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Synthesis of Ligands Containing Thiophene- or Furan- groups
and Determination of Stability Constants of Chelating
Compounds for Removal of Heavy Metals (Cd2+,

Pb%, zn*, Cu®) in Aqueous Solution
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The thiophene or furan-containing hexadentate ligands 1,12-bis (2-theophene)-2,5,8,11-tetraazadodecane(Thiotrien
- 4HCl) and 1,12-bis (2-furan)-2,5,8,11-tetraazadodecane(Furatrien - 4HCI) were synthesized as their tetrahy-
drochloride salt and characterized by EA, IR, NMR, and Mass spectrum. Their protonation constants (logKa)
and stability constants (logk™.) for Cd*, Pb*, Zn>* and Cu® ions were determined in aqueous solution by
potentiometry and compared with 1,12-bis(2-pyridyl)-2,5,8,11-tetra-azadodecane(Pytrien) of pyridyl-containing
ligand. The effect stability constants of ligands and metal ion for removal of heavy metals in aqueous solution
were described.
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Hag 7 Y AEdriE 233l oA &g &
golwl g7k= 1 12-bis(2-pyridy)-2,5,8,11-tetraaz-
adodecane'”'st % 7)9] FW7] Al BeAsE
X3gale=  1,12-bis(2-thiophene)-2,5,8,11-tetraazado-
decane(Thiotrien 4HHCD) &+ F&71E T3 112-
bis(2-furan)-2,5,8,11 -tetraazadodecane(Furatrien.4

HCD& A3t 9ed7], gedr], ¢ F&7]0
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Z =g Ao AFE-3 triethylenetetramine,
2-thiopenecarboxaldhyde 2 2-furaldehyde: aldrich
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CEA S AR A A9 Ao ER-2 Shimadzu
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1,12-bis(2-thiophene)-2,5,8,11-tetraazadodecane-
tetrahydrochloride (Thiotrien - 4HCI) :

SaolehE (25 mL)l triethylenetetramine (146 g,
0.01 mole)S ¥ th& dA 7)53lol A 2-thiopene-
carboxaldhyde (2.16 g, 0.02 mole)& A4 3] @E&ch
o] £dg GAIZF BF A7 wBAlY EgEo] o
ojzio, °] =@ E3HES wWERE(100 mL)ol 3
A7l & NaBHs (151 g, 0.04 mole)E yzhA|71H
A ZFR BET) 1247 BoF whe A7

0% ol T-87A FHAAIR 849

2EHe

=

e

Rile

Ago

.

]

436

444
FEt ol& ofHsta oo A A Fow
pH 1°] %5 3o 4To|3} stF & 3t 3
A} 2o} Thiotrien - 4HC10] AAd o] HHEL
de2ol 2 A AHstel Jg gAa Aoy & A
ZA A

Yield:3.2 g, 66% Anal. Calcd for CigHaoN:S:Cly

:C, 3968, H, 620, N, 11.57%. Found: C, 42.02; H,
539 N, 12.06%. 'H-NMR(D;O/DMSO-dk) : 698, 7.15,
740 ppm (thiophene 3H), 4.25 ppm (thiophene-
CHz-N 2H), 2.95~3.25 ppm (aliphatic protons 6H).
BC-NMR(DAO/DMSO-ds) * 129.09, 130,13, 132.23, 132,31
ppm (thiophene carbons), 49.97 ppm (thiophene-
CHz-N), 4629, 4574, 43.38 ppm (aliphatic car-
bons). Mass spectrum (m/e): 338 [Mw-4HCI]. 4
w2 ™M em®:531 (H:0). IR(KBr) v N-H 3380
em”, vC-N 1180 cm™, »C=C 1610 cm *

1,12-bis (2-furan)-2,5,8,11-tetraazadodecane-tetrahy-
drochloride (Furatrien + 4HCL) :

Fro gh2(25 mL)ol triethylenetetramine (1.46
g, 001 mole)E Y& vg &AL 7173kl A2-furald-
hyde (261 g, 0.02 mole) WF3A|# Thiotrien - 4HCl
9] 4T e o= A3 Th

Yield: 3.2 g, 75%. Anal.. Calcd for CisHzoN4O:Cly
:C, 4249 H, 6.64; N, 12.39%. Found: C, 43.12; H,
6.97; N, 12.88%. 'H-NMR (D:O/DMSO-ds) : 6.43,
6.62, 7.60 ppm (furan 3H), 4.32 ppm (furan-CH2-N
2H), 323~360 ppm (aliphatic protons 6H). “C-
NMR(D:O/DMSO-dg) : 11257, 11475, 14495, 14643
ppm (furan carbons), 46.12 ppm (furan-CHz-N),
43.36, 44.87, 45.00 ppm (aliphatic carbons). Mass
spectrum (m/e) : 306 [Mw-4HCl]. An,Q2 ‘M cm™

1547 (H:0). IRCKKBr): vN-H 3420 cm’, vC-N
1190 em™, vC=C 1610 cm™.
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Fig. 1. 'H- NMR and “C-NMR spectra of Furatrien.
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Table 1. Ligands protonation constants at 25 C in

0.10 M KNO;
Ligand logK'y logK% logK’s logK’u logK’% log 8
Thiotrien 930 826 522 352 26.30
Furatrien 943 845 543 388 27.19
Pytien 908 878 751 542 299 3375
Trien 992 920 667 332 29.11

*Calculated by Fortran Program PKAS'
Ardae 89 #AA dvtsoz Ad A
7 FriEd HEd A4 g i ¥
2 pH 99 FAHHANAY UF 2 groz ¢
3} suéq 0“41} T FA"E ek
pytrien 2% T gAY s gl AREG
Tn'eanL Thlotnen 9 Furatrien®] & Xﬂ°ﬂ7]E(log
grek mustg s o ey Hesly], 2 37
AE opwl 2F9 AA FrkE log 25 A=
A ZIth ol ol WEFuE L)Y 4k,
o] AALE FoB37|E AFLSE o2 UFE trien

A Akl 97158 addle A% 8 4

=

M o\glz oL r\r

=

I e
=W AA G

‘é—‘-:—%kii Hlﬂﬁ}ﬁi
gEn AxR it
fz,}e FA E31 IS ¢ F Utk

Fig. 2& Ligand - 4HCH HqL Hsl, HoL, HL ¥
L 3&Fo dist pHE BXFAozA A4E o}
W] Axe HIME G 3ﬂﬂ VX I &)
FHEth L gt vt 2E FAA0 dg
# 33Eg e Aot Thiotrien ¥ Furatrien
FaM9 zolE 2 u Thiotriend] HL 4%
HsL$} HLO #¥ &0 Furatrien Atol9 L
2 HsL9 HL 2t} jAdx o2 s Ha gl
4 9t} pH 9914 Thiotrien® 3}&-% u]
HLZo| 65%, Hol. 2 L% 27t 17%S &
213 Furatrien< HLF 38%, HLZ 30% 2
A8k Q)
(el
Ll E
%35

rir

of

=

¢

Ht go o2 |0 to

\=]

b
=
0
%0
o
=

H

ol
=
il

>

Ol
—

Ky

-

N

- 0
RCACRN

¢}

z}

N

flo J

E9) A EdF
7] KOHZ
+M 0 2 BE 74]45101{‘
®#H o2 Furatrienst Pb™'o]23 &
pH ®3s}o] wha} *ﬁ”ﬂ 7} 83kE
Mot} Furatrien-Pb® 2&9] pH 559
A Furatnen«] FA7E AA s HBA P &
Zo] dAsojx3 ¢z pH 8594 Pb* ¢ Fura-
trien®) %XWP 1:13E0] AHEE & F

wabd PbY, Cd¥ 2 Zn®ol 3
e 2 "“ﬁiﬂTﬂl/\i 5

28710l He| pH: 85~9.091 2

TZo
'\"_."

N
-

i

Mo FN S B

o]
s
QE].

X
4=
=

o, tio ;2‘1

ENTIN

(= g oy I

2=
T

% -

438

<

;g /Ré

100
90

a0 H3L

70 BL
60
50
40
30
20

19

10 11 12

100

90 3k Furulrien

80
70
60
HL
50
40
30

20

1
11

1 i I
5 3 7 []
-LOG{H*)

9 10 12

Fig 2. Relative concentrations of Thiotrien and Fu-
ratrien species formed as a function of —log[H')]
in aqueous solutions.
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Fig. 3. Species concentration relative to Truyamien in
water solution having g=1:1 molar ratio of
Furatrien /pb® as a function of -log[H'].

Table 2. Stability constants for Cu”, Zn®', Pb? and
Cd* complexes of ligands at 25 T in 0.10

M KNOs
Ligands  Cu® Zn® Pb* cd
Pytrien 2415 16.03 15.58 12.33
Thiotrien ~ 17.49 1167 9.87 6.93
Furatrien  20.38 15.37 12.09 9.70

*Calculated by Fortran program BESTA™'®
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