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Synthesis, characterization and properties of
3,3'-diethyl-1,1'-oxydiethylenedicarbonylbis(thiourea)

LIU Guang-Yi, REN Heng, ZHAN Jin-Hua, ZHONG Hong

(Key Laboratory of Resources Chemistry of Nonferrous Metals, Ministry of Education,
School of Chemistry and Chemical Engineering, Central South University, Changsha 410083)

Abstract: The synthesis and characterization of novel thiourea compounds containing two alkoxycarbonyl and two
thiourea groups were reported. Using oxydiethylene bis(chloroformate) and KSCN as reactants, N,N-dimethylaniline as
catalyst, an oxydiethylenedicarbonyl bis(isothiocyanate) intermediate was synthesized by a phase transfer catalytic
reaction. Then, through a nucleophilic addition reaction, this intermediate reacts with ethylamine to produce
3,3'—diethyl—1,1'-oxydiethylenedicarbonyl bis(thiourea) (DEOECTU). The compound DEOECTU was characterized by
UV-visible spectra, elemental analysis, infrared spectra and 'H NMR. The results of the interation of DEOECTU with
metal ions indicate that DEOECTU can react with Cu®" in solution to form a chelated complex through bonding of its S
and N atoms with Cu atom, but no reaction of DEOECTU with Zn*", Pb*", Fe*" or Fe*" is observed under the
experimental conditions. The results of adsorption measurement demonstrate that DEOECTU can be chemically adsorbed
on chalcopyrite surface, and the adsorption amount of DEOECTU on chalcopyrite surfaces is further greater than on
pyrite, sphalerite or galena surfaces. The flotation results of pure minerals were further confirmed that DEOECTU
exhibits superior collecting power to chalcopyrite and good selectivity against pyrite, sphalerite and galena.
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Table 1 Element content of four pure minerals
Pure mineral w(Cu)/% w(S)/% w (Pb)/% w(Zn)/% w(Fe)/%
Chalcopyrite  33.51  32.49  0.068 0.058  28.95
Pyrite 0.130  51.17 0.0073 0.0051 44.52
Sphalerite 0.051  31.13  0.154 63.14  0.790
Galena 0.030 12.20  79.67 0.115  Trace
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Scheme 1 Synthesis of oxydiethylenedicarbonyl bis(isothiocyanate)
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2.1 DEOECTU HI4E#)RAE

DEOECTU )76 # 7 AT S Wi, ot it 53 $(Cio-
HNyS0s tHEAE, JFiE5r40): C 39.41% (39.34%),
H 6.28% (6.01%), N 14.93% (15.30%), S 17.66%
(17.49%).
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Fig. 1 IR spectrum of DEOECTU
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3.664~3.701(m, 4H, —CH,—), 1.286(m, 6H, —CHs).
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2 pH A 5.77 1) 1X10™* mol/L ) DEOECTU

1.6 =—DEOECTU v—DEOECTU+Fe**
*—DEOECTU+Zn?" e—DEOECTU+Pb?*

1.4} a—DEOECTU+Cu?*»— DEOECTU+Fe?*

o8

1.2¢

Absorbency
5

S o
[@)} [oe)
.

e 2
S
T

0 I I ! I
230 240 250 260 270 280
Wave length/nm

2 WAEYEHER S TR
Fig. 2 UV spectra of compound in presence or absence of

metal ions
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Scheme 3 Suggested reaction mechanism of DEOECTU with Cu®*
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Fig. 3 Adsorption of DEOECTU on mineral surfaces as

function of pH
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Fig. 7 Effect of DEOECTU dosage on floatability of minerals
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adsorption of DEOECTU

EaE S (U= S YL IR 1 B S Bl BO RS Y IVA
IS AR i S 1 R T, BRI
s [\ I —N—C(=0)—0—"& fit B vl il i SLHu %
ST TR /e S S R A M/ ) 4 SO ¥ AV E R 5 4
IF 1 v HAREsZ It v 1 1 e 07« RLLL, %% DEOECTU
SHRIR Cu” AT PR EF, FiARRE LA 07 X
BRAE SO0, ORI P R R

3 4t
1) A NN= RO 077, -
XU R T 5 ot SR B 5 2o 5% tH— 4 — Z e Fh

FEX IR FIRES AR, SR Z A RS R hn e
NAFE] 3,3 L F-1, 14 L R BRI AU R
(DEOECTU). &I0HEM T LL4MGIE. Rt REE
ST, UESEPT G A S IR H AR

2) RHSRAMIZAMERE, WF9C T DEOECTU 4
Cu*'. Zn*'. Pb*'. Fe*'ul Fe® A 1 b HAE B An
TURRAT L DNVERR T B R R BTk o S5 R R
DEOECTU 4j Zn*"\ Pb*", Fe’'u{{ Fe*" 2 [A] A] i NA7AE
W2EAER, 1S Cu® Z [MAE e EEVE R, onid it 4y
TR S AN JRT5 Cur e 2k B A IR
DEOECTU i DAk 22 A HI 5 2R B 3 ST <4 1
FUAE B T PRI P Bt iy TR B R IR
RUJT A R WO & o S VR IE SR HE— R W
DEOECTU sty A0 R M cRe 71, s sk
W DNEER R8T I BE 1 99 -

3) BRAERRR ) 5 R W], DEOECTU Ak

HH—N—C(=0)—0—F REMIZE, Lk
(U SYOL B 1B e B PO RS YN 2 A3
HO ARSI TR R T I L R, PR IR 5

N—C(=0)—0—"5 fig 1t ] g ik LB AN 1 5 £ X
B LTI ANTE, D BRI R A i L
2R FIRES . ALk, Bk DEOECTU X} #KIR
Cu P A R, JEAbRE LU 2 07 0 PR 7 3
R, JSERAHR A 1 EREE B R OR) .

REFERENCES

[1] SCHROEDER D C. Thioureas[J]. Chem Rev, 1955, 55:
181-228.

[2] RODGER A, PATEL K K, J SANDERS K J, DATT M, SACHT
C, HANNON M J J. Anti-tumour platinum acylthiourea
complexes and their interactions with DNA[J]. Chem Soc,
Dalton Trans, 2002, (19): 3656—3663.

[31 HU lJing-han, WANG Liang-cheng, LIU Hong, WEI Tai-bao.
Biological activities studies and phase transfer catalysts
promoting the one-pot synthesis of N-aryl-N'-(4-ethyloxy
benzoyl)thiourea derivatives[J]. Phosphorus, Sulfur, and Silicon
and the Related Elements, 2006, 181(12): 2691-2698.

[4] KOCH K R. New chemistry with old ligands: N-alkyl- and
N,N—dialkyl-N'-acyl(aroyl) ~ thioureas in  co-ordination,
analytical and process chemistry of the platinum group metals[J].
Coordination Chemistry Reviews, 2001, 216/217: 473—-488.

[S] HABTU M M, BOURNE S A, KOCH K R, LUCKAY R C.
Competitive bulk liquid membrane transport and solvent
extraction of some transition and post-transition metal ions using
acylthiourea ligands as ionophores[J]. New J Chem, 2006, 30:
1155-1162.

[6] GUILLON E, MOHAMADOU A, DIGCHAMPS-OLIVIER I,
BARBIER J P. Synthesis and characterization of copper, nickel
and cobalt complexes with N-disubstituted, N'-ethoxycarbonyl
thioureas[J]. Polyhedron, 1996, 15(5/6): 947-952.

(71 ETH, Fde NN—~(2 S L)~ WIS OUBR R () 5 18 2

[ EEPERTIE[T]. 2R, 2004, 67(6): 449-451.
KUANG Yu-mmg, LI Zhong-hua. Studies on the Synthesis and
Herbicidal N,N—di(2—chloroethenyl)—
phosphorylbithioureas[J]. Chemistry Online, 2004, 67(6): 449—
451

(8]  Z=UUE, Eakfd. N°—5—DUMEE-N—J7 H Bt SEA IR 1K) 5 b S 3G
EPREHEIT D], AP, 2003, 23(11): 1311-1313.

LI Shu-xian, WANG Yan-gang. Synthesis and biological activity

J]. Chinese J Org

Activities of

of N'=5—Tetrazolyl-N—aryl formyl thiourea (I)[.
Chem, 2003, 23(11): 1311-1313.

91 #AMESE, 9N B, MR R. N ORIIRAL A P K R M I U
TEPERIRE L[] Ef‘fséw)cqé:ﬂli 2001, 22(12): 2014-2017.
HU Wei-xiao, SUN Nan, YANG Zhong-yu. Studies on synthesis



296

A G EE R

20134E 1 H

[10]

[11]

[13]

[15]

[16]

[17]

(18]

[19]

and anticancer activity of thiosemicarbazones[J]. Chem J
Chinese Universities, 2001, 22(12): 2014-2017.

SONG B A, JIN L H, YANG S, BHADURY P S. Synthesis and
antiviral activities of chiral thiourea derivatives[J]. Chinese
Journal of Chemistry, 2009, 27(3): 593—601.

MADDANI M R, PRABHU K R. A concise synthesis of
substituted thiourea derivatives in aqueous medium[J]. J Org
Chem, 2010, 75(7): 2327-2332.

FZe, SNt BROMRAERRIE A BT AL SEAT 0],
B4 8 274, 2008, 18(4): 733-737.

WANG Yun-yan, CHAI Li-yuan, Electrochemical behaviors of
thiourea in alkaline medium[J]. The Chinese Journal of
Nonferrous Metals, 2008, 18(4): 733—737.

SHEN C B, HAN D Y, DING Z M. The inhibition effect of
thiourea on bulk nanocrystallized ingot iron in acidic sulfate
solution[J]. Materials Chemistry and Physics, 2008, 109(2/3):
417-421.

ZHON L, WANG Y, LIU Z, HUANG Q. Characteristics of
equilibrium, kinetics studies for adsorption of Hg(Il), Cu(Il),
and Ni( Il ) ions by thiourea-modified magnetic chitosan
microspheres[J]. Journal of Hazardous Materials, 2009, 161(2/3):
995-1002.

RAMESH A, HASEGAWA H, SUGIMOTO W, MAKI T, UEDA
K. Adsorption of gold(IIl), platinum(IV) and palladium( 1) onto
glycine modified crosslinked chitosan resin[J]. Bioresource
Technology, 2008, 99(9): 3801-3809.

BIRINCI E, GULFEN M, AYDIN A O. Separation and recovery of
palladium(II) from base metal ions by melamine— formaldehyde—
thiourea (MFT) chelating resin[J]. Hydrometallurgy, 2009, 95(1/2):
15-21.

FAIRTHORNE G, FORNASIERO D, RALSTON ]J. Interaction
of thionocarbamate and thiourea collectors with sulfide minerals:
a flotation and adsorption study[J]. Int J Miner. Process, 1997,
50(4): 227-242.

LIU G Y, ZHONG H, XIAL 'Y, WANG S, XU Z H. Improving
copper flotation recovery from a refractory copper porphyry ore
by using ethoxycarbonyl thiourea as a collector[J]. Minerals
Engineering, 2011, 24(8): 817—-824.

LIU G Y, ZHONG H, XIA L Y, WANG S, DAI T G. Effect of
N-substituents on performance of thiourea collectors by density
functional theory calculations[J]. Transactions of Nonferrous

Metals Society of China, 2010, 20(4): 695-701.
KT B, R, IR, PR AR LA

JIRIFIE 5 B AR [I]. AT A48 F4R, 2009, 19(2): 389-396.

LIU Guang-yi, ZHONG Hong, DAI Ta-gen, XIA Liu-yin.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Flotation separation of Cu/Fe sulfide minerals by ethoxycarbonyl
thiourea under middle alkaline conditions[J]. The Chinese
Journal of Nonferrous Metals, 2009, 19(2): 389-396.
YUN-LUNG F, SAMUEL S W. Neutral hydrocarboxycarbonyl
thiourea sulfide collectors. USRE32786 [P]. 1988—11-22.
KULKARNI S V, DESAI V C. Process for manufacture of
N-—alkoxy(or aryloxy)carbonyl isothiocyanate derivatives in the
presence of N,N—dialkylarylamine catalyst and aqueous solvent.
US 6184412[P]. 2001-02—-06.

B, RN, EOHE, FFOIRN, A RN R
ot fm IR R S AT AR W) I 4% U7 7. CN 1220678C[P].
2005-9-28.

ZHONG Hong, LIU Guang-yi, WANG Hui, FU Jian-gang, LI
Hai-pu. Process for manufacture of N-—alkoxy(or aryloxy)
carbonyl isothiocyanate and its derivatives. CN 1220678C[P].
2005—9-28.

KA, BFRE, MRET, BERIR. N- LN =3 -
i JUR B e e O 2y 7 b R S5 R D). A LA 2, 2006,
26(1):134-138.

ZHANG You-ming, YANG Li-zi, LIN Qi, WEI Tai-bao.
Synthesis and the Crystal Structure of N-ethoxycarbonyl—
N’—(3—pyridyl)thiourea[J]. Chinese J Org Chem, 2006, 26(1):
134-138.

STOCKMANN S, BRUCE J, MILLER J, KOCH K R. Bipodal
1,1'-acyl—3,3,3',3'tetraalkylbis (thiourea)ligands with flexible
C;, C4 and Cs spacer groups[J]. Acta Cryst, 2008, C64:
0166—0170.

KONIG K H, KUGE M, KAUL L, PLETSCH H J. Symmetrical
3,3,3',3"tetraalkyl—1,1'-alkanedioylbis(thioureas) as new chelate
ligands[J]. Chem. Ber., 1987, 120(7): 1251—1253.

EVEME, AR, R B SR EAH TRt M]. K
e R RS HRAE, 1996: 88-110.

WANG Dian-zuo, LIN Qiang, JIANG Yu-ren. Molecular design
of reagents for mineral and metallurgical processing[M].
Changsha: Central South University of Technology Press, 1996:
88-110.

PEARSON R G. Hard and soft acids and bases [J]. Am Chem
Soc, 1962, 85 (22): 3533—-3539.

g RN IR Ik R AT AL R R T, M AT R,
1988(5): 321-323.

ZHU Yi-min. The principles of chemistry on flotation of
wolframite with benzyl arsonic acid[J]. Chinese Journal of Rare
Metals, 1988(5): 321-323.

(mig  fIF458)



