (br, 1H, 1B-CH), 3.74 (br, 1H, B-CH), 3.54 (m, 2H, 123.71, 121.42, 117.53, 115.25, 112.74, 44.28,43%6.68,
phenyl-NHCH,), 3.43 (br, 1H, B-CH), 3.36 (m, 2HCH,- 31.46, 25.39, 22.41, 13.95. HRMS (ESI), m/z calod f
NH), 0.95-2.35 (m, 24H, steroidal skeleton and BIHy, [C,gH3:NsO+H]" = 466.2606, found 466.2601.
0.92 (d,J = 6.0 Hz, 3H, 21-C¥kj, 0.82 (s, 3H, 19-C}), 0.60 ) o
(s, 3H, 18-CH). 13 NMR (125 MHz, CDGJ): 6 = 175.38, 2.5 Fluorescence quantum yield determination
156.58, 155.60, 150.07, 149.48, 149.00, 136.98,.328 The relative quantum yieldsy( of bile acid-terpyridine
126.21, 123.75, 121.54, 117.52, 112.74, 73.13,5/868.33, conjugates were determined by using quinine sulfate
46.30, 45.88, 43.99, 41.67, 41.50, 39.69, 39.343B5.34, dehydrate dissolved in 0.1 M,8O, (¢= 54% at 350 nm) as
35.04, 34.72, 32.34, 31.48, 30.57, 28.16, 27.58P&3.25, a reference according to the following equafion:
22.39, 17.45, 12.39. HRMS (ESI), m/z calcd for@= @e* (Ic/ lie) X Aret/ A (77! Mrer)?
[C4HseNsO,+H]" = 758.4645, found 758.4640. where gis the fluorescence quantum yieldrepresents the
Deoxycholic acid-terpyridine conjugate (DCAtpy)H measured integrated fluorescence intensity, Andenotes
NMR (500 MHz, CROD): ¢ = 8.70 (d,J = 4.0 Hz, 2H, the optical intensity, andy is the refractive index of the
terpyridine 3, 3"-H), 8.65 (dJ = 8.0 Hz, 2H, terpyridine 6, solution. The subscriptc" and “ref’ refer to the tested
6”-H), 8.61 (s, 2H, terpyridine 3’, 5’-H), 7.99-2Qt, J = conjugates and reference fluorophore of known quant
7.5 Hz, 2H, terpyridine 4, 4’-H), 7.80 (d,= 7.5 Hz, 2H, yield. To minimize the reabsorption effects, the
phenyl H), 7.49 (m, 2H, terpyridine 5, 5"-H), 6.80, J = absorbencies of all the samples in 10 mm cuvette kept
7.5 Hz, 2H, phenyl H), 4.59 (br, 1H, 12-OH), 3.95,(1H, under 0.1 at the excitation wavelength (360 nm).
3-0OH), 3.85 (br, 1H, 12CH), 3.53 (br, 1H, B-CH), 3.25- . .
3.50 (m, 4H, phenyl-NFGH,-CH,), 0.80-2.35 (m, 27H, 2.6 Metal tunable optical studies
steroidal skeleton and alkyl H), 0.77 (s, 3H, 19;,l8.52 (s, The optical response was performed at 25 by
3H, 18-CH). *C NMR (125 MHz, CDGJ): 6 = 175.02, dissolving CAtpy, DCAtpy, or LCAtpy (3 x IDM) in
156.57, 155.65, 149.88, 149.38, 149.03, 136.99,.3528 MeOH/H,O (1/4, v/v) and adding a 1.5 x 1M solution of
126.38, 123.76, 121.54, 117.57, 112.72, 73.09,6/48.04, metal ions in HO. The metal ions and bile acid conjugates
46.55, 46.47, 44.18, 42.05, 39.27, 36.49, 35.981384.15, were fully complexed for 2 h, then UV-Vis and flescence
33.65, 33.03, 31.45, 30.33, 29.72, 28.66, 27.6(L726.06, spectra were recorded. The chosen metal ions were
23.72, 23.17, 17.45, 12.65. HRMS (ESI), m/z calod fCu(CIQ,),6H,0, Mg(CIQy),, Co(ClQ)»6H,0,
[C4HsNsO5+H]" = 742.4696, found 742.4690. Cd(CIQy),-6H,0, Mn(CIQy),'6H,0, Al(Cl0O,)39H,0,
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Zn(ClQ,),'6H,0, Ni(CIO,),'6H,0, Tb(NG));6H,0O, intermediates and final products were fully chagdezed by
Eu(NQ,)s6H,0, Fe(BR),-6H,0, NaClQ, CaCh, PdCh. All 'H, **C NMR, as well as mass spectroscopy and satisfactor
emission spectra were recorded in the range of7/B@0Am results were obtained. All the bile acid-terpyriin
after excitation at 360 nm. The slit size for eatidn and conjugates can be dissolved in MeOH, ,CH, THF, DMF
emission wavelengths was 10 nm and a sealed quarid are completely insoluble in water.

cuvette with a path length of a 1 cm was used. ) ]
3.2 Optical properties

2.7 Supramolecular self-assembly Terpyridine and its derivatives represent a clags o

CAtpy, DCAtpy, or LCAtpy (1 mg/mL) were dissolvend i important ligands with good Iluminescence properties
MeOH. Then the poor solvent,8& was added dropwiseTherefore, the absorbance and fluorescence spettrde
under ultrasonic radiation until the appearancelyfidall acid-terpyridine conjugates were firstly investeghtin the
effect. The self-assembly of metal complexes adbpibe above mentioned solvents with the concentratioB>df0°
similar approach. L of the sample was dropped on th&. As shown in Fig. 1la, the UV-Vis spectra of CAtpy
copper mesh, let stand for 3-5 minutes, and therfi)aper display two absorption bands between 280 and 350mm

was used to absorb excess solvent to obtain a Td@le. the tested solvents. The absorption band at ar@90dnm,
which may be assigned fer* transition of terpyridine unit,

. ) don’'t show distinct difference in different polaolgents.

3. Resultsand discussion While the band at longer wavelength, which may be
3.1 Synthesis ascribed to the intramolecular charge transfer YI@th

.Scheme.l. displays the detailed synthetic routebilef gitggllzygp?psr?:tpscj\s/a?oocnhorgn?irs]?n t;:&ygilgﬁgsss Isg:n?pt
acid-terpyridine conjugates and the reference camgdor olarity®® And the absorption peaks are observed at 333,
contrql . experiment. .The bromophenyl . substitut I3, 343, and 348 nm in GEl, THF, MeOH, and DMF
terpyridine ~ was  obtained by the. rgacﬂon of 4r’espectively (Fig. 1a, Table S1). For DCAtpy andAtgRy,
bromobenzaldehyde and 2-acetylpyr|d|ne in the IWBFS@f the similar absorption bands are obtained (Figldb¥fable
!\laOH z?md concentrated NGH n methapoll.. This S2-S3). Upon excitation at 350 nm, the fluorescespeectra
intermediate was then treated with ethylenedlammﬁje of CAtpy display strong emission at 450 nm and AB8in
presence of -the catalyst CuCl, which res.ulted e tt?’HF and CHCI, respectively (Fig. 2a, Table S1). With
coupling reaction of the bromophenyl group with #raino increasing the solvent polarity, the fluorescenpecta

group with relatively high yield (95%). Bile amdrpyrldlr].e aaxhibit red-shifted by ca. 50 nm to 503 nm in
conjugates and the reference compound were obtame

one step amidation under a benign reaction comdifidne

(a) (b) ),
—— MeCH MeCH
——CH,CI,
—THF
124 ——DMF
v
3 5 2
= g o
é“ £ £ 081
Z Z Z
S
Z < .
0.44
T T T : T T T T ) 00 T T T T 1
300 330 380 390 420 300 330 360 390 420 300 330 360 390 420
Wavelength (nm) Wavelength (nm) Wavelength (nm)
Fig. 1 UV-Vis spectra of CAtpy (a), DCAtpy (b) and LCAg#j¢c) in different solvents.
(a) (®) (©
2400 4 24004 2 M SR 24004
s -~ -
= 3 4
< & I
2 1600 7 1600 2 16004
8 MeOll k MeOHL g — 0L
E CH L, g —CHCL & —clcl,
g 50 DM o B0 E—VIE g 8004 —— DME
— Ll —nr ; ——THF
0 T T T T o T T T T 1 a T T T T — 1
400 450 500 550 600 650 400 450 500 550 600 650 400 450 500 550 600 650
Wavelength (nm) Wavelength (nm) ‘Wavelength (nm)

Fig. 2 Fluorescence spectra of CAtpy (a), DCAtpy (b) ai@iAtpy (c) in different solvents; Insets: photograghken under 365
nm UV illumination.



DMF (Fig. 2a, Table S1). As in the polar protidvemt water percentage were firstly examined. All thee¢hr
MeOH, the fluorescence intensity of CAtpy dramdbica conjugates exhibit strong blue light emission abub450
decreases (Fig. 2a). Photographs of CAtpy soluttaken nm in dilute THF solution (Fig. 3a-3c). Whereas the
under 365 nm UV illumination show bright blue enmgsin fluorescence intensity decreases sharply with thitian of
THF and CHCI,, green emission in DMF and non-luminousvater and the emission almost quenches with thesrwat
in MeOH (Fig. 2a inset). The quantum yield of CAtase fraction (,) up to 10% for all the conjugates. Obviously, all
33.50%, 15.80%, 15.75%, and 0.19% in ,CH, THF, the three bile acid-terpyridine conjugates exhipienching
DMF and MeOH respectively (Table S1), which are ieffectin THF-HO mixed solvents.

accordance with the fluorescence spectra of CAfhe Then the AIE properties of three conjugates weréhéur
distinguished difference of the emission phenomemay studied in MeOH-HO mixed solvents. As shown in Fig. S1-
be attributed to the twisted intramolecular changasfer S3, increasing the water contents from 0% to 9946, t
(TICT) state with a strong dependence on the solvebsorption spectra exhibit red shifts from 343 B8dil nm,
polarity®® It is worth noting that the fluorescence emissicand 341 nm to 355 nm, 361 nm and 354 nm for CAtpy,
of CAtpy in MeOH is obviously quenched, which mag bDCAtpy and LCAtpy, respectively. The fluorescence
originated from the nonradiative decay of the ragithtion spectra hardly change with the increasing of watapunt

of the phenyl rings connected to the terpyridineietyd® to 50%. The solutes are keeping clear with no apges
For DCAtpy and LCAtpy, the similar emission spectrdormation. As continuing increasing the water contéo
luminescent photographs and quantum yields to CAtigy 80%, the fluorescence intensities of three biled-aci
observed (Fig. 2b-2c, Table S2-S3). The similadfythe terpyridine conjugates drastically increase to mmaxn
optical properties of the three bile acid-terpymi values with slightly blue shift. The fluorescenagensity of
conjugates demonstrates that the steroidal skeletdth CAtpy, DCAtpy and LCAtpy increase by 13-fold, 30dep
different amphiphilicity have no obvious effect dhe 26-fold, respectively (Fig. 4). Correspondinglye thuantum
luminescent property of terpyridine unit. The twagments yields of CAtpy, DCAtpy and LCAtpy also rise by @H,

can retain their respective unique properties. 21-fold, 19-fold respectively aff, = 80% (Table S1-S3).
o o Photographs of the three conjugates solutions taketer
3.3 Aggregation induced emission (AIE) 365 nm UV illumination also show the distinct AIE

It is demonstrated that THF and MeOH are all gogthenomenon after increasing the water content % &tg.
solvents for bile acid-terpyridine conjugates amel $olution 5). Furthermore, the fluorescence intensity of theee
of three conjugates displayed distinctly differerderivatives decreases when the water fraction isertwan
fluorescence phenomenon. So the polar protic amdtiap 80% (Fig. 4 insets), which is probably due to théck
solvents are selected as the good solvents and isatsed agglomeration of the conjugates in a random wayfarmds
as poor solvent to study their AIE properties. Féssence less emissive amorphous powd&rs.
spectra of the conjugates in THEM mixtures by varying

(a) (b) . (©) .

— 0% 0% 0%
——10%
—20%
T—30%
——40%
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Fig. 3 Fluorescence spectra of CAtpy (a), DCAtpy (b) a@d\tpy (c) in THF-HO mixtures with different 5D contents
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Fig. 4 Fluorescence spectra of CAtpy (a), DCAtpy (b) afd\tpy (c) in MeOH-HO mixtures with different D contents.
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Obviously, the three bile acid-terpyridine conjuemat
exhibit typical AIE properties in MeOH-#® mixed
solvents. This may be attributed to the formatiémano-
sized particles and the resulted restriction ofaimiolecular L e
rotations (RIR) of the terpyridine rings in the agmgptes o 1 2 30
enhance light emissioi>* The formed aggregates &t =
80% were examined by transmission electron micnaisco
(TEM), which showed that CAtpy, DCAtpy and LCAtp
had spherical structures with diameters of aroudO-300 RS ESNIIIRTA
nm (Fig. 6). It is noteworthy that terpyridine ants ! A L
derivatives represent a class of important metalating
ligands with weakly luminescenta(, = 3 x 10°). They are
not typical traditional AIE active luminogens. Adthgh
some studies dealing with metal-terpyridine cometewith JREES L BT AR

AIE properties as chemosensdits®® 2° *'only a few el bl b i M

examples of terpyridine and its derivatives asvacth\IE Fig. 5 Photographs of CAtpy (a), DCAtpy (b) and LCAtpy (c
luminogens have been reported in the literatti’é. **Bile MeOH-H,0O mixtures with different KD contents taken

acids are a class of natural occurring compounds fMdid under 365 nm UV illumination.

steroidal skeleton and unique facial amphiphilicifyhey In order to further investigate whether bile adiglston
can be excellent building blocks in supramoleculatays a key role in the generation of the AIE phaanon, a
chemistry and can be designed as a variety of lumait |inear hexanoic acid-terpyridine (HAtpy) conjugass a
chemical system¥:*’ It is a pity that they possess ngeference compound was synthesised and the AlEepiep
luminescence properties. The AIE origin of bile daci were thoroughly investigated. As shown in Fig. fe t
terpyridine conjugates stimulated our great intstes fluorescence intensity of HAtpy in MeOH (at c.a.250m)
By carefully observing the AIE phenomenon in MeOBH s very weak and the photograph under 365 nm shuows
mixed solvents, it is found that the fluorescenatensity obvious emission (Fig. 8). As increasing the watentent
begins to enhance at different water contents fAtp§, to 80%, the emission intensity begins to increasd a
DCAtpy and LCAtpy. As shown in Scheme 1, the défere reaches maximum value & = 99% with about 2-fold
between CAtpy, DCAtpy and LCAtpy is the structure @enhancement, which is in accordance with the phapits
bile acid skeleton connected to terpyridine unihdAthe under 365 nm UV illumination (Fig. 8). It is revedl that
difference between CA, DCA and LCA is the number ¢fAtpy in MeOH-HO also exhibits AIE properties.
hydroxyl group on steroidal skeleton, which decesasHowever, the enhancement of fluorescence intenisity
gradually and leads to the difference of amphipityiand much lower than that of bile acid-terpyridine caggtes,
self-assembly phenomenon of CA, DCA and LCAurther indicating that the AIE phenomenon origasafrom
Consequently, CAtpy, DCAtpy and LCAtpy exhibithe terpyridine unit and the bile acid unit witgid steroidal
different properties, resulting in the differencé AIE skeleton and self-assembly properties can strengthe
phenomenon. As shown by Fig. 4, the fluorescenemgity AIE intensity, while the flexible hexanoic acid d@hahas
of CAtpy, DCAtpy, and LCAtpy begin to increase frép= little effect on the AIE intensity.

60%, 50%, and 40%, respectively. It is anticipateat the

bile acid skeleton with excellent assembly propsrtcan

restrict the rotation of terpyridine unit thus rigg in the

enhancement and difference of AIE properties.




(®)

Fig. 6 TEM images of CAtpy (a), DCAtpy (b) and LCAtpy (¢) MeOH-HO mixed solvents.

changes from bluish-green to yellow (Fig. 9a). # i
350+ conjectured that complexing with Znand Cd" can
strengthen the electron-withdrawing ability of tgidine
and thus promotes the occurrence of the ICT profress
the amino group to the terpyridine-Znmoiety, thereby
making the emission shift to the longer wavelengthe
reduction of fluorescence intensity induced by Zmd Cd"
binding is often observed when the terpyridine uisit
connected to ther-conjugated part. For DCAtpy and
LCAtpy, the similar emission spectra and colourrgeare
observed. The changes in the fluorescence inteasitythe
ol . . . : . emission maximumig,,,) with various metal ions in MeOH-
#06: =500 Shar Sh;  eBOv  BaO H,O mixture (1/4, v/v) are summarized in Table S1-

Wavelength (nm)
Fig. 7 Fluorescence spectra of HAtpy in MeOH@Hmixtures with (ﬂh"wg-’u' L 2 - & 2 & & 5 2
different HO contents. ; VI

FL Intensity (a.u.)

Water fraetion(fwliveltis=— ===
010 0 W4

Fig. 8 Photographs ofHAtpy in MeOH-H,O mixtures with
different HO contents taken under 365 nm W/mination.

3.4 Optical response to metal ions

Terpyridine and its derivatives represent a class
important metal chelating unit. The response of #iE | E g .}
aggregates of bile acid-terpyridine conjugates iffer@nt - . h..-#

Blank Cu Mg Cd M

metal ions was further studied. The experimentsewerc“gm!“

carried out using their nanoaggregates in MeOH-wate
mixture (1/4, v/v), which showed intensified fluspence _ I i

emission properties. Fig. 10 shows the fluorescenc
response of the nanoaggregates to various metal feor
CAtpy, in the presence of NaC&*, Mg*, Tb*" and EG4"
cations, the spectral patterns keep unchanged thi¢h
fluorescence intensity becomes weaker or slightignger.
The corresponding emission colours under 365 nnstlte
blue-green without obvious change (Fig. 9)**AMn** and
Pd™ ions make the emission intensity decrease sigmifig. Fig. 9 Photographs of MeOH-water mixtures (1/4, viv) (a)
Cu”* and group VIIIB metal cations (Fe Cd*, Ni*") CAtpy/cation, (b) DCAtpy/cation and (c) LCAtpy/catianixtures
efficiently quench the emission of CAtpy. Wheresise  t@ken under 365 nm UV illumination.

addition of ZA" and Cd" to CAtpy aggregates causes theS3: Thelma values of CAtpy, DCAtpy and LCAtpy are red-

emission spectra to shift to the longer wavelengtitis only shifted by ca. 9_0 nm, 8+2_ nm, and 83 nm, respegtiirelthe .
weak fluorescené® (Fig. 10a, 10d). The emission colour Presence of Z7 ions. Cd" ions exert the similar bathochromic

e,

7 7zl nd
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shift under the same experimental conditions. Theréphores derivatives. Thus, we  further investigated the
also show yellow emission when complex with®Zand C4* supramolecular morphology of bile acid-terpyridine
cations (Fig. 9b-9c). conjugates in MeOH-D mixture with or without metal
The remarkable fluorescence and colour changegghtou ions. As shown in Fig. 6a-c, spherical aggregatédh w
by zrf* and Cd" stimulate our interest to further investigate average size around 400-500 nm are obtained fopAt
the properties of Zii and Cd" complexes. Because CAtpy, DCAtpy and LCAtpy. The complexation with Zrand Cd*
DCAtpy and LCAtpy exhibit similar response behavido  ions cannot alter the morphology of CAtpy, DCAtpyda
Zn*" and Cd" cations, we will focus our discussion on the LCAtpy, but exhibit excellent size tunability. Sreal
metal response property of CAtpy in the following spherical aggregates of average size 100-200 nm are
investigation. Upon addition of Zhto CAtpy in a mixed obtained (Fig. 11, S9).
solvent of MeOH and D (1/4, v/v) as shown in Fig. S4a,
the increase in the absorption peak at 420 nm serekd,
while the band at 355 nm decreases, with the isbisbe
point at 380 nm. The enhancement of absorption miaxi In summary, a series of bile acid-terpyridine cgaijtes
at 420 nm is ascribed to CAtpy and *Zrcoordinative were synthesized through simple amidation reactitime
interactions. The fluorescence titration of CAtpithwzn®™*  bile acid skeleton with unique rigid skeleton and
shows a gradual decrease in the emission intemgity90  amiphiphilicity can tune the AIE properties of tgrigline
nm red shift of the emission maxima (Fig. S6a, #468to  units, making the three conjugates exhibiting dtiAIE
553 nm) and change in the emission spectra rapedigled phenomenon in MeOH-#® solvents. Furthermore, with the
off after addition of 0.5 equivalent of Znions (Fig S6d). metal chelating terpyridine units, the optical pedjes of
The fluorescence quantum vyield slightly decreasgs=( the AIE bile acid-terpyridine conjugates can beetlirby
0.30% to 0.21%) upon Zhaddition. The emission intensity different metal ions leading to colourful complexes
also shows plateau with more than 0.5 equivalenZréf. Especially by combining Z# and Cd" ions, the emission
The coordination behaviour of CAtpy with Znis also maxima can red shift by 90 nm, resulting in the ptaxes
confirmed using'H NMR spectra. Upon addition of 0.5 with yellow light emission. The self-assembly prapeof
equivalent of Zf', the signals of terpyridine unit shift to amphiphilic bile acid skeleton can tune the termiyie units
downfield (Fig. S8). These facts obviously indicttiat the to form spherical aggregates in MeOHeHsolvents. And
formation of CAtpy-ZA* complex with a ratio of 2:1. The the self-assembly morphology size can be well-tunethe
absorption and fluorescence titration of CAtpy withf*, = complexation of metal ions. These biological coajeg
DCAtpy and LCAtpy with ZA"* and Cd" show similar with controllable AIE properties and metal tunable
results with a little difference in the intensity absorption fluorescence and supramolecular assembly propemizg
and emission maxima , as shown in Fig. S4-S7. provide a new avenue for the bioimaging and drug
The above results indicate that CAtpy, DCAtpy andcontrollable delivery system.
LCAtpy display the similar response to various rhétas
and various colourful metal complexes are obtainguke
difference in the steroidal skeleton cannot affibet metal

4, Conclusions
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Fig. 11 Particle size distributions of CAtpyZn (a), DCAtpy#rn) and LCAtpyZn (c) in MeOH-D mixtures (1/4, viv).
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A series of conjugates combining bile acid and terpyridine units were devel oped.

The aggregates of the conjugates can strongly confine and tune the rotation of terpyridine units to endow the
conjugates with excellent AIE properties.

The conjugates exhibit excellent metal response properties and lead to various colourful complexes.

The supramolecular assembly morphology can be well controlled by the metal ions.
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