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Synthesis, Special Recognition to Cu®** and Cr®" of
the Ferrocenyl Derivatives
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Abstract A series of ferrocenyl derivatives FeL1~FelL4 were synthesized by ferrocenyl aldehyde, 1,1'-ferrocene-dicarbox-
aldehyde, 2,6-diaminepyridine and 2-amine-7-methyl-1,8-naphthyridine. Their structures were characterized by NMR, MS and
element analysis. Cyclic voltammetry (CV) was carried out to observe their electrochemical properties. The interactions be-
tween FeL1~FeL4 and metal ions were investigated by UV-Vis and NMR titration. The results indicated that the derivatives
FeL1 and FeL2 showed a very good special recognition to Cu®>* and Cr*", and the derivatives FeL3 and FeL4 showed an ex-
cellent special recognition only to Cr’" in the mixed solution contained fifteen kinds of metal ions. Thus, this method has po-
tential applications in the monitoring of vitro environmental pollution and in the detection of vivo metal ions, which exceed the
standard.

Keywords ferrocenyl derivatives; recognition to metal ions; UV-Vis; NMR titration; electrochemical properties
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Scheme 1 Synthesis of ferrocenyl derivatives
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Figure 2 The ultraviolet absorption curves of FeL1 (A: adding Cu®*, B: adding Cr*") and FeL3 (C: adding Cu®*, D: adding Cr*")
Cion: 0, 10, 20, 40, 60, 80, 100, 120, 150, 180, 200 pmol/L from a to k respectively
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Figure 3 The ultraviolet absorption curves of FeL 1 after adding 13 kinds of different concentration mixed ions (a~g) and different (A)

Cu** (h~1) and (B) Cr*" (h~1)

Cion: 0,20,40,60,80,100,120 pmol/L from a to g respectively; Cion: 10,20,30,40,50 pmol/L from h to 1 respectively

(M4 h~T1), 310 nm Ak 1R IS UEE 32834 W # 22 290 nm 7 47,
[ 250 nm Kb RS0 HH ERAR 56 R 188 € 3008, 3K 35 I
HoAth 4 8 8 T AL FeLl X Cu® Ik EiR R, 76
IR SZIG 2R, 3B, IIATRA BT 5 4k ki
I Crtt (i ZE h~1), Fel1 AR IS 28 2% A= 9 5 A2
1k, 310 nm &b FIWR SO TLT-H 2%, RIS 7E 338 nm Ak H 1
TR R AN, R R SUE I T AE Y Fel2
IS R FeLl 2840l XU Rkt ne 7 £
FeLl Al FeL2 X} Cu** Al Cr*" AR 4 By 8k 1R 5l 4E Y,
Fofth B 0 FOE BRI A TR, AR R 5K
BrAS .

X R ERZENENT A W) FeLL3 A FeL4 it 1 [RIBE 48 4
2. 13 MBS B 75 10 pmol/L ) FeL3 1 FeL4 Z.Fi%
TR R AN 5 B B . e N Cu® s, AT
W) FeL3 Fl FeL4 7£ 348 nm Ab AR AMR Wir g A5 — s
%, (H2%A FeLl M FeL2 AW, AT 28, I
Crrl)a, AN £ AR TR ARk, 7E 348 nm AL
MRS LT % 23 nm 22 371 nm Ab. IXEB4E By — R gk2s
BEATAEY) Fel3 Al FeLd Xf Cr' A R4F Mk Bk iR
H, B ERAAFMERD 348 nm RGBT E 371
nm ALI\

1.2.3 RSB FxH4F SR AAE R 69 F AT 2(Q2)

LR AR A B T AT RE RIS cu? R e
A FUIX I R AT A TR SE R B A R R R R R,
FATECH] 7 ALHE Co> A Cr NI 15 PR A B IR
(50.25 mmol/L), BI& K, Na*, Ba®", Mg*", Ca*", Sr*",
Zn2+, C02+, Ni2+, Mn2+, Cd2+, Hg2+, Pd2+, Cr”, Cu2+—T—fEr
15 FREH . WE 4 Fox, 4WIIA 15 REE T
Ja, KT Rk E AT AR FeLl AXUE AT
FeL2, H APl 28 BB 7 WAL B B A1k — 22
310 nm AL RIS I T RS 2 290 nm A AT, WA Cu* 1K)

Chin. J. Org. Chem. 2015, 35, 1966~1974

© 2015 Chinese Chemical Society & SIOC, CAS

AEAE; ZHRTE 348 nm AL H I T —ANB (R A i v, 5t
A Cr " AALE, TEILE FIREMLE 12.56 pmol/L X
Fh AR Al ] A

[, X Rk ZE e AT AEY) Fel3 FIXUE AT
W) Feld, 28U il £ B H B0 7 — A AR5 W & )
Ak, BIFE 371 nm A7 B T — AN RIS e, 15 B AL
AW FeL3 fil FeL4 Hfgxt Cr R il ml, Aetg i+
SEBRAS I, I HLAGE 5 AME I, FAS D PR R AT &
3.25 umol/L.
1.2.4 FelL3. FelL4 5 Cria m1f By &b 50

i AN AT, Tob S TAEMLEATAN
FeL3 fll FeL4 5 Cr’ M HAEF 45 A gy 1 o 118224
TERTAEY FeL1 A1 Fel2 5 Cr M EAEHwE b, T
TAL TR PR 58 4/ MR AT Ve T T 5 0 G WAL P U 5 A — S
m, DRI R R, Kk, fiT4EY) Fell Fl Fel2 43
W5 Cr M EAE RIS & e A — B B 7T
1.3 BEEEFREMH _E&TEYS Cu* ficr i
HEEM

¥ 3.6 mg FeL1 ¥ RAE 500 pL S H EEE W, i
LR E, T FeLl 5 Cr A EAEM. E 5
i, TN CrJE, o 7.41 b= HIERKIZITEHRT o
7.62 (A9=0.21), 6 7.06 FIXLEIE 1] =37 FE 2 6 6.74
(A6=0.32), § 6.23 LMW EIERKIHTHEE] 6 6.42
(A6=0.19), 6 3.78 AL HLIE R 2 6 3.85. 45
FM, Cr' 54bAY FeLl HEHEMMEER, HS o'
B A Ji AR ] B S M o0 £ ) 2 B S 3k R i ik [
k=N

EWEF Fell 5 Cu* MIEAEFINE, BATRIL, #n
Cu*' G T IR REVE R O 7. &t 43 #r, AT AIX
AT REAR 2B WA B R S AR B /NI ). BRIk, 34T
e FTACH B2 DMSO-dg IR &I (VIV=4 . )i Tk

http://sioc-journal.cn/ 1969



BIHE

R

0.8
13
Qo
<
0.4F
k
a
0.0 - - . 4
250 300 350 400 450
Wavelength/nm
0.8f
C
8
£04

0.0

250 300 350 400 450
Wavelength/nm

0.8
%)
Qo
<
0.4 K
a
0.0 1 : L 4
250 300 350 400 450
Wavelength/nm
0.8
%)
2 0.4

250 300 350 400 450
Wavelength/nm

B4 ALEW(A) FeLl (10 pmol/L), (B) FeL2 (10 pmol/L), (C) FeL3 (10 pmol/L)F(D) FeL4 (10 pumol/L)4> BN 15 Fhik &5 7 114

B 7€ 125
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Table 1 Electrochemical test data of ferrocene and four ferrocene derivatives and electrochemical parameters of K and D,

E'v

e E/V E,J/V AEYV inaline DX 10 */(cm’es ™) w KX 107 %/(cmes™)
Fec 0.421 0.352 0.069 0.386 1.02 0.421 0.352 0.069
FeL1 0.413 0.349 0.064 0.381 1.00 0.413 0.349 0.064
Fel2 0.399 0.332 0.067 0.365 1.01 0.399 0.332 0.067
FeL3 0.440 0.361 0.078 0.400 1.02 0.440 0.361 0.078
FeL4 0.401 0.333 0.068 0.367 1.10 0.401 0.333 0.068

Chin. J. Org. Chem. 2015, 35, 1966~1974

© 2015 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/

1971



BIHE

R

Current/10° A

S, NN
SNOODARANONBRDOON
' MASASARARAS R RS ASAEAS RS

-02 00 02 04 06 038
Potential/V

oo = =N

o o wu o

— T
0O

Current/10° A

1

-

o
T

-1.5}F

2.0 2 2 2 2 2 2
-02 00 02 04 06 08 1.0

Potential/V

Bl 7 FeLl (0.5 mmol/L)IIARFRE(A) Cu? FI(B) Cr*"Ja MBI 2 Hh 5 1K
Figure 7 The CV curves of FeL1 (0.5 mmol/L) in the ethanol solution after adding different concentration Cu** (A) and Cr*" (B)
Cu®" orCr'':0,0.5,1,1.5,2.5,3.5, 5 mmol/L from a to g respectively). Curve h is CV curves of Cu?" or Cr’" (5 mmol/L)

B, Cr " IR BE 51 RE AT A4 FeL4 A S A0 J5 I
AL, 1 0.266 VIERE 0330 V (AE=64 mV)
0.350 ViEMZE 04 V (AE=50 mV). iXsb4 ByiH, i@
PRI 22, A TR IR R R 5 & )8
BT A EAEH.

20r

Current/10° A
o o
o o

o
[$)]
T

'

-

o
T

'

N

o
T

-0.2 0.0 0.2 0.4 0.6 0.8
Potential/V

B8 FelL3 (0.5 mmol/LYMAMRFHEE Cr' " J HIG AR 2 i 25
K
Figure 8 The CV curves of FeL3 (0.5 mmol/L) into the ethanol

solution after adding different concentration Cr**
Cr':0,0.1,02,0.3,0.4,0.5,0.7,0.9, 1 mmol/L from a to i respectively

2 Zhig

AICEIE LT — BRI SRR E . R BRZRE
B MUSUE AT, T IR L BRI A5
WA TR E T RTINS H. I KA AT I T A
RLRER E T T 1 VUR AT AR AN < 8 - 1 iR A B4
W TS SRR, i fa] SR, A e gkt e
FTAEYME TSN Cu® A O kBRI 5, iR
TORBSEET AR O R AR T S e
RIS, A% S BT AL A RAR W, FeLl Hhtig o fir
(5 I PR R L ] LI S o T RAETALIE A, 1M

1972 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

Cu IR AT RE R ANLNE o RIMERE DR ERCAL, HE s
FHERERSEEE FIAL FNERATBO 7 XL =%
BRATAEMREEA A 2R, R 2R 1 A2 5
T FUEA TS )8 B 18] A AR .

3 LIRS
3.1 UE5EHF

BT AR AT B 0 B2, 10 mmol/L — %k
[T PR A AR VA, 100 mmol/L 14 8 B 1 /K it 7%
W, 10° mmol/L CrClye6H,O A/K i 7E WAl 10°
mmol/L CuCly2H,O FiARKAEAEIE IR, I oK
b B 5 A .

Varian Unity INOVA 400 MHz # i IEIRIL; 240
HHEIEAL Spectrophotometer 2300 UV/Vis; AL 2 T AE
UE(CHI660C, CH 1 %8, Chenhua Co., i, W), ##
P IS VI (BRANSON2000, 3% [H).

32 ZERBITEVIHERK
32,1 2-FIA TR T B IR-6- R b 69 & %

W 2,6- EFEMEIE4.9 g, 45 mmol)i& T 40 mL T
(1 PR AR, K B R T R i & R R (1.7 mL, 22
mmol), FEFFE, TLC MlIZ RBILE R, Jie 2% 7,
BRI CHLCL ¥, M AT NaHCO; ¥~ H,O
VEFA NI, GHANAH, ToK Na,SO, T, BT,
REEESY. R E T 46 [Re=0.7, V(hexane)/
V(EtOAc)=1/1], HZTJEMF 3] 3.6 g HEEAEG=%
85.0%), m.p. 115~116 ‘C; 'H NMR (400 MHz, CDCl;)
5: 8.32 (br, 1H), 7.44 (t, J=8.0 Hz, 1H), 6.19 (d, J=8.0
Hz, 1H), 4.59 (br, 2H), 3.79 (s, 3H); ESI-MS m/z: 168.7
[M+H'].

3.2.2 b Fell 894
R H (0.6 mmol, 144.5 mg) F 2-5 JE FH R
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figHt-6- = FEMEIE(0.7 mmol, 122.4 mg)fi#HiET 25 mL
T CH,Cl,, N\ NaBH(OAc); (1.9 mmol, 435.5 mg),
H = 2 H&07 pH 5~6, Mn#kEIRE &, TLC W% K&
NEEHR, B R BR R EN R ER, W%, CHLCL, ik
B, MUK FHABAT NaHCO; W« A1 NaCl ¥« H,0
TRFANUAH, To7K Na,SO, T, TIEEzE, AR E
] 4 7= 4. feE IR R JZE B 44k [Re= 0.5, V(hexane)/
V(EtOAc)=5/1), HATHRERE] 76.7 mg ik iE & 44
(P# % 36.7%), m.p. 102~103 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.44 (t, J=8 Hz, 1H), 7.19 (d, J=8 Hz, 1H),
7.15 (br, 1H), 6.11 (d, J=8 Hz, 1H), 4.57 (br, 1H), 4.21 (s,
2H), 4.18 (s, 5H), 4.14 (s, 2H), 4.08 (d, J=8 Hz, 2H), 3.77
(s, 3H); *C NMR (150 MHz, CDCl;) d: 157.64, 153.91,
150.38, 139.97, 101.64, 100.79, 86.17, 68.77, 68.35, 68.19,
52.55, 41.66; ESI-MS m/z: 365.6 [M']. Anal. calcd for C
59.20, H 5.24, N 11.51; found C 59.02, H 5.363, N 11.47.
3.23 fb-dh Fel2 94 m%,

W 1,108 T HIEE0.5 mmol, 121 mg)P I 2-5
R R 3 -6- R ML E (1.3 mmol, 217 mg)¥E T 50
mL T/ CH,CL ', I\ NaBH(OAc); (3 mmol, 636
mg), — LK pH 5~6, MNARERER, AEE =R,
WEZE, CH,ClL WA R, W AHAT NaHCO; ¥ «
TR0 NaCl V53 H,0 e A ML, JE7K NapSO, T, i
JETEZS, 13RI T A A . AR R AL [Re=
0.4, V(hexane)/V(EtOAc)=3/1), H% T35 92.3 mg
WO ER 34.0%), mp. 174~175 C; 'H NMR
(400 MHz, CDCly) d: 8.50 (br, 1H), 7.44 (t, J=8 Hz, 2H),
7.25 (s, 2H), 6.10 (br, 2H), 6.00 (d, J=8 Hz, 2H), 4.18 (s,
8H), 4.10 (d, J=4 Hz, 4H), 3.81 (s, 6H); *C NMR (150
MHz, CDCl3) 6: 157.95, 153.79, 150.51, 140.29, 101.11,
100.91, 87.84, 68.49, 67.97, 52.49, 41.22; ESI-MS m/z:
544.4 [M']. Anal. caled for C 57.36, H 5.18, N 15.44;
found C 58.15, H7.73, N 13.21.

3.2.4 fb4h Fel3 94 m%

W R FE£(0.15 mmol, 32.9 mg)Fll 2-FFE-7-
H-1,8 Z50E(0.21 mmol, 32.8 mg)! AT 25 mL TR
CH,Cl,, A NaBH(OAc); (0.75 mmol, 165.3 mg), =2
25 pH 5~6, MARFEIER, #RHZEER, KX,
CH,ClL, ¥ fRiR Y, I NaHCO; i, Ml
NaCl ¥, HoO YA HUAH, Jo7K NaySO, T4, ke
7%, 19 2R o A = . RERR K E T 4K [R=0.5,
V(CH,CL,)/V(CH;0H)=20/1], H=T4#/515 5] 28 mg ¥
AR E AR (77 % 21.8%), m.p. 209~210 C; 'H
NMR (400 MHz, CDCl;) 6: 7.78 (d, J=8 Hz, 1H), 7.72 (d,
J=8 Hz, 1H), 7.04 (d, J=8 Hz, 1H), 6.58 (d, J=8 Hz,
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1H), 4.92 (br, 1H), 4.51 (d, J=4 Hz, 2H), 4.27 (s, 2H),
421 (s, 5SH), 4.16 (s, 2H), 2.72 (s, 3H); *C NMR (150
MHz, CDCl;) d: 162.09, 158.78, 157.04, 137.43, 136.56,
118.63, 115.50, 112.25, 85.60, 68.95, 68.81, 68.48, 41.41,
25.79; ESI-MS m/z: 357.8 [M']. Anal. calcd for C 67.24,
H 5.36, N 11.76; found C 66.81, H 5.764, N 11.30.

3.2.5 AbLbdh Fel4 494 %

# 10 mL FecDN (0.09 mmol, 50 mg AL &4, B
A R ABANT A T AT g e TG g A YR
F] 10 mL EALERAE(2.7 mmol, 102 mg) ) VU S kIR £
W, MARER, TLC Wil B & 5k R N 5E 4. RBTR
BV R R, WOTARR T RIZEE, 50 A 1 &
H IR R 2 R EA . F CHLCL, 2 IRAEHL,
To/K NapSO, FEA A, ITIEHEZE, 1523 (i AR ™
) FeL4. #iE K AE 2 #r 46 1k [Ry = 0.4, V(CH,CL/
V(CH;0H)=15/1], B4 THE/EH5] 26.0 mg #fEk
2P (P2 3R 54.67%), m.p. 240~241 C; '"H NMR (400
MHz, CDCls) 6: 7.78 (d, J=4 Hz, 2H), 7.70 (d, J=4 Hz,
2H), 7.04 (d, J=6 Hz, 2H), 6.62 (d, J=4 Hz, 2H), 4.54 (d,
J=2 Hz, 4H), 4.30 (s, 4H), 4.19 (s, 4H), 2.71 (s, 6H); *C
NMR (100 MHz, CDCly) &: 161.66, 158.69, 137.16,
136.41, 118.36, 115.34, 112.29, 86.01, 69.20, 68.93, 40.91,
25.47; ESI-MS calcd for C;oHygFeNg [M+H+] 52943,
found 529.1792.

# BB (Supporting Information)  HLAL 2P AR 7%,
FeL2 Fil FeL4 [f) 441k ¥, FeL3 #1 FeL4 55 Cr' 1%
SNTARRh Bl e B A2 a2 I, &1k
E N HIRZ A B AT . X LR R} RT DL S B AR T
(http://sioc-journal.cn/)_E T %K.
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