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A INTRODUCTION 

Among the known complexes of six-coordmate metal Ions, perhaps the greatest 
variety of structure and stereochemistry IS dlsplayed by complexes of cobalt(II1) with 
flexible tetradentate hgands In this context, fleuble tetradentate hgands mcludes 3,6- 
dlaza-1,8-octanediamme (tnethylenetetraamme, tnen. NH2 CH2 CH2 NHCH2 CH2 NHCHZ 
CH2 NH*), 3 7-draza-1,9-nonanedlamine (2,3,2-tet, NH2 CH2 CH2 NHCHz CH2 CH2 NHCH2 
CH? NH2), 4,7-dlaza-1 ,lO-decanedlamme (3 2 3-tet, NH2 CH2 CH2 CH2 NHCHz CH2 NHCH:! 
CH2 CH2 NH2 ), iV,N’-ethanedmltrdodlacetlc acid (ethylenedlamme&acetlc acid, EDDA, 
HOOCCHZ NHCHt CH2 NHCH2 COOH), 3,Qdlthla-i,8-octanedlamine (eee, 
NH2 CH2 CH2 SCHz CH2 SCHz CH2 NH2 ), 3,7-d&la-l,9-nonanedlamme (ete, 
NH2 CHz CHz SCH2 CH? CH? SCHl CHt NHz), 4,7-dithia-1 ,lO-decanedlamme (tet, 
NH2 CH2 CH2 CH2 SCH2 CH2 SCH2 CH2 CH2 NH2 ), and various alkyl-substitutes denvatlves 
Branched hgands, such as mtrllotnacetlc acid (NTA, N(CH2 COOH)3), cy~uc hgands, and 
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those hgands whrch are constrained to a common plane about the central metal ton are 
specifically excluded *_ 

The srgnificance of the complexes of cobalt(III) lies m the inherent substttutron mert- 
ness whrch facrhtates the isolatron and characterrzatron of the vartous rsomerrc products 
We believe that the isolation of products contaming cobalt(II1) provides evidence for the 
stmrlar formation of complexes with other metal ions which cannot be isolated easrly. Thus 
proton magnetrc resonance spectra, for example, of carefully characterrzed cobalt(II1) 
compounds serve as useful models for structurally related, though frequently labile, com- 
plexes wrth other metal Ions As models for metallo enzymes and/or metal activated enzy- 
mes, the utrhty of cobalt(II1) models lies not m the reactions of these species compared 
wtth the reactrons of the enzyme under consrderatron, but rather m the ability of the 
cobalt(III) ion to preserve the coordmatron sphere for detarled study of stertc mteracttons 
whrch m&t contribute to metal ton acttvatton 

B. GENERAL CONSIDERATIONS 

(I; Ceonretncal cotQ&uatlo?l of the coordmated &and 

A lmear flexrble tetradentate hgand can occupy four of the SIX avarlable coordinatron 
sites of the cobalt(III) ton to form one or all three of the possrble geometrical rsomers 
shown m Fig 1 Mixed hgand complexes wrth unsymmetrrcal brdentate hgands (e g ammo 
acids, 1,2-drammopropane) and flexible tetradentate hgands admtt the possrbr!rty of rso- 
mensm of the unsymmetrical brdentate hgand with respect to the flexible tetradentate 
hgand m the uns-czs configuratron. An example of such rsomerrsm IS shown m Frg 2 for a 
typical amino acid Complexes exhtbttmg each configuratron have been characterized, all 
of these complexes are optrcdlly active, and many have been resolved 

trans s-ws uns-cis 

Ftg 1 Geometrtcal tsomertsm of slx-Coordmdte comple\es mcludmg d flexible tetradentate hgand l * 

l Among the hgdnds exchtded are the phthaioqanines and potphyrms, for example These ItgJnds 
hke ethylenedtamme-bts-ballcylaldtmme dertvattres, occupy four coordmatton sttes m a common 
plane, the stereochemistry of these complexes ts, we believe. best dtscussed tn the context of the 
chemistry of macrocychc ltgands 

l * The symmetrtcaI-crs/unsymmetrtcal-crs (s-crs/uns-crs) nomenciature has been suggested by Worrell 
and Busch’ as an alternative to the a-c~s/p-crs nomenclature employed by Sargeson and Searie’ or 
the tramfur nomenclature of Legg and Cooke3 

Coord Chenz Rev.. 7 (1971) 161-195 
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fu) cOllfO?7?lQtlOilS of the chehzte rlllg 

The chelate rmgs formed by flexible tetradentate hgands may be likened to the sa- 
turated heterocyclrc systems familiar to orgamc chemists The stereochemrstry of mdrvr- 
dual chelate rings has been drscussed 111 detarl by Corey and Barlar4 The prmcrpals of 
conformatronal analysis have been successfully applied to multrdentate lrgand systems by 
Buckmgham et al 5 and by Gollogly and Hawk& Though the conformatronal analysrs 
of complexes wrth multrdentate hgands 1s currently an area of intense research actrvrty, 

the most elegant applications have appeared in support of X-ray structure determinations. 
We anticipate that the predictive powers of conformatronal analysrs wrll be demonstrated 
wrthm the next few years 

(al) StereochemcQi~y slglllficQrr~ centers of the lrgartd 

Complexes wrth flexible tetradentate hgands possess mtrmsrcally optrcaily active 

centers at the coordinated secondary donor atoms, as shown m Frg 3 Note that m each 
case the donor atom 1s approximately tetrahedral and, upon coordmatron, possesses neither 

center nor plane of symmetry. For flexible linear tetraamme hgands, to be drscussed below, 
the contnbutron of the drssymetrrc donor atoms to the optical actrvrty of several geome- 
trrc isomers has been evaluated_ The contnbutron ot donor drssymmetry to the optrcal 
activity of other systems rs often mdrstmgurshable from chelate rmg conformatron con- 

tributions 

uns, -us unsp - c~s 

GeometrIcal lsomertsm mtroduced m a mixed uns) mmetrrcal bldentate-fleklble tetrddentate 
&and complex of uns-cIs configuratton l 

l We have adapted the nomenclature of Buckmgham and co-workers, as applied to moved hgand com- 
plexea of cobalt(M) wnh trten and ammo acrds The subscrlpt 1 IS apphed to the uns-crs Isomer In 
whtch the amme functton of the ammo acid IS traits to a prtmary amme of the tetrdamtne @and 
The subscript 2 IS apphed to the uns-as 1somec m which the amme functton of the amino actd ts 
Truns tc d secondary dmme of the tetraamme hgand Thts useage IS Informal, tt has not been apphed 
to unsymmetrical dtamme hgands such as 1 ,l-dlammopropane, and It has not yet been apphed to 
flexible dtthtadtamtne or dlammedtcarbovylate complexes 
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Fig 3 Optrcally actrve centers at the coordmated secondary donor atoms 

Complexes wrth flexrble tetradentate hgands m which alkyl substituents are mtro- 
duced to generate adltronal dtssymmetnc centers on the ligands have been described, 
and will be discussed as derivarrves of the parent hgands where appropriate. 

(IV) Optrcai actnuty and the assgnrnent of electromc states and absolute configlo-atlons 

Smce the early stxttes there has been a rapid growth m the use df optrcal activity m 
the form of optical rotatory dispersion (ORD) and later circular dichroism (CD) to analyze 
the electromc structure of cobalt(II1) complexes and tentatively to assign absolute confi- 
gurations It 1s not the purpose of this discussron to detail the development of thts struc- 
tural probe, but to point out generally its uses and hmitatrons as applied to the cobalt(II1) 
complexes discussed m thus review Several surveys have appeared dealing with the apphca- 
tion of optical activity to the study of coordination compounds7 More detarled drscus- 
srons pertinent to specrfic types of hgands will appear later m the review 

From the outset rt should be made clear that rt 1s not yet posstble to assrgn absolute 
configuratrons to the complexes discussed u-r this revrew a pnort using ORD or CD data 
The only method available for determmmg absolute configuratrons directly 1s X-ray crys- 
tallography through the BlJVOet method of anomalous dispersion There are, then, essen- 
tially three methods available for assrgmng absolute configuratton of related complexes 
(1) through analysis of the mechanism of a reaction which converts a complex of known 
absolute configuratron to one of unknown absolute configuratton, (2) through comparison 
of ORD and CD data between complexes of known and unknown absolute configuration, 
and (3) through stereochemrcal analysrs of complexes formed from stereospecrfic hgands 
whose absolute configuratrons have been determmed by X-ray crystallography. 

In 1965, Mason and co-workers’ proposed a method for relating absolute configura- 
trons of Co(en)z Lzizf (Lz = two monodentate hgands or a brdentate lrgand) to Co(en), 3+ 
whose absolute configuration has been determined by X-ray analysrs*. This involved trac- 
mg the d-d electromc transitions, as revealed m the CD spectra of these complexes wrth 
G symmetry, to those of Co(en)33+ @,) wluch Mason had prevtously assigned from the + 

*The absolute confrguratrons of the chelate complexes are related to the hehx described by any parr 
of chelate rmgs of Co(en)s”+ ds discussed m the IUPAC proposal’ The chuahty 1s left-handed for 
(+)5461-Co(en)33+ and thus isomer is dengnatedj’ A The configuratrons of all complexes In this work 
are designated using the C3 or pseudoC3 axis to relate the helix to that of Co(en)s3+ Thus IS equrva- 
lent to the IUPAC nomenclature except that m the case of multrdentates IUPAC suggests that all skew 
lures parrs be given What has been done m this report 1s to give the “net contrrbution” obtamed by 
summing the contnbutron from each pat?’ No problems arise m domg this for lmear tetradentates, 
but there are cases m which a “net contrrbutron” cannot be determmed’ It IS important to note that 
the sense of the heir.. IS opposite done uses the Cz or pseudo-C2 a..ts as the reference exrs These 
relatronshrps are rllustrated m Frg 5 

Coord Chem Rev, 7 (1971) 161-195 
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Frg 4 Correlation of energy levels m the t Ttg (Oft) regon for strong-field cobdlt(III) m vartous 
symmetries (Separations are quahtdtwe ) 

polarized CD spectrum of Co(en), 3 + Thus relationship IS rllustrated m Fig. 4 Mason reco- 
gmzed that the A state (G symmetry) had E, tD3) parentage and argued that the A state 
should be the dominant component m the CD spectrum of Co(en)a Lt”+ Thus, an antr- 
mere of Co(en), La n+ IS contiguratronally related to an antrmere of Co(en), ‘* as rllustrat- 
ed m Fig 5 d the srgn of the A component m the former IS the same as that of the E, 

component m the latter The order of the states m the G complexes rs a function of the 
relatrve hgand field strength of the ligands Involved as shown m Rg 4 

In usmg crrcular drchrorsm spectra to assrgn, tentatively, the absolute configuratrons 
to resolved complexes of lmear tetradentate hgands, thrs approach or an approach stmrlar 

to that outlmed by Mason has been frequently employed Fortunately, m a number of m- 

stances, assignments have been strongly supported by studres of closely related drastereot- 
Somers mvolvmg stereospecrfic hgands of known absolute configuratrons. At present there 

IS no sound theoretrcal model whrch explams the sign and rotatronal strength of a given 

d-d electronic transrtron *_ 
The statement that two complexes are “configuratronaily related” has certam hrdden 

rmphcatrons Few would argue that the two complexes rllustrated m Frg 5 are not “confi- 

guratronally related” However, the more complex chelates such as those drscussed m this 
review offer some mterestmg problems Legg and Douglas” developed a “rmg parrmg” 

f Stnctly spedkmp, It should not be possible to compare CD spectra m the mdnner Just described to 
relate absolute configurations Consider the S-US complexes of cobaIt(II1) wth flexible tetradentate 
hgdnds The true symmetry of these complexes IS no higher than ,C-r , there are, therefore, no degene- 
racies m any of the electromc states of the cobalt ion Withm the manifold of the d-d octahedral ex- 
cited states, there should appear three components for each T@h) state AU three components are 
rarely observed, and the spectra are usually assgned assuming that A and B components arlsmg from 
Ea are only separated to a small degree, Fig 4 Furthermore, certain assumptions have to be made 
concernmg the degree of nuvmg between states of hke symmetry, e g the two B states (52) arwng 
from Ea and A @a) It would be nawe to ass lme that the degree of sphttmg and mwng would not 
tnfluence both the relative posttlon and intensity of the A component 
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Fig 5 

A <C,) h (“GJ”) A CC,, 
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“Contiguratron relatronshrp” behavror between Co(en)a3+and Co(en)aLz”+ 

scheme to relate the configurattons of multrdentate octahedral complexes The method 
has been applied to many complexes and thus far has been found to be consrstent wtth 

the absoh te configuratron asstgnmenrs made dnectly by crystahographrc analysrs or indt- 
rectly by usmg stereospecrfic hgands of known absolute configuratron The “rmg parrmg” 
scheme 1s stmdar to the “octant srgn” method for relatmg configuratrons proposed earher 
by Hawkms and Larsen’ ’ and forms the basis for the recent tentatrve IUPAC rules for 
absolute configuratronsg _ 

Fmally, the Mason scheme for relatmg absolute configurations would suggest that 
the correct theoretical model for optical actrvrty m these complexes should be derived 
from a consideratron of metal-hgand orbrtal overlap where the hgand orbrtals are the antr- 
bonding orbrtals on the nonligatmg atoms’ However, two recent studies suggest that this 
may not be the case’* A crystallographtc study by Wmg and E~ss’~” of (+)sM1 -Co(TRI)s I3 
(TRI = tnbenzo [b, A jJ [ 1 5 91 trrazocycloduodecme), a complex which cannot be “confi- 
guratlonally related” to Co(en)s 3+ (it has no “rmg pairs”) but yet has a CD spectrum very 
srmtlar to that of Co(en)33 +, strongly supports the trrgonal twist model proposed by Piper 

and Kanprdes’ 3 and suggests that the “ring paumg” scheme may be hmrted to complexes 
wrth constrammg hgands (: e those for whrch hgand-metal-hgand bond angles are less 
than 90°) Support for the Prper model also comes from the single crystal CD study of 
A- [Co(tn), ] 3+ (tn = 1,3-drammopropane) where rt appears that the E, and A 2 transttrons 
have interchanged leading to a reversal m the sign of E, ’ 2b In this case a crystal structure 
study revealed that the N-Co-N bond angle was greater than 90”, and thus the observa- 
tion on the CD spectrum are conststent with Piper’s predrctron. 

The foregoing drscussron serves only to pomt out the general state of flux which 
currently exrsts m the study of optical actrvrty of complexes and Its relatronshrp to the 

assignment of electromc states and absolute configuratto.r.s. Thus, the word “tentattve” 1s 
essential when absolute configurattons are assrgned on the basis of relative optrcal actrvrty 

alone 

C COMPLEXES WITH FLEXIBLE TETRAAMINE LIGANDS 

Certamly the most extensrvely studied complexes of cobalt(II1) with flexible tetraden- 
tate hgands have been the complexes with hnear tetraamines Table 1 summarizes the flex- 

ible tetraamme hgands discussed m thus review. 

Cooti Chem Rev, 7 (1971) 161-195 



168 G R BRUBAKER, D P. SCHAEFER, J H WORRELL, J I LEGG 

TABLE 1 

Flewble lmear tetraamme hgands 

Llsand Abbrevrarlorz 

3,6-d~~a-l,8-octaned~amme 
3,7dtua-1,9-nonanedwnme 
4,7dlaa-l,lO-decanedtamme 
3,6dlza-2(S), 7(S)dunethyl-L.S-octanedwnme 
3,6dl.za+methyl-l,S-octanedtamme 
3,6-dwza-l(S), 8(S)d~methyI-l,S-octanedlamlne 
3,6-dtaza4(S), S(S)-dtmethyl-1,8-octanedame 
iVJV’-his (2ammo-3(S)-phenylpropyl)-trans-l(R), 2(R)- 

cyclohexanedlamme 
N.N’-bls (p-amtnoethyl)-frapls-l(S), Z(S)cyclohevanedlamme 
NN-bls (2-plcolyl)-l(R)-methyl-1,ki~ammoethane 
N,.N’-bls (2-p~olyl)-2(R), 3(R)-butanedlamme 
NJ”-bls (2-ethyl(2-pyr~dyl))-1,2ethanedlamlne 
2.5,8,11-tetraazadodecane 
6(R)-methyl-2,5,&l I-tetraazadodecane 
4(S). 9(S)Jlmethyl-2,5,8,1 I-tetraazadodecane 
3(S), lO(S)d~methyl-2,5,8,11-tetraazadodecane 
2,5,9,12_tetraazatrldecane 

trlen 
2,3,2-tet 
3,2,3-tet 
L, L-2,7-(CH3)2-trten 
S-metrlen 
L, L-1,8-(CHs)t-tnen 
S(S), 6(S)-dnnetrlen 

LDDL 

plcpn 
bnplc 
bpdo 
l,lO-Me2 trien 
D-1,5,10-hle3tr1en 
LL-1,3,8,10-hIe4tnen 
LL-1,2,9,10-Me4trlen 
I,1 I-hlez-2,3,2-tet 

[I) 36dma-l,&octanedzamne, trren (or 2,2,2-ret) 

The tetradentate hgand system most completely studted to date has been 3,6-dzaza- 
1,8-octanedlamme (tnethylenetetraamme) A series of complexes prepared by Basolo m 
1948 Included a purple salt, [Co(trien)Clz ] +, prepared from the aerial oxldatlon of cobalt 
(II) salts m the presence of the hgand 

(1)02 
Co(II) T tnen <2)HCjr [Co(tnen)C12]+ 

Thus complex, the dinitro, oxalato, ethylenedzamme, and carbonato derlvatlves were asszgn- 
ed czs geometries because of the slmllarlty of the color and ultravlolet spectra to those of 
the correspondmg b~s(ethylenedlamme)cobalt(III) complexes Though Basolo recogmzed 
the possible existence of sczs and unsczs isomers for these compounds, he did not consi- 
der the differences slgmficant or the Isomers separable at the time of his first report 

Das Sarma and Ballar I5 resolved the purple [Co(trien)Cl, ] + complex with sliver 
antlmonyf tartrate, thereby confirming the postulated czs configuratlon But these authors, 
hke Basolo, could not dlstingmsh between the sczs and uns-czs structures. Das Sarma and 
Ballar further reported that some rralzs-[Co(tnen)Cl,] ’ existed m equlllbrmm with the 
czs isomer m methanol but they could not Isolate the trans complex 

Selbm and BalIar ’ 6 later claimed the preparation and lsolatlon of two isomers of 
[Co(trlen)Brp ] + mcluding a “green” compound which was assigned the tram configuration 
Buckingham and Jones 1 ’ have smce refuted this claim and have shown that the “green” 
compound was actualIy a mixture of the sczs and uns-czs isomers 
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Pearson et al. * 8 reported the preparation of a complex of formula cis- 
[Co(trren)(NHs)Cl] (ClO,), Grllard and Wdkmson rq prepared a number of other com- 
plexes mcludmg [Co(tnen)pn] I3 and [Co(tnen)ox] I and clalmed that trans- 
[Co(tnen)Cl, ] Cl could be prepared by heatmg moist crs-[Co(trren)Cl, ] Cl at 180°C. The 

latter result IS in question smce Buckmgham, et al *’ found the reaction to result 
chiefly in reductton to cobalt(U) 

In a recent senes of articles 2,2x 22 Sargeson and Searle described the preparation 
and rsolatron of all three possible geometncal isomers for [Co(trren)Cla ] + as well as that 
of several other scrs and unsczs mixed-hgand-cobalt(II1) complexes containing tnethyl- 
enetetramine The s-cis-[Co(trten)(NO, )a ] Cl complex 1s the predommant product formed 
from the an-oxidation of CoCIZ and trten.HCl m the presence of excess mtnte amon 
Thrs complex 1s converted to scu-[Co(tnen)Cl,] Cl by treatment wtth concentrated HCl. 

02 
Co(H) f tnen*HCl + excess NOz- - scrs-[Co(tnen)(NOZ )2 ] Cl 

1 
HCI 

SCIS- [Co(trren)Cl, ] Cl 

Symmetricalczs-[Co(tnen)C03] C104 IS prepared from the scrs-dlchloro complex by 
treatment with HC03- m acrdlc solutron However, treatment of s-cIs-[Co(trren)C!z ] Cl 

wrth COa2 - m basrc solutton produces uns-czs-[Co(trlen)COa ] Cl 

scis-[Co(tnen)C03 ] + 

s&s-[Co(tnen)C12 ] + 
_=;;:a< 

2 

3---- uns-cis-[Co(tnen)C03 ] + 

Tins complex provrdes acess to other members of the unsymmetrrcal czs senes through 

simple substrtutton reacttons There 1s no known way m whtch the unscls senes may be 
transformed to the sczs series trans-[Co(tnen)Cl,] Cl may be prepared only from uns- 

cu-[Co(tnen)C12] Cl by treatment wtth methanohc HCl 

uns-crs-[Co(tnen)Cl,] + 
HCl/CH3 OH 

a 
z tram- [Co(tnen)Cl, ] l 

No isomenzatlon of the s-czs-[Co(tnen)C12 ] Cl occurs under slmtlar condltlons. The topo- 
logies of the czs tsomers was estabhshed by careful measurement of the rates of aquatron 

of the cis- [Co(tnen)C12 ] + complexes ’ 3 

Coord Chem Rev, 7 (1971) 161-195 
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scrs-[Co(trien)Cl2 ] + 
ktSo = 9.4 X 10m3 mm-’ 

0 01 MHC104 
l SCIS- [Co(trren)ClH2 0 ] *+ 

kzso = 8 7 X IO-* mm-’ 
/( 

\‘i/“” 

0 01 M HClO,, 

unscu-[Co(tnen)Cl2 ] + -==EZ$- 

i& 

= 14 X 10m3 mm-’ 

0 01 M HC104 
( 

&c, 

-----+ & 
H2o 

The two aquatron rates for the unsizs isomer correspond to the different envrronments 
of the chlorrde hgands, one n-am to a secondary donor, and the other tram to a pnmary 
donor. Proton magnetrc resonance spectra of the SCIS and uns-cls rsomers m aqueous acid 
conform to these assignments ‘* In the regio n o f the NH proton srgnals, the spectrum of 
the s-czs Isomer 1s simpler than that of the unscis Isomer, as expected from the non-equr- 
valence of the donor atoms m the latter complexes These assignments were later found 
to be m agreement with the mfrared spectra *’ although recent work casts doubt on the 
usefulness of IR data for such assignments 24,25 The kmetrcs of the aquatron reactrons 
of the [Co(trren)C12 ] l isomers have been studred extensrvely In addition to the work pre- 
vrousl~ mentioned, Sargeson ” has studied the nature of the mtermedrate m the aquatron 

reaction of the sets- and uns-czs-isomers. and Sargeson and Searle 31 have sumrnarrzed 

most of the aquatron data 

Details of the resolutrons of the sczs and uns-czs- [Co(tnen)X, ] w+, (X = Cl-, NO2 - 
or HZ 0). SCIS and unscrs-[Co(tnen)Cl(H2 O)] +, and s-cis and uns-cls- [Co(trren)CO,] + ions 
have bren reported 22 Assrgnments of absolute configuratrons from optical actrvrty data 
relate these complexes to the correspondmg [Co(en)z X2 ] Iz+ rons 2, and are fuliy consrs- 

tent w,,th chemrcal and mechamstrc evidence These assignments provrde the basrs for 

much of the subsequent work with flexible tetraamme complexes with cobalt(W) The 

circular drchrorsm spectra obtained for these complexes are summarrzed m Table 2. 
The synthesis and resolutron of s-czs- and unscls- [Co(trren)en] 3+ has recently been 

described 26, provrdmg an example of ORD-CD curves for the geometrical isomers of the 

CON, chromophore. That these spectra, Table 3, are more srmrlar to the spectra of other 
tnen complexes (e g. S-US- and uns-czs- [Co(trren)ox] ‘) than to the spectra of other CoNe 

chromophores (e g [Co(en),] 3+) suggests that the topology of the tetraamme hgand and 
the conconutant strain m the chelate rings srgmficantly influences the optical acrrvrty of 
these species 

Due to the presence of the two asymmetric coordinated secondary nitrogen atoms 
(Fig 3), the tram complex exists m optrcally active and meso forms. The preparation, 
stereochemrstry, and aquatron of the optically active tram- [Co(trien)Cl? ] + ran has been 
reported 2o The compound was prepared by treatment of optically active uns-czs- 
[Co(tnen)C12] Cl with methanohc HCl The uns-cIs- [Co(trren)Clz ] Cl complex can be 
assigned an absolute configuratron by comparison of the Cotton effects which rt grves to 
those given by the correspondmg czs-[Co(en)2 Cl2 ] Cl complex 
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TABLE 2 

Circular drchrolsm data for scwCo(trten)Lzni 

Compound Compound ‘ha.. (El-Ed)max 
tnm) 

595 -16 
525 +29 
420 +04 
380 -09 
320 -16 
590 -1 1 
510 +22 

400 i-04 
370 -0 3 

(+)5ssCo(trlen)C03+ 520 +45 
390 +08 
360 -0.1 
330 +02 

(+)s46Co(tr*en)(HzO)*3+ 560 -I 1 
490 +19 
380 +07 
350 -0 05 
325 +00.5 

(+)S~6-Co(trten)(N0&+ 460 +12 

395 -03 ’ 
340 -3 2 

CH3 OH/HCl 
A-unsczs-SS-[Co(tnen)Clz ] + i > (+)-trans-SS-[Co(tnen)Clz ] + 

\ 
0 01 M HC104 

/ 
A-uns&-SS-[Co(trlen)CI(H2 O)] * + 

Llkewlse active trQ?zs-[Co(tnen)C12 ] Cl aquates stereospeclfically to the correspondmg ac- 
tlve unsczs-[Co(tnen)C1(Hz 0)] + Ion whose configuration can be assigned from CD data 

The known configuration of these two uns-czs complexes allows assignment of configura- 

TABLE 3 

Circular dtchrotsm data for crsCo(tLtcn/2,3,2-tet)(amlne)3+ 

Compound 

(+)-scls-[Co(tnen)en] 3+ 

(+)-unrirs-[Co(tricn)en] 3+ 

(+)-uns-crs-[Co(trten)tn] 3’ 

(+I-[Co(2,3.2-tet)en] 3+ 

Rej 

492 2 17 26 
434 -0 46 
354 0 50 
478 1 50 26 
335 -0 07 
300 0 02 
479 1 45 60 
340 -0 17 
500 1 40 60 
448 -0 76 
340 0 19 

Coord Chem Rev, 7 (1971) =61-195 
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Fig 6 IntermedIate In peptlde hydrolysis by Co(W) complex 

acids, ammo acid esters. ammo acid amides, and peptldes to form 3g*40 a chelated com- 
plex unsczs- [Co(trten)aa] ’ +. The rate 1s a function of pH and temperature The hydrol- 
ysis of the esters and glycmamlde give a rate law first-order m unsczs- [Co(trren)OH(H2 0] *+ 
and m the free base form of the ammo acid derivative 4o An intermediate complex, 
unsz-czs- [Co(trren)(glyglyoet)3 ‘1 has been isolated front the reaction with glyclyglycme 
ethyl ester 41V42 Fi= 6 The stereochemrstry of the product which contams the chelated 
ammo acid has bkenDcharacterrzed for unsr-czs- and uns,-czs- [Co(tnen)gly] s+ ions by means 
of electronic, infrared, and PMR spectra, the CD and ORD data for the resolved isomers, 
and the stereospecific syntheses 43 Lm and DougIas 44 have smce prepared the confor- 
matronal isomers of the uns2 -czs- [Co(trren)aa] * * complexes for several ammo acids The 
CD spectra of these and related complexes are summarized m Table 4. 

(zz) Sztbsrztzzted derzvatzves of 3.IdZaZa-~,&OCtaFlCdZaFFZZFle 

Tetraamme hgands have been prepared which are related to trren, but which have 
one or more protons selectively replaced by alkyl groups One such hgand 1s 2,9-drammo- 
4,7-diazadecane NH2 CH(CH3)CH2 NHCH2 CH2 NHCH2 CH(CH3 )NH2 , S&I ,8’-drmetnen 
This hgand has two asymmetric carbon atoms but was prepared from S-alanine so that the 

configuratron of both carbon atoms 1s known Asperger and Lm 45y46 have isolated the 
three possrble drchloro cobalt(III) isomers of this hgand Structural asstgnments were 
made on the basis of electronic and PMR spectra A single methyl dou,let 1s seen m the 
PMR spectra of the sczs and tram isomers due to the equrvalence of the two methyl 
groups of the tetradentate hgand m these isomers The PMR spectrum of the uns-czs 
Isomer shows no less than seven resonance signals from the non-equrvalent methyl groups 
Asperger and Lm 46 clarm that unp ubhshed ORD curves show that the optrcally active 

hgand coordmates stereospecrfically m the czs complexes formmg only the A-s-czs and 
A-unsczs isomers 

Mixed hgand ammo acid complexes with the general formula [Co(S,S-1,8-dlmetrren) 

aa] *+ have been reported The A-sczs complexes are prepared by the dtrect action of the 

ammo acid on the drchloro complex 47 at pH 7 2 The A-unsczs complexes are prepared 
by first aquatmg the A-sczs- [Co(S,S-1 ,8-dimetnen)C12 ] *+ complex to R-sczs- 

[Co(S,S-1 ,&drmetrren)Cl(Hz 0)] *+, followed by treatment with the ammo acid at pH 7 9. 

The unsczs rsomer 1s drstmgmshed from the s-czs isomer by means of the methyl group 
PMR srgnals 48, absolute configuratrons have been assigned from ORD data 

Coord Chem. Rev 7 (1971) 161-195 
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TABLE 4 

G R BRUBAICER, D P SCHAEFER, J H. WORRELL, J I LEGG 

Cncular dxhrolsm data for cwCo(trlen)(aa)*+ and related complexes 

(+HCo(en)2&1 
2+ 

(+)-[Co(tn)~gly) *+ 

A-(+)-unsl-cwSS-[Co(trlen)gly] 12 -Hz0 

A~+)-uruz-cls-SS-[Co(trien)ply] 12 -Hz0 

A_(+)-un .z-crs-SR-[Co(trien)gly] 12 -Hz0 

4-(+)-m ,I-cwSS-[Co(trien)(S-ala)] 12 -Hz0 

A-(-)-LWQ-CK-RR-[Co(trlen)(S-ala)] I2 -Hz0 

unsl-crs-‘SS RR)-fCo(trlen)(S-ala)] 12 -Hz0 

A-(f)-unsz-c/s-SS-[Co(trlen)S-ala)] 12 *Hz0 

A-(--)-uns2-cwRR-[Co(trlen)(S-ald)lIz -Hz0 

urq-crs-\ S&RR)-[Co(trlen)(S-ala)] 12 -Hz0 

A_(+)-unv2_cwSS-[Co(trlen)(R-ala)] Iz.H20 

A-(-)-Unsz-czs-RR-(Co(trlen)(R-ala)] 12 -Hz0 

uns2_cwSS,RR)-[Co(trlen)(R-ala)] I2 -Hz0 

AX+)-unsz-crs-SR-[Co(trlen)(S-ala)] 12 -Hz0 

A-(-)-unsz-cts-RS-[Co(tnen)(S-ala)] 12 -Hz0 

uns2-czs-(RS,SR)-[Co(tnen)(S-ala)] 12 *Hz0 
A~+)-ung2-cls-SB[Co(trien)(R-ala)) 12 l Hz0 

505 + 2.10 
370 + 0088 
328 f 0128 
510 + 100 
436 - 0.06 
340 - 005 
512 + 230 
382 f 020 
342 - 013 
488 + 213 
339 - 015 
488 + 1.92 
339 - 013 
501 + 2 02 
379 + 008 
341 - 015 
517 - 2 07 

383 - 018 
341 - 013 
524 - 025 
482 + 018 
433 - 005 
333 - 008 
491 f 238 
370 + 005 

337 - 005 
476 - 237 
348 + 030 
539 - 005 
493 + 035 
450 - 060 
345 + 00.5 
457 + 237 
348 - 030 
491 - 2 37 

370 - 005 
539 f 00.5 

493 - 035 
450 + 060 
345 - 005 
488 1 83 
339 - 008 
488 - 204 
339 + 010 
488 - 010 
488 + 204 
339 - 010 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 
44 
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TABLE 4 (conttnued) 

Compound ha.. 
hml (el-ed)max Ref 

175 

A-(-)-uns*-crs-RS-[Co(tnen)(R-al~)112 *Hz0 

unsa-crs-(RS,SR)-[Co(trren)(R-ala)] Ia-Ha0 
A-(+)-unsl-crs-SS-[Co(trten)(S-meth)] Ia -Ha0 

A-(-)-unsr-crs-RR-[Co(trten)(S-meth)] ia*HaO 

unsr-cis-(RR,!%)-[Co(trren)(S-meth)] 12 *Hz0 

A-(+)-unsa-cx-SS-[Co(trren)(S-meth)J 12 oHa0 

A-(--)-unsz-crs-RR-[Co(trten)(S-meth)] Ia *Ha0 

unsa-cw(RR,SS)-[Co(trten)(S-meth)] 12 oHa0 

A-(+)-uns2-cn-SR-[Co(trien)(S-meth)] 12 -Ha0 

A-(-)-uns2-c&RS-[Co(trten)(S-nieth)] 12 oH?O 

uns2-clr-(RS,SR)-[Co(trren)(S-meth)] Ia.HzO 
A-(+)-unst-c~s-SS-[Co(trren)(S-pro01 12 -Hz0 

A-(-)-unst-crs-RR-[Co(trren)(S-prol)] 12 -Ha0 

unstcrs-(RR,.%)-[Co(trren)(S-pro01 12 - Hz0 

A-(+)-unsz-cls-SS-[Co)trren)(S-prol)] Ia -Ha0 

A-(-)-uns2-cwRR-lCo(trren)(S-prol)] 12 *Hz0 

unsa-cls-(RR,SS)-[Co(trren)(S-prol)] 12 *Hz0 

(+)-uns2-cw[Co(2,3&tet)dyl 2+ 

(+)-unsa-crs-[Co(2,3.2-tet)(S-ala)l 2+ 

Coorfi Chem Rev. 7 (1971) 161-195 

488 
339 
488 
500 
38.5 
341 
510 

385 
348 
524 

483 

385 

345 
484 

339 
473 

347 
543 
495 

444 

351 
480 

345 
480 

345 
485 
539 
488 

348 
52’ 

438 

376 
529 
482 

369 

554 
d93 

346 
493 

467 

3.51 

538 

495 

444 

522 

460 

361 
328 

515 
455 

360 

- 183 

+ 0.08 
+ 010 

+ 1.95 

+ 008 
- 024 

- 205 

- 018 

- 0.08 
- c25 

+ 015 

- 010 

- 010 
+ 238 

- 015 
- 220 
+ 026 
- 008 
+ 028 

- 068 

+ 007 

+ 190 
- 015 
- 203 

+ 015 

- 010 
- 023 
+ 180 

- ox 
- 1 90 

- 008 
- 023 

- 086 
+ 064 

- 025 
- 027 
f 245 

- 036 
- 143 

- 153 

+ 018 

+ 036 
+ 050 

- 043 
- 008 

+ 132 

- OdO 
- 010 

+ 004 

+ 135 
- 043 
- 014 

44 

44 
44 

44 

44 

44 

44 

44 

44 

44 

44 
44 

44 

44 

44 

44 

60 

50 
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TABLE 4 (contmued) 

Compound cEl -Ed&ax Ref 

(+)-uns2-crs-I&(2,3,2-tet)(S-val)l ‘+ 

(-)-unsz-ns-[Cot2 3,2-tet)(S-v&j ‘+ 

uns2-crs-[Co(2,3,2-tet)(S-val)j *+ 

(-t)-uns2-Lrs-[Co(2,3.2,-tet)s~] 2+ 

517 
458 
356 
325 
523 
470 
373 
340 
530 
490 
450 
350 
535 
477 
414 
361 
340 
550 
490 
350 

+ 086 60 
- 027 
- 007 
+ 0.04 
- 153 60 
+ 012 
- 016 
- 018 
- 031 60 
•I- 003 
- 0 13 
- 011 
+ 077 60 
- 033 
+ 003 
- 006 
+ 004 
- 045 60 
+ 132 
- 016 

AFIS- iCo(S,S-I .8-dlmetnen)aa]*’ 
aa, pH 7 2 

A-sczs- [Co(S,S-I .8-dlmetrlen)C12 J + 

5 ZO\ 

A-S-M- [Co(S,S-I ,S-dlmetnen)C1(H2 O)] ‘+ 

1 
aa, pH 7 2 

A-unscrs-[Co(S,S-I ,8-dlmetnen)aa] *+ 

A partial asymnletrlc synthesis of alanme has been attamed 4g by preparmg the complex 
Ion a-ammoa-methylmalonato S,S-1,8-dm~e:hyltr~efhylenetetraammecobalt(III) which 
was then decarbovylated to yield A-unsczs- [Co(S,S-1 ,8-dlmetnen)(S-ala)] *+ 

+ co2 
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I)lchloro complexes with cobalt(M) and the ligands (+)-3(S),8(S)-dimethyltrie- 
thylenetetraamme and r4cemic S-methyltnethylenetetraamine have been prepared 4g _ The 
[Co(S-metrien)Cl? ] Cl formed a purple compound of czs configuration which was assigned 
the unscis configuration from the mfrared spectrum The [Co(3(S),8(S)-dlmetrlen)Clz ] Cl 
forms a green cram complex The configuratlons of the asymmetric carbon atoms of the 
latter hgand are known because the ligand was prepared from S-alamne. From this knowl- 
edge and other stereochemical considerahons, along with the circular dlchrolsm spectrum 
of (+)-tram- [Co(3(S),8(S)-dlmetnen)Clz ] Cl, it 1s possible to show that the (+)-rrarzr 
-[Co(3(S),8(S)-&metnen)& ] Cl complex zs formed stereospeclfically and that this com- 
plex has the same configuration as (+)-rrans-SS-[Co(tnen)Clz] Cl. Goto and co-workers ‘050a 
have recently reported the results of a detailed spectroscopic analysis of chelate rmg con- 
formatrons and the absolute configuratrons of the tram dlchloro and trarzs dmltro cobalt 
(III) complexes with 2,5,8,1 I-tetraazadodecane, 6(R)-methyl-2,5,8,1 I-tetraazadodecane, 
4(S),9(S)-dimethyl-2,5,8,11-tetraazadodecane. 3(S),lO(S)-dimethyl-2,5,8,1 I-tetra~adode- 
cane, and the extended cham derivative 2,5,9,12-tetraazatrtdecane 

Other cobalt(II1) complexes contammg trlethylenetetraamme derrvatlves C-substl- 
tuted at the central ethylene bndge have been reported by Goto et al ” These included 
the dnutro and dlchloro cobalt(II1) complexes with the llgands S(R)-methyltnethylenete- 
traamme, S(S),6(S)-dlmethyltrlethylenetetraamme, and trans-N,N’-bis(&ammoethyl)- 
cyclohexane-l(S),2(S)-dlamme. It was found that for all of these complexes the uns-czs 
Isomer was formed. Moreover, the chlrahty of the hgand, controlled stereospeclfically 
the absolute configuration of the complex so that for the hgand of S-configuration the 
complex was of A-unscis configuratlon, and for that of R-configuration the complex 
formed was A-uns-czs All the dlchloro complexes rearranged m methanol to form the 
correspondmg optically active tram isomers 

Bosmch ‘* has reported that IV,N’-bls(2-plcolyl)-l-methyl-l ,Zdlammoethane produ- 
ces the sczs-[Co(plcpn)Xz] + isomer stereospeclfically, m contrast with the topological 
preference of 5methyltrlethylenetetraamme A recent report by Bosmch and Kneen 53 
cites proton magnetic resonance, CD and electronic spectral evidence for the exclusive 
formatlon of A-S,S-unscrs- [Co-(bnpic)X* ] + Ions (X = Cl-, NOz-), wherem bnplc 1s the 
tetraamme (+)-NJ?-bIs(2-plcolyl)-2(R),3(R)-butanedlamme Though molecular models 
do not readily demonstrate the observed geometric speclflclty, the reported CD curves 
support the authors’ assigned topologies Philip et al 54 has recently described the syn- 
thesis of a bmuclear complex of cobalt(II1) with NJ’-bls(2-ethyl-(2_pyndyl))- 1 ,2-ethane- 

hamme. 
Finally, Asperger 55 has reported that the trarzs configuratlon 1s most stable for 

complexes with nTJ’-his-(R-2-ammo-3-phenylpropyl)-transS- 1,2-cyclohexanedramme 
This result 1s surpnsmg, smce molecular models suggest that the A-S-CIS Isomer should be 
preferred. 

(in) Complexes wz t/z other flexzble tetraamzrze IzgaJzds 

(a) 3,7-dzaza-I.%nonanedlanune, 2.3,2-ret 
Complexes ulth hgands related to trlethylenetetraamme, but wl+h lengthened alkyl 

chams, have been prepared. The complex [Co(2,3,2_tet)Cl, ] + was described independently by 

Coord Chem. Rev, 7 (1971) 161-195 
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Ham&on and Alexander 56 and by Bosmch et al s’ The tram Isomer predommates, but 

under controlled condltzons a czs isomer may be prepared Ham&on and Alexander ‘* 
showed that trans-meso-[Co(2,3,2-tet)Cl? ] + 1s produced m the standard aerial oxidation 

synthesis ‘w’, while treatment of unsczs-[Co(2,3,2-tet)-CO31 + with HCI produces the 

racemlc tram complex The aquation of unsczs- and crans- [Co(2,3,2-tet)C12] + has been 
studied Aquation of the meso (RS) 

CO" + 2,3,24et 
(1) 02 

(2) HCI ’ 

trans-RS-[Co(2,3,2-tet)C1(HZ 0)] *+ 

t 
HJ 0’ 

fiatIs-RS-[Co(2,3,2-tetjcl,]’ 

1 Na, CO, 

unsczs-RR,%-[Co(2,3,2-tet)C03] l 

1 HCI 

f?-atzs-RR,SS-[Co(2,3,2-ete)Cl, ] + 

1 H3 0’ 

uns-czs-RR,SS- [Co(2,3,2-tet)Cl(H, 0)] *+ 

trazzs complex produces tram- [Co(2,3,2-tet)C1(HzO)] *+, while the aquatlon of racemlc 

(RR,SS) tram complex produces 24~5g uns-czs- [Co(2,3,2-te t)CI(H2 O)] 2 + The czs dlchloro 
isomer has been assigned 2495g the unsymmetrical configuration but no other czs-dlacldo 

(2,3,2-tet)cobalt(III) complexes have been characterized 
Numerous mured hgand complexes of cobaIt(II1) with 2,3,2-tet have been prepared 6o _ 

Of these, the diacldo complexes [Co(2,3,2-tet)Br? ] +, [Co(2,3,2-tet)(Oac)2 ] +, 

[Co(2 3,2-tet)(Ogly), ] 3+, [Co(2,3,2-tet)(Oala)2] 3+ have been shown from thezr electromc 
spectra and chemical properties to exist m the trazzs forms Optically active samples of the 
frafzs dzchloro and dzbromo complexes have been prepared from the resolved oxaIato(2,.3, 
24et)cobalt(III) cation by treatment with the appropriate acid under anhydrous condo- 
tlons 61 Comparison of the PMR spectra and of the signs of the Cotton effects observed 

for the oxalato and derivative troizs dzacid3 species with those of the known trzen com- 

plexes mdlcates that only the unsczs-oxalato(2,3,2-tet)cobalt(III) ion 1s isolated The CD 
spectra of these complexes are gwen m Tables 5 and 6 

Among the mixed bldentate-2,3,2-tet complexes, one geometrical Isomer, beheved 
to be uns-czs, of [Co(2,3,2_tet)(en)] 3+ and [Co(2,3,2-tet)(ox)] + has been resolved Bruba- 
ker et ai report that mzxed hgand arrmo acid chelates appear to form the uns2-cis isomers 
exclusively, though four Isomers of uns-czs-[Co(2,3,2-tet)(S-pn)] 3+ have been separated 

chromatographzcally using mzcrocrystalhne cellulose 24 That the ammo acid chelates 
contam only the unsczs isomer 1s convmcmgly demonstrated by the ready converszon of 
the ammo acid chelates to the active tram-[Co(3,3,2-tet)-Cl,] + by the action of anhydrous 
hq drogen chloride 62 _ 
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TABLE 5 

Ctrcular dtchrotsm data for Co(tet)L,‘** 

(-)-truns-ss-(co(2 3,2-tet)C1, ] + 650 i 045 60 
583 - 024 
455 + 027 
390 - 028 

(-)-frarrs-RR-[Co(3,2,3-tet)Clz ] ’ 652 + 028 60 
570 - 001 
491 + 009 
426 + 008 

(+)-fauns-SS-[Co(2,3.2-tet)Brz) + 694 + 043 60 
621 - oi7 
465 f 021 

(+)-frans-RR-[Co(3,2,3-tet)Brz] + 630 - 010 60 
450 + 022 

(-)-unscn-[Co(2,3,2-tet)CL(HzO)] ‘+ 580 - 056 60 
500 + 048 
369 - 013 

TABLE 6 

Circular dtchrotsm data for some oxalatotetrddmme complexes of cobdt(II1) 

Compound (cl-Ed)mLy Ref 

(+HCo(en)20ul 
+ 

(+I-[Co(tn)zou] + 

(+)-s-crs-[Co(trten)oxl + 

(+)-uns-cls-lCo(trten)oxl + 

(t)s46-si.13-[Co(3.2.3-tet)oY1 + 

(+)-uns-crs-[Co(2,3,2-tet)ox] 
+ 

521 26 
38.5 0 12 
360 - 003 
335 0 21 
SO8 121 60 
355 - 014 
51.5 2 95 60 
381 057 
338 0 32 
515 2 09 60 
388 0 1.5 
355 - 005 
555 - 076 60 
493 1 88 
353 - 022 
535 147 60 
475 - 048 
370 - 006 
340 0 15 

Coord Cirem Rev, 7 (1971) 161-195 
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(b) 4,7-draza-I, 1 _Uecanedlamine,3,_?3-tet 
Ham&on and Arcxander prepared tratzs-drchloro(3,2,3-tet)cobalt(IIi) chlortde. pre- 

sumably as the racemrc RR, SS mixture whrch aquates to produce the tmns-chloroaquo 
complex ’ 4*6 3 Treatment of czs-[Co(3,2 3-tet)CO,] + wrth HCl produces only trans- 
drchIoro(3,2,3-tet)cobait(III) chloride, in contrast wrth the 2,3,2-tet system. The tram- 
dracrdo complexes, [Co(3,2, 3-tet)Clz ] +, [Co(3,2,3-tet)Brz ] +, [Co(3,2,3-tet)(Oac), ] +, 
[Co(3,2,3-tet)(Ogly)2 ] 3+, [Co(3,2,3-tet)(Oala),] 3 +_ and [Co(3,2,3-tet)(Oval), ] 3+ have 

been prepared (and optical rsomers have been separated m some cases) and characterized 
through the electronic spectra and chemical properties 64 There 1s no evrdence for the 
formation of cls-dracrdo(3,2,3-tet)cobaIt(III) complexes 

In addttron to the carbonato complex described by Ham&on and Alexander, mrxed- 
hgand complexes wrth oxalato, ethylenedramme and vanous cheiated ammo acids have 
been prepared 6o For example, [Co(3,2,3-tet)ox] + has been prepared and resolved All of 

the spectroscopic properties of thus complex conform most closely with those of the relat- 
ed sc~[Co(trren)ox] + ran 

An mterestmg series of reactions has been observed which attests not only to the 
reproducrbrhty of the m-n-arts mterconversron of 3,2,3-tet complexes, but also to the 

sterrc influence of the chelated drssymetrtc secondary donor atoms The compiex 
(f)-sczs- [Co(3,2,3-tet)(ox)] ’ IS converted to (+)-tram-SS-[Co(3,2.3-tet)Clz ] + by the ac- 

tion of dry HCl, the reverse reaction occurs m molar oxalic acid with greater than 90% 
retention of optrcal activity for the complete cycle ” 

A-scls-RR-[Co(3.2 3-tet)(ox)] + ??_._L tla/zs-RR-[Co(3,2,3-tet)CL ] + 
H2. Cz 04 

WI 52, = 5,000° [Ml fi = + 390° 

The configuratron of each complex was determined by comparrson with the correspondmg 

trien complex. 

The only evidence to date for the formatron of uns-czs isomers m mrxed hgand com- 
plexes with 3,2,3-tet comes from the chromatograms of [Co(3,2,3-tet)(S-pn)] 3+ on mrcro- 
crystallme cellulose Four components have been observed, mdrcatmg that the uns-cls 
rsomer may be formed under some condrtrons 24 

(IV) Concl~csrons based on studies of jkwble tetraamrrte &and complexes of cobalt(II1.J 

The study of the complexes of the homologous series of flexible tetraamme hgands 
and some substituted denvatrves, described above, leads to some generalizahons about the 

sterrc mfluence of chelate rmg srze and chelate rmg Issymmetry. The effects of changes 
in donor atoms wrll be discussed m subsequent sectrons 

Cham length has a profound effect on the drstrrbutron of geometrical isomers m the 
syntheses of various cobalt(M) complexes Thus, all three geometrical isomers are found 
m complexes with triethylenetetraamme, the formahon of the s-cis and uns-cls isomers 
dependmg more on the remammg hgand(s) than on the properties of trrethylenetetraamme, 
and the formation of the tram isomer strongly inhibited by stram in the chelate rings 
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Complexes with 3,2,3-tet m the tram and s-czs configurations have-been cha,mcterized, 
and there IS some evidence for the formation of z.msCzs rsomers. No cis-diacido(3,2,3_tet) 
cobalt(W) complexes are known, m contrast wrth the trzen and 2,3,2-tet systems. The 
ligand 2,3,2-tet forms complexes only 111 the tram and tmsczs configuratzons, m contrast 
with the trien system. 

The effects of chain length have been ratzonahzed m terms of two effects- (I) rmg 
strain; and (2) sterrc hindrance. The first effect IS apparently manifested only in the tsans 
complexes with tnen, wherein the tetrahedral secondary amme groups are szgmticantly 
dzstorted by the formation of three coplanar five-membered chelate rmgs. For the longer- 
cham tetraamine ligands, thzs effect seems of nunor Importance, as evzdenced by the pre- 
ponderance of trans nomers. As the chelate rings mcrease m srze, however, the complexity 
of the rmg conformations increases, and the magnitude of the interactions between adJa- 
cent chelate rings increases accordingly as descrzbed by Corey and Bailar 4, Buckmgham 
etal.‘, and Gollogly and Hawkms 6 It 1s ths mteractzon between adjacent chelate rmgs 
which may account for the distnbutron of s-czs and uns-czs rsomers for the complexes of 
2,3,2-tet and 3,2,3-tet. 

The effect of hgand asymmetry on the stereochemzstry of mixed-ligand complexes 
wzth cobalt(II1) IS seen to be vastly greater than the effect of cham length The presence 
of asymmetrzc centers on the hgand, either at a donor atom or on zemote carbon atoms, 
not only determines the geometrical configuration of the product complex and the con- 
formatrons of the chelate rings, but also frequently controls the absolute configuratzon of 
the complex -as a whole Moreover, complexes with dzssymmetrrc tetraamme lrgands are 
relatively resistant to configuratronal and conformatzonal cha;lge, a feature which has 
profound effects on the chemrcal properties of these complexes 

D COUPLEXES WITH FLEXIBLE DITHIADIAMINE LIGANDS 

Recentiy the preparation and stereochemzstry for a number of complexes of the ’ 
type [Co(NSSN)Xa ] n+ were reported by Worrell et al 1,66&7 and later by Bosruch et al 
‘w’ _ The tetradentate hgand NSSN refers to a donor atom sequence, ztitrogen-suIfur- 
sulfur-mtrogen. A number of hgands of thzs type have been prepared and are hsted m 
Table 7. 

TABLE 7 

Flewble lmear dlthladlamme hgands 

Ltgartd Abbrevtatton 

3,6dlthra-1,8_octane&amme 
3,7-dlthla-1,9-nonanedlamme 
4,7dlthla-1 .l Odecanedlamme 
4-methyl-3,6dnh~a-l,8-octaned~amme 

4,7-dlthla-2.9-d:ammodecane 

eee 
ete 
tet 

epe 

pep 

Coord Chem Rev, 7 (1971) 161-195 
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The preparative chemistry IS very sumlar to that for the tnethylenetetraamme com- 
plexes The hgand monohydrohahde and a cobalt(H) salt are oxldrzed by au m the presen- 
ce of sodm_m mtrite. The physical properties and mitral yield of [CO(NSSN)(NO~)~ ] + 
made It the fundamental compound from whrch the drchloro derrvatlves are most easdy 
prepared Octahedral complexes of the general type [Co(NSSN)X2 ] nt where monodentate 
X 1s Cl-, Br-, NOz-, SCN-, N3-, or brdentate X2 IS C03’ -, C2 04* -, en, i ,10-phen, blpy, 
or NH, CH2 COO-, are prepared by metathetlcal mteractlon of [CO(NSSN)CI~ ] + with the 
appropriate salt Na2X or NaX 

L&e trrethylenetetraamme, the NSSN morety was expected 7o to form three octa- 
hedral geometric isomers. SCIS, uns<Is and trans, (Fig 1) with cobalt(II1) The structures 
of several isolated complexes have been deduced from high resolutron nuclear magnetic 
resonance spectra, visible electronic absorptron and mfrared vibrational spectra ’ In ad- 
dltron Worrell and Busch 66 have employed crrcular drchrorsm and optical rotatory dis- 
perslok measurements m conJunction with chemical mterconversions, to deduce structure. 

(r) Proton rnagnetrc resonance and stereochernrstry 

The most conclusive evrdence presented for the symmetrrcal czs geometry was the 
100 Hz PMR spectrum of s-czs-[Co(eee)(NOz)J * v.%ch exhibited an AA’BB’ pattern 
representative of a backbone chelate ring having two equivalently posrtloned sets of axial 
and equatorial protons. A tery srmllar AA’BB’ pattern was ob,erved by Williams 71 for 
the backbone ethylene linkage m [Co(EDTA-d8)] - in which all the protons of EDTA, 
except those for the ethylene linkage, were replaced by deutermm atoms Legg and Cooke 
3 also observed this dutmctlve intense quartet with several weaker srde resonances m a 
sczs- [Co(EDDA)en] + complexes where It was unequivocally assigned to the ethylene lm- 
kage protons The center for the backbone ethylene lmkage PMR patterns for [Co(EDTA)] - 
[Co(EDDA)en] +_ dnd [Co(eee)(NO* )? ] + are at 3.10,3 6 1, and 3.77 p p m. from TMS res- 
pectively This latter value reflects the pronounced de-shreldmg influence of the adjacent 
sulfur donor atoms for the eee complex 

(a) Electromc spectra and stereochemsny 

Absorption spectra have been used to dlstmgulsh between the three isomers The 
expected sphttmgs for the ’ Alg + 1 Tl, transition were calculated semlempmcally by 
Bosruch 68 m terms of the spectrochemlcal effects of the donor atorrs whch are arranged 
differently in the three isomers. In each case, the ‘T,g manifold should give rrse to two 
transitions with the energy difference between components sufficient to enable one to 
assign geometry, Fig 4. Experimentally, the sczs-drchloro isomers show an absorption 
envelope which IS shifted significantly to low energy (red shaft) and exhibit a less intense 
shoulder on the hrgh-energy srde of the envelope. Unsymmetrical c!s isomers show a single 
symmetnc envelope having a center at higher energy than observed for the scls Trans 
geometrxes are distinguished on the basis of molar extmction coefficrents about 50- 100, 
m contrast to 200-375 for cis topologes. In addltron, electronic absorption spectra for 
complexes derived from NSSN hgands show a characteristically intense change transfer 
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band at about 350-400 nm, whrch m most cases completely obscures the second d-d 

band normally observed wrth compounds of cobalt(M) 
Bosmch et al. 68 have employed these emprrrcal spectral characterrstrcs 111 assigning 

the geometries for several (Co(ete)CL ] + rsomers It IS interesting to note that such data 
alone suggest that the hgand ete adopts zrans and uns-czs topologres, whereas tet produces 

exclusively sczs and uns-czs geometric arrangements. That eee and epe gave only sczs topo- 

logres has been discussed at length by Worrell et al 1V66V67772 

(zzi) Infrared spectra and srereocizenzzst~ 

The use of Infrared spectroscopy m assigning geometric arrangements has been fairly 

successful for dractdo complexes of cobalt(M) contammg the hgand trten Buckmgham 
and Jones r7 have pomted out the special infrared characterrstrcs uniquely associated wrth 
the scis, uns-cis. and tram isomers of [Co(trren)Xz ]‘zt- 

Infared spectra of complexes of the type [Co(NSSN)X2 ] n+ present a drstmct con- 
trast to the analogous complexes o F trren For example, the number of N-H stretch bands 
m the range 2900-3500 cm-‘, the N-H deformatron bands at 1500-1600 cm-’ as well 

as selective skeletal C-H vrbratronal bands have been shown to be a strong function of 
the amon and alkyl substrtutrent on the chelate rmgs 1772 Thus, the mfrared spectra of 

sczs-[Co(eee)Cl,] + and sczs-[Co(epe)Cl,] + are sufficrently different, as are the spectra 
for s-czs-[Co(eee)(N02)2 ] + and sczs- [Co(epe)(NOa )2 ] +, to obscure a correct topological 
assignment based only on infrared data Fundamentally more rrnportant IS the fact that 
different dracrdo complexes of the same topology and same NSSN hgand give very drffer- 
ent vrbratronal spectra m the wavelength regions routmely used to emprrrcall:, dtstmgursh 
structure for the analogous trien complexes 

(zv) Opticai actzvzty atzd absolute corzfzgzzratzon 

A number of [Co(NSSN)X2 ] zz+ ions have been separaied mto optrcally pure isomers 

and then absolute configuratrons assessed relative to A-(C, )-(+)589 -[Co(en), ] 3 + using cn- 
cular drchrorsm and optrcal rotator-- drspersron data 73 The [Co(eee)C12 ] + ion was expe- 
drtrously resolved usmg the antimony d-tartrate anion, which afforded the isolation of 
above average yields of both (+) and (-) Isomers having equal and opposrte maxrmum ro- 
tatrons ([a] 545 = + 23 13) The [Co(eee)(NO, ), J ’ ran was separated 74 mto rts enantro- 

morphs, (@I 5.~ = t 602), by optrcally pure isomers of Na[Co(en)ox2 ] A very clean, 
high-yield resolutron resulted 

Optrcally actrve [Co(eee)C12 ] + Ions undergo a number of transformatron reactrons 

with retention of contiguratron, 

A-(+)-s-czs- [Co(eee)C12 ] + 3 A-(t)-sczs- [Co(eee)Cl(H2 0)] * + 

I 

1 Li2 CO3 or NaKC03 

NaN02 12MHCl A-(-)-sczs- [Co(eee)COa] + 

A-(-)-s&- [Co(eee)(N02 )* ] l 
1 

L12CO3 H+ 

- A-(+)-sczs- [Co(eee)(H* O)* ] 3 - 

Coord Clzem Rev, 7 (1971) 161-195 
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The surpnsmg ngidrty of the scis moiety when the lrgand IS eee, is apparent especrally m 
the reversrble conversron reacttons between the optrcally active drchloro and dmitro com- 
pounds. When (+)s& - s-d-[Co(eee)CL ] + IS treated wrth NaNOz m water, substrtution of 
NOZ- occurs at a rate whrch is extremely raped relative to normal aquatron. Rate studies 
suggest that mtnte substrtutron IS preceeded by electron transfer 24 Under such condrtrons, 
one would expect labrhzatron possrbly followed by rsomerrzatron to the unsczs ropology 
Had isomenzatron occurred at any step in the transformatron sequence, an rmmedrate 
change m the shape and mtensrty of the circular drchrorsm curves would have resulted, 
since as rllustrated below, rsomerrzatron requires a change m the absolute configuratron of 
the product molecule ran 

-h-(c+s-cs A-(C-&uns-us 

Both ORD and CD measurements using [Co(eee)X* ] n+ ions demonstrate that uomenza- 
tron does not occur rldcr the condrtrons whrch produce rsomenc changes for the corres- 
pondmg tnen compounds 

A number of [Co(NSSN)Xt ] ‘*+ ions had then absolute configuratrons assrgned by 
Worrell and are summarized 111 Table 8 Data for the structurally related tetraammes are 
grven in Table 2. Exammatron of the data rn Tables 2 and 8 suggests that [Co(NSSN)Xa 1”’ 
Ions are unrque m several respects The mtensrties of the CD bands are consrstently greater 
than reported for any complexes Smce the (tl-ed) mtensrty generating parameters are, as 
yet, not understood, complexes of thus type may well provrde a basrs for both experrmen- 
tal and theoretrcal work m thus raprdly expandmg area Further, a uruque contrast m axial 
and m-plane electnc fields exists for scis-[Co(trren)(NO, )a ] + and s&s- [Co(NSSN)(N02 )z ] + 
ions Substrtutron of mtrite xon mto the coordinatron sphere of s-czs- [Co(trren)(NOz)2 ] +, 
causes the in-plane electrostatrc field to become considerably greater than the axral field 
As a result, the electromc levels derived from the T1 manifold are Inverted, the lowest 
energy transrtron berng A r -+ A(E,) + B(E,), Frg 4 The electric field caused by the m- 
plane throether groups of s-czs- [Co(NSSN)(N02 )a ] + is so weak that even wrth the presence 
of m-plane nitrate ions, the ax& field remams greater than the m-plane field. The energy 
levels are thus not mverted for thus complex The negative low-energy CD component is 
assigned the A r +B(Aa) transrtron and the positive hrgher energy component IS assigned 
the composite transrtion A + A(,!&) + B(E,). The above consrderations are umque and 
pertinent to the assignment of absolute configuratrons for the dmltro denvatives using 
CD data. 

Bosruch and Phrlhp 6p noted ths characteristic Inversion of CD peaks in then study 
of the stmllar Co(pep)(NOs )a + ion. They reasoned that the assrgnment of CD bands for 
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al 67*72 have demonstrated by decomposmg both enantromers of [Co(epe)Cla ] + with 
cyamde Ion, that (+)sas -scu-[Co(epe)C12 ] + contams only (+)sa9 -epe Bosmch and 
Plullip 75 assrgned the absolute configuration of (+) sas-epe as R relatrve to R-alamne or 

R-propylenediamme 76P77 (see footnote, p 172), and from crrcular dschroum spectra 
coupled with detailed ring conformatron arguments the absolute configurations of 
(+)sss -sczs- [Co(+epe)Cl:! ] + and (-)~a9 -s-czs- [Co(-epe)C12 ] + were deterrmned 72 

(VI) Aquatzon reactions for [Co(NSSN)C12 / t ZOIIS 

The rates of aquatron for sczs- [Co(eee)& ] + have been measured by Worrell and 

Fortune 78 under vanous concentrations of complex, hydrogen ran, and mercury(H) ran 
as well as ionic strength and temperature Aquatron occurs in two stages as dlustrated by 
reactrons (1) and (2) below At 25°C the first Cl- m [Cofeee)CIZ] c 1s replaced by Ha0 at 
d measurable rate, however, reaction (2) at 2S°C is extremely slow and is mcompl~te even 
after srx months m 0 10 M HC104 

kt 
SCIS- [Co(eee)Clz] + + Hz 0 - 

H’ 
s-czs- [Co(eee)CIHz 0] * + + Cl- (i) 

si IS- [Co(eee)C1H2 0] 2 + + Ha 0 -----+ 
H’ 

s-czs- [Co(eee)(H2 0)2 ] 3’ + Cl- (2) 

Both reactions are acid independent m the range 1 0 M > H’ > 0 01 M and can occur 
with complete retention of geometry Under the condtttons [H’] = 0 10 M, [complex] = 
6 0 X low4 M and temperature = SO”C, the observed pseudo Gst-order rate constants 
kl = 1 77 f 0 08 X 10m4 set-’ (0 120 X 10e4 at 25’C) whereas k2 = 1 09 + 0 02 X 
X 10m6 set-’ Temperature-dependence studres for reaction (1) gave ALP = 20 4 kcal/mole 
and ASI = -12 6 e u The aquochloro complex IS thermally unstable and slowly decom- 

poses at elevated temperatures Imtrated at 50°C decomposttron 1s undetectable but be- 

comes pronounced after 140 h of reaction At acrd concentratrons 0 009 M > H’ > 0 001 M 
and 50°C, thermal decomposrtron of the aquochloro compourd 1s much more raprd, m- 
creasing with a decrease m [H’] _ This suggests the possrbrlrty of a base-catalyzed aquatron 
path or an tsomerrzatton reactron. Ion exchange and spectrophotometrlc analysts demons- 

trated that the products are Co(I1) and uncoordmated hgand, not the anticrpated tsomerr- 
zatron products unsczs- [Co(eee)ClHa 0] 2+ or uns-crs- [Co(eee)(Ha 0)s ] 3+ 

Reactions (I) and (2) are also catalyzed by mercury(H) ton. Aquatron of 
[Co(eee)Cla] + m the presence of Hg(I1) 1s so raped that a detded study involvmg the 
Hg(I1) and temperature dependence has not been possrble using normal spectrophotome- 
trrc techniques. At 18°C and 1 .O X lob3 M complex, 0.10 M [H’] and 0.10 M Hg(II), the 
first aquatron step 1s complete wrthm two minutes wrth a second-order catalyzed rate 
constant of 0.95 a 0 09 M-’ set-’ Unlike the mrtlal stage, aquatron of the sczs- [Co(eee> 
ClH20]‘+ ion was examined m detail over a wide range of Hg(I1) concentration and tem- 
perature The second-order catalyzed rate constant for reaction (2) at 50°C, 0.10 M H’, 
and 6 0 X ldm4 M complex, 1s 8.41 X 10e2 M-’ set-* (3.84 X lob3 M-l see-’ at 25°C) 
wrth the thermodynamrc functtons AH* = 23 2 kcal/mole and A,!?$ = -0 23 e.u 
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(uzr) Contrasts between the f CO(IWSNJX,/~~’ arldf c~~~N*N~x~l’l~ SYsrelns 

In comparmg the stereochemrstrres of cobaIt(lI1) havmg hgands wtth a donor atom 

sequence of NNNN with hgands of the type NSSN, several unique and important contrasts 

become appa-ent The sczs- [Co(eee)X2 ] ‘I+ and s-czs- [Co(epe)X* ] Izf zons do not rsomertze 
to the uns<zs or tram geometnes in basic solutton or m the presence of basic Lt2 CO3 solu- 

tion as do the correspondmg complexes dertved from trtethylenetetraamme In addition, 
numerous mterconverszon reactions proceed without rsomerzc change m the eee and epe 
compounds The relative stabtlrtres of the geometrzc isomers are determined by somewhat 
drfferent effects. Goto et al recently studted a number of methyl substrtuted tnethylene- 
tetraamme hgands and demonstrated that substrtutlon of a methyl group on one of the 
carbon atoms of the central chelate rmg causes the exclusrve productron of the unsym- 
metrical cis isomers 51 The chelate rmg szze- as controlled by varymg the number of CHa 
groups between adlacent mtrogens, greatly effects the relative stabthtres of the geometrtc 
zsomers As rmg size increases, tram isomers appear to increase m stabrhty for flexible 
tetraamme hgands. 

Bosmch and Phllhp’s work with pep, tet and ete suggest that rmg size IS not the crt- 
trcal factor governing the most stable geometrres for NSSN complexes Size and stereo- 

chemistry of the mdivtdual thioether donor groups, presents the umque sttuation m whtch 
czs geometries must predominate, with ete the only hgand reportedly complexmg wrth 
cobalt(II1) m the fmzs topology. 

Available mechanistic and rate data demonstrate a drstmct contrast between the 

reactrvtty of trien and eee complexes The first aquation step for sczs-[Co(eee)Cl, ] + is 
very slow, having a half-life of 966 mm relative to the replacement of the first Cl- m 
sczs- [Co(trten)Cl, ] + which has a half-life of 76 mm at 2S°C and 0 10 M H’ Under these 

conditions, both complexes aquate with complete retention of conflguratlon Examination 
of the actzvatzon parameters for the eee and _trien complexes suggests that the differences 
m reaction rates reside predominantly m the entropy term (AS=,, = - 12 6 e-u., 

A%ren = -5 8 e u ) The enthalpy of activation for both s-czs-dzchlcro complexes were 

found to be quite sumlar (A@_ = 20 4 kcal/mole, Lawmen = 21 5 kcal/mole) 
The excepttonally low entropy value for sczs- [Co(cee)C12 ] + reflects the rigidity 

imposed by the eee hgand once It is coordinated. Molecular models show that S-CIS- 
-[Co(eee)C12 ] + and s-czs- [Co(trien)C12 ] + are encapsulated m stmtlar solvatron spheres so 

that arguments relative to a transttion state m whtch [Co(trien)Cl,] + 1s more readily sol- 
vated m the vtcmrty of the coordmated Cl- ions cannot be lustrfiably invoked to explain 
the approxzmately thirteen-fold greater primary aquatron rate for s-czs-[Co(tnen)C12 ] + 
Other factors whtch deserve constderatron are the Co-Cl bond strengths tram to erther 
N-H and R-S-R donor groups as well as electromc-charge dtstrrbutron features whrch 
are unique to the throether donor 

That sczs- [Co(eee)Cla ] + does not possess secondary mtrogen donor atoms on the 
back side of the chelate ring system, make tt an mterestmg candidate for contrastmg the 
role of the NH group m zsomertzatton processes which mvolve the SN, CB mecharusm 
Such studies are now in progress in these laboratones. 

Coord Chem Rev, 7 (1971) 161-195 
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TABLE 9 

Flexible hnear dlammedlcarbo\ylate and related lgands 

Lrgand Abbrevlotion 

Ethylenediamme-N.N-ducetate 
,V.N-Dlmethylethylenedumme?VJV’dlacet~te 
N,N’-Dlethylethyknedlamme-N&‘-dracetate 
Ethylenedlamme-NsV’-dl-&wproplonate 
1-Dlethylenetrldmmeacetate 
?-Dlethylenetriammeacetate 
p_Ammoethyhmmodiacetate 

EDDA 
DMEDDA 
DEEDDA 
LL-EDDP 
DTMA 
I-DTMA 
AEIDA 

E COMPLEXES WITH FLEXIBLE DIAMINEDICARBOXYLATE LIGANDS 

The study of cobalt(II1) chelates of e~hylenedramme-N,N’-dracetate (EDDA, NJ’- 
ethanedmltnlodracetate) and related tetraderrtate hgands durmg the last five years has 
yrelded a wealth of stereochemrcal mformatron Table 9 summarrzes the hgands based on 
or related to EDDA whrch have been investigated Although the last three hgands hsted 
are not linear and, therefore, do not strrctly fall mto the confines of this review, they are 
mcluded because of then close relationship to the lmear ligands 

The presence of the glycme unit 111 these ligands offers a unique probe mto cheiate 
stereochemrstry not found m the tetraamine and dithiadidmme complexes. This rrgrd 
che!ate ring yields an AI3 PMR spectrum whrch 1s usually easrly rdentrfiable compared to 
the complex second-order spectra commonly encountered for the chelated tetraamines 
Furthermore, the methylene protons of the chelated glycme nng are selectively labrlrzed 
to rsotoprc deuterium exchange m Dz 0 solutzons 7g-*1*83 thus enhancing the PMR probe 
Since most of the reported studies are re!ated to EDDA, to which much of the work with 
the other hgands 1s directly or mdrrectly related, the following discussion will use the che- 
mistry of EDDA as its central theme 

Untrl recently 82*s3 studies of Co(III)-EDDA complexes had been mostly limited 
to EDDA m the S<ZF configuratron, Fig. 1 _ Most of the complexes mvestigated had ethyl- 
enedramme, some N- or C-substituted analogue, or an ammo acid occupymg the remaining 
two coordmatron sates. ft was postulated 3 that non-bonding interactions between the 
sterrcally restricted amme protons and EDDA prevented the formatton of substantial 
amounts of the unsczs-isomers However, when these sterrc mteractrons were ehmmated 
by employmg brdentate hgands (carbonate, oxalate, malonate) or monodentate hgands 
(I-I? 0, Cl-) substantial quantities of the uns-czs roomers were obtained 82383 As of yet, 
no cobalt(II1) complexes having EDDA or any of the other linear drammedrcarboxylate 
ligands m the planar (requires monodentate hgands) configuration (trons isomer m Fig 1) 

have been reported It 1s of interest to note, though, that by using Cl2 m an oxrdatrve 
addition, Lm 84 appears to have obtamed frans- [Pt(EDDA)Cl, ] - (a low-spin d6 complex, 
We the cobalt(II1) complexes) from planar Pt(EDDA) 

The investigation of EDDA and related chelates has focused on two main areas 
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(z) PMR and stereachemrstry and (zz) optical actrvity (cucular dichrorsm) and absolute 
configuratron. Although the studres under (II) have been strongly supported by PMR m- 
vesttgatrons, rt IS Iogtcal to revrew thus work usmg the above drvrsron. 

(i] Protorr magnetic resonance and stereochemistry 

Monet al ” were the first to report the systhesrs of a cobalt(II1) complex of 
EDDA They prepared the carbonate, di: quo, and dmrtro complexes. They offered no 
concrete evidence to identify the Isomer(s) prepared but postulated the s-czs configuratron 
from a comparative analysis of absorption spectra Van Saun and Douglas 86 have recentiy 
prepared and identified s-k-[Co(EDDA)(C03)] - as well as the oxalate and malonate 
analogues on the basis of their PMR spectra A prehmmary report on the synthesis and 
PMR rdentrficatron of both the sczs and uns-czs isomers of the dzaquo and carbonato 
complex has recently appeared ‘* 

Legg and Cooke prepared [Co(EDDA)(am)] , (am = en, 2NH3), and the N-alkyl sub- 
stituted analogues (DMEDDA and DEEDDA, see Table 9) with ethylenedlamme They ob- 
tamed the s-czs and unsczs Isomers for the EDDA complexes, although the latter isomers 
were obtamed in trace quantities only They reported a comprehensrve study of the stereo- 
chemistry of these complexes based on PMR and absorption spectra A comparison of the 
PMR spectra obtained for the sczs isomer of EDDA and the N-substituted analogues 
enabled these mvestrgators tentatively to assign the mdrvidual methylene proton resondn- 
ces, Fig. 7, on the basis of bond amsotroprcs 

In a carefully conceived study, Sudmerer and Occupatr 81 demonstrated that the 
less stencally hindered proton m sczs-[Co(EDDA)en] +, HA m Fig 7, euchansed with 
deutermm m D,O approximately ten trmes more rapidly than Hu (ca 40 h as compared 
to 400 h). The reaction was acrd- or base-catalyzed and, when the ethylenedramme was 
replaced by the bulkier hgands N&V’-drmethyl- or N,N’-dietbylethylenedramme, the rate 
of isotopic exchange was found to zncz-ease They were also able to assign HA and H, by 
applying the Karplus relatronshrp to the observed H-N-C-H,(,, n) proton-proton 
couplmg (the amme protons are slow to exchange m acidic Da 0) These two studies con- 
fumed the assignments previously made by Legg and Cooke on the basis of bond anuotro- 
pies 

0 

,“-p 
_-C%t 

1 Ip 

“+p>pH 

H ! HBf-HA 

O--c 

:, 
Fig 7 Stereochemrstry of scrs-[Co(EDDA)(en)] + 
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resolved using the hydrogen tartrate amon to form drastereolsomen The two complexes 
with the optrcally active ligands were resolved drrectly by fractronal crystallrzation of the 
drastereorsomers, and the glycme complex was partially resolved chromatographrcally on 
starch. 

Later, Leeg q4 demonstrated the hrgh sensltrvrty of ion-exchange chromatography 
by completely separatmg the four Isomers of unscls- [Co(EDDA)(S-pn)] +_ These consist 
of two sets of drastereorsomers where the two sets of rsomers result from the two possible 
orrentattons (wrth respect to the methyl group) of S-pn m the uns-czs isomer, Fig 2 Legg 
and Douglas go also demonstrated the utrhty of ion-exchange cellulose to a&eve raped 
partial resolution of ionic complexes by partially resolvmg s-czs-Co(L)(am) where L = 
EDDA, DMEDDA, and am = en, men, een, dmen, and deen m various combmatrons, as 
well as Co(EDTA)- and related amonic complexes. Brubaker et al ” had prevrously 
achreved total resolutron of a rrmuclear cobalt(W) complex usmg the same techmque 

The resohrtron of sczs- [Co(EDDA)(en)l + and reIated complexes led to some mterest- 
mg developments concerning absolute configuratrons As pointed out earlier, Mason and 
coworkers ’ devrsed a method by which complexes with cZ symmetry could be tentatively 
assigned an absolute configuration usmg the CD spectra of the complexes Although com- 
plexes of the type [Co(en), X,] n+ could be configuratronally related to [Co(en)a] 3+ 
(Fig S), m the case of scls-[Co(EDDl’,)(en)] +, the relattonshrp was not obvious It was 
tempting to relate this complex to Co(EDTA)- which 1s of known absolute configuratron 
through the common “backbone” as hown m Frg 8, A and B_ That thus was not the 
correct relattonshrp was demonstrates by the rmagmattve work of Cooke and coworkers” 
They desrgned an asymmetric hgand ‘ nalogue of EDDA, ethylenedramne-N,N’-di-L-o- 
propronate (LL-EDDP) which, when oordmated with cobalt(W), resulted :I\ ‘;nown 
posrtions (see HA and H, m Frg 7) I )r the methyl group m the alamnate chel tte tmg for 
a given dlastereorsomer Thus assrgnm :nt was possible because the asymmetrzc carbons of 
the hgand were of known absolute c, nfiguiatzons From an analysis of the PMR spectra, 
absolute configuratzons were asszgned to the dlastereolsomers Comparison of CD and 
ORD data of the LL-EDDP and EDDA analogues provided a check on the assignment of 
absolute configuration to the EDDA complexes. The results required that configurations 
B and C, Frg 8, of Co(EDTA)- and s-czs-[Co(EDDA)(en)]’ be related contrary to what 
had been onginally proposed Thus IS consistent wzth the “rmg pazrmg’. scheme proposed 
by Legg and Douglas lo 

A B C 

Fig 8. Configurational comparison between s-czs-[Co(CDDA)(en)) +dnd [GKDTA)] - 

Coord Chem Rev, 7 (1971) 161-195 
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Legg et al 8g found an addrtronal check on the assrgnment of absolute configuratron 
to the scrs-Co(EDDA) complexes by comparmg the PMR spectra obtamed for the two 
drastereorsmers of [Co(EDDA)(S-pn)] + where S-pn IS of known absolute configuratron. 
They found that m one of the isomers the “outsrde” proton, HA (Frg, 8), was split into a 
doublet. Tlus could be explamed in terms of the close non-bondmg proton-proton mter- 
actions between HA and the S-pn amme protons in one of the rsomers Dabrowrak and 
Cooke 87 have used stenc compression to explain the chemrcal shafts and assign absolute 
configuratrons m this and related complexes as previously discussed 

Recently Van Saun and Douglas 86 reported the resoiutron of S-CZS- [Co(EDDA)(L)] -, 
(L = CO3 , mal, and ox), usmg optically actrve [Co(en), ox] + as a resolvmg agent They 
tentatively assigned absolute configurations on the basrs of CD spectra usmg the prevrously 
drscussed methods and noted that the ring srze of the brdentate chelate had little effect on 
the rotational strengths of the d-d transitions 

(ziz) Conclzwiozzs based on sindzes of jlexzble dzamirzecar-boxylat ligands 

The study of cobalt(W) chelates of EDDA and related hgands has led to significant 
advances m several areas These include the development of several prevrously available 
experimental techmques. The various chromatographrc techniques developed, partrcularly 
m ron-exchange chromatography, have proven mvaluable 111 the separation &.nd rdentifica- 
tron of pure rsomerrc forms of these complexes The use of ion-exchange cellulose to 
achieve rapid partral resolution of optical antimeres should also be noted. Thm-layer 
chromatography, a rapid dragnostrc tool for the most part Ignored by morgamc chemists, 
has been applied successfully to the separation of some of these complexes g6 _ We are 
currently finding this technique to be of great value m our studies of peptrde hydrolysis 
by metal ion complexes 

Detarled structural analyses have resulted from PIMR studies of these chelates which 
contain as part of the hgand structure glycme and alanme units Isotoprc deuterrum ex- 
change studies have been mstrumental m this work Analysis of the PMR spectra of dras- 
tereorsomers containing hgands of known absolute configuration has helped to estabhsh 
the absolute configuratrons of these complexes These mvestrgatrons have also led to some 
Interesting observations concerning the relationship between absolute configuratron The 
tentative IUPAC rules for absolute configuratrons g arose from the sonsrderation of the 
“rmg-parring” scheme 

Although rsomerrsm with respect to the asymmetrrc nitrogen m tetraamme chelate 
systems has been extensively mvestrgated as prevrously Iscussed, such rsomerism has not 
yet been observed for the analogous EDDA chelates s3 Although configuratronal rsomensm 
studres are in progress 82,g3 no such studres for EDDA systems have been yet reported 
Such studies as well as substrtutron reactrons have been extensrvely mvestrgated for the 
flexible tetraamme and drthrodramme cobalt(II1) chelates and have played an important 
part m understanding then stereochemrstrres 

The work of Schneider and Collman ” with the two EDDA related tetradentate 
ligands DTMA and I-DTMA (see Table 9) IS of interest since these researchers using ron-ex- 
change chromatography found only two of several possible Isomers for [Co(DTMA)(aa)]’ 
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TABLE 10 

Complexes of EDDA wWh metal ions other than cobalt(II1) 

AZeta 10n Refi 

Pt(II), P[(Iv) 

Pt(I1) 

Pt(H) 

Pd(H) 

Cr(III) 

Nt(II) 

Synrhesls and stereochemistry by IR 

Isomerism, N-FI proton exchange and 
mverslon at asymmetrlc coordmated mtrogens 
by PMR, pH, and temperature dependence 

Kmetlcs of Cl- exchange m EDDA-Cl 
complexes by UV spectroscopy. pH and 
temperature dependence 

Stereochemtstry of EDDA-Cl complexes 
by PMR, pH and temperature dependence 

Synthesis of EDDA-(acac) complexes 
Halogenatlon of acac 

Stdbtltty constdnt 

84 

98 

99 

100 

101 

102 

These two hgands together with mtnlotnacetlc acid complete the permutatlons possible 
for the simple ammecarboxyhc acid tetradentate hgands Some related studies have been 

reported for EDDA complexes of other metal Ions, both mert (of the d6, d3, and d8 

strong-field type) and labile Although these complexes do not fall wlthm the scope of 
tlus review, they are hsted for reference m Table 10 Information gamed and techniques 
developed from the study of these “model” systems has been invaluable m our current 
studies of the interaction of cobalt(lI1) with the more complex ammo acids and related 
peptldes 
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