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Abstract – The long half-life of technetium-99 and its ability to form an anionic species makes it a major 
concern when considering long-term disposal of high-level radioactive waste.  Furthermore, as its most 
stable species in the environment, the pertechnetate ion, TcO4

- is highly mobile and is considered as a 
long-term hazard in nuclear waste disposal.  There is a need for the development of new extractant 
systems, such as systems based on crown ethers that may serve to selectively extract and separate this long 
lived radionuclide from different streams for potential industrial application.  In this paper, we are 
reporting the design and synthesis of new macrocyclic compounds to selectively extract technetium and 
rhenium from complex mixtures.  Preliminary tests performed for the selective extraction of pertechnetate 
and perrhenate are presented. 

 
 

INTRODUCTION 
The safe and economical recycling of spent 

fuel from commercial nuclear reactors will help 
to ensure a stable energy supply for the future. 
As currently envisioned, this spent fuel may be 
reprocessed through an improved PUREX 
flowsheet where key radionuclides such as 
technetium can be sufficiently separated from the 
remaining HLW.  The volume, radiotoxicity, and 
fissile content of spent fuel that required 
repository disposal, will be reduced. There has 
been some interest in partitioning long-lived 
nuclides such as Tc-99 from fuel reprocessing 
and radioactive wastes.  The development of new 
extractant systems that may extract selectively 
Tc-99 is presented here along with preliminary 
results on the separation of perrhenate and 
pertechnetate from acidic and basic medium. 
 
EXPERIMENTAL 
 
All glassware was oven-dried before each 
experiment. The anaerobic experiments were 
placed under N2 or Argon atmosphere.  For water 
sensitive reactions, the solvents were distilled 
before use. All chemicals and materials were 
purchased form scientific catalogs of Aldrich and 
Acros Organics.  Instruments used for the data 
analysis were NMR VARIAN MERCURY 300, 
Thermo Nicolete FT-IR NEXUS 600, Shimadzu 
UV-2101PC, Thermo FINNEGAN GC-MS, 
Waters Autospec Ultima Magnetic Sector MS, 
PERKIN ELMER 2400 Series II CHNS/O 
Analyzer and Perkin Elmer LS 50B fluorescence 
spectrometer.  

The compound NH4
99TcO4 in 0.1 M NH4OH 

was obtained from L.M.R.I. CEA/Saclay, 
France.  All the liquid-liquid extractions were 
performed in 15 mL corning tubes; equal 
volumes of organic and aqueous phases were 
contacted automatically by an end-over-end 
rotation for a specified time at room temperature.  
The aqueous and organic phases were sampled, 
and measured by (1) liquid scintillation counting 
and (2) ICP-MS for the analysis of Tc-99 and Re 
respectively.  The distribution coefficient DA was 
calculated as the ratio [A]org/[A]aq after reaching 
the chemical equilibrium. 
 
RESULTS AND DISCUSSION 
 
Synthesis 

In order to construct 4,4’,5,5’-
Tetraiododibenzo-24-crown-8 (9), we first 
prepared the 4,5-diiodocatechol (4).  A 
conventional strategy employs the diiodination 
of veratrole with mercuric acetate and iodine 
followed by demethylation using BBr3 to afford 
catechol 4 in high yield (Scheme 1) [1].  
Although this is a very efficient method, BBr3 is 
highly corrosive and often limits incorporation of 
a wide variety of functional groups.  As an 
alternative, we endeavored to prepare 4 directly 
from catechol (1) using a variety of iodonium 
sources, without much success.  However, when 
catechol was protected as a ketal, compound 2 
underwent an iodination reaction analogous to 
that for veratrole (5) to give the diiodoketal 3 in 
good yield.  Upon the preparation of the 
diiodoketal 3, we were able to afford catechol 4 
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in 86% yield employing less harsh deprotection 
conditions.  Deprotection was most effective 
providing 94% yield when acetic acid is gently 
refluxed in the presence of catalytic amount of 
HCl.   
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Scheme 1.  Preparation of 4,5-diiodocatechol. 
 

Upon the preparation of Catechol 4, tetraiodo 
derivative 9 was prepared following the standard 
crown ether procedure [2].  Catechol 4 was first 
reacted with monotosyltriethylene glycol [3] in 
basic solution to provide bisglycol 7 in 61% 
yield.  Ditosylation of bisglycol 7 provided 
ditosylate 8 in 80% yield.  Macrocycle 9 was 
then prepared using pseudo-dilution conditions 
in the presence of Cs2CO3 in high yield (Scheme 
2). 
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Scheme 2.  Preparation of tetraiodoCE 9B. 

 
Triethelene glycol monotosylate 
This product is obtained using the literature 
procedure [3].  
2,2-Dimethylbenzo[1,3]dioxole (2) 
This product is obtained using the literature 
procedure [4]. 
5,6-Diiodo-2,2-dimethylbenzo[1,3]dixole (3) 
In a round bottom flask, ketal 2 (2.0 g, 13.3 
mmol), I2 (7.44 g, 29.3 mmol), and Hg(OAc)2 
(9.34 g, 29.3 mmol) were added and dissolved in 
methylene chloride (250 ml). The reaction was 
stirred at room temperature and monitored by 
TLC.  Upon completion, the reaction was filtered 
and washed with an aqueous solution of sodium 
Thiosulfate and extracted with methylene 
chloride.  The organic solution was separated 
and dried with magnesium sulfate.  Upon 
evaporation of methylene chloride, diiodoketal 3 

was obtained as a light orange solid in 
quantitative yield 86% (4.59 g).   1H NMR 
(CDCl3, 300 MHz) δ 7.22 (s, 2H), 1.66 (s, 6H,).  
13C NMR (CDCl3, 75 MHz) δ 26.1, 95.7, 118.8, 
120.2, 149.0.  MS (m/z); 276 (M-I, 100), 261 
(M-I-CH3, 100), 134 (M-2I-CH3, 24), IR (cm-1) 
2980, 1480, 1228.  Anal. Calc for C9H8I2O2 
(401.861): C, 26.89; H, 2.01. Found: C, 26.95; 
H, 1.92. 
4,5-Diiodocatechol (4) 
In a round bottom flask equipped with a reflux 
condenser, diiodoketal 3 (250 mg, 0.622 mmol) 
was dissolved in of AcOH (15 ml), H2O (5 ml ), 
and 6M HCl (2 ml). The reaction mixture was 
heated to gentle reflux for 2 hours.  The reaction 
mixture was concentrated and resultant solid was 
redissolved in ethylacetate.  The solution is 
filtered through a plug of silica gel using 
ethylacetate. Upon concentration, diiodocatechol 
(4) as a solid was obtained in 94% yield (211 
mg).  Spectroscopic data is consistent with 
literature value [5].  1H NMR (CDCl3, 300 MHz) 
δ 7.35 (s, 2H) 1.76 (s, 2H). 13C NMR (CDCl3, 75 
MHz) δ 96.2, 125.8, 144.5. MS (m/z) 361 (M+, 
0.96), 236 (M-I, 30.2), 109 (M-2I, 14.9).  
4,5-diiodo-1,2-bis[2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy]benzene (7) 
In a round bottom flask, diiodocatechol 4 (2.00 
g, 5.52 mmol), tryethelene glycol monotosylate 
(4.13 g, 12.1 mmol), and K2CO3 (1.68 g, 12.1 
mmol) were added and dissolved in dry acetone 
(100 ml) and refluxed overnight.  The reaction 
mixture was concentrated and run through a plug 
of silica gel with MeOH/EtOAc (1:4) mixture.  
Column chromatography with MeOH/EtOAc 
(1:4) mixture yielded yellowish viscous oil 
appears as product in 61% yield ( 2.10 g). 1H 
NMR (CDCl3, 300 MHz) δ 7.31 (s, 2H), 4.12 (t, 
J = 5.7, 4H), 3.86 (t, J = 5.7Hz, 4H,), 3.74-3.83 
(m, 12H), 3.61 (t, J = 3.6Hz, 4H), 2.96 (s, 2H). 
13C NMR (CDCl3, 75 MHz) δ 61.7, 69.0, 69.5, 
70.3, 70.8, 72.6, 96.8, 124.5, 149.3. MS (m/z) 
626 (M+, 58.3), 500 (M-I, 17.8), 493 (M-
C6H13O3, 22.6), 388 (M-C10H22O6, 100), 266 (M-
2I-C4H10O3, 43.7). IR (cm-1) 3422, 2873, 2360, 
1490, 1245, 1122.  Anal. Calc. for C18H28I2O8 
(626.987): C, 34.52; H, 4.51. Found: C, 34.39; 
H, 4.22.  
4,5 diiodo-1,2-Bis[2-[2-[2-[[(4-
tosyl)sulfonyl]oxy]ethoxy]ethoxy]ethoxy]benz
ene (8) 
In a round bottom flask, diiodo catechol 
bisglycol 7 (9.78 g, 15.6 mmol), DMAP (20 mg) 
and Et3N (8.0 ml) were dissolved in methylene 
chloride (100 ml) and cooled to 0 ºC.  Via a 
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dropping funnel, p-toluenesulfonyl chloride 
(6.53 g, 34.2mmol) in methylene chloride (50 
ml) was added over 2 hrs.  After the addition, the 
reaction mixture was allowed to sit overnight at 
room temperature.  The reaction mixture was 
concentrated and chromatographed over silica 
gel using MeOH/EtOAc (1:9).  Compound 8 was 
isolated as yellow viscous oil in 80% yield (11.6 
g). 1H NMR (CDCl3, 300 MHz) δ 7.806 (dd, J = 
8.1, 13.7 Hz, 8H), 7.31(s, 2H), 4.15 (t, J = 4.8 
Hz, 4H), 4.09 (t, J = 4.0 Hz, 4H), 3.80 (t, J = 4.0 
Hz, 4H), 3.72-3.52 (m, 12H), 2.44 (s, 6H). 13C 
NMR (CDCl3, 75 MHz) δ 21.6, 68.7, 69.1, 69.2, 
69.6, 70.8, 96.7, 124.6, 127.9, 129.8, 132.9, 
144.8, 149.5. MS (m/z) 934 (M+, 0.02), 648 (M-
C14H16, 1.00), 564 (M-C8H9O3S, 1.36), 388 (M- 
C10H22O6, 100). IR (cm-1) 2949, 1356, 1174, 910, 
727.  Anal. Calc. for C32H40I2O12S2 . C4H8O2: C, 
42.28; H, 4.73. Found C32H40I2O12S2 . C4H8O2 : 
C, 42.09; H, 4.59.   
4,4’,5,5’-Tetraiododibenzo-24-crown-8 ether 
(9) 
In a round bottom flask equipped with a 
condenser, Cs2CO3 (14.07g, 43.175mmol) was 
mixed with MeCN (334 ml) and refluxed under 
N2.  Compound 8 (8.07 g, 8.635 mmol) and 
diiodocatechol (4) (3.124 g, 8.635 mmol) were 
dissolved in 50 ml of MeCN and added drop 
wise via syringe pump over 24 hrs.  Reaction 
was refluxed additional two days.  The reaction 
mixture was concentrated and run through a plug 
of silica gel using EtOAc/MeCN/Hexanes 
(3:3:4) mixture.  White solid was isolated 
without further purification in 85% (6.99 g). 1H 
NMR (CDCl3, 300 MHz) δ 7.25 (s, 4H), 4.08 (t, 
J = 3.6 Hz,8H), 3.88 (d, J = 3.9 Hz, 8H), 3.78 (s, 
8H).  13C NMR (CDCl3, 75 MHz) δ   69.8, 71.5, 
96.8, 124.1, 149.6.  MS (m/z) 952.0 (M+, 2.31), 
826.1(M-I, 3.32), 698.1(M-2I-H, 4.20), 
572.1(M-3I-H, 23.8). IR (cm-1) 3054, 2986, 
2305, 1494, 1232, 896, 705.  Anal. Calc. for 
C24H28I4O8•CH3CN (992.822): C, 31.44; H, 3.15. 
Found compound: C, 31.45; H, 3.18. 
 
Extraction of Rhenium 
 
4,4’,5,5’-Tetraiododibenzo-24-crown-8 ether 
was evaluated for the extraction of perrhenate 
from acidic and basic solutions (Table I).  The 
nature of the diluent was examined and was 
shown to be the most influential variable in 
controlling the extraction yield of ReO4

-.  The 
addition of the polar diluent acetone to 
nitrobenzene seems judicious since the extraction 
yield of Re is enhanced with a factor of 10.   
 

TABLE I.: ReO4
- Extraction Yield Obtained With 

4,4’,5,5’-Tetraiododibenzo-24-Crown-8 Ether, [ReO4
-] = 

10-4 M, [Crown Ether] = 10-4 M 
Diluent Aqueous 

Phase  
% 

Extraction  
Cyclohexanone 0.1M HNO3 92% 
Nitrobenzene 0.1M HNO3 5.6% 
Nitrobenzene 
/Acetone 1:1 

0.1M HNO3 50% 

Nitrobenzene 
/methyl isobutyl 

ketone 1:1 

0.1M HNO3 21% 

Benzene/Acetone 
4:1 

4M NaOH 42.2% 

Toluene 4M KOH  28.5 
Toluene 4M NaOH 26.6 

 
Extraction of Technetium 
 

Seven crown ethers with ring sizes of 12-
crown-4 to 24-crown-8 in (0.0065 M in 
toluene/acetone mixture) were evaluated for 
efficiency of pertechnetate (450 Bq.mL-1) 
extraction from alkaline synthetic solution (Table 
II).  DB18C6 and DC24C8 were revealed to be 
the most efficient crown ethers to extract Tc-99 
[6].  DB18C6 was chosen because it allows the 
crown ether ring to be more rigid, and the benzo 
groups attached to the crown ether tend to 
increase the extraction coefficient of Tc-99. 
Moreover the presence of benzo functional 
groups increases the solubility of the crown ether 
in the organic phase [6]. 
 
TABLE II. Extraction of Tc-99 By Selected Crown 
Ethers 

Crown Ether Cavity Diameter (Å) log DTc-99
12C4 1.2 - 2.5 0.82 
15C5 1.7 - 2.2 1.11 
18C6 2.6 - 3.2 1.32 

DC18C6 2.6 - 3.2 1.46 
DB18C6 2.6 - 3.2 1.53 

tBuB21C7 3.4 - 4.3 1.12 
DC24C8 4.5 - 5.6 1.56 

Organic phase: toluene/acetone 1:2 mixture at 
25°C, [crown ether] = 0.0065M; Aqueous phase: 
4M NaOH, [99Tc] = 450 Bq.mL-1. 

 

The extraction of Tc-99 (1,627 Bq.mL-

1) from a 4.0 M NaOH solution was examined at 
four concentrations of DB18C6 (0.0065 M, 
0.0075 M, 0.0085 M, and 0.0095 M) in 
dichloromethane (Fig. 1).  The results reveal a 
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linear relationship between the technetium 
distribution ratio and the crown ether 
concentration for the diluent 
dichloromethane

Fig. 1. Extraction of Tc-99 by DB18C6 
 

The complex formation with crown compounds 
complexes transforms a relatively small alkali 
metal or earth alkaline metal ion into a 
voluminous organic cation species which, in 
principle, is more soluble in organic media.  If 
the solvation occurs both cations and anions are 
strongly solvated.  As a result, solubilization of 
inorganic salts in organic diluents of low polarity 
is observed.  The common mineral anions have a 
low tendency to be co-extracted by the neutral 
extractants in a “classical” non polar organic 
diluents such as benzene [7].  This phenomenon 
is attributed to an insufficient solvation of the 
anion by the diluent.  There are two possibilities 
to increase the solubilization of the co-extracted 
anion in the diluent: (1) use of a protic diluent, 
(2) increase the polarity of the diluent by the 
addition of a polar diluent (alcohol, phenols, 
etc.).  The addition of acetone to the non polar 
diluent toluene enhanced the distribution 
coefficient DTc by a factor of 30.  The 
experiments were performed with and without 
4M NaOH in aqueous phase. The results are 
shown in Table III. 
 

TABLE III. Influence of the Diluent on the 
Extraction of Tc-99, ([Tc-99] = 1250 Bq.mL-1, 
[DB18C6] = 0.0065M, [NaOH] = 4.0M). 
 

Diluent DTc-99
(4 M NaOH) 

Toluene 1.10-3

Toluene/Acetone 2:1 34 
Toluene/Acetone 3:1 32.2 
Toluene/Acetone 4:1 32.5 
Toluene/Acetone 5:1 32.9 
Carbon Tetrachloride 1.2.10-4

Chloroform 7.9.10-3

Dichloroethane 3.6.10-1

Tetrachloroethane 7.8.10-2

Nitrobenzene 8.10-4

 
CONCLUSION 
 

In this work we have shown that new 
crown compounds may be suitable for the 
extraction of Tc-99 from acidic and basic 
solutions.  Studies are in progress to synthesize 
and design new macrocompounds with soft 
nitrogen donor atoms. 
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