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Abstract: The introduction of alkoxyl groups to 5,6-positions of 1,10-phenanthroline can not only lead to the
enhancement of the reaction activity, but also increase the solubility of the targeted compounds. Crystal structure
analyses reveal that the two alkoxyl groups at 5,6-positions of 1,10-phenanthroline adopt double six-membered
ethylenedioxy cyclic conformation. Both TPA1 and TPA2 show selective recognition toward the silver ion. No
obvious fluorescence quenching is found after the treatment of TPA1 and Ag*, in which a red shift of 47 nm in
the fluorescence emission spectrum is observed. On the other hand, the two emission peaks at 415 and 542 nm in
the fluorescence emission spectra are quenched when TPA2 is reacted with Ag*. However, the fluorescence
quenching effect for Ag* is not obvious in the case of TPA3, which makes it not a good candidate for the metal-
ion recognition. CCDC: 1574320, 2-CHCIl;; 1574321, TPA1-2CH,Cl,; 1574322, TPA2-2H,0
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1, 10-AEME WAy — 3z N S IR B
HABEGHERHPDN AR TRE S ZMIE SR
BT IS BRI A 0, [RIE 1, 10-3E S ik
I R — B A LA P A B TS O TR
Ji& & LA HE WA BLAN SR & W i BUR DG 1R
't HLS AR S AR IR BH B F, I 7 800 i AR
SFOUECA T R R E T8 1, 10-FE M bk T 41
M Y AR 22— e mT LU o 2 v 0 2 A IO
SIEAE 1, 10-3F 1% 0 A A [5] 47 5 51 AAS [ it B AT
NI G S Ry (PN e 7B R o o3 Y E N 1B
RAEM T 2B AE 1,10-3E % kA9 2,9-,5,6-A1
4,7-f0 M 17 3, 8- 1, 10~ M R ) 1 Ji A0 R %) £
5,600 F 3/3, 8- [F] B 41 % 1) AF 5 gl B /D

=R e e A — e AR 04 L T 45 4K (Donor) ,
o 5T 32K (Acceptor) M 45 5 AT LA kA%
A Donor-Acceptor Zi LG, HEIXEHAH =
A B AT Donor-Acceptor 73§ HAR &G HL 7 &
AR FRATHT I AR I B 4 =R e Jk 1A
FIAE 1, 10-FEME MR AN [FAL L, R 20 BT s Bl
PIETF A BRI RE G AR B 3 R w0 AR SCIRATTAE
1, 10-TEME IR 5,607 51 AR5 HH W . (1) #
oy ¥ W e, 2G5 Suzukd I SN 95 P | 2
= B GR35 2) TEARR W H AR L5 (R
BAMERW 2 MR IE LT | 1 b A AR 0
HL TR O £ L 00 TPA BURZE I 51 25
B WATIZIE > TR TR RSN 4 R T
R EEMEUIAE I

1 SLIGERs

1.1 K FIFLES

e R 0 15 | — T D 1 3 590 R 2 S 2
SyMTAE R85 Sk Rl R A AR S A 0 Ak B B R
B S ER Al A, A2 AT A2 R A A5
PR H 2 300~400 H 19 GF254 £EE, 'H NMR F
BC NMR % &l 3 i Bruker AM-500 4% i & 4% 400
15, BB (BT URAEE N 70 eV) B GCT TOF
mass spectrometer(Micromass , Manchester, UK) #ll 15
C,H Fil N JTE 1 2 7E PerkineElmer 240C %0 %
I IR A 9B L F-4600 960k
TEATE R A A
1.2 kEWERSRE

o AL S 3-1R-1,10-TE 1 k-5, 6- i,
3,8-{R-1,10-FE M Mk-5 , 6- i F{k &5 ) TPAL 1)

B BT R A4 BRSO R GE AT, A8 T X
SPF 2 PR S Y B A R 2 A W R TPAL -
2CH,CL, i AE = A TR L 5 d R (A
V) A HEERK),

AW 1.8 3-1R-1,10-FE 1S 1k-5,6- 1 (2.00 g,
6.92 mmol) ¥ HH R 12 (0.12 g,0.69 mmol)Fl 30 mL
O PEHRABERIE T, A 50 mL A 7E
130 °C N HEFlE N 1] B ek e o3 2 AR K
N 12 h 5, B H BRI S 08UE ZE R B 2 L 7
SRR E RS AR, FINA 100 mL — 50 Be (i H
Ve, 4 o0 PR A T S R T £ R KR R
TR PR, A I A BILAH 28 0 7K A R 86 8 )5 s R
B 2 A LI R Al U e 4 Sy DRI R 22 4 )2 A
SrEAA R A EEA 1 (211 g,81%), 'H NMR(500
MHz,CDCly):8 8.90 (s,2H),8.19 (d,J=1.4 Hz,2H),
4.24(dd,J=10.4,5.1 Hz,4H),3.65(dd,J=10.3,5.0 Hz,
4H), “C NMR (125 MHz,CDCl;):8 152.55,148.36,
136.88,132.24,122.07,91.92,61.35, EI-TOF-MS #
WAA[C6H 3BrN,0,]*(m/z) : 376.0,378.0, 2 {H . 376.0,
378.0, JCE 43 T FLIEAE (CioH ;3BrN,0,4, %) : C, 50.95 ;
H,3.47;N,7.43, S£W{E (%).C,50.78;H,3.61;N,
7.26,

165 % TPA2. K AL &% 1(1.00 g,2.65 mmol),
{8 1t 7 [Pd (PPh,),] (0.02 g,0.02 mmol), = % i i iz
(0.72 g,2.65 mmol).Cs,CO;(0.86 g,2.65 mmol) Fl 60
mlL 1,4-Z A0S FIR(V gyl Vo =5) A B B FE e
M, R T IR AW R RN 24 h 5
A R, = S e AR IO | 28 1 Ak TR
B AN Eh K RN ZE IR OK BE R T JE K B RR BE T
o W ZE R HLEE R L R & b — T e
(Vi asdV - nn=2) YEVEILFZAE 2N 70 8515 2R #
R TPA2(1.11 g,78%) ., fridi T X S 25 A7 23
1B A0 25 Y B TPA2-2H,0, i 76 % R
FUETN R T dRBEERER, AP 5 H
RERIK), AEJEHT 4 B A5 B8 R 7 W (O 55 T 371))
FHARASLLT 23 Fr il 5% R A . 'H NMR(500 MHz,
CDCly):8 9.10(s,2H),8.23 (s,2H),7.58 (d,/=7.6 Hz,
4H),7.31~7.28(m,8H),7.19~7.15(m, 12H),7.11~7.06
m,4H),4.27(d,J=4.3 Hz,4H),3.72(d,J=3.8 Hz,4H),
BC NMR (75 MHz,CDCly):6 151.35,150.51,149.19,
148.52,148.32,147.21,136.86,134.01,131.23,130.38,
130.18,129.31,127.78,124.74 ,124.13,123.37,123.19,
92.44,61.27, EI-TOF-MS & {H [CyHyN:0,]"(m/z):
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541.2, SCMAE .541.1, JC & 2 1 28 {H (CyHy
N;0,,%):C,75.40;H,5.02;N,7.76 , SEM{E (%):C,
75.27;H,5.29;N,7.64

k& 2. EEAGY 1 LR H 3,8-—
TR-1,10-FE M Mk-5 ,6-—1(2.00 g,5.45 mmol)ftF 3-
T-1,10-FEME k-5, 6- 1, K™ it T 5 Y e Aok
JIR 00 28 A JE BT 40 B A5 B 8 AR 2(1.94 ¢, 78%), &
T X HERR AT R TR E S YA 2
CHCl,, i i 7E = A T 85k 2 d SR L
) =AM B, FEEMT B R TR B R ) (O
TR AR AL 3B el 5% = AE . 'H NMR
(500 MHz,CDCly):6 8.90 (dd,/=18.4,2.6 Hz, 2H),
8.20(d,J=2.3 Hz,2H),8.08~8.00(m, 1H),7.46(dd, J=
7.8,4.6 Hz,1H),4.24 (s,4H),3.66 (s,4H), “C NMR
(125 MHz,CDCly):8 152.41,151.48,149.86,149.07,
136.71,134.27,132.22,130.71,124.76,121.74,92.26,
91.97,61.35,61.23, EI-TOF-MS ¥ it {i [CH,Br,
N,0,]*(m/z) :455.9,453.9,457.9, Sl {H .455.9,453.9,
457.9, JTLE 4T IS A (C, H ,Br,N,0,,) : C,42.13;H,
2.65;N,6.14, SHME(%).C,41.97;H,2.77;N,6.11,

5 TPA3. EEALGY) TPA2 WSS D BR
LAY 2(1.00 g,2.19 mmol) A EEGY 1, K™
it FH = G0 H Jo e O 9 2 R 2 A 40 A5 B B [
& TPA3(1.29 g,75%), 'H NMR(500 MHz,CDCL,):8
9.08(s,1H),8.89(d,/=7.6 Hz,1H),8.21(d,/=8.2 Hz,
1H),8.07 (d,J=8.1 Hz,1H),7.57 (d,J=7.6 Hz,2H),

7.43~7.41(m,1H),7.31~7.28(m,4H),7.18~7.15(m, 6H),
7.09~7.06(m,2H),4.25(d, J=4.3 Hz,4H),3.68(d, J=3.7
Hz,4H),"C NMR(75 MHz,CDCly):6 149.24,148.58,
147.55,147.23,131.93,131.20,129.32,128.06,127.7
6,124.73,124.31,123.36,123.22,122.89,122.77 ,92.58,
61.33, EI-TOF-MS #IS{E [Cs,HN,0,] (m/z):784.3,
SE . 784.1, JCRHTHEIE (CoHeN.O4,%):C,
79.57;H,5.14;N,7.14% , LW{H (%).C,79.34;H,
5.39;N,7.04,
1.3 A& 2-CHCL;, TPA1-2CH,Cl, 71 TPA2-

2H,0 B REHNE

PEHCR /N A 1E B9 85 & T Bruker Smart APEX
I CCD ) g X St S 8cdls , JGIR H &0t
A B Mo Ka $745(1=0.071 073 nm), V) w-
20 T T AMCEAT S A, 2R AR & v
HATA WAL IE , AR SE R ff bR e, &
AR SR T 28 Fourier A B M 22 (H HL 45 i ok 5B
TE et FH e /DN 30 0 Xof Al b LS [ S L B TR 5
HEIE . tbE Y TPA2-2H,0 F17K b B &5 i i
837 45 B (Fourier syntheses) T % | H & &5 34
IS ISR E . 7E SHELXTL-2000 H 58 i A
M it50a 2-CHCly, TPA1-2CH,CL, F1 TPA2-2H,0
1 AR S TR 1,

CCDC:1574320,2-CHCI;;1574321,TPA1-2CH,Cl;
1574322, TPA2-2H,0,

#£1 #A&%2-CHCL, TPA1-2CH,CL 1 TPA2-2H,0 i) &k 2 #1R
Table 1 Crystallographic data of compounds 2- CHCl;, TPA1-2CH,Cl, and TPA2-2H,0

Compound 2-CHCI, TPA1-2CHCL, TPA2-2H,0
Formula C7H3Br,C13N,0, CsoH3sCLN, C3,H3N504
Formula weight 575.46 836.64 577.62
T/K 291(2) 291(2) 291(2)

Crystal size / mm 0.10x0.10x0.10 0.14x0.12x0.10 0.20x0.10x0.10
Crystal system Triclinic Triclinic Triclinic
Space group P1 P1 Pl

a/ nm 0.753 73(12) 0.972 69(14) 0.871 5(3)
b/ nm 0.803 20(12) 1.063 76(16) 1.361 2(4)
¢/ nm 0.913 61(14) 2.091 9(3) 1.424 7(5)
al(°) 112.869(2) 90.969(3) 95.663(6)
B/ 90.241(2) 99.523(2) 98.814(6)
v /(% 95.621(2) 100.191(3) 107.062(5)
V/nm? 0.506 63(14) 2.098 6(5) 1.578 0(9)
A 1 2 2
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k1
D,/ (g-cm?) 1.886 1.324 1216
F(000) 282 868 608
©/ mm™ 4.423 0.323 0.084
h, k1 -8~8, -9~5, -10~10 -11~11, -12~12, -24~19 -10~10, -16~7, -16~16
Data, parameter 2 196, 254 7 367, 523 5515, 388

Final R indices* [[>20(])] R=0.026 2, wR=0.060 6
R indices* (all data) R=0.027 8, wR:=0.061 2
s 1012

(Ap)s (Ap)in / (€-11m7) 4006, -398

R=0.070 9, wR»=0.181 4 R=0.068 8, wR=0.178 7
R=0.100 5, wR»=0.196 2 R=0.115 5, wR,=0.198 9
0.987 1.005

987, -654 626, 313

‘Ri=2NFJ-IFIXIF), wR=[ X [w(F~F2) X w(F)%"
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21 & K

wE 1 Fis LAY TPAL 8 i Suzuki 183K 2
N7, 3, 8- -1, 10-FE M bk A = 2% e i R 15 7
Cs,CO; FA7E T |, [Pd(PPhy) i LA IBE A 2] | =R
35% N & A W R BB Y, 7555 R R R
B ik B o AN T AR B B 1 1) 2% A R
F 5 VR SR TE AR R S 2 1T, S X A T Joe AR B A A
DLSE BRI iR R R ATTAE 1, 10-FE0& Mk 5, 6-

BEEIA 2 A e S AR B0 3 1A 53 ) 15 31 Joe S8 6 A0& 1 1Y)
1, 10-FEmg sk (Rl 4 1 F0 2, BAKTT & A5 1 F 2
SEAEXT H R AL T 43 R 3-9R-1, 10-TE 1 k-
5,6-HALL K 3.8 IR 1,10-3EMEMR-5, 6- M 53 il
MO BN AR BB 1R 2 20 5 =R
Je iR 30700 7€ [PA(PPhs),] i AL I 430 75 21 H
it ¥ TPA2 Fil TPA3, fEHAS —FEAY 2 i A FE
SIS H B5 2T 09 % fife v B I ole 3 i LA
156 S I 1) 7 %A B S 3 I, 461 40 TPA3 /Y 7= R B 48
=ik 75%.,

TPAL, 35%
o0 o (Ooo? (0“0.6?
</ \z ?/ \> Brﬂ></ \% ?/ \> w D o NN NPh,
=N N= =N N= =N N=
1,81% TPA2, 78%
(?O,p (10 (;7
0, o] 6] 0o 0, A O
Br— \ /\BrﬂbBr/\ /\BrL»PhZN /\ NPhl
EON N= =N N= =N N=
2,78% TPA3, 75%

Reagents and conditions: (i) ethylene glycol, 4-methylbenzenesulfonic acid, toluene;
(ii) 4-(diphenylamino)-phenylboronic acid, Pd(PPh,),, Cs,CO,, dioxane/H,0

Bl 1 3-/3,8-h0 =R MEAN MY 1,10-E WS BRATT /1 ) TPAL~3 FY £ i 2
Fig.1 Synthetic routes for 3-/3,8-triphenylamine extended 1,10-phenanthroline derivatives TPA1~3

22 &% 2-CHCL;, TPA1-2CH,CI, # TPA2
-2H,0 W Rk 1 i it
5B 50 RAE T BOA H X5 2k B L T T e 8
FOME W 2SR T AR IE N 2.
CHCI; A1 TPA2-2H,0 1 fb AR 4549 7T LU 2 (& 2),

K & B AGRI BE B0 5 ik A B SR
B TLOTER XA R 254 T 2 A 4% A R A
FEA 1, 10-FEME KI5, 6-07 B FH T 254, X 0 A
NS T OO AE ATy 27 E BN RRE | [A) I Xt
5 Z iR SCHER Y Neckers 45 iz 18 19 45 A [A) 04
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46.0(4)°

TPA1-2CH,CI,

382(3)°

TPA2-2H,0

16.0(4)°

Thermal probability: 30%; Solvent molecules are omitted for clarity

K2 #HHE

&% 2-CHCl;, TPA1-2CH,CL, 1 TPA2-2H,0 3k 25 44 [&]

Fig.2 ORTEP diagrams of the molecular structures of 2-CHCI;, TPA1-2CH,Cl, and TPA2-2H,0

K24 H NMR XA BE 6 09 X4 iz 28k & 9
T Y T WUAR TR 45 R 3 2 O P SR RS R T 4
A BRI S B T M AL S W i 25 R AT R A
TEENS SRR,

£ 2-CHCI; A1 TPA2-2H,0 Z5#4 | 1,10-9E 1%
WRER Y 5, 6-00 Y CC AR &A= T4l , e 4%
1530120 39.1(8)°F1 41.5(6)° , X WL AHAE 1, 10-FFE 1wk
RS- T PR B IR 7F TPA2-2H,0 25 1,10-9F
W% R AR A 408 ) = 2% Jie ik AT v ) — AR R T A O
38.23)°, W n oy TREAR IR 2E | (HAG — IR R,
TPA1-2CH,Cl, 4514 1, 1, 10-F W ok A H AR €8 19 2
A vy {57 = 2R e B 1AL g — A 2R B I AR G R
46.0(4)°F1 16.0(4)°, 15 W 7E 3 T s 370 &2 45 W) 1 [ 44
RN I FA T S X FREEH
2.3 L&Y TPA2 F1 TPA3 BI% K & &F ik

L5 %) TPA2 1 TPA3 1) %<6 & 41 63 # 78
WP R 1.0x107° mol - L™ 19 L BE//K (122, VIV & ¥
WP e 58 R G TE 1R K R 350 nm, 5l
AL B B 1, 10-FEM IR 5 | AL CE 1 ¥ i
PRI e ROt R el R A TR A (b G
Y1 TPA1 Hl TPA3 1Y $5c K5 6 A& 30 43 31 2 502
1524 nm), MEEATOEEICIEHE LR B T B 645
ek, I B2t B d A T R (&

3), XA FIF IR SLTF K& B 029 ek 24 AL R4 (A1
B M LA TPAR 56 & 5% kb
Y1 TPA3 7E 415 nm &b & ST LLH T 20 nm, {2
542 nm 2B R FHEINTER T 18 nm, XEHH 415
nm A0 XTI 2 1, 10-FE M BRI A B (158 6 & 5,
F2Z 8 2 4> =R g i T AL AT sg (R A
RE T R MR E 54k A9 TPA2 B B 05
PR e K LT RS | B 542 nm A (1A & ST 0 XF

35004

3000+ 415 542
2500
2000 524

1500 435

Intensity / a.u.

1000+
TPA2

500+

0 _ TPA3
T 400 450 500 550 600 650
Wavelength / nm

VionVig,0=1:2, ¢=1.0x107 mol - L; 1,=350 nm
3 L&Y TPA2 Al TPA3 9 Z e/ /K H WY 5
R
Fig.3 Fluorescence emission spectra for TPA2 and

TPA3 in ethanol/H,O solution
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Jiie 5L A AE AR HEAS oy F B A2 BN 43 1T 1
PEFINIME 2 A i T B DTG e S 0 ke A W A%

24 EYW TPAI-TPA3 HEFiR3

T EIRATX TPAL AT T B 7 U500 3t 52 56
BEA 1 mol FERBIER A5 & A 5 mol £ F1 4
J& B TR W (KT Na* Li* Ca’ Mg> .Cu® Zn*" |
Hg* Fe* Fe** Cr* Cd* Co* Ag* Mn?* Ni* Pb*)iRE
G0 5 K i i AR AR A Bl an Al 4a BTN
TPA1 5 AgfEMG, IRZIOCKFIIELLFE T 47
nm, AR 5] AR B 5E 1, 10-TF 1% pk
A YZN LS B, R BFE n] R IR T — 1)
PEBRAON KB PUNRFE N SR FiX—H, Y
Ag S5 A Y TPAL B At | e & W43 45 k4 Wi
%4 R BT TR, W2 At T E R
B R LA R A RE G RAIS | PRI 26 O 2 I 0
a0,

H T A E GGG Y TPAL X Ag iR BIAE
BRI — 2T T Agt 5 B 1298 6 1% 2 S50
&A1 mol FL/R TPAL MW 43515 % 0.1.0.2,
0.3.04.0.5.0.6,0.7,0.8,0.9,1.0,1.2.1.4 1.6 1.8,
2.0 mol Ag VE IR G, M 55t & S i A8 k17,
e 4b Fios, ATLLE RIS Ag ik B3N, 502
nm Ab 1458 5 K S5 0 B SRS T I S 2 6 Y 7
549 nm Kb BT —ANB 9 K ST I PR K
SRR R AT TR N 3k 0 S B R G R A R A
FIE

AT — LR IF T XS Y TPA2 A1 TPA3
MBI BT gE , BARILA ) TPA2 Al TPA3
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- T T T T T ™ T T T T 1
400 450 500 550 600 650 700

BV PRI T W S s | R R A7 B ot SR R A
A S22 e S P ICFR 19 1, 10-3E M s A7 2R
Y1 TPA3 I A 14 TPAL IFFER B W i X AgHfy
WEREMEIIER , WE sh s, BAAESRE LR
s (K*\Na* Li* Ca>™ Mg** Cu** Zn** Hg** Fe**|
Fe* Cr* Cd* .Co* Ag' Mn* Ni** Pb*) HI1EH 4,
o, AUH AgERRLE Y TPA3 R T B K
PO E A, IF H o KR 3 i KA 208 (10
nm) , {ELE DA SEBRAG I 1) £ B8 ok 38, 35 3B AN 2 DLk 3]
AR K X T RE St TR SI A Z
J& AR 1, 10-FEME Bk Y C-C RUEAE S C-C HLiE
IR T 1, 10-FERE WRER A A M | P v DL Ry
JE LR (AT 2 Stk e B T A T T e f AR R A
MANRER 1Y 5 48 B PR, 53R Agr iy 4G
G EH A S IR W 55, 5 TPA3 AR 12,
LAY TPA2 5 RIFE R0 408 5 7 VR H 45
OACH AgE (AR 415 Fil 542 nm &b 2 D50 K 5T
WX R AEVER AN 5a TR, BARBR T AgZ A,
Cu®t Zn** Fe?* Cd* .Co** Mn2* Niz*t e b &9
TPA2 W5 R G AR R R B b AR K, A2 B A1)
HAEE 542 nm &b Y & S5 08 559 54 26, T XS 415
nm Ab (1 & S LT AN = Az B 52 e, BR O S Bk
I e 68 6% ) FH 3 — T SR HE R 2 B i T, SE B
X5 Agt R SR

XTI 2 21, 10 Mg AT A= 4 s R
JRARETE, FoAT RN = A B Y 1, 10-35E 15 ok
R4 TPAL REASVE PRV ML B Ag, 5] A
Pt LS AT R I BGE T 1, 10-FE 18 WA A= 4 1 1%
fife kAR T2 B g | A ke S SR 1, 10-3F

800
700+
600+

B W
(=3 (=3
(=} (=]
T

3004
2004

400 450 500 550 600 650 700
Wavelength / nm

K4 aY TPAL 5250 &8 & T1E R 2O RSO ()& TPAL 5 AR EZ Ag o< tif & K (b)

Fig.4  Fluorescence emission spectra of TPA1 in the presence of various metal ions (a),

and different concentration of silver ions (b)
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3000 Fe( ]
. ——Mn 1 600
ES —Ni 3
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S 15004 g ]
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Fig.5 Fluorescence emission spectra of TPA2 (a) and TPA2 (b) in the presence of various metal ions
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