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Introduction

For patients with diabetes, multiple factors contribute to the risk for poor glycemic control, which coesdilbie increased

production of ketonefl-4]. Excess ketones can leaddiabetic ketoacidosi€DKA), which is a potentially lifethreatening

disorder characterized by hyperglycemia, ketonemia, and metabolic a¢&Jogikhough the overall mortality of DKA has
improved over recent decades, the incidence and financial burden of DKA remain higg Ara total ketone bodguch as

D-3-hydroxybutyric acid (B3-HB), acetone, acetoacetic acid ane3ydroxybutyric acid (B3-HB) is the major, nearly
78%][6]. So, it is a reliable Method to detect the3HB diagnosis of diabetic ketoacidosis.
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The chenical sensor method has drawn more and more attention due to its advantages of simplicity, high sensitivity and
selectivity. Numbers of fluorescent chemensors have been designed for the detection of metal ions, anions, amino acid and
so on[7-18]. But here is very little report on the detection of3EHB by the fluorescence method. Up to now, only a novel

Tb* complex based on benzoic acid can recogniz&-HIB in CH;OH/H,O was reported by prof. Chen [19]. Our early
reported that the prob&(2-hydroxybenzylicene)hiosemicarbazide shown a peculiar BN fluorescent response to®

HB in TrissHCI (pH=6.0)[20]. So, develop new probe for the detection e3-BIB is a right way.

In this paper, a new probe namé@lH-imidazo[4,5f] [1,10] phenanthrolir2-yl) nitrobenzene (prob#), was designed and
synthesized and developed to detee8-BIB via the luminescence and Wis methods. Interestingly, probecan high
selectively recognize 3-HB.

Experimental Details

Materials

The salts solutions of metal ions such as NaCl, KCI, M&ELO, CaC}, BaCh, CrCk-6H,0, CoC}-6H,0, MnCh-4H,0,
FeCk-6H,0, NiCl,-6H,O, CuC}-2H,0, CdC}-6H,0, ZnCh, SrCl, AlCkL and the salts solutions of anions such asPidg
Na,COs;, NaAC, NaBr, NaC,0O,-H,O, NaCl, NaF, NaN@ NaNG, NaHPQ,; NaHPQ, NaP,O; NaB,O; NaSO,,
NaClQ,, NaCN, NaHCQ, NaHSQ were purchased from Shanghai Experiment Reia@en Ltd (Shanghai, China).-BHB

was purchased frorigma All other chemicals used were ahalytical grade. Deionized water was used to prepare all
aqueous solutions.

Instruments

'H-NMR and*C-NMR spectra were recorded on a Bruker DBOO spectrometer with DMSO as the internal standard.
Electrespray ionization mass spectrBSFMS) were measured on a Triple TO® 5600 system. UVVis spectra were
recorded on a Hewlett Packard 18R53 spectrophotometerFluorescence spectra were recorded orRE5301

fluorescence spectrophotometer

Synthesis of probed-(1H-imidazo[4,5f] [1,10] phenanthrolin-2-yl) nitrobenzene

Probe 1 was prepared according to thheportedmethodsfrom phen[21,22]. A s ol ut i on @9, -glihCe ma nt F
(0.42 g, 2.0 mmol ), amm® In) wnanntdr o4bte antfea P(d3X . g8 & g ,0 Srho mL g |
acetic acid was refluxed for 1 h. The cooled deep red
ammoni um hydroxi de. Then the mixture was filtered and
t he ucrtssd were dried and purifiedbyyyusihmg mald oglr watpen ye tohveaen
obtained yield was O;8@,: gC,(368) 66 CaH¢c. 3fb6B; CN, 20. 46 .
20 . 4IR®m?', s strong, nmedium, w weak 3436 m, 4#); 2888 m, -#H) 1B38s3 (=0). ‘H-NMR (400

MHz, DMSO) , U 99881894 (m, 10H).*C-NMR (75 MHz, DMSO) , (ppin): 161.617,158.007, 153.135,
150.231, 142.526, 141.324, 136.107, 134.278, 130.780, 128.358, 127.012, 125.567, 124.198, 120.024, 116.116,
115.110, 114.243, 113.003, 112.6Ekact mass fol: 341.09 ESFMS (positive mode)] + H']* (m/z,342.1119.
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Results and Discussion

Synthestsuamdral characterization

As shoaowrBSCHEMEhd4 t d&wgetoprabecdebfiplboenonadnPplidb@@mremoni um acet
andnidt robenizgl dehwle aclettsi cc haecmidec a | striHNMR'ENMRAa s EHe me n ma
anal yseeseCEAsspray i oni zMSpnodnl Riaspse cstprex t rlaR) Edbnal ysi s

UMvi s speetHBa for D

FIG. 1 showedthe change on the UVis spectra of therobel ( 1 0 € M) u pobDh3-HB thdMSOG/HgOn(v:v=1:1)

solution. With the increasef the concentratiorof D-3-HB, the absorption peaks at@fhm to 375 nm graduallyincreased
andthree new absorption peaks2®0nm and413nm emerged. Aireewell-definedisosbestic points were noted285nm,

294 nm and 308 nm. All of the results indicated the formation of a nepeciesetween probé& and D3-HB. Meanwhile,
the solution of probel-D-3-HB showed a dramatic color change from colorless to light yellow wbazlid easily be
detected by the nakesl/e.
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FIG. 1 UV-vis spectra changes of thprobe 1 (1 0 M)safter addition difference concentrationof D-3-HB at room

temperature. Inset: Linear range of D-3-HB concentration (OeM to 4 eM). Photograph showing the color change
of free probe 1 (10 €M) and in the presence 0D-3-HB (4 &M ).
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Fluorescence titration and binding studies

To further investigate the chemosensing properties of probe 1, the relationship betweehwitbd® 3-HB was performed
by fluorescence titration. As shown in FIGwith the addition of increasing amounts of3EHB to a solution of probe 1 in
DMSO/H,O (v:v=1:1), the emission band at 506 nm increased gradually and the peak at 430 nm de@daakyl gased
on the use of a UV lamp &365 nm), in the presence ofIHB, the solution of probé& showed a dramatic color change
from blue to light green which could easily be detected by the reye(IG. 2 inset).
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FIG. 2.Fluorescence spectra of (1.0¢ M) DiMrs O bOH ( v = 1linthe presence of different amounts ob-3-
HB (0e Mto 5.0¢ M)Inset: fluorescence changes df (1.0e M) upon a5dd MD-8-t8Bn(ae350 nm)

Selectivity of probe 1 over anions and metal ions
To value the skf @r3tHBY iwadsytreabetl with vaoidus relevant anions (10 equiv.pik S O4OH

( w= 1 :saljtions, then their fluorescence emission on fluorescence spectrophotometer was determinate. Excited to us that

the D-3-HB treatment induces a large increase for the fluorescence intensity at 506 nm, where as other physiologically

important anions, suchsSO,*, Ac, SO%, S,0.7, PO, NO3, I', HPO,, HCO;, H.PO,, P,O/#, F, CrO%, Cr,0;%, COs%,
CI, C,0,%, Br, SCN, CN, caused a fluorescence increment at a slightly excess concentratiorFIiBogywe could found

that only D3-HB addition induces a strong emission enhancenfanong these differerdniors, physiologically important

anions which exist in living cells, onl$042’, PO,*, COs* could cause moderate intensity of fluorescence enhancement and

theycould be removed by adding €4o the systemAll above results proved that the new system exhibits a high selectivity

to D-3-HB in DMS O {=v1 . Thjs method represents an extremely easy way to qualitatively and quantitatively

determine theresence of EB-HB. Moreover, metal ionexisting in cells guch asAl®, B&", Na', K*, C&*, Ni?*, CP*, Sr,
Mn%, zr?*, Cf*, CU*, C&*, Srf") were also determinate. The results showhat themetal ionshave noremarkable

interference oM-3-HB determinationEI1G. 3).
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FIG. 3 The fluorescence responses £fs nm/asonm) Ofprobel( 1. 0 ¢ M ) with varbMd86/0dni ons
( v : v =Thefida) concentrationforD-3-HB i s 2. 0 & M(@=850mm).i s 10 ¢ M.

FIG. 4. Emissionintensity at Fsog nmszonmOf probel( 1. 0 ®MPB ObLOA ( v : \nduted y)indicated D-3-HB
and metal ions. The final concentration for B3-HB i s 2 . A%, BaW,,Ca’f Ni%, Cré*, Sr', Na", K*, Mn?%",
Zn%, Cd**, Cu®*, Co®", Sr**i s 1 0,=350nm. &

Effect of reaction time
We further examined the time of the fluorescentensities of the probé in the presence o4.0 equiv. D-3-HB in

DMS O4JOHv(: v =sblutibr). As shown ifrIG. 4, thefluorescence response of the prdbsas very fastt eac hi ng a s



