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1,3-Disubstituted p-tert-Butylcalix[4]arene Derivatives Bearing
Phenanthroline Moieties: Synthesis and
Selective Recognition of Silver lon
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Abstract p-tert-Butylcalix[4]arene-1,3-dialdehydes were firstly obtained by two step alkylations of p-fert-butylcalix[4]arene
with alkylene dihalide and hydroxyl-substituted benzaldehydes. Then p-tert-butylcalix[n]arene 1,3-disubstituted phenanthroli-
nes were successfully prepared by condensation of active calixarene dialdehydes with 1,10-phenanthroline-5,6-dione. The
structures of the prepared hoters were characterized with IR, NMR, and HRMS techniques. The recogination of calixarene
1,3-disubstituted phenanthroline for metal ions was studied with UV-Vis spectroscopy. A great affinity for Ag” ions that can

be clearly detected by naked eye was obtained.

Keywords calixarene; phenanthroline; UV spectroscopy; ion recognition.
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1.1 &

Scheme 1 7 H bR T 3a~3f HI& 2L, 1,3-
XPRUT HEAR 4155 18 AR DT BERT AR W) 2a~2f O,
— A TSR AR e 3 5 A T 5 6 BT AR [4] 0% 48 S
IAFR, PATIHE B % SCHR 1 732 AT T 38 4 10k
HE, DOAHBUT SERR (4105 18 R e i JsUkl, fEmi R B (1 A7 4E
T, %5 Br(CH,),Br (n=2~4)[N38LEH) 1a~1c,
P TS 2 ROTFRIER ) VAT E] 2a~2f, XM
A I N 8 I A ) 4 B ) A9 B R R Al
i1 (75%~90%).

&Y 2a~2F 5 1,10-483E DWk-5,6- i 46 Tt FR ¥
AELE R, RAGES RIVAZE] H bR B4R 3a~3f, 1K
HAE 62%~T5%2 0. HES=¥150 4 IR, 'TH NMR, °C
NMR, ESI-HRMS ilF5Z. M 3a~3f 04N GG, m] LA
RKIL 1690 cm ' P I FEFE KB OIS 2K, T3 Ah 1610
em ' C=N {H45dREN&. N HErb &40 "H NMR i
B, w et AR T 2 Hh 0 6 3.40 FI14.20 224 Ak
HUBILA 2 AU, IXJERR[41 95 4 e R B2 (R AR 3R LA
VP LS A AE. J8) R (1) 2 MRS AT
B T 52 2040 HE DRI L (g ), AR 7 A 3,
£E6 8.30 idT, 4N BUT HEM 36 MAE— B RIS LI,
MR 41054810 4 ARIELLFIE A7 AE. JLIR, K
IR b N—HRGE &, AR AT, 2B REAE S

|
OH OH QoH HO

Br(CH,),.Br J

1a(n=2)
1b (n =3)
1c (n=4)

2a(n=2,R=H) N N=

2b (n=2, R= OCHs)
2¢(n=3,R=H)
2d (n =3, R= OCHs)
2e (n=4, R=H)
2f (n=4, R=OCHy)

13.2 Zidq, A0S WRERFIZRIR 20 88 T 32 2k
IR, A B 3 AR 3l ARFE DR L
SRR 6 8.8, 8.7 HIXUIERN 6 7.6 iAq )% ElE,
MR AR RN 6 7.9 Rl 7.2 Z XK. ESI-MS
g FALIAUE T H s b S PmnEmit:. Bk, B ERTf
[PXLe gl IR, A1l Thh A B T A 05 K48 35 2k
HATHEY) 3a~3f.
1.2 k&Y 3a~3c BKIMRILERTR

TR DL NN-ZHE H i (DMF) ks 7, B
1X 10 * mol/L (1) 3a~3f ¥ i; LXK/ NI, Bt
11X 107 mol/L (1 R £k s SR IR B TH(Na ', K,
Mg2+, Ca2+, Cr3+, Mn2+, Fe2+, C02+, Ni2+, Pd2+, Cu2+,
Ag', Zn*", Cd*', Hg*", AP, LIF#& .

7 3a~3f (LEWH, 3¢ PURILEEK R, HARE
PE, DAL, FRATTLL 3¢ ABl, VEAIRFFTE 48 B iR
WIPERE. IUREE A 1X107* mol/L ¥ 3¢ ¥ 0.5 mL, 1X
107 mol/L 148 B 7 0.2 mL, EAZE 10 mL, 43
ST T 5 S T T S TR AN ) 4 e 8 1 RV A i, R
BRANERE, WIS AR 4 JE B IR e B R i R
P 5 24 55X 10 % mol/L 1 3e v, ¥Rk 5X 10~
5X10° mol/L [ty Ag IITRA L, WSS HIRE Ag' it
3¢ KA FEM. IFIE 3¢ X Ag IR PR, B T
9 1X107* mol/L 1] 3¢ ¥ 0.5 mL, 1X 10~ mol/L [f]
Ag 0.2 mL, HALEE ST 0.1 mL(FRAg"), EHE
10 mL, BFF0HAD 48 2 70F Ag 10T,

B 2%, AR T4 &4 3a~3f 7£ DMF 48 4h

3a(n=2,R=H)
3b (n =2, R=0CHg)
3c(n=3,R=H)
3d (n =3, R=0CHg)
3e(n=4,R=H)
3f (n=4,R=0CHj3)

Scheme 1
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JEiE(E 1), nTLAEIL, A 3a~3f 7 DMF Hifif K
SR KA 281~283 nm [, Hth 3b, 3d, 3f
(R=OCH,) 15/ Mp KR K (283 nm)AHXS T 3a, 3c,
3e (R=H)FEAM K K (281 nm)ZL% T 2 nm,
VEIIZRIR b4t o7 e A o (W B Kb K ar ¥, i
ot T TR 3 B A MRS K LT B 5.

1.0

0.8
3b, 3d, 3f

0.6+

Abs.

0.4 4

0.2+

0.0

270 300 330 360 390
Wavelength/nm
B 1 {5 3a~3f /£ DMF H RSN 1 ([3a~31]=
1X107° mol/L)
Figure 1 UV-Vis spectra of 3a~3f in DMF solutions ([3a~
3f]=1X10"" mol/L)
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7t: DMF ¥, JATLMEED 3¢ A, WF78 00
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3¢ X 16 Bl WA EE F(Na*, K, Mg*", Ca**, Cr'”,
Mn2+’ Fe2+’ C02+’ Ni2+’ Pd2+’ Cu2+’ Ag+, Zn2+’ Cd2+’
Hg™', APOIIEEMEUAES. B 3 ) DLk A
EH), M0 Na', K, Mg*", Cca?", cr'’, Mn*",
Fe*', Co™", Ni*", Pd*", Cu*', zn®", Cd*", Hg*", AP"iX 15

P& E B T, EMMEY 3c KA WO LI
WU PRI B AT A I B A Ak, U RS B A AN [l
JERIESCE. {HE, 8 Ag I B A 3e IMHH
HE, RAET WRIEEAR, I GO T IR 3
t, FAR A 3e fERI T Ak L T8 B i (425
nm), JFURTE LA X0 B KWOSCIEE (282 nim) 3 5 7 T
Bk, DA EIgs B, MG Y 3e s+ Ak
PEME U T BE.

Ak, BATEFIE T AR B 15 3¢ 6F Ag R 1+
s, 2k = LUG (& 4), none FRtR EAR R 12 i
I 4 5 R LS R AN RS AR i 2k, T
AR AR I R i In 2 f5 R dEAl 15 Fhéx)m 2
Ta RN O AL k. v LUE DL, BARH AL S
BT EARAEY e MIRBIEREE — e THUEM, =
JLAE 425 nm ARFHE I TR EAT IS R, HAREAM]
WX (400~700 nm){/5A BRI Beaty, IFAS 52w H
A fE.

AT T 5 ) o 1) e 3 4345 4K, (Job-plot) 11 5E it
HEWIA L. 2 E RS 7 3c BB TIEK
JEk 2X107° mol/L, % Job-plot #h£k, WS Fikik&
Y 3c 5 Ag MICALE A 10 1(B5), BEAHECh 2X10°
mol/L. i, FATEHITL T IMAAFIRIE Ag Wit &
Y 3¢ AN RE AL (B 6). WFFTRIL, MR e T
WREAE 5X107°, —3X 10 mol/L {5l N, R(Ass/Ars) 5
lg C B AR, ATLEM H, PR 5X107° mol/L.

2 %t

ARG T 28T 1L,10-AFIE R REA 1,3-
EARKT BT FEAR[4) 05 B T A4 7 3a~3f 04 1, IF
A GIETEANTTGE T 3¢ 0 Wt I 48 B 1 11)iR
BIVERE. N Ag i, AW 3¢ 78 425 nm Ab7 A I B
R S Tl e S M B e SR R O I AN
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EREME R UM B, FEnT sl “RRER” 0, 12K
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Figure 2 The color change of 3¢ upon addition of 4 folds different metal ions
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Na’, K', Mg™, ca™
cr*, Mn”, Fe”

\ / Co)*, N, Pd®*
W Cu)?, zn®, Cd¥, Hg®, A

Abs.

L e e LI
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Wavelength/nm

B3 AW 3e (5 pmol/L)ZEIH IIAN A 4 J& 7 (20 pmol/L) 5
SAME O TE AR AL Hh 2

Figure 3 UV-Vis spectra of compound 3¢ (5 pmol/L) upon
addition of different metal ions (20 pmol/L)
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B4 AFEE 10 pmol/L)%t 3¢ (5 umol/L)%t Ag™ (20 pmol/L)
BN TSR

Figure 4 UV-Vis spectra of 3¢ (5 umol/L) and Ag® (20
pmol/L) in the presence of various metal ions (10 pmol/L) and
normalized with respect to the absorption of 3¢ (5 pumol/L) and
Ag" (20 pmol/L)
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Figure 5 The Job plot of 3¢ and Ag"
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4 5 equiv.
0.5 4 equiv.
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r 0.4 2 equiv.
2 1 equiv.
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Figure 6 UV-Vis spectra of 3¢ (5 pumol/L) with different
concentrations of Ag"

C(Ag")/(umol-L ") from 5.0 to 30.0

3 ZRAH
3.1 X5

Bruker AV-600 B BRI (IS E A & w A F], W
Fr TMS, %7 CDCl; 8; DMSO-d;), Bruker Tensor 27
LLAME A (B A€ 58 A F]); UV2501 PC 548yt
JE 1 (H A A 7]); UHR-TOF maXis #8570 3 AT
Vi) J5 e S (i [ A 2 ) XT-4 0 S s il sz 43
bR AR AR, B ARERIE). SHHIEK
K,CO; 15— J& LA b4, 1,10-4B3E 2 k-5,6- i (1% 18
SCHR AR, X RUT AR (4157 A A A AR DT AL
W 2a~20(3% FSCER[20]175 12), HAR IR 73 4 T
M el fr it
32 EMRIFIE

XPARUT HEA (4105 K -1,3- — HUCAR AL SE 2 bk AT A=
3a~3f [F1& 8 78 100 mL B JELEEHIIA 1,10-485E %
Whk-5,6- (2.4 mmol). 2 #%(60 mmol)Fl 10 mL #KFf
1R, InAGRE SR, PR S 2 (1.0 mmol)i T
10 mL UKEGHER, 1248 IR NARR T, £ 90 T4
FRM(TLC BREF). RMEH )G, B 100 mL K, #&
ZUKET pH £ 7, BHIE SIS IE, KEH KL,
ToK CREE LS 5, 190 44,

5,11,17,23-PY =% ] HE-25,27- - [(4- 4B 3E Bk oK
F) AR 3]-26,28- R FE-M[4] )5 18 (3a): B[] 44,
7 65%. mp.>250 ‘C; '"H NMR (600 MHz, DMSO-
dg) d: 13.50 (s, 2H, NH), 8.96 (d, J=15.6 Hz, 4H, CH),
8.86 (d, J=8.4 Hz, 2H, CH), 8.82 (d, J=7.2 Hz, 2H, CH),
8.46 (s, 2H, OH), 8.24 (d, J=17.8 Hz, 4H, ArH), 7.73 (br,
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4H, CH), 7.19 (d, J=8.4 Hz, 4H, ArH), 7.17 (s, 4H, ArH),
7.14 (s, 4H, ArH), 4.35~4.33 (m, 12H, CH,), 3.44 (d, J=
12.0 Hz, 4H, CH,), 1.19 (s, 18H, CH3), 1.15 (s, 18H, CH3);
C NMR (150 MHz, DMSO-dg) d: 159.3, 150.6, 150.1,
149.8, 147.5, 147.0, 143.5, 141.2, 135.6, 133.4, 127.8,
127.6, 126.1, 125.7, 1252, 123.7, 123.0, 119.2, 115.0,
73.7, 66.7, 34.0, 33.6, 31.3, 31.2, 30.9; IR (KBr) v: 3388,
2957, 1612, 1571, 1520, 1481, 1361, 1297, 1246, 1191,
1118, 1064, 926, 809, 741, 643 cm”'; HRMS (ESI) caled
for CgeHgsNgOg (IM+H]"): 1325.6600, found 1325.6600.

5,11,17,23-P4 =% U] FE-25,27- - [(4-ZB3E Z Wh-2-F
AR - 4 5E]-26,28- FR - [4] 5 42 (3b): 1K
AR, 775 68%. m.p.>250 ‘C; 'H NMR (600 MHz,
DMSO-d) 0: 13.38 (s, 2H, NH), 8.92 (d, J=15.6 Hz, 4H,
CH), 8.79 (d, J=7.8 Hz, 2H, CH), 8.74 (d, J=7.8 Hz, 2H,
CH), 8.34 (s, 2H, OH), 7.82 (d, J=7.8 Hz, 2H, ArH), 7.77
(s, 2H, ArH), 7.70~7.68 (m, 4H, CH), 7.21 (d, J=8.4 Hz,
2H, ArH), 7.14 (s, 4H, ArH), 7.13 (s, 4H, ArH), 4.45 (br,
4H, OCH,), 4.37 (d, J=12.6 Hz, 4H, CH,), 4.32 (br, 4H,
OCH,), 3.78 (s, 6H, OCH3), 3.43 (d, J=12.6 Hz, 4H,
CH,), 1.20 (s, 18H, CH;), 1.13 (s, 18H, CH;); *C NMR
(150 MHz, DMSO-dg) J: 159.3, 150.6, 150.1, 149.8, 147.5,
147.0, 143.5, 143.2, 1412, 135.6, 133.4, 129.5, 127.8,
127.5, 126.1, 125.6, 1252, 123.7, 123.1, 122.9, 119.2,
115.0, 73.7, 66.7, 34.0, 33.6, 31.3, 30.9; IR (KBr) v: 3401,
2957, 1603, 1484, 1449, 1358, 1263, 1200, 1133, 1033,
980, 926, 872, 811, 740, 643 cm”'; HRMS (ESI) calcd for
CysHgoNsOg (IM+H]"): 1385.6800, found 1385.6798.

5,11,17,23- DY =%} 0] HE-25,27- - [(4-4B 3E B bk oK
B~ RN 3E]-26,28- —FRSE-AR[4] 07 K8 (3e): 35 € [ 4k,
FEE 72%. m.p.>250 C; "H NMR (600 MHz, DMSO-d;)
5: 13.40 (s, 2H, NH), 8.90 (d, J=15.6 Hz, 4H, CH), 8.74
(d, J=9.0 Hz, 4H, CH), 8.66 (s, 2H, OH), 8.15 (d, J=38.4
Hz, 4H, ArH), 7.67 (br, 4H, CH), 7.19 (d, J=8.4 Hz, 4H,
ArH), 7.17 (s, 4H, ArH), 7.14 (s, 4H, ArH), 4.58~4.56
(m, 4H, OCH,), 4.21 (d, J=12.6 Hz, 4H, CH,), 4.12 (br,
4H, OCH,), 3.46 (d, J=12.6 Hz, 4H, CH,), 2.44~2.42
(m, 4H, CH,), 1.16 (s, 18H, CH3), 1.13 (s, 18H, CH3); "*C
NMR (150 MHz, DMSO-d;) d: 159.6, 150.4, 150.1, 149.4,
147.3, 143.2, 141.4, 1332, 129.3, 127.7, 127.4, 125.7,
125.3,122.7, 114.7,72.7, 64.3, 59.0, 34.0, 33.5, 31.3, 31.2,
30.9, 29.5; IR (KBr) v: 3380, 2957, 1612, 1521, 1479,
1393, 1359, 1297, 1247, 1187, 1120, 1057, 952, 836, 742,
643 cm '; HRMS (ESI) caled for CssHgoNsOg ([M+H]"):
1353.6900, found 1353.6910.
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5,11,17,23-PY=3§ BT FE-25,27- " [(4-ZB3E ' ihk-2-
AR IR AR N 3 ]-26,28- FRHE-MR[4] 05 2 (3d): B
AR, P2 75%. mp.>250 C; 'H NMR (600 MHz,
DMSO-dy) 6: 8.92 (d, J=15.6 Hz, 4H, CH), 8.78 (d, J=
9.0 Hz, 4H, CH), 8.66 (s, 2H, OH), 7.80 (d, J=8.4 Hz, 4H,
ArH), 7.70 (br, 4H, CH), 7.24 (d, J=8.4 Hz, 2H, ArH),
7.17 (s, 4H, ArH), 7.14 (s, 4H, ArH), 4.58 (br, 4H, OCH,),
4.36 (s, 2H, NH), 4.21 (d, J=6.6 Hz, 4H, CH,), 4.13 (br,
4H, OCH,), 3.92 (s, 6H, OCH3), 3.45 (d, J=6.6 Hz, 4H,
CH,), 2.44~2.42 (m, 4H, CH,), 1.16 (s, 18H, CHj), 1.13
(s, 18H, CHs); °C NMR (150 MHz, DMSO-d;) J: 150.6,
150.1, 149.4, 149.2, 1473, 147.2, 143.3, 141.4, 133.2,
129.3, 127.4, 125.7, 125.3, 122.9, 119.2, 112.8, 109.9,
72.7, 64.8, 55.8, 34.0, 33.5, 31.3, 31.2, 30.9, 29.6; IR
(KBr) v: 3370, 2957, 1606, 1483, 1357, 1261, 1206, 1134,
1038, 980, 872, 811, 741, 643 cm '; HRMS (ESI) calcd
for CooHg3N5Os (IM+H]"): 1413.7110, found 1413.7126.

5,11,17,23-PY =5 4] 3-25,27- - [(4- 3B 3E 2 Ihh 2K
AT 5E]-26,28- IR LM [4]05 45 (3e): B AL LA A,
P 62%. m.p.>250 ‘C; 'H NMR (600 MHz, DMSO-dq)
5:13.29 (s, 2H, NH), 8.88 (d, J=16.2 Hz, 4H, CH), 8.69
(d, J=9.0 Hz, 4H, CH), 8.66 (s, 2H, OH), 8.09 (d, J=
8.4 Hz, 4H, ArH), 7.62 (br, 4H, CH), 7.16 (s, 8H, ArH),
7.11 (d, J=7.8 Hz, 4H, ArH), 4.24 (d, J=12.6 Hz, 4H,
CH,), 4.19 (br, 4H, OCH,), 4.06 (br, 4H, OCH,), 3.46 (d,
J=12.6 Hz, 4H, CH,), 2.24 (br, 8H, CH,), 1.19 (s, 18H,
CH;), 1.14 (s, 18H, CH;); *C NMR (150 MHz, DMSO-d;)
5: 159.6, 150.5, 150.2, 149.7, 147.0, 143.4, 141.3, 133.2,
127.6, 127.5, 125.9, 125.6, 125.3, 122.5, 114.6, 76.1, 67.4,
34.0, 33.6, 31.4, 30.9, 26.3, 25.5; IR (KBr) v: 3728, 3653,
3359, 3053, 2957, 2869, 2352, 1612, 1563, 1521, 1482,
1452, 1396, 1357, 1296, 1253, 1185, 1123, 1102, 1070,
1039, 1014, 963, 873, 837, 806, 742, 690, 648 cm ';
HRMS (ESI) calcd for CogHosNsOg ((M~+H]"): 1381.7143,
found 1381.7148.

5,11,17,23-PY=5 BT 3-25,27- - [(4-4B3E 2 Wk-2- FF
AT EL) AT 3E1-26,28- #4155 18 (30): i
EE, 7% 68%. mp.>250 ‘C; '"H NMR (600 MHz,
DMSO-dg) d: 13.20 (s, 2H, NH), 8.90 (d, J=15.6 Hz, 4H,
CH), 8.70 (br, 4H, CH), 8.61 (s, 2H, OH), 7.73 (d, J=8.4
Hz, 2H, ArH), 7.69 (s, 2H, ArH), 7.63~7.58 (m, 4H, CH),
7.16 (s, 4H, ArH), 7.15 (s, 4H, ArH), 7.09 (d, J=8.4 Hz,
2H, ArH), 4.23 (d, J=12.6 Hz, 4H, CH,), 4.17 (br, 4H,
OCHS,), 4.06 (br, 4H, OCH,), 3.89 (s, 6H, OCH3), 3.45 (d,
J=12.6 Hz, 4H, CH,), 2.24 (br, 8H, CH,), 1.18 (s, 18H,

Chin. J. Org. Chem. 2013, 33, 1804~1809
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CHj;), 1.14 (s, 18H, CH3); °C NMR (150 MHz, DMSO-d;)
5: 150.6, 150.2, 149.8, 149.4, 148.9, 147.2, 147.0, 141.3,
133.2, 129.2, 127.5, 125.6, 125.2, 122.6, 119.1, 112.5,
109.6, 76.1, 68.1, 55.5, 34.0, 33.5, 31.4, 30.9, 26.5, 25.6;
IR (KBr) v: 3370, 2956, 1607, 1483, 1356, 1260, 1208,
1134, 1030, 979, 871, 811, 741, 644 cm™'; HRMS (ESI)
caled for CoHoNgOg (M + H]"): 1441.7420, found
1441.7434.
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