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Insertion of olefins, CF2=CFX (X = CI, F), into the nitrogen-chlorine bonds of dichloro(perfluoroalkyl)amines, RfNCl2 (Rf = 
CF,, C2FS), occurs readily, providing an easy, straightforward route to secondary (polyfluoroalky1)- or (perfluoroalkyl)chloroamines 
and tertiary (polyfluoroalky1)- or (perfluoroa1kyl)amines. At 65-70 "C, insertion into only one of the nitrogen-chlorine bonds 
occurs to give RfN(CF,CFXCI)Cl, while at 90-100 OC, insertion into both nitrogen-chlorine bonds produces the tertiary amine 
RfN(CF&FXCI), in good yield. Gas-phase photolysis of RfN(CF2CFXC1)C1 results in essentially quantitative yields of the 
respective perfluoroazaalkenes, RfN=CF2, and fluorocarbons, CFXCI, (X = F, CI). 

Introduction 
While the insertion of olefins into the nitrogen-halogen bond 

of secondary halo(perfluoroalky1)amines is cited frequently in the 
literature, e.g., the insertion of hexafluoropropene or ethylene into 
the nitrogen-halogen bond of bromo- or iodobis(trifluoro- 
meth~l)arnine, '-~ a survey of the literature indicates that the 
analogous reaction with dichloro(perfluoroalky1)amines to form 
secondary or tertiary (polyfluoroalky1)- or (perfluoroalky1)amines 
has not been reported. In only a single case has mention been 
made of the potential utility of dichloro(perhaloalky1)amines for 
the synthesis of tertiary (perhaloalkyl)amines.6 However, no 
results were given at  that time, and no reports have appeared 
subsequently describing this chemistry for dichloro(perha1o- 
alky1)amines. 

The reported chemistry of the dichloroamines is quite limited. 
The synthesis of diazo compounds is accomplished via pyrolysis7 
and of dichloroamines. Dechlorination of ClCF2NC12 
by heating at  150 OC for 4 h results in an 80% yield of the 
chloroimine CF2=NCI.Io Similarly, FN=CFCl is obtained by 
heating C12CFNFC1 at  53 OC.l1 Reactions of compounds of the 
type XCC12NF2 (X = C1, F) with mercury generate fluoroimines 
in good yield,I2 while Cl2NCF2CF2NCI2 is dechlorofluorinated 
to yield cyanogen quantitatively in 0.5 h at  25 OC.13 Attempts 
to insert C O  or SO2 into the nitrogen-chlorine bonds of the 
dichloroamines result primarily in the formation of the corre- 
sponding azo  compound^.'^ The primary amine CF3NH2 is 
formed by reaction of CF3NC12 with hydrochloric acid,15 as well 
as by reaction with trimethylsilane.16 Phosphorus trichloride 
reacts with R,CF2NCI2 to give good yields of the corresponding 
phosphazenes, R&F2N=PC13.17 Fluorination of ClCF2NC12 
gives a 76% yield of CICF2NClF,l8 while CF3NCIBr is synthesized 
by the reaction of bromine with CF3NC12.19 The reactions of 
CF3NC12 with SeC1, or Se and S0C12 to give F3CN=SeC12 and 
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CF3NS0,  respectively, have also been reported.20 
In addition, the chlorobis(polyfluoroa1kyl)amines are found to 

be particularly useful precursors in the synthesis of fluorinated 
azaalkenes. The per- or polyfluoroazaalkenes, RfN=CF2, are 
a class of compounds whose chemistry remains largely untouched 
primarily because of the paucity of high-yield routes to the aza 
compounds from commercially available or easily synthesized 
precursors. 

We give here the first documented investigation of the insertion 
reactions of dichloro(perfluoroalky1)amines with tetrafluoro- 
ethylene and chlorotrifluoroethylene. We describe a very 
straightforward route to the synthesis of new chlorobis(per- 
fluoroalky1)- and bis(polyfluoroalky1)amines as well as new 
tris(perfluoroalky1) and tris(polyfluoroalky1)amines. Moreover, 
essentially quantitative yields of the perfluoroazaalkenes RfN= 
CF2 (Rf = CF3, C2F5), are easily obtained by photolysis of 
chloroamines of the type RfN(CF2CFXC1)Cl (Rf = CF3, C2F5; 
X = C1, F). Previously published synthetic routes to the per- 
fluoroazaalkenes generally require high temperature and/or 
subsequent fluorination. These include preparation of CF3N=CF2 
in 78% yield from fluorination of CC13N=CC12 with excess NaF 
in sulfolane at  150 to 160 "C over a period of 3 h.21 Pyrolysis 
of CF3N0 at 160 OC for 1 day gives a 24% yield of CF3N=CF2.22 
Photolysis of CF3N=NCF3 results in a 10% yield of CF3N=C- 
F2.23 Perfluore2-aza- 1-butene was prepared by passing (C2FS)3N 
through a graphite tube at  745 0C.24 Similarly, pyrolysis of 
perfluoro-2-ethyl-l,2-oxazetidine) at 550 OC resulted in a nearly 
quantitative yield of C2F5N=CF2.25q26 
Results and Discussion 

In the case of the secondary haloamines, Haszeldine and co- 
workers have suggested both free radical and ionic mechanisms 
for the insertion reaction with 01efins.~ They reported that heat 
or photolysis favors a radical mechanism, while reactions carried 
out a t  low temperatures in the absence of light follow an ionic 
pathway. The reaction of bromobis(trifluoromethy1)amine with 
chlorotrifluoroethylene to give (CF3)2NCF2CFC1Br is consistent 
with a radical mechanism, where the intermediate radical 
(CF3)2N' initially attacks the difluoromethylene carbon. 

(CF3)2NBr Q (CF3)2N* + Br' 
(CF3)2N* + CF,=CFCl - (CF,),NCF2CFCl* 

(CF3)2NCF2CFCl + (CF3)2NBr - 
(CFJ2NCF2CFC1Br + (CF3),N' 

We have found that chlorotrifluoroethylene as well as  tetra- 
fluoroethylene, upon heating, can be readily inserted into one or 
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both of the nitrogen-chlorine bonds of dichloroamine, depending 
principally on the reaction temperature. Even in the presence of 
a large excess of olefin, only a one-to-one insertion reaction takes 
place with RfNC12 (Rf = CF3, C2F5) at 65-70 'C. 

/C F2 CF XCI 
6 5 -  7 0  OC 

RfNCI, + CF,=CFX 1 2 - 1 4  * RfN,, 
CI 

X = F. C I  

Although the reaction mechansim is believed to be free radical, 
only a single isomer is obtained from the reaction between RrNC12 
and chlorotrifluoroethylene. The mass spectrum, with a major 
fragment corresponding to CFC12+, as well as 19F NMR spectral 
data support the presence of only RfN(CF2CFC12)C1, with no 
concomitant formation of RfN(CFC1CF2CI)C1. The reaction 
apparently proceeds as follows: 

RfNC12 R,;CI + Cl* 

C F ~ E F C I  
/ 

R,;CI + CFz=CFCI - R N 
'CI 

e 
,,CF,CFCI /CF, C F C l2 

R N  + RfNC12 - R f N  + R f G C I  
\CI 'c I 

Similarly, only a single insertion product is observed at  90-100 
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1710 infrared Fourier transform spectrometer with a 10-cm gas cell 
equipped with KBr windows. I9F NMR spectra were obtained on a 
JEOL FX-90Q Fourier transform nuclear magnetic resonance spec- 
trometer using CC13F as an internal standard and CDC13 as solvent. 
Mass spectra were obtained with a VG HS7070 mass spectrometer op- 
erating at an ionization potential of 17 eV. Elemental analyses were 
performed by Beller Mikroanalytisches Laboratorium, Gottingen, West 
Germany. Photolysis reactions were carried out in quartz reaction vessels 
irradiated in  a Rayonet photochemical reactor by using 3000-A UV 
lamps. 

Reactions of Olefins (CF2==CF2 or CF2=CFCI) with Dichloro(per- 
fluoroa1kyl)amines (CF3NC12 or C2FSNCI2). Preparation of RfN- 
(CF2CFXCI)CL The N,N-dichloro compound RfNCI2 (CF3NCl2 or 
C2F5NCI2) (10 mmol) and 12 mmol of olefin (CF2=CF2 or CF2=CFCI) 
were condensed at -196 OC into a 50-mL thick-walled Pyrex reaction 
tube. The tube was sealed and heated in an oven at 65-70 OC for 12--16 
h. The products were separated by trap-to-trap distillation. 

Properties of Chloro( 2-chlorotetrafluoroethyl)(trifluoromethyl)amine, 
CF3N(CF2CF2CI)Cl. This compound was found in the trap cooled at -65 
OC, having passed through a trap at -40 OC. It was obtained in -60% 
yield as a colorless liquid. Spectral data are as follows. E1 MS ( m / e  
(species), intensity): 255/253 (M'), 1.1/1.6; 220/218 (M+- Cl) 5/15.1; 

87/85 (CF2CIC), 11.3/37.1; 69 (CF,'), 100; 50 (CF2+), 97. IR (gas): 
1317-1 160 br, 11 10 vs, 985 vs, 868 vs, 827 vs, 724 s, 680 s, 652 s cm-l. 
19F NMR: @ -59.89 (CF,, tt), -68.69 (CF2CI, mult), -96.43 (CF2N, qt); 

Calcd for C3F7C12N: C, 14.17; N, 5.51. Found: C, 14.60; N, 5.65. 
Properties of Chloro( 2,2-dichlorotrifluoroethyl) (trifluoromethyl)amine, 

CF3N(CF2CFCI2)CI. Under dynamic vacuum, this compound was found 
in the trap at -45 OC, having passed through a trap at -30 OC. It was 
obtained in -80% yield as a colorless liquid. Spectral data are as follows. 
E1 MS ( m / e  (species), intensity): 236/234 (CIF~NC~~' ) ,  0.4/0.8; 
182/180 (C3F5NCI+), 7.4/19.1; 170/168 (C2FsNC1+), 4.6/13.8; 153/ 

164 (C,F,N+), 97; 137/135 (C2F4CI'), 18.4/57.9; IO0 (C2F4+), 12.2; 

J C F ~ ~ F ~ N  = 13.43 HZ, JCFj<FzCI = 3.66 Hz, JCF~XF~ = 2.44 Hz. Anal. 

151 (C2F3C12+), 2.2/4.3; 132/130 (C*F3NCI'), 3.8/11.8; 103/101 
(CFC12+), 40.2/64.9; 95 (C2FpN'); 69 (CF,'), 100; 50 (CF,'), 7.6. IR 
(gas): 1293 vs, 1236 vs, 1170 vs, 1100 s, 955 s, 912 vs, 850 w, 810 vs, 
714 s, 658 s cm-I. I9F NMR: @ -59.54 (CF3, td), -71.12 (CF, mult), 

Hz. Anal. Calcd for C3F6C13N: C, 13.30; F, 42.14; N, 5.17; CI, 39.37. 
Found: C, 13.48; F, 42.70; N,  5.14; CI, 38.73. 

Properties of Chloro(2-chlorotetrafluoroethyl) (penbfluoroethyl)amine, 
CF3CF2N(CF2CF2CI)Cl. This compound was stopped in a trap at -60 
OC, having passed through a trap at -40 OC. It was obtained in -60% 
yield as a colorless liquid. Spectral data are as follows. E1 MS ( m / e  
(species), intensity): 305/303 (M'), 0.4/0.6; 270/268 (M+ - CI), 

-93.59 (CF2, qd); J C F s F z  = 14.41 Hz, JCF3<F = 4.52 Hz, J C F r C F  = 7.45 

0.8/2.3; 220/218 (CjFTNCI'), 12.7/39; 137/135 (C2F4CI+), 9.7/30.5; 
119 (C2F5+), 100; 114 (CZFdN'), 26; 100 (C2F4+), 7.7; 87/85 (CFZCI'), 
13.4/42.1; 69 (CF,'), 51.9. IR (gas): 1239 vs, 1209 w, 1182 w, 1118 
s, 1081 s, 1029 s, 978 vs, 917 w, 830 w, 800 s, 741 s cm-'. I9F NMR: 
@ -68.57 (CF2C1, mult), -81.49 (CF3, t ) ,  -93.76 (CF2N, mult), -94.86 
(CF2N, multi); JCF3+F2 = 5.86 Hz. Anal. Calcd for C4F9C12N: C, 
15.79; F, 56.25. Found: C, 16.02; F, 55.7. 

Properties of Chloro(2,2-dichlorotrifluoroethyl)(pentafluoroethyl)- 
amine, CF3CF2N(CF2CFCl2)CI. This compound was stopped in the trap 
at -40 OC, having passed through a trap at -20 OC. It was obtained in 
-80% yield as a colorless liquid. Spectral data are as follows. El MS 
( m / e  (species), intensity): 286/284 (M' - CI), 3.39/5.43; 220/218 
(C3F7NC1+), 24.50/75.44; 153/151 (C2F3C12+), 13.67/21.69; 137/ 135 

(CFCI,'), 31.30/50.14; 69 (CF,'), 52.61; 50 (CF2+), 5.44. IR (gas): 
1357 w, 1268 m, 1237 vs, 1198 s, 1165 s, 1105 s, 1082 YS, 1029 vs, 960 
s, 907 vs, 847 w, 783 s, 731 vs cm-I. I9F NMR: @ -70.31 (CFCI,, mult), 

Hz, J c F + ~ ~ c ~  = 20.76 Hz, J c F ~ F  = 8.3 Hz. Anal. Calcd for C4F8C13N: 
C, 14.97; F, 47.43. Found: C, 15.13; F, 47.20. 

Preparation of CF,N(CF,CFXCI), (X = F, Cl) and C2F5N(CF2CF2- 
C1)p To a 100-mL thick-walled Pyrex reaction vessel were added 25 
mmol of olefin (CF2=CF2 or CF2=CFCI) and 20 mmol of RfNCI2 (R, 
= CF3, C2F5). The tube was sealed and heated in an oven at 95-100 OC 
for 12-14 h. The products were separated and purified by trap-to-trap 
distillation. 

Properties of CF3N(CF2CF2CI),. This compound was found in the 
trap at -40 "C, having passed through a trap at -20 OC. It was obtained 
in -65% yield as a colorless liquid. Spectral data are as follows. E1 MS 
( m / e  (species), intensity): 270/268 (C4F9NCI+), 4.32/15.14; 182/ 180 
(C3FSNCI+), 4.92/15.15; 164 (C3F6N'), 14.51; 137/135 (C2F4CI'), 
32.26/100; 119 (C4F3N+), 20.85; 87/85 (CF2CI+), 16.08/49.76; 69 
(CF3+); 60.44. IR (gas): 1342 vs, 1316 vs, 1272 s, 1229 s, 1210 vs, 1187 
vs, 1155s, 1121 s, 1016s ,995s ,905s ,870s ,813vs ,797vs ,747s ,691  

(C2F&I+), 6.92/21.14; 119 (CZF,'), 100; 114 (C*F4N'), 16.36; 103/101 

-80.73 (CF3, t), -90.69 (CF,CF, tq), -93.82 (CFZ, td); JcFj+F2 = 6.23 

,,CF,CFCI, 
- R N  

9 5 -  100 O C  

R t N C I 2  + CFz=CFCI 
'cF,cFci, 

Treatment of CF3N(CF2CFCl2)CI with tetrafluoroethylene at 
90-100 "C results in the asymmetric tertiary amine as shown. 

,,C F,CFCI, ,CF,CFCI, 
95-100 *C 

CF3 N, + CF,=CF, * CF3N, , 'c I CF2 CF, C I 

The formation of nitrene intermediates from the pyrolysis or 
photolysis of dichloroamines is proposed in the literature to account 
for the formation of RrN=NRf.7-9*14-17 Diazenes were not formed, 
however, under the conditions used in the present study. 

Gas-phase photolysis of the compounds RrN(CF2CFXCI)Cl 
did not result in dimerization to the respective hydrazines, but 
instead the perfluoroazaalkenes RfN=CF2 were formed in nearly 
quantitative yield. The most probable mechanism involves 
free-radical formation and decomposition. 

T 
-!?.!L RfVCFzCFXCI  + CI* 

,,CF,CFXCI 

R f N \ _ ,  
LI 

l e  
R,N=CF? + CFXCI CFXCI, 

The chemistry of the perfluoro- or polyfuluoroazaalkenes has not 
been exploited as fully as that of perfluoro- or polyfluoroalkenes 
although their chemical behavior may be similar in many respects. 
An excellent review of synthetic methods for and reported 
chemistry of azaalkenes is a~ai lable .~ '  
Experimental Section 

Materials. The reagents of CF3NC1220 and C2FSNC1?* were prepared 
according to literature methods. Other chemicals were purchased as 
indicated: chlorine monofluoride (Ozark-Mahoning); BrCN (Aldrich 
Chemical Co., Inc.); CF3CN, CF2=CF2, and CF2=CFC1 (PCR). 

General Procedures. Gases and volatile liquids were handled in a 
conventional Pyrex vacuum system equipped with a Heise Bourdon tube 
gauge and a Televac thermocouple gauge. Most of the starting materials 
and products were measured quantitatively by using PVT techniques. 
Products were purified by fractional condensation (trap-to-trap distilla- 
tion). Most of the starting materials and products were quantitated by 
using PVT techniques. Infrared spectra were recorded on a Perkin-Elmer 

(27) Haas, A. Gmelin Handbook of Inorganic Chemistry; 8th ed.; Koschel, 
D., Ed.; Springer-Verlag: New York, 1979; part 9, Chapter 8. 
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s cm-I. I9F NMR: $I -50.27 (CF,, mult), -69.27 (CF2C1, mult), -88.96 
(NCF2, mult). Anal. Calcd for CSFI1CI2N: C, 16.95; F, 59.04. Found: 
C, 16.93; F, 58.80. 

Properties of CF,N(CF2CFC12)2. This compound was found in the 
trap at -10 OC, having passed through a trap at 0 OC. It was obtained 
in 60% yield as a colorless liquid. Spectral data are as follows. E1 MS 
( m / e  (species), intensity): 286/284 (C~FSNC~~') ,  5.98/9.53; 153/151 
(C2F3C12'), 64.67/100; 137/135 (C2F4CIt), 5.22/16.18; 118/116 
(C2F$I'), 4.0/12.65, 103/101 (CFC12'), 23.58/37.18; 87/85 (CFZCI'), 
4.65/14.23; 69 (CF,'), 22.20; 68/66 (CFCI'), 1.49/4.61. IR (gas): 
1324 vs, 1296vs, 1239 s, 1213 s, 1149 s, 1105 vs, 982vs, 899 vs, 829vs, 
765 vs, 737 vs, 657 s cm-I. I9F NMR: $J -49.06 (CF,, pt), -69.73 

JCFSF = 7.32 Hz. Anal. Calcd for CSF9CI4N: C, 15.5; F, 44.2. Found: 
C, 15.61; F, 44.30. 

Properties of CF3CF2N(CF2CF2C1)2. This compound was found in the 
trap at -10 OC. It was obtained in -55% yield as a colorless liquid. 
Spectral data are as follows. E1 MS (m/e  (species), intensity): 320/318 
(C5FIINCI'), 6.73/18.60; 232/230 (C4F7NC1'), 7.53/23.78; 214 

98.88; 114 (C2F4N'), 10.17; 87/85 (CF2Clt), 23.23/72.66; 69 (CF,'), 
46.11; 50 (CF2'), 5.56. IR (gas): 1310 s, 1290 s, 1240 vs, 1185 s, 1167 
s, 1006 s, 839 s, 796 vs, 710 vs, 697 s cm-I. I9F NMR $J -66.95 (CF2C1, 
mult), -79.63 (CF,, mult), -86.19 (CF2N, mult), -87.86 (CF2N, mult). 
Anal. Calcd for C6Fl$12N: C, 17.82; F, 61.1. Found: C, 18.28; F, 
60.7. 

Five 
mmoles of CF3N(CF2CFC12)CI and 6 mmol of CF2=CF2 were con- 
densed in a thick-walled Pyrex vessel. The tube was sealed and heated 
at 95-100 OC for 12-14 h. The product was purified by trap-to-trap 
distillation. This compound was found in a trap at -30 "C. It was 
obtained in -65% yield as a colorless liquid. Spectral data are as follows. 
E1 MS (m/e  (species), intensity): 286/284 (C4FsNC12+), 3.64/5.64; 

(CFC12, qt), -83.74 (CF2, qd); JcpflF2 = 15.14 Hz, JCF,-CF 20.39 Hz, 

(CpsN'), 14.78; 164 (CJF~N'), 31.22; 135 (C2F@), 100; 119 (CzFs'), 

Synthesis and Properties of CF3N(CF2CFCI2)(CF2CF2CI). 

28, 2189-2195 2189 

270/268 (C4F9NCIt), 9.59/28.64; 182/180 (C,FsNCl'), 6.21/19.45; 
164 (C,F6N+), 12.34; 153/151 (C2F,C1'), 60.70/96.75; 137/135 
(C2F4CI'), 32.12/100; 119 (CzFs'), 11.39; 114 (C2F4Nt), 417; 103/101 
(CFCI,'), 30.01/47.65; 100 (C2F4'), 13.02; 87/85 (CF$I'), 19.66/ 
61.62; 69 (CF,'), 68.33; 50 (CF,'), 5.27. IR (gas): 1384 w, 1337 vs, 
1312 vs, 1270 w, 1239 w, 1208 s, 1185 s, 1154 s, 1114 s, 1029 s, 1009 
s, 907 s, 854 s, 780 vs, 744 s cm-I. 19F NMR: I$ -49.81 (CF,, mult), 
-68.28 (CF2C1, mult), -70.71 (CFCI2), -84.84 (NCF2CFCI2), -87.74 
(NCF,CF,Cl). Anal. Calcd for C5FloCI,N: C, 15.5; F, 44.2. Found: - .- - 
C, 15.21; k, 44.30. 

Photolvsis of RrN(CF,CFXCI)CI. Five mmoles of RtN(CFXFXCIIC1 
was condknsed inio a 560-mL quartz vessel and was'photoiyzed in the 
gas phase by using a Rayonet photochemical reactor at 3000 A for 2-3 
h. The products were separated by trap-to-trap distillation and identified 
by 19F NMR and infrared spectral data. Photolysis of CF3N- 
(CF2CFXCI)C1 gave CF3N=CF227 and CFXCII. The azapropene 
(65-70% yield) was found in a trap at -120 "C, having passed through 
a trap at -100 OC. Photolysis of CF3CF2N(CF2CFXC1)CI gave CF3C- 
F2N=CF227 and CFXCI2. Perfluoro-2-aza-1-butene was found in the 
trap at -100 OC in -80% yield. 
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60940-98-9; CF,N(CF2CFC12)2, 1204 17-6 1-0; CF,CF,N(CF2CF2CI), 
63419-66-9; CF,N(CF2CFC12)(CF2CF2CI), 120417-62-1; CF,N=CF2, 
371-71-1; CF2C12, 75-71-8; CFC13, 75-69-4; CF,CF,N=CF,, 428-71-7. 
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Metal Ion Recognition in Ligands with Negatively Charged Oxygen Donor Groups. 
Complexation of Fe(III), Ga(III), In(III), Al(III), and Other Highly Charged Metal Ions 
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The existence of good linear relationships between the formation constant log values of complexes of ligands containing negative 
oxygen donor groups only and log KI(OH-) values for the metal ions is demonstrated for a variety of ligands containing phenolate, 
carboxylate, and hydroxamate donor groups. The formation constants of DFB (desferriferrioxamine-B), BAMTPH (a synthetic 
trihydroxamate), and several dihydroxamic acids of the type HONHCO(CH,),CONHOH ( n  = 4, 6, 7, 8) with several metal 
ions are reported and used to demonstrate the general existence of linear relationships of the above type. The DFB constants are 
reported for AI(III), Ga(III), and In(II1) and considered in relation to possible use of DFB for treating aluminum intoxication. 
The selectivity patterns of negatively charged oxygen donor ligands for metal ions are discussed in relation to the effect of chain 
length of the bridging groups connecting the donor groups, the presence of sulfonic acid groups, and how the selectivity patterns 
might be altered by the inclusion of other donor groups such as neutral oxygen and nitrogen donor groups. 

Introduction 
There is concurrently considerable interest in designing ligands 

for the complexation of metal ions that have in common a high 
affinity for the negatively charged oxygen donor atom. Types 
of donor groups of interest have been catecholates,*s2  phenolate^,^ 
h y d r ~ x a m a t e s , ~ . ~  and phosphonates.6 Areas of application of this 
type of ligand are removal of Fe(II1) in the treatment of Cooley's 

complexation of Al(II1) in the treatment of aluminum 
intoxication,' development of complexes of In(II1) and Ga(II1) 
as imaging agents: and complexation of actinide elementsS2 Also 
of interest here is use of complexes of lanthanide(II1) ions as N M R  
imaging  agent^.^ 

In this paper the aim is to highlight some of the factors of 
importance in designing ligands that have predominantly negatively 

University of the Witwatersrand. 
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charged oxygen donor atoms. A consideration of importance in 
this regard is the type of correlation briefly for 
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