
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

CIRCULAR DICHROISM OF 1,3-
PROPANEDIAMINETETRAACETATORHODATE(III) ION
Dušan J. Radanoviča; Milos I. Djurana; Kenneth D. Gaileyb; Bodie E. Douglasc

a Institute of Chemistry, Faculty of Science, Svetozar Markovič University, Kragujevac, Yugoslavia b

The Department of Chemistry, University of Georgia, Athens, Georgia, U.S.A. c The Department of
Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania, U.S.A.

To cite this Article Radanovič, Dušan J. , Djuran, Milos I. , Gailey, Kenneth D. and Douglas, Bodie E.(1982) 'CIRCULAR
DICHROISM OF 1,3-PROPANEDIAMINETETRAACETATORHODATE(III) ION', Journal of Coordination Chemistry,
11: 4, 247 — 250
To link to this Article: DOI: 10.1080/00958978208079744
URL: http://dx.doi.org/10.1080/00958978208079744

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978208079744
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J .  Coord. Chem., 1982, Vol. 11, pp. 247-250 
0095-8972/82/1104-0247$06.50/0 

Q 1982 Gordon and Breach Science Publishers, Inc. 
Printed in Great Britain 

CIRCULAR DICHROISM OF 
1,3-PROPANEDIAMINETETRAACETATORHODATE(III) ION 

DUSAN J. RADANOVIC and MILOS I. DJURAN 

Institute of Chemistry, Faculty of Science, Svetozar MarkoviC University, Kragujevac, Yugoslavia 34000 

KENNETH D. GAILEY 

The Department of Chemistry, University of Georgia, Athens, Georgia 30602, U.S.A. 

and 

BODIE E. DOUGLAS? 

The Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15260, U.S.A. 

(Received November 3, 1981) 

Electronic absorption and CD spectra are reported for the sexidentate [Rh(l,3-pdta)]- complex (1,3-pdta = f,3- 
propanediaminetetraacetate ion). The (-)D isomer of the [ Rh(l,3-pdta)]- complex is assigned the A configuration 
by comparison of its CD spectrum to that of truns(O,)-[Rh(S,S-edds)J- known to have the A configuration from the 
stereospecificity of the S,S-edds ligand (S,S-edds = (S,S)-ethylenediamine-N,N'-disuccinate ion). 

INTRODUCTION 

The [ Co(edta)]- complex is somewhat strained as 
indicated by the X-ray structure determination of the 
complex ion.' The two glycinate rings of this complex, 
which lie in the plane of the diamine ring (G rings), are 
considerably more strained than the other two glycinate 
rings (R rings). Since the strain presumably is greater 
for the edta complexes of the larger Cr(II1) and 
Rh(II1) ions, usually these complexes are only quinque- 
dentate with one water molecule occupying the sixth 
coordination ~ i t e . ~ - ~  However, there is evidence for a 
sexidentate [Cr(edta)]- c ~ m p l e x , ~  as well as a sugges- 
tion from NMR solution studies7 of the existence of 
[ Rh(edta)]-. 

Van Saun and Douglas8 and Ogino et aL9 prepared 
and resolved cobaIt(I1I) complexes of 1,3-propane- 
diaminetetraacetate (1,3-pdta) and suggested that the 
ligand acts as a sexidentate with less strain than in the 
sexidentate [ Co(edta)]-. This has been confirmed 
crystallographically. lo The corresponding 1,3-propane- 
diaminetetraacetate complexes with Cr(II1)" and 
Rh(III)'* also have been prepared and characterized. 
In each case the formation of the sexidentate M(II1) 

+To whom correspondence should be addressed. 

complexes (M = Co(III), Cr(II1) and Rh(II1)) was 
attributed to the relief of strain due to the longer chain 
of the diamine backbone. 

Ligands structurally similar to edta, but with longer 
carboxylate chains, S ,S -edd~ '~ . '~  and edddaI5*l6 
(eddda = ethylenediamine-N, N'-diacetate-N, N'-di-3- 
propionate ion), have been prepared and their 
C O ( I I I ) , ~ ~ , ~ ~ . ' ~  Cr(III)I8 and Rh(lII)19 complexes have 
been discussed. It has been dem~nstrated'~. '" '~ that 
these ligands preferentially form isomers having six- 
membered rings in the G plane which should minimize 
the strain on the chelate system. Such complexes are of 
interest in the study of the influence of chelate ring size 
of edta-type ligands on the arrangement of rings about 
a central metal ion, and the relative effects of this and 
other factors contributing to optical activity of the 
resolved complexes. 

The CD spectra of the sexidentate &h(III) complexes 
containing the S,S-edds and eddda ligands have been 
discussed r e~en t ly . ' ~  The sexidentate [ Rh(l,3-pdta)]- 
complex also has been characterized by I3C and 'H 
NMR and IR spectra.I2 In this paper the preparation 
and optical resolution of the [ Rh( 1,3-pdta)] complex 
ion and its electronic absorption and GD spectra will be 
described. 
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248 D. J. RADANOVIC er a / .  

EXPERIMENTAL 

The 1,3-pdta ligand was prepared using the procedure 
of Weyh and Hamm." Other reagent-grade chemicals 
were obtained commercially and used without purifi- 
cation. 

Optical isomers are identified by the sign of the 
optical rotation at a wavelength. A[(+)i  or (-)J. The 
A or A is the chirality assigned according to IUPAC 
rules.?" 

Preparation and Resolution of Sodium 1,S-Propane- 
diaminetetraacetatorhodate(III) Trihydrate, Nu [Rh(I  ,3- 
pdta)]*3H2O 

Rhodium(II1) chloride trihydrate (1.32 g, 5 mmol) was 
dissolved in 3 ml of water in a Pyrex tube. To this 
mixture, a solution obtained by dissolving 1.54 g 
( 5  mmol) of 1.3-pdta in 5 ml of 4 M NaOH (20 mmol) 
was added. the tube sealed and the mixture heated at 
145°C in an oil-bath for 7 hr. After removal from the 
tube, the reaction mixture (pH - 4-5) was diluted, then 
heated and filtered to remove a small a'mount of R h  
metal. The yellow filtrate (about 25 ml) wasallowed to 
stand at room temperature overnight during which 
crystallization of highly-charged species? occurred. The 
precipitate was removed, the filtrate was evaporated to 
1.5 ml and allowed to stand in a refrigerator overnight. 
The yellow crystals of sexidentate Na[ Rh(l,3-pdta)]. 
3H,O were separated by filtration, washed with 
ethanol, ether. and then air-dried. Yield: 0.9 g (37.8%). 
The pure complex was obtained by recrystallization 
from a small amount of water and cooling. Anal. Calcd 
for Na[Rh(l,3-pdta)].3H20 = NaRhC,,H20Nz0,1 
(FW = 482.31): C. 27.39; H, 4.17; N,  5.83. Found: 
C, 27.86; H, 4.0.5; N. 6.18. 

Resolution of Complex 

This complex (0.482 g, 1 mmol) was dissolved in a small 
amount of water and converted from the Na' to the 
Ag' form by passing the solution through a cation- 
exchange column (2 cm x 40 cm, Merck I Analytical 
Grade cation-exchange resin in the Ag' form). 
To the eluate. heated to 55-60°C. an equivalent 
amount of (-),J Co(en)2(ox)]Br.H,0 (0.365 g, 
1 mmol) was added. The AgBr was removed, the 
filtrate was evaporated on a steam-bath to a volume of 
4 ml, and the solution was left overnight in a refriger- 

?Ion exchange chromatography showed that the first pre- 
cipitate contains species with higher charge which could not be 
isolated in pure form and which probably are hydroxo com- 
plexes. 

ator. Piiring that time, the less soluble diastereoisomer, 
(-)D-[Co(en)z(~x)]-(+)D-[Rh(l,3-pdta)]~xHz0 
crystallized. The solid was removed by filtration, 
washed with ethanol, ether, and then air-dried (0.35 g). 
The remaining filtrate was then evaporated to a volume 
of 2 ml. After addition of ethanol and cooling in the 
refrigerator the more soluble diastereoisomer, ( -)D- 
[ C ~ ( e n ) ~ ( o x ) ] - (  -)D-(Rh( 1 ,3-pdta)].xH20, crystallized 
(0.28 8). Both diastereoisomers were crystallized from 
water (or a water-ethanol mixture) to  constant values 
of optical rotation. Aqueous solutions (0.1%) gave 
[.ID = -305"; [a]436 = +830" and [.ID = -468"; 
[a]436 = + 380" for the less and more soluble diastereo- 
isomers, respectively. 

The enantiomers of the [ Rh(l,3-pdta)]- complex ion 
in the form of sodium salts were obtained using the ion- 
exchange column technique. The eluates were evapor- 
ated to  a small volume at room temperature and the 
enantiomers were crystallized after cooling in the 
refrigerator overnight. [aID = +130" and [a]436 = 
+455" in 0.1% aqueous solution. Anal .  Calcd for 
(-),-Na[Rh(l,3-pdta)].3HZO = NaRhC,,H,oN,O,, 
(FW = 482.31): C, 27.39; H, 4.17; N, 5.83. Found: 
C. 27.84; H, 3.93; N, 6.11. 

Physical Meusurements 

The [a], values were measured in a 1 dm tube at 20" on 
a Perkin-Elmer Model 241 Polarimeter. 

The electronic absorption spectra were recorded on a 
Varian SuperScan 3 recording spectrophotometer. For 
these measurements a 5 x 
were used. 

The circular dichroism curves were recorded at  room 
temperature with a Jobin-Yvon Dichrographe Mark 111 
using a xenon arc source. 

M aqueous solution 

Analyses 

Elemental microanalyses for carbon, hydrogen and 
nitrogen were performed by the Microanalytical 
Laboratory, Department of Chemistry, Faculty of 
Science, University of Belgrade. 

RESULTS A N D  DISCUSSION 

The six-membered chelate ring formed by the diamine 
backbone of the [M( 1,3-pdta)]- complexes can have 
four possible conformers: chair, two twist (6 i n d  A), and 
boat forms. Molecular models show that the most stable 
sexidentate complex should have the twist form and, 
further. the 6 twist should form a complex with the A 
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CIRCULAR DICHROISM OF Rh(II1) COMPLEX 

configuration and that the 1 twist should be associated 
with the A configuration, as has been found in the 
cobalt(II1) c o m p l e ~ . ~ ~ ' ~  Preliminary results of a crystal- 
lographic study21 of the 1,3-propanediaminetetra- 
acetate complexes with chromium(II1)" and rhodium- 
(III)', show that these are stable sexidentate complexes 
in which the conformation (6 and A) of the diamine 
backbone ring determines the absolute configuration of 
the complex. 

Electronic Absorption and CD Spectra 

The electronic absorption and CD data for the [ Rh( 1,3- 
pdta)]- complex are shown in Table I and Figure 1. 
For comparison, the corresponding values of the 
recently investigated [Rh(S,S-edds)]- complex1g are 
also given. Both e and Ae values for the [ Rh( 1,3-pdta)]- 
complex are significantly lower than those for the other 
Rh(II1) edta-type complexes containing S,S-edds and 
eddda ligands, although the reduction in E is significant 
only for the major component. Lower E and Ae values 
might be expected because of the less rigid 1,3-pdta 
framework. Low intensities were observed for some 
Co(II1) complexes containing six-membered diamine 
backbone rings.8,22,23 

The [ Rh( 1,3-pdta)]- complex has C, symmetry. The 
degeneracy of the T,, and T,, ( o h )  energy levels is 
removed for C, symmetry, each giving three com- 
ponents. Here we see only two components (Figure 1) 
in the region of the lower energy T,,(Oh) transition in 
the absorption and CD spectra. No splitting is apparent 
for the higher energy (T,,, o h )  absorption band. 
Complexes of edta which show only two components in 
the Tlg(Oh) region usually have been treated as having 
holohedrized D,, symmetry. Using Wentworth and 
Piper's treatment2, the 'Ei(D.+h) component of 
'T,,(Oh) parentage should be lower in energy than the 
'A,,(lT,,) component since the donor atoms in the 
equatorial plane have higher field strengths than the 
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FIGURE 1 The electronic absorption and CD spectra of 
1) trans(05)-(+)~-Na[ Rh(S,S-edds)].H@ 
2) (-)D-Na[Rh(l,3-pdta)]-3H20 

axial atoms. Also the lB2('T2,) component should be 
lower in energy than the 'E'$T,J component. The CD 
data and tentative band assignments in D,, of ( -)D- 

[ Rh(1 ,Ipdta)]-, prepared from the more soluble 
diastereoisomer, are summarized in Table I. 

Many sexidentate complexes with edta-type 
l i g a n d ~ ~ , ' " ' ~ , ~ ~ - ~ '  have been treated in terms of C2 
symmetry. Mason has shown28 that the signs of the 
Cotton effects of the components under the lowest 
energy (0,) band for complexes with C, symmetry are 
related to signs of Cotton effects of the parent levels in 
complexes with D, symmetry having the same con- 

TABLE I 
Numerical data of absorption (AB) and circular dichroism (CD) spectra, 5 in lo3 cm-I ( E )  and 

(As). Assignments are for D4h. 

Complex iona Absorption Circular dichroism 

[ Rh( 1,3-pdta)]- 27.94sh (284) 'E, 25.51 (-1.03)Ei 
29.58sh (274) 'A2, 30.03 (+2.05) Azg 
34.13 (243) 'Bz,, 'Ebp 34.01 (-0.65) B2, 

38.02 (+0.09) Eb 

rram(Os)-[ Rh(S,S-edds)]- 26.66sh (215) 'E, 27.54 (-2.29)Ei 
30.48 (565) 'A2, 31.54 (+2.74)Azg 
35.08sh (245) 'B,,, 'Ebg B2g7 E: 

aThe numerical data for [Rh(S,S-edds)]- complex are taken from Ref. 19. 
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FIGURE 2 Possible isomers of [Rh(S.S-edds)]- complex. 

figuration. The transition to the A(&) state, derived 
from the E;(D4J state, is thought to be responsible for 
the low-energy CD peak for edta-type complexes of d3 
and low-spin d 6  metal ions, and the lowest energy C D  
components of these complexes (A(C,) or E(D4h)) are 
positive for the A (AAA) ~onf igu ra t ion .* . ’ ” ’~ .~~*~  

The optically active S,S-edds ligand, upon coordi- 
nation, forms only the t runs (05)  isomer, which can have 
only the A configuration shown in Figure 2 ( ( + ) D  

isomer I). The C D  sign pattern for [Rh(S,S-edds)]- did 
not correspond to that predicted by empirical correla- 
tions for Co(II1) complexes. The assignment of the 
absolute configuration of this and related complexes 
was made on the basis of the stereospecificity of S,S- 
edds. Since the C D  spectrum of the (-)D isomer of 
[ Rh( 1.3-pdta)]- shows no more than two components 
in the first band region, one can use effective D, sym- 
metry for its interpretation, as  for [ Rh(S,S-edds)]-. 
Both complexes shown in Figure 1 have a negative C D  
peak in the lowest energy spin-allowed region which 
would suggest that the isomer of each complex has the 
A absolute configuration by analogy to Co(II1) edta- 
type complexes if no reversal of order of the E and A 2  
energies occurs. However, both are assigned the A 
configuration because of the stereospecificity of S,S- 
edda. Preliminary results of a crystallographic study of 
the ( -)D-[ Rh( 1,3-pdta)]- complex confirm its A 
absolute configuration. Apparently other factors, such 
as perhaps spin-orbit coupling, are important in deter- 
mining the shape and sign of the CD spectra of these 
Rh(II1) complexes. 
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