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Abstract 

The synthesis is reported of a series of ternary 
cationic complexes of general form [Co&R- 
picchxn)(ARMA)]+ (where picchxn is the N4 tetra- 
dentate N,iV’di(2-picolyl).1 &liaminocyclohexane 
and ARMA is a bidentate a-substituted-cu-amino- 
malonate dianion). The aminomalonic acid (NH,. 
C(COOH),.R) derivatives investigated have R = 
-CHB (AMMAHZ), -CH*-CHB (AEMAH1), -CH2* 
CH2.CHB (AF’MAH2), -CH2-(CH&*CH3 (ABu- 
TMAHZ), -CH&HS (ABMAHZ), -CH,*@-C6H,)* 
C(CH& (ABuBMAH~) and -CH2.C10H7 (ANMAH2). 
The isomeric species in the complex products have 
been separated using cation exchange chromatography 
and each isomer has been characterised using NMR 
and circular dichroism techniques. In each synthesis 
the major isomeric product obtained has a A-& to- 
pology. However, where ARMAH possesses a lengthy 
alkyl sidechain trace amounts of A-cu-[Co(R,R- 
picchxn)(ARMA)] + isomers have been observed during 
the synthetic reactions. This unusual isomeric form 
readily undergoes inversion of its absolute configura- 
tion in DMSO solution to yield the more thermo- 
dynamically stable AQ1-[Co(R,R-picchxn)(R- 
ARMA)]+ species stereospecifically. 

ing complexes containing mixtures of coordinated R- 
and ,!?a-aminoacids in various ratios. This ratio has 
been determined in each case, and factors which may 
influence the degree of chiral induction observed are 
discussed. 

Introduction 

In the case of A-&-[Co(R,R-picchxn)(S-APMA)]- 
C104.2NaC10,+-5Hz0 the crystal structure has been 
determined. The compound crystallises in the ortho- 
rhombic space group m12 ,2 I, with II = 10.056(3), 
b= 16.475(7),c= 23370(7) ii and Z=4.The struc- 
ture was refmed to R = 0.079 for 4460 non-zero 
reflexions, and confirms the absolute configuration 
of each chiral centre to be consistent with the NMR 
and circular dichroism interpretations. 

The decarboxylation of these chelate ARMAH 
derivatives under acid conditions leads to correspond- 

Recently we reported the use or chiral ternary 
complexes of Co(II1) containing NJV’di(2.picolyl)- 
1R ,2Rdiaminocyclohexane (R,R-picchxn) and 
substituted aminopropandioic acids to produce 
cwamino acids in high optical yields [l ,2]. This 
system induces greater chlrality in the reaction of the 
substrate than has been generally observed in related 
complexes. A high degree of stereoselectivity is found 
in these and closely related Co(II1) species. Invari- 
ably, A.@ coordination has been observed for the 
Co(RJ-picchxn) fragment. Although both p1 and flz 
geometries are possible in ternary complexes contain- 
ing amino acids, a marked preference for the p, form 
is observed in products obtained from aqueous’ 
solutions. This fil preference is even more pro- 
nounced for complexes of aminopropandioic (cr- 
aminomalonic) acids with the absolute configuration 
of the &carbon atom being dependent on which 
carboxylic acid group coordinates. However, when 
either of these a-alkyl-aminomalonate derivatives is 
decarboxylated in aqueous acid, the same degree of 
chiral induction is obtained in the product. 

Hydrophobic stacking interactions apparent in the 
crystal structure of A-0,.[Co(R,R-picchxn)(R- 
ABMA)]*+ have been identified as a possible source 

*Part 26 is: R. R. Fenton, R. S. Vagg and P. A. Williams, 
preceding paper. 
**Authors to whom correspondence should be addressed. 

TABMAH, = 2-amino-2-benzylpropandioic acid (Ia); abuH 
= ar-aminobutyric acid; AMMAH2 = 2-amino-2-methylpropan- 
dioic acid; picstien = 3,4diphenyl-l,6di(2-pyridyl)-2,5diaza- 
hexane; alaH = alanine; pheH = phenylalanine; AEMAH2 = 
2-amino-2ethylpropandioic acid; norvalH = norvaline; 
norleuH = norleucine. 
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of chiral discrimination both in the complex itself 
and as a determinant in its decarboxylation to 
phenylalanine diastereoisomers [2]. In order to 
investigate this possibility we have studied the system 
further using related aaminomalonic acid substrates, 
and the results of this work are presented below. 

Experimental 

Elemental analyses were carried out by Mrs A. 
Dams in the Department of Chemistry, Cardiff. 
Electronic and CD spectra were recorded using a 
Perkin-Elmer Lambda-S spectrophotometer and a 
Jobin-Yvon Dichrographe III, respectively. Atomic 
absorption (AA) measurements were made with a 
Varian AA-275 spectrometer using aqueous solutions 
of A$-[Co(R,R-picchxn)Cls]ClO~*O.5HaO as stan- 
dards. NMR spectra were recorded on a Bruker WM- 
360 instrument, for solutions in Da0 or DMS0d6 
with TSS or TMS as internal standards, respectively. 
All spectra were recorded at 278 K. 

Starting materials A&[Co@&-picchxn)Clz ]C104* 
OSHsO and a-amino-malonic acid derivatives were 
synthesized using published procedures [3,4]. Of the 
latter, the following salts were isolated with respect 
to the free acids (I). APMAHs*lZHsO: Calc. for 
C6H13.sN10s.25: C, 39.2; H, 7.4; N, 7.6. Found: C, 
393; H, 6.0; N, 7.5%. ABuTMAHs*HsO: Calc. for 
C,HrsNrOs: C, 43.5; H, 7.8; N, 7.3. Found: C, 43.0; 
H, 6.0; N, 7.0%. K2ABuBMA*0.5Hs0: Calc. for 
Cr4H1sN104.sK2: C, 48.0; H, 5.2; N, 4.0. Found: C, 
48.1; H, 5.2; N, 4.6%. Low hydrogen analyses for the 
former two derivatives are accounted for by loss of 
water of crystallisation in the gas stream prior to 
combustion. The purity of these aminomalonates was 
confirmed by NMR measurements. 

NH2 

HOOC-&OH 

B 
I 

Ill: ABMAH? 

Ib: C(CHs)s ABuBMAH? 

Ic: R = -CH2CH2CH2CHa ABuTMAH2 
;: R = -CH2CH2CHa APMAH2 

: R = -CH2CHs AEMAH2 

A\91-[Co(R,R-picchxn)(S-norleu)](C104)2~l.5H20 
The synthesis of this complex is similar to that 

previously reported for related compounds [ 1,2]. To 

a solution of A&[Co(R,R-picchxn)Cla]C104*0.5H20 
(0.50 g, 0.94 mmol) in water (30 cm3) was added 
S-norleucine (0.40 g, 3.1 mmol) dissolved in water 
(20 cm3) containing 1 .O cm3 of 1 mol dm-’ aqueous 
NaOH. The solution was stirred for 18 h at 40 “C, 
was diluted two-fold with water, and then was 
applied to a column of CM-Sephadex@ C-25 cation 
exchange resin in the Na+ cycle (40 X 2 cm). After it 
had been flushed with water the column was eluted 
with 0.1 mol dmm3 aqueous NaClO,+ Two orange 
bands separated clearly, and these were collected in 
fractions using an LKB Ultraroc@ II fraction col- 
lector. CD and electronic spectral measurements 
confirmed that each band contained only one isomer. 
The combined fractions of the slower-moving band 
containing the bulk of the product were reduced in 
volume in vacua to about 30 cm3 and then evapo- 
rated further at room temperature over silica gel to 
yield the desired complex as a microcrystalline 
powder. Yield: 0.232 g. Anal. Calc. for &H3aNS- 
Orr~sClsCo: C, 40.5; H, 5.5; N, 9.8. Found: C,403; 
H, 5.9; N, 10.1%. Spectral data (H,O): em2 = 1976, 
ess2 = 2207 dm2 mol-r (maxima), Aeas = + 16 9, 
bs5 = -4.7 dm2 mol-’ (extrema). The yields 
reported here and elsewhere in this paper refer to the 
actual amounts of the solid substances isolated. These 
necessarily are low due to losses associated with the 
considerable solubilities of the perchlorate salts, and 
therefore do not represent the total amount of each 
cationic species synthesised. 

This salt was obtained from the faster-moving 
band described above using a similar isolation proce- 
dure. Yield: 0.069 g. And. Calc. for C!24HMNsOrs- 
C12Co: C, 37.2; H, 6.0; N, 9.0. Found: C, 37.3; H, 
4.7; N, 9.5%. Hz0 is lost during analysis prior to com- 
bustion. Calc. for the anhydrate: H, 4.7%. Spectral 
data (H,O): e47s = 1595, eM9 =2146 dm2 mol-’ 
(maxima), Ae s33 = -6.5, Aem = t22.5 dm2’ mol-’ 
(extrema). 

A synthetic procedure similar to that outlined 
above was followed with S-norvaline substituted for 
S-norleucine. Development of the column gave a 
faster-moving orange minor band which contained 
too little material to isolate. CD spectral measure- 
ments on this band indicated that it consisted solely 
of the Ap2 isomer. The large slower-moving band was 
shown to consist of only one isomer from which the 
/lr complex was isolated. Yield: 0.265 g. Anal. Calc. 
for C23HssNs012C12C~: C, 39.1; H, 5.4 (4.9 as 
anhydrate); N, 9.9. Found: C, 38.9; H, 4.8; N, 10.0%. 
Spectral data (H20): e486 = 1815, e350= 1555 dm2 
mol-’ (maxima), AeW7 = t 16.1, Aeas2 = -4.1 dm2 
mol-’ (extrema). 
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complex also is generated, and this may be used to 
recycle the overall reaction. However, the sense of 
chiral induction in the products is obviously depen- 
dent on a number of chiral discriminatory factors. The 
appropriate choice of starting complex, A+[Co(R,R- 
picchxn)C12J+ or A+-[Co(S,S-picchxn)C12]+ or its 
congeners, may be made keeping in mind the desired 
hand of aminoacid product. 

It is noteworthy that the p topology of these com- 
plexes is a significant determinant of chiral induction 
in these reactions. In contrast, the decarboxylation of 
Aa-[Co@&-picchxn)(ABuTMAH)] *+ under the 
same reaction conditions shows no selectivity, giving 
a mixture of diastereoisomers of R- and S-norleucine 
in equal proportions. 

Supplementary Material 

Lists of hydrogen atom parameters, anisotropic 
thermal parameters, complete Tables of bond lengths 
and angles, and observed and calculated structure 
factors are available from the authors. 
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