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Abstract 

Rhodium(III) complexes with the hexadentate ligand, 1,3-propanediamine-N,N’-diacetate-N,N’-di-3-propionate 
ion (1,3-pddadp) have been prepared, chromatographically separated and isolated into two geometrical isomers 
with respect to the N-O chelate ring size (trans(0,) and trans(O,O,)). The ‘H and ‘%Z NMR and electronic 
absorption spectra were used to characterize the Rh(II1) complexes. The “C NMR spectra for two isomers of 
the corresponding [Co(l,3-pddadp)]- complex of known geometry (trans(O,O,) and tran.s(O,)) are also reported. 
The related edta-type complexes of known structure were used as references for assignment of complexes studied. 

Introduction 

Structural studies have been reported for transition 
metal complexes containing the ethylenediamine- 
tetraacetate ion (edta) [l] and their molecular structures 
have been discussed in terms of the size and d-electron 
configuration of the central metal ion M [2]. Bonding 
angles exhibited by edta complexes are strained as 
shown by significant deviations from ideal values. The 
two glycinate rings in an equatorial plane (G rings) 
are more strained than the two glycinate rings coor- 
dinated axially (R rings) for [Co(edta)]- [3, 41. 

Ligands, structurally similar to edta, having longer 
carboxylate or diamine backbone chains are likely to 
function as a hexadentate ligand with larger metal ions 
by forming less-strained isomers [5-141. The edta-like 
Iigands (diamine-N,N’-diacetate-N,N’-di-3-propionate 
ions (eddadp or 1,3-pddadp)) might form three geo- 
metrical isomers for hexadentate coordination: 
fruns(O,), trans(O,O,) and fruns(0,) (Fig. l), where 
n_ 2nd n< refer to the five- and six-mcm_bcrcd car- -3 ---- -0 
boxylate rings. The ligand eddadp forms a five-mem- 
bered diamine ring and 1,3-pddadp forms a six-mem- 
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Fig. 1. Possible geometrical isomers of [M(eddadp)]- and [M(1,3- 
pddadp)]- complexes. 

bered diamine backbone ring. Two isomers (&zns(O,) 
and trans(O,O,)) have been characterized for 
[M(eddadp)]- complexes (M = Co(II1) [8-lo] or Rh(II1) 
[ll, 121). For the [Cr(eddadp)]- complex, however, 
only the truns(O,) isomer has been isolated and iden- 
tified [13, 141. The five-membered glycinate ring is 
strained as a G ring in [M(edta)]-, and the strain is 
relieved when the ring is expanded. The six-membered 
3_alaninate rings ser\re better fo,r the fo,i=iilaiion of less_ 
strained G rings favoring the fruns(0,) isomers of 
[M(eddadp)]- complexes [8-141. 

The substitution of 1,3_propanediamine for ethylene- 
diamine in eddadp to give 1,3-propanediamine-N,N’- 
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diacetate-N,N’-di-3-propionate (1,3-pddadp) might 
make it possible to form all geometrical isomers (Fig. 
1). Three isomers of the [Cr(l,3-pddadp)]- complex 
have been reported [15]. For the corresponding [Co(1,3- 
pddadp)]- _ complex, however, only two isomers 
(trans(O,O,) and truns(O,), isomers II and III, Fig. 1) 
have been isolated and characterized [7]. In both cases 
the dominant isomer of the [M(1,3-pddadp)]- complex 
was found to be truns(0,) with 3-propionate rings in 
axial positions, as verified by X-ray analysis [15, 161. 

This paper deals with the preparation, chromato- 
graphic separation and isolation of two geometrical 
isomers of the [Rh(l,3-pddadp)]- complex (trans(0,) 
and &uns(O,O,)). The isomers were characterized by 
use of ‘H and 13C NMR, and electronic absorption 
spectra. 13C NMR spectra for hvo isomers of the 
corresponding [Co(l,3-pddadp)]- complex of known 
geometry (trans(O,O,) and trans(0,)) [7] are also re- 
ported here. The spectral data of complexes are com- 
pared to those obtained for other edta-type complexes 
of known structures. 

Experimental 

The ligand 1,3-propanediamine-N&‘-diacetic-Nfl’- 
di3-propionic acid (H&3-pddadp) was prepared using 
a previously described procedure [7]. Other commer- 
cially obtained reagent grade chemicals were used with- 
out further purification. 

In reaction of rhodium(II1) chloride with an aqueous 
solution of neutralized H&3-pddadp using the sealed- 
tube technique (the mixture was heated at 145 “C in 
an oil-bath for 7 h) a number of complex anions with 
different charges were isolated via anion exchange 
chromatography and gel filtration (QAE-Sephadex, A- 
25 in Cl- form and Sephadex G-10 were used for this 
purpose). The two complexes with l- charge were 
assigned as geometrical isomers of the [Rh(1,3- 
pddadp)]- complex (trans(O,), eluate (1) and 
truns(O,O,), eluate (2), Fig. 1, isomers I and II)*. 

The elemental analyses of the complexes are 
consistent with the following formulations: truns- 
(O,)-Na[Rh(l,3-pddadp)].2H,O and h.uns(O,O,)- 
Na[Rh(l,3_pddadp)] .2H,O. Anal. Calc. for Na[Rh(l,3- 
pddadp)] .2H,O=NaRhC,,H,,N,O,, (iWr = 492.22): C, 
31.72; H, 4.51; N, 5.69. Found for truns(O,)-Na[Rh(l,3- 
pddadp)].2H,O: C, 31.22; H, 5.32; N, 5.95%. Found 
for truns(O,O,)-Na[Rh( 1,3-pddadp)] . 2H,O: C, 31.30; 
H, 4.83; N, 5.90%. 

Two complexes with higher (2-) charge (we believe 
hydroxo species) were also separated from the reaction 

*The third substance with I- charge, eluate (3) (mixture of 
at least two species), could not be purified and identified. 

mixture. Since some thermal decomposition of the ligand 
is expected [17], the formation of these complexes 
involves decarboxylation of 1,3-pddadp. For the com- 
plete assignment of each of these complexes, X-ray 
structure determination is required. 

Physical measurements 
Proton NMR spectra were measured on a Varian 

Gemini-200 NMR spectrometer (200 MHz). D,O, con- 
taining 0.1% sodium 4,4-dimethyl-4-sila-l-pentanesul- 
fonate (DSS) as an internal reference, was used as a 
solvent, and = 1.5% D,O solutions of the substances 
were used. 

High quality 13C NMR spectra were obtained using 
a Varian Gemini-200 spectrometer operated at c. 50 
MHz in the noise decoupling mode. All spectra were 
measured relative to external TMS dissolved in benzene. 

Elemental analyses 
Elemental microanalyses for carbon, hydrogen and 

nitrogen were performed by the Microanalytical Lab- 
oratory, Department of Chemistry, Faculty of Science, 
University of Belgrade. 

Results and discussion 

The trans(0,) isomer of the [M(eddadp)]- complex 
(M=Co(III) [S-IO], Rh(II1) [ll, 121 and Cr(II1) [13, 
141) were found to be dominant [g-14], as verified 
crystallographically [lo, 12, 141. In the complexes of 
[M(1,3-pddadp)]- (M=Cr(III) [15] or Co(II1) [7, 161) 
the favored isomer was found to be trans(O,), as verified 
by X-ray analysis [15, 161. 

The G ring strain in hexadentate edta-type complexes 
involves distortion of the ideal bonding geometry of 
the nitrogen atoms [6]. Sums of deviations of all angles 
are commonly compared because distortions do not 
correlate well with particular angles. For the same 
absolute configuration of the complex, changing from 
truns(0,) to fruns(0,) for [M(eddadp)]- or [M(1,3- 
pddadp)]- involves inversion at the chiral nitrogen 
centers. Both processes, nitrogen inversion or A %A 
conversion, result in the exchange of in-plane substit- 
uents for out-of-plane substituents and the product of 
either process is a structure with neither group in its 
preferred, low energy position [18]. These changes can 
significantly affect the nature and extent of non-bonded 
interactions among the different chelate rings. Dreiding 
models show that there are significantly unfavorable 
non-bonding interactions between methylene hydrogen 
atoms of the R glycinate rings and those of the equatorial 
diamine ring for the truns(O,)-[M(1,3-pddadp)]- iso- 
mers. A glycinate arm as an R ring is required to be 
very nearly planar and does not allow for any flexibility 



151 

of movement by the methylene hydrogens to minimize 
repulsions. 

The favored truns(0,) geometrical isomer was found 
to dominate in complexes of [Rh(SS)-edds)]- ((SS)- 
edds = (SS)-ethylenediamine-N&V’-disuccinate ion) [ 11, 
191, [Rh(eddadp)]- [ll, 121, and also appeared in “r-. I_ ^ compiexes ot lKn(l,3-pddadpjj- reported here. Based 
on the metal ion size (Co(II1) < Cr(II1) < Rh(II1)) the 
formation of the tiuns(O,) geometrical isomers might 
be expected to be even more strongly favored for Rh(II1) 
than for Co(II1) and Cr(II1). 

The ligand (SS)-edds was found to coordinate stereo- 
specifically giving only one (trans(0,)) geometrical iso- 
mer of known A configuration [ll, 13, 191 (a trans(0,) 
isomer is also possible in this case). 

The trans(0,) and fruns(0,) isomers (Fig. 1) have 
a tetragonal ligand field with actual C, molecular sym- 
metry (neglecting any conformational differences). The 
trans(O,O,) isomer possesses a rhombic field with C, 
molecular symmetry. All isomers have pseudo-D,, (ho- 
lohedrized) symmetry with the quasi-C, axes being 
perpendicular to the planes containing the diamine 
ring. Absorption spectra can be interpreted in terms 
of Ddh symmetry, but NMR data require the actual 
molecular symmetry. 

Distinguishing between the two geometrical isomers of 
Nu(Rh$l,3-pddudp)] 

‘H NMR spectra 
The identification of AB patterns associated with the 

methylene protons of in-plane (G) glycinate rings and 
out-of-plane (R) glycinate rings in edta-type complexes 
has been vc~ 11SPfili in determining ~nardinatinn gP_ 

ometries [20]. A relationship between the chemical shift 
differences for glycinate proton geminates as well as 
the orientation of the coordinated glycinates are well 
established [20, 211. These arguments were used to 
distinguish between isomers of hexadentate 
[Co(eddadp)]- [9], [Rh(eddadp)]- [22], [Co(eda3p)]- 
(eda3p = ethylenediamine-N-acetate-N,N’,N’-tri3-pro- 
pionate ion) [23], [Co(ed3ap)]- (ed3ap = ethylene- 
A:--:-.. hT&T ATI c,:-,.,.&P.+- ATI ‘1 ,,,-:,,,e, :,..\ T’IA, u,a‘,,i,lr;-lv~v~v -LllilLcLaLt;-1V -J-IJ,I”p’““QLe l”U, t.&‘t, 
complexes and a series of pentadentates based on the 
general formula, [Co(ed3a)(X)] (ed3a = ethylene- 
diamine-N,N,N’-triacetate ion; X = monodentate ligand) 
P51- 

As expected, NMR spectra of the trans(O,)-[Co(l,3- 
pddadp)]- [7] and trans(O,)-[Rh(l,3_pddadp)]- com- 
plexes (Table 1) are simple with only one well resolved 
AB pattern evident in the glycinate region. The spectrum 

\ r-. I. ^ 
of the tranriO,)-iKh(l,~-pddadpj]- shows an AB quar- 
tet centered at 3.85 ppm with 6, = 3.92 ppm and S, = 3.78 
ppm, and JAB= 18.5 Hz (Fig. 2(a), Table 1). These 
results are consistent with the expected C, symmetry 
of the trans(0,) isomer having two equivalent glycinate 

R rings and two equivalent 3-alaninate rings in the 
equatorial positions. 

Two AB patterns, JAB= 16.5 Hz (centered at 3.83 
ppm, with S,=4.05 ppm and S, = 3.60 ppm) and 
JAB= 18.9 Hz (centered at 3.90 ppm, with S,=3.97 
ppm and 6,=3.84 ppm), are found in the glycinate - . r-* ,_ ^ region of the spectrum of truns(O,W,)-[Kh(l,3- 
pddadp)]-, as expected, corresponding to in-plane and 
out-of-plane glycinate rings (Table 1, Fig. 2(b)). This 
spectrum is shifted to lower field than that of 
truns(O,O,)-[CZo(l,3-pddadp)]- [7] (Table 1) but oth- 
erwise, as expected, looks quite similar. 

13C NMR spectru 
13C NMR spectra of isomers of [M(eddadp)]- com- 

plexes (M = Co(II1) or Rh(II1)) were assigned [22]. The 
similarity between the spectra of these complexes is 
evident and assignments of resonances for these com- 
plexes are the same. Selective decoupling and deuterium 
exchange studies [26-301 allowed assignments of the 
isomers of [M(1,3-pddadp)]- complexes, as for the 
[M(eddadp)]- complexes [22]. The assignments of the 
peaks for the C, complexes (Fig. 1) are labeled as: a, 
the carbons LY to the carboql group of the two 3- 
alaninate rings; b, the methylene carbons of the two 
glycinate rings; c, the two equivalent carboxyl carbons 
of the 3-alaninate rings; d, the two carboxyl carbons 
of the glycinate rings; f, the carbons p to the carboxyl 
group of the 3-alaninate rings (Fig. 3, Table 2). 

The methylene resonance labeled e is assigned to 
the two carbons of the ethylenediamine backbone in 
accordance with assignments made for some [Co(edta- 
type)] - rnmnlavcn r3.8 391 which show that the &y- _____ ~--~-_I L--, -_ 1 “------ 
lenediamine methylene resonances appear at higher 
field than those of the methylene carbons of the car- 
boxylate arms [30]. The corresponding terminal carbons 
of the 1,3-propanediamine backbone (also labeled e) 
are not greatly shifted or split for truns(O,O,) isomers, 
as seen in Fig. 3. 

The highest field methylene resonances, g, for all 
isomers of [M(1,3-pddadp)]- are due to the middle 
,.,_L__ -F CL, 1 ‘1 ..,,w..x-oA:nm;..n h~,.lrhs.m~ m.;mne th;, bell “VU “I LIIF; I)J-~~“~(IIIcIcII~III“IcI “L1LI\““II~ 5111bb LUIJ 

carbon is in the greatest shielding environment. This 
peak is little changed for cases in Fig. 3. Resonances 
g are less intense for the trans(0,) and truns(0,) isomers 
having higher (CJ symmetry. 

As expected, the similarity between the spectra of 
the truns(0506) isomers of corresponding Co(II1) and 
Rh(II1) is evident. The resonances associated with both 
truns(O,O,) isomers appear in the same regions as those 
of the truns(O,j and tium(O,j isomers. Since the 
truns(O,O,) complexes have four non-equivalent rings 
(two glycinate and two 3-alaninate), each carbon should 
be magnetically distinct. Thus, two resonances result 
in the truns (O,O,) spectra in regions where only one 
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TABLE 1. Coupling constants and chemical shifts” for methylene protons of R and G glycinate rings of the [M(1,3-pddadp)]- 
complexes 

Complex 6*-s, 
(ppm) 

JAB R or G 

(Hz) 

tmns(O,)-[Co(l,3-pddadp)]-” 4.11 3.33 0.78 16.6 G 

trans(0s0,)-[Co(1,3-pddadp)]-b 3.82 3.72 0.10 18.8 R 
3.89 3.24 0.65 16.7 G 

.” ---I fi \ rDLll 2 -A,l..A-\,- ‘rurrJ\“5,-l’.“~l,J-~“~*~~,, 3.92 3.78 0.14 18.5 R 
trans(050,)-[Rh(l,3-pddadp)]- 3.97 3.84 0.13 18.9 R 

4.05 3.60 0.45 16.5 G 

“Values are in ppm downfield from DSS as internal standard. bData taken from ref. 7. 

4.2 40 38 36 3.4 3.2 30 2.8 26 24 22 
PPm 

(a) 

0 ,( 

42 40 38 36 34 32 30 2.8 26 2L 22 
PPm 

@I 

Fig. 2. ‘H NMR spectra: (a) rruns(O,)-[Rh(l,3-pddadp)]-; (b) 
truns(050,)-[Rh(l,3-pddadp)]-. 

Corboxyl 
'% NMR 

Methylene Complex 

franslO,l-IColeddodpil' 

190 180 80 70 60 50 40 30 20 Blppml 

Fig. 3. 13C NMR spectra of hexadentate [M(1,3-pddadp)]- com- 
plexes of Co(W) and Rh(III) in comparison to rruns(O,)- 
[Co(eddadp)]-. 

appears in the trans(0,) and rruns(0.J spectra, except 
for g. 13C NMR spectra of the trans(O,)-[Co(l,3- 
pddadp)]- andtr-an.s(O,)-[Rh(l,3_pddadp)]- complexes 
are simpie. Because of the Z, symmetry, the giycinate 
rings are equivalent and the 3-alaninate rings are equiv- 
alcnt. Each of these complexes shows the expected 
seven resonances. 

The cy carbons (a) of the 3-alaninate rings give only 
one intense resonance for the trans(O,) and fruns(0,) 
isomers, but, as expected, two resonances appear for 
[M(1,3-pddadp)]- complexes of lower symmetry (at 
32.84 and 33.50 ppm for the trans(O,O,)-Rh(II1) com- 
plex and at 31.58 and 32.64 ppm for the 
rrans(O,O,)-Co(III) complex). The corresponding 
peaks are little shifted for all complexes in Fig. 3. The 
(Y carbons of the 3-alaninate rings associated with 
truns(O,O,)-[M(eddadp)]- complexes are the least af- 
fected of the carbons and could not be resolved [22]. 

The N-bonded methylenes of the carboxylate arms 
are b (glycinate ring) and f (3-alaninate ring). The 
resonance for f is at lower field for all complexes in 
Fig. 3 because it is bonded to another methylene group. 
The b resonance is only slightly split for truns(O,O,) 
isomers, but the splitting for f is much greater. These 
results are understandable because the rigid glycinate 
ring can change little in conformation in an axial or 
equatorial position. The 3-alaninate ring is more flexible 
and greater conformational changes are expected. 

Assuming correct assignment for carboxyl resonances 
for truns(O,O,)-[Rh(eddadp)]- [22], it would be ex- 
pected that the glycinate carboxyl resonances (d and 
d’) of the trans(O,O,)-[M(1,3-pddadp)]- complex 
would be only slightly separated and quite close to the 
corresponding resonance of the spectrum of trans(O,)- 
[Co(eddadp)]- [22, 261. It can be seen (Fig. 3, Table 
2) that the two resonances (at 182.71 and 182.84 ppm, 
of fmns(O,O,)-[Co(l,3-pddadp)]-, separated by 0.13 
ppm and at 181.64 and 182.07 ppm, of truns(O,O,)- 
[Rh(l,3-pddadp)]-, separated by 0.43 ppm) are very 
close to the lowest field (glycinate carboxyl) resonance 
(d) in the rmns(O&[Co(eddadp)]- spectrum [22; 26]. 
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TABLE 2. i3C resonance position@ 

Complex Carboxyl Methylene 

truns(Os)-[Co(eddadp)]- 182.54, 118.88 63.80, 60.31, 54.54, 31.49 

truns(050,)-[Co(l,3-pddadp)]- 184.37, 182.84, 182.71, 179.60 68.85, 58.25, 57.18, 56.41, 
55.10, 52.11, 32.64, 31.58, 21.05 

truns(O,O,)-[Rh(l,3_pddadp)]- 184.44, 182.07, 181.64, 178.96 68.29, 59.57, 57.12, 56.75 
56.44, 53.74, 33.50, 32.84, 22.23 

truns(Os)-[Rh(l,3-pddadp)]- 183.85, 179.96 61.06, 59.63, 57.76, 32.71, 21.98 

truns(Ob)-[Co(l,3-pddadp)]- 183.93, 183.08 67.89, 55.39, 52.17, 32.38, 22.12 

“6 (ppm) relative to external TMS dissolved in benzene. bData from this work except for truns(05)-[Co(eddadp)]-, ref. 22. 

TABLE 3. Electronic absorption data for hexadentate edta-type Rh(II1) complexes forming six-membered diamine ring 

Complex 

[Rh(l,3-pdta)]- 

truns(O,)-[Rh(l,3-pddadp)]- 

truns(O,O,)-[Rh(l,3_pddadp)]- 

Absorption 

v (Id cm-‘) 

= 27.94(sh) 
= 29.58(sh) 

34.13 

= 25.64(sh) 

27.93 
32.89 

=26.11(sh) 
28.57 
33.55 

l 

284 
274 
243 

224 

300 
209 

167 

207 
180 

Assignment 
(Dti state) 

‘Ei 

i A, 
‘Bzg, ‘EL 

‘Ej 

‘A, 
iBzg, ‘B,b 

‘Ea 

lA”2, 
‘Bza, ‘E; 

Reference 

31 

this work 

this work 

The outer two carboxyl resonances of truns(O,O,)- 
[M(1,3-pddadp)]- would then be assigned to the 3- 
alaninate carboxyl carbons. The resonance at 183.85 
nnm fnr tr~nrln-~-rRhfl~~-nddsdn’ll- is much closer r,F”’ *v- .*-,.U\-3, L ----\ _)_ =____ r,, 
to the glycinate carboxyl carbon value (183.54 ppm) 
for trans(O,)-[Rh(eddadp)]- [22] than the other car- 
boxylate carbon (179.96 ppm). Thus the d glycinate 
carbon should be assigned to 183.85 ppm and the c 
3-alaninate carbon as 179.96 ppm. For trans(O,)- 
[Co(l,3-pddadp)]- the two carboxylate carbons are close 
together (Table 2 and Fig. 3). Here the higher field 
resonance at 183.08 ppm is closer to that of the glycinate 

-c L--dn 1 rr* ,JA.,A,\l- /iQ? </I carboxyl Ci?i~Oil UI rrurr~\v~,-~~“(~u”auy,l \L”LJ-l 

ppm) [22], and very close to the center of the cor- 
responding slightly split resonances (182.84, 182.71) 
assigned as glycinate carbons of trans(O,O,)-[Co(l,3- 
pddadp)]-. The resonances associated with the glycinate 
carboxyl carbons are connected by dashed lines in Fig. 
3 and the 3-alaninate carboxyl carbon resonances remain 
unconnected. 

Electronic absorption spectra 
The electronic absorption data for the two isomers 

(trms(0,) and trans(050,)) of the hexadentate [Rh(1,3- 
pddadp)]- complex are shown in Table 3. For com- 

parison, the correspondingvalues of the [Rh(l,3-pdta)]- 
complex ion [22, 311 are given also. 

All complexes given in Table 3 contain 1,3-propa- 
nerbmine backbone rings and their E values are sig- _____ - ______ _ ______ __~ 
nificantly lower than those for Rh(II1) edta-type com- 
plexes with a five-membered diamine ring [ll, 321. 
Lower E values might be expected because of the less 
rigid 1,3-pddadp (and 1,3-pdta) framework as was ob- 
served for Co(II1) complexes [33-351. 

All of the [Rh(edta-type)]- complexes studied [ll, 
31, 321 and complexes treated here (Table 3) show two 
components in the region of the lower energy T,,(O,) 
absorption band. iu’o spiitting is apparent for the I”lighei 

energy TZg(Oh) absorption band. Splitting of the first 
absorption bands is in accordance with a Ddh model. 
The lE;(Dti) component of ‘T,,(O,,) parentage is ex- 
pected to be lower in energy than the ‘AZg(lTlg) com- 
ponent since the donor atoms in the equatorial plane 
have higher field strengths than the axial atoms [36]. 

In general, absorption spectra of the Rh(II1) com- 
plexes 111, 31, 321 (including complexes studied) are 
more intense than- those of the corresponding Co(II1) 
[7-9,19,33] and Cr(II1) [13,37] complexes. The greater 
effects of spin-orbit coupling of Rh(II1) could very well 
result in broadening of absorption bands. 
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