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Absbsct-A method for comparing the optical configurations of carboxylic acids is outlined, using 
their compkxu with the pentamrninecobalt (III) residue. The spectrqic basis of this method is 
outlined, and other methods for relating configurations using metal complexes are disused from the 
spectroscopic viewpoint. 

RUB are available for deducing the optical configurations of several classes of 
asymmetric molecule directly from the measured ORD or CD spectra. Such rules 
were, at first, usually empirical, but many have subsequently been shown to have a 
souod spectroscopic basis. For many important classes of compound, unfortunately, 
the transitions giving rise to optical activity are of such high energy that direct 
observation of Cotton effects for the native molecule is not possible, or at least 
experimentally difficult with currently available instruments, which do not operate in 
the vacuum UV region. A case in point is that of the carboxylic acids, where only 
recently has one extremum of the Cotton effect in dispersion been found. The present 
work refers to a method of relating configurations of acids using their cobalt (III) 
complcxcs; these show Cotton effects in the easily accessible visible region when they 
contain an asymmetric carboxylic acid. 

Several applications of the Cotton effects of metal complexes of asymmetric 
organic molecules have been made. Karrcr’ and PfeifferJ in 1937 independently used 
the signs of Cotton effects in copper (II) complexes of optically active a-amino acids 
to deduce relative configuratioos of the ligands. A number of similar complexes of 
copper (II) with amino acids have since been studied by ORD and by CD.8 Recently, 
the use of the so-called vi&al effect (the Cotton effects induced in the visible absorption 
bands of a transition metal ioo in its complexes with an asymmetric ligand) was 
extended to other systems. These were complex& of z-amioo acids and a-hydroxy 
acids with the tetrammine cobalt (III) fragment, [Co(NH,), (z-RCH(NHJCOO)js+, 
complexes6 of I ,2diarniocs with nickel (II) and cobalt (III), and complexes6 of 
l,Zamioo-ols with copper (II). Several other types of organic molecules such as 
dithiocarbamatcs,’ have since been employed as Iigands, and the Cotton effects induced 

l Rcxnt address: Tcchnirhe Hochschule. MOnchen. Germany. 
t Present address: Department of Chemistry, The Unitity, Canterbury, Kent, England. 

a P. Kanzr and J. Mayer. Helo. C&m. Acru 20,407 (1937). 
’ P. Pfciffer and W. Christcleit. Z. Physiof. Chum. 245, 197 (1937); P. Pfcifler. &r. Dtsch. Chem. Gts. 

66A, 59 (1944). 
‘T. Yasui. J. Hidaka and Y. Shimura. 1. Amer. Chem. Sot. &7,2762 (1965). 
a J. H. Dunlop and R. D. Gillard. J. Chcm. Sot. 2822 (1965). 
’ R. D. Gillard, Tcrrahcdron 21, 503 (1965). 
* R. D. Gillard and R. Wootton. unpublished work. 
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in the electronic absorption bands of the metal ion used to relate configurations. To 
date, all results refer to chelating ligands. 

We now report some resuits on nonchelated ligands, bonded to cobalt (III) 
through the carboxylate group, of the type RCHXCO,H. Complexes of cobalt (III) 
are particularly suitable for the purpose, since they are kinetically rather inert to 
substitution, and their spectroscopy is well understood. 
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Fm. 1. ORD qxctra of compkxa [Co(NH,),(A)J”. 

- A - r.(+mte 
. .._... A I t(-).u 

. . . A - o(+hutmte. (cf. Rd. 17) 
-.-.-. A - L(+)_ahninate (cf. Ref. 8) 

When a carboxylic acid is allowed to react under controlled conditions (ca. 40”, 
pH ca. !5) with the readily available carbooatopeotamminebalt (III) ion, the product 
is the carboxylatopeotammioecobalt (III) ion, i.e. 

RCO,H + (CoNH&OCO~]+ - [Co(NH~&OCOR))‘+ + OH- + CO, 

To obtain the stated product where the acid is a potential chelator, the t&per&u& 
must be kept below 49, else ammonia is lost, and the chelated tetrammine complex 
formed. When R is such that the acid is asymmetric, the visible absorption bands of 
the product now have Cotton effects associated with them. For example, the rotatory 
dispersion curve of (( +) lactate) peotarnminecobalt (III) nitrate is given in the Figure. 

The signs of the Cotton effects inducad in the visible absorption baods of the 
cobalt ion reflect the chirality about the carboxyl group, that is, the optical coo- 
figuration of the acid. The Figure shows the rotatory dispersion cures of the 
complexes of L(+)-lactate, ti+)-malate, and o(+>tartrate. The complex ion coo- 
taining L(+)-alaoioate, ((NH&o(OOCCHCH,(NH#+, bonded through the 
carboxylate, was known@ from earlier work, and its Cotton effects are also shown in 
the figure. Clearly, the configurational relationships between the acids are reflected 
in the sign of the Cotton effect in rotatory dispersion for the longer wavelength 
absorption band of the derived cobalt (III) complex. An empirical rule may be stated: 
’ 1. Fujita, T. Yasui and Y. Shimura. BufI. Ckm. Sex., /upa 38,654 (l%S). 
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if the dominant Cotton effect for the longer wavelength spin-allowed transition of an 
acido-pentammine cobalt (III) ion (formed from a carboxylic acid with an asymmetric 
carbon atom in the a-position) is negative, then the acid has the L-configuration, 
related to that of L(+)-lactic acid. 

Similar complexes may readily be made with carboxylic acids where the asymmetric 
centre is B, 1’. . . to the carboxyl group, but it is rather doubtful whether the induced 
Cotton effects in the resulting cobalt (III) complex would be large enough to be useful 
in correlating configurations. 

The spectroscopic basis of the method is as follows. In a perfectly regular 
octahedral complex of cobalt (III), belonging to the point group Oh, the longest 
wavelength spin-allowed transition corresponds to ‘I’,# + ‘A,#, which is magnetic- 
dipole-allowed and hence contributes strongly to optical activity. (The band in the 
present complexes at ca. 350 rnp is descended from ‘TU + ‘AlI of Oh, which is 
magnetiodipole-forbidden, and therefore makes little contribution to optical activity, 
as shown in the Figure). In the sixcoordinated complexes of lower symmetry con- 
sidered here, [Co(NH&OOCR)P+, the local microsymmetry at the cobalt atom is 
C 4r; the threefold degeneracy is removed, giving an A and an E component. Now, 
in all the carboxylate complexes studied, the splitting will be similar, and like that in 
the acetatopentamminecobalt (III) ion, so that the transitions being studied arc of the 
same type and in the same order of energies in all the complexes, irrespective of the 
substituents on the asymmetric carbon atom. Thus, although the method is designed 
as an empirical means of studying configurations, it has a firm spectroscopic foundation. 

From the spectroscopic standpoint, the use of complexes of the type discussed 
here is more satisfactory than those earlier employed, for two distinct reasons. In the 
case’-” of the kinetically labile complexes of copper (II), their stereochemistry in 
solution is uncertain, and may vary within such a series as the apparently similar 
bis-a-amineacid complexes. A stereochemical variation probably causes the marked 
divergenceJ*@ of the Cotton effects of the L-proline complex from those of the L-alanine 
and L-valinc complexes. Further, the ordering of energy levels in such complexes is 
not yet settled,lO so that the spectroscopic basis of comparisons using copper (II) 
complexes is not entirely rigorous, though the method is empirically useful. In the 
series of chelated complexes we discussed earlier,’ [Co(NHJ,RCZH(X)COOP+, where 
X = OH or NH,, the point groups of the complexes (though both formally Cl) may 
be regarded in terms of local microsymmetry as Csv (for X = OH) and C,” (for X = 
NHJ. The first order splittings of the threefold degenerate level of the parent 
octahedron are different (‘T1# giving ‘A + lE for C,“, but ‘A 7 ‘B + lB for C,,). 
Thus, while comparisons within the series (i.e. for X = OH, or for X = NHJ were 
satisfactory, inter-relations between compounds where X = OH and X = NH, were 
not possible, since the Cotton effects observed did not arise from analogous transitions. 
This is a distinct advantage of the present method using nonchelated compounds, 
that, irrespective of the substituents X, Y, and 2 in (X, Y, 2) CCO,H, the transitions 
in [Co(NH,), (X, Y, 2) CCOO] are directly comparable. One point for which we have, 
at present, no evidence, is the possible effect of ion-pairing in these systems, which 
could conceivably modify the nature of the Cotton effect obtained. 

’ R. D. Gillard, H. M. Irving. R. Parkins. N. C. Payne and L. D. Pettit. /. Chem. SC. in press. 
” C. Dijkgraaf.. Spectrochim. Acro 20, 1227 (1964). 
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The present observation of Cotton effects in these nonchelated compounds raises 
a general point. It has been said” that chelate rings must be present before dd 
absorption bands will show Cotton effects. This is not so. It is quite true, as was 
pointed out” some time ago, that the size of a Cotton effect for a dd transition of a 

chelated metal complex is a function of the number of chelatc rings present, but any 
chromophore in an asymmetric environment will show Cotton effects-the difficulty 
arises in the detection of small effects, as pointed out recently” for the case of 
L-phenylalanine. 

EXPERIMENTAL 

Microanalyses: Microanalytical hboratory, Sheffield University. Elaztronic spectra: a Unium 
SP 700 spcctruphotomctcr. and ORD spatra: Bendix N.P.L. “Polarmatic” spcctropolarimctcr. 

Preparations of compkxa involved addmg two quivr of the arboxylic acid to one quiv of 
carbonatopcntamminbalt (III) nitnte in water. The sots were evaporated to Mull volume at 
tamps not exceeding 45”. With the exception of the malrt~plcx, products mn obtained u 
crystalline solids, and characterized by their analyses and ckctronic sv. Cuboxylate-pcntam- 
mine cobalt (III) compkxa aquate rather readily in 4ucou.9 soln (the ntc of aquation of several 
Clubstitutcd rttato-pcntammine cobalt (III) ions is related’* to the base strength of the coordinated 
ligand.) The -cd Cotton effects confirm that the conjugate base of the acids is coordinated to 
the tneul. Refs to previous preparations arc in Tabk I. 

T~su I. ELECTIONIC SPLCIRA O? CARWXYLATO-pEh-TAMWNECOBALT (-III) 

IOhf 

Complex’ b 1. F 1 c 
- --- -- 

A-tare I6 504 66 352 50 
(7 )-L8ctate C 501 JS 3% 47 
( -)-r&date C 501 - 349 - 
(+ )-Tartntc I7 50s - - - 
(.‘)_Alrninate 8 m 68 350 54 

l The anion in [Co(NH,),(carboxylate)~*; *, Ref. to prep. 
’ This work. 

{( + ) Lucraro} penfamminrcobolf (III) nilralr. An 4ucous soln containing two quivs of L(f)- 

lactic acid, and one equiv of carbonatopcntamminc cobalt (Ill) nitrate was cvrpoc~ted at 4Y when 
red crystals of the desired 

F 
roduct were obtained. which were washed with akohol and ether. (Found; 

C. 10.3; H. S.5: N. 28.8. talc. for C,H,,CoN,O,: C. 10.1; H. 57; N, 28.1 %.) Tbc IR spectrum 
showed bands (due to co-ordinatal carboxylate) at 1603 and 1325 cm-’ (in good agreement with 
valu& for the analogolu acetatocompkx). 
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