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The syntheses and characterization of four new linear pentadentate ligands and their CO"' complexes 
are described: N,N'-[(pyridine-2,6-diyl)bis(methylene)]bis[sarcosine] (sarmp), N,N'-[(pyridine-2,6-diyl)bis(me- 
thylene)]bis[(R)- or (S)-proline] ( (R,R)-  or (S,S)-promp), N,N'-[(pyridine-2,6-diyl)bis(methylene)]bis[N-(methyl)- 
(R)- or (S)-alanine] ((R,R)- or (S,S)-malmp); 2,2'-[pyridine-2,6-diyl]bis[(S)- or rac-N-(acetic acid)pyrrolidine] 
((S,S)- or roc-bapap). The complexes were characterized and, with but one exception, complex formation is 
stereospecific: A-exo-(R,R) (or A-em-(S ,S ) )  for promp and A-(R,R) (or A - ( S , S ) )  for bapap. The exception is 
[Co((R,R)- or (S,S)-malmp)H20]C10, for which two forms are obtained, to which A-endo-(R,R) (or A-endo- 
(S,S)) and, tentatively, A-unsymmetric-(R,R)- (or A-unsymme?ric-(S,S)-) configurations are assigned. X-Ray 
crystal structures are presented for the complexes [Co(sarmp)H20]C104, [Co((S,S)-promp)H20]C104, [Co(roc- ba- 
pap)H20]C104 and endo -[Co(roc-malmp)H20]C104. Ligand acid dissociation and Co" and Fe" complex-forma- 
tion constants are reported. 

Introduction. - Recent reviews of stereoselective electron-transfer reactions [2] [3] 
attest to the intense activity in this field since the first clear demonstration of stereoselec- 
tivity in 1980 [4]. The chirality of most of the complexes studied is determined by the 
arrangement of achiral, bidentate (en, 0x0, phen) or multidentate ligands around the 
metal centre, and stereoselectivity can only be shown for inert coordination centres. Few 
examples are known of electron-transfer studies using optically active stereospecific 
ligands with labile metal ions, where one of the major problems is that of maintaining 
chirality in a substitution labile complex. 

We have shown [5] [6] that ligands with the basic pentadentate framework illustrated 
in Fig. I form metal complexes of a given absolute configuration with labile as well as 
inert metal ions. These types of ligands, insofar as ligand-exchange reactions can be 
excluded, can be used for stereoselectivity studies independently of the degree of lability 
of the metal complex. A variety of substituents can be introduced into the C, framework 
of the ligand. 

This report concerns four new such pentadentate ligands: N,N'-[(pyridine-2,6-diyl)- 
bis(methylene)]bis[sarcosine] (sarmp); N,N'-[(pyridine-2,6-diyl)bis(methylene)]bis[pro- 
line] (promp), N,N'-[(pyridine-2,6-diyl)bis(methylene)]bis[N-methylalanine] (malmp), 
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Fig 1 Basic frurnebi ork of the tterrospecdir pentudentutr ligunds studied in this ii oi k 

and 2,2'-[pyridine-2,6-diyl]bis[N-(acetic acid)pyrrolidine] (bapap), and their correspond- 
ing Co"' complexes. These four ligands complete a series of substitution inert chelates 
formed in a stereospecific way by systematic variation of the substituents on the basic 
framework illustrated in Fig.1. sarmp is the only ligand of the series without any 
optically active C-atom: it has a Me group on each N-atom, which then becomes chiral 
upon coordination to a metal ion and, for this reason, can only be used for stereoselective 
studies with inert coordination centres. This ligand is complementary to alamp (N,N'- 
[(pyridine-2,6-diyl)bis(methylene)]bis[alanine]), which has a Me group on each C(a)- 
atom of the aminocarboxylate moiety. Malmp and promp are substituted on both the N- 
and C-atoms. In the case of malmp, the substituents are independent Me groups, whereas 
for promp, they are part of a five-membered ring and thus are held in a fixed position in 
the corresponding Co"' complexes. The same similarity exists between bamap (N,N'- 
[(pyridine-2,6-diyl)bis( 1-ethyl)]bis[sarcosine]) and bapap (see Fig. 1 ). 

Results and Discussion. - 1. Structures. X-Ray crystal structures for [Co((S,S)- 
promp)H,O]ClO,, [Co(sarmp)H,0]C104, and [Co(rac- bapap)H,O]ClO., are shown in 
Fig.2. Each molecule is illustrated in such a way as to highlight some salient feature: 
fluxionality of C(16) in [Co((S,S)-promp)H,O]+, distortion of the N(3)-Co-N(2) plane 
in [Co(sarmp)H,O]+ and orientation of the CH, groups in [Co(rac- bapap)H,O]+. Selected 
bond distances and angles are listed in Table I ,  along with values for [Co(rac- 
bamap)H,O]PF, given for comparison [6]. Data for [Co(rac- malmp)H,0]C104, which 
will be discussed later, are included. 

From Table I and Fig. 2, it can be seen that the basic arrangement of the chelate rings 
in the four complexes is very similar. In all cases, the coordination sphere of the Co-atom 
is a distorted octahedral with a successive chelate ring arrangement of the fpf type [5]. 

The pyridine ring in the [Co((S,S)-promp)H,O]+ complex (Fig. 2, a )  is twisted about 
the N(2)-N(l)-N(3) plane by 20.3", and the H,O molecule deviates by 2.4" from the 
N(1)-Co axis. The N(I)-Co-N(2) angle is 82.24", and the dihedral angle between the 
planes N(2)-Co-O(1) and N(3)-Co-0(3) is 16.0", which indicates some distortion. 
This backward folding of the chelate rings is an important feature for the possible 
interactions between the substituents of the N- and/or the C(a)-atom of the reacting 
species in the transition state during electron-transfer reactions between complexes of this 
type. 

An interesting feature of [Co((S,S)-promp)H,O]' is the fluxionality observed for 
C(16) in one of the pyrrolidine rings. The atom is disordered over a distance of 1.2 A 
between two chosen positions on either side of the N(3)-C(12)-C( 17)-C(9) plane, each 
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Table 1. Selected Bond Lengths [A] and Angles ["I for Co" Complexes with Stereospeclfic Pentadentate Ligand.y 

2329 

L 

Co-N(l) 
Co-N(2) 
CO-N(3) 
co-O(1) 

co-O(W) 
C0-0(3) 

N( I)-Co-N(2) 
N( I)-Co-N(3) 
N( l)-Co-O( 1) 
N( 1)-C0-0(3) 
N( l)-CO-O(W) 
N(2)-Co-N(3) 
N(2)-Co-O( 1) 
N(3)-C0-0(3) 
O( 1)-co-O(W) 
0(3)-Co-O(W) 
N(2)-C0-0(3) 
N(3)-Co-O( 1) 
N(~)-CO-O(W) 
N(~)-CO-O(W) 
O(l)-C0-0(3) 

[Co(L)H20]CIO,j [Co(L)H,O]ClO, 

(S,S)-promp sarmp 

1.843(3)a) 1.840(4) 
1.983(3) 1.978(4) 
1 .97 1 (3) 1.976(4) 
1.886(3) 1.883(3) 
1.868(3) 1.868(3) 
1.969(3) 1.9 19(4) 

82.24( 14) 84.51( 17) 
82.77( 14) 83.70(16) 
89.90(13) 88.70( IS) 
95.19(13) 93.24(15) 

176.54(14) 176.42( 17) 
165.01(13) 168.16(16) 
87.41(12) 88.36(14) 
87.78(13) 87.99(14) 
86.92(13) 88.81(17) 
87.98( 13) 89.23(17) 
93.82(12) 9 1.52( 14) 
92.32(13) 92.53(14) 
98.94(13) 92.84(16) 
96.01(13) 98.98( 16) 

174.88(12) 178.03(14) 

[Co(L)H,O]ClO, 

rac-bapap 

1.836(3) 
1.980(3) 
1.978(3) 
1.900(2) 
1.879(2) 
1.919(3) 

86.3 I (  13) 
86.24( 12) 
90.75(11) 
88.85(11) 

178.20( 12) 
172.S6( 12) 
85.76(10) 
85.80(11) 
89.22(11) 
91.17( 1 1) 
93.97(10) 
94.42( 10) 
91.89( 12) 
95.55(12) 

179.54( 10) 

[Co(L)H201PF6 

rac-hamdp 

1.838(7) 
2.000(5) 
2.000(5) 
1.865(4) 
1.865(4) 
1.909(8) 

83.2(2) 
83.2(2) 
91.7(2) 
91.7(2) 

166.4(2) 
88.3(2) 
88.3(2) 
88.3(2) 
88.3(2) 
91.7(2) 
91.7(2) 
96.8(2) 
96.8(2) 

176.6(2) 

180.0(2) 

[Co(L)H2O]CIO4 

rac-malmp 

1.835(3) 
1.984(3) 
1.976(3) 
1.869(2) 
1.895(2) 

85.26(13) 
86.3 I (  13) 
90.30( 12) 
87.35(12) 

177.53(13) 
171.43(12) 
86.57(11) 
94.93(11) 
91.80( 12) 
90.57( 12) 
93.90(11) 
91.92(11) 
93.56(14) 
94.93(14) 

177.55( 12) 

1.917(3) 

") The uncertainty on the last digit is given within parentheses. 
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P 

Fig. 2. X-Ray crystalstructure of the complene3 a) [Co(( S,S)-promp)H20JCI0,, b) [Colsurmp)H20/CI04,  andc) 
/Co( rac-bapap) H20JCI04  ( A  -(R,R)-configuration represented) 
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with an occupancy of 0.5. Due to this fluxionality of only one five-membered ring, the C, 
symmetry is lost in the solid state. The bond lengths and angles of the two 'halves' of the 
molecule are not identical (see Table I), whereas in the case of the rue-bamap complex 
they are. This asymmetry resembles that observed for the meso -Co(bamap) complex [6], 
where the loss of C, symmetry is due to the diastereoisomeric relationship of the two 
asymmetric C-atoms, relative to the absolute configuration of the complex. In the 
'H-NMR spectrum of the latter complex, all the relevant signals are doubled. Such 
splitting is not observed in the 'H-NMR spectrum of [Co((S,S)-promp)H,O]' (see Exper- 
imental), but the fluxional rate may be too high for more than an average signal to be 
seen. 

The Co-N(l) bond length for the promp complex (1.843 A) is similar to that found 
for (2,2',6',2'-terpyridyl)(carbonatohydroxo)cobalt(III) tetrahydrate [7] (1.846 A) and 
[Co(rac- bamap)H,O]+ (1.838 A). The Co-O( 1) and Co-O(3) distances are similar to 
those determined for [Co(Hedta)H,O] . 3  H,O [8]. The Co-O(W) bond (1.969 A) is longer 
than those reported [8] [9] for [Co(Hedta)H,O] . 3 H,O (1.917 A) or Cs[Co(H,O),](SO,),~ 6 
H,O (1.873 A). This bond stretching may be due to steric interactions between the 
protons of the pyrrolidine rings and the H,O molecule. 

The ligand sarmp has no asymmetric C-atom and [Co(sarmp)H,O]ClO,, is a racemic 
mixture of the two enantiomers. The coordination sphere of Co in [Co(sarmp)H,O]+ 
(Fig.1, b )  is a distorted octahedral with a N(l)-Co-N(2) angle of 84.51", and the 
pyridine ring twisted around the N(l)-N(2)-N(3) plane by 13.2". The dihedral angle 
between the planes formed by N(2)-Co-O(1) and N(3)-Co-0(3) is 12.1" which indi- 
cates less distortion than for the promp complex where the dihedral angle is 16.0". Unlike 
[Co(rac- bamap)H,O]', the C, symmetry is lost in the solid state, as was observed for the 
promp complex. However, the 'H-NMR spectrum of [Co(sarmp)H20]+ (see Experimen- 
tal)  indicates apparent C, symmetry in solution. The bond lengths and angles in 
[Co(sarmp)H,O]' are quite similar to those determined for the promp and rue- bamap 
complexes. As there are no steric constraints, the Co-O(W) bond (1.919 A) is very close 
to that for the rue- bamap complex (1.909 A) and less than in the promp complex (1.969 A). 

An important feature of the structure of [Co(rac-bapap)]ClO, (Fig.2, c )  is the angle 
around the sixth coordination position. For example, the N(2)-Co-N(3) angle is 
172.56", and the O(l)-C0-0(3) angle is 179.54", which are greater than for any of the 
other structures presented. This means less facile access to the sixth coordination site, 
with possible implications for inner sphere electron-transfer reactions between complexes 
of this type. The CH, groups are in a 'envelope' conformation, as for the promp complex, 
but no fluxionality was observed. 

As only one of the two theoretically possible geometric isomers is isolated for the 
promp, sarmp, and bapap complexes, it can be concluded that coordination of these 
ligands to the Co centre is stereospecific. From the structure illustrated in Fig. 2, a, an 
absolute configuration of A-exo can be assigned to [Co((S,S)-promp)H,O]' (and thus 
A-exo for its enantiomer [Co((R,R)-promp)H,O]+). An absolute configuration of d -(S,S) 
is assigned to the (-)-,,,-enantiomer of the bapap complex, synthesized from (-)-2,6- 
bis(pyrrolidin-2-yl)pyridine, to which the absolute configuration of (S,S) was attributed 
[lo]. The CD spectra of the fully characterized complexes can be compared with those 
synthesized with other stereospecific ligands. The CD spectra of [Co((S,S)-L)H,O]' 
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(L = alamp, bamap, bapap, and promp) are shown in Fig. 3. These spectra are in agree- 
ment with the. assignment of A absolute configurations to the complexes of (S,S)-alamp, 
(S,S)-promp, (S.S)-bamap, and (R,R)-bapap. 

2 

1 

0 

. I  

350 450 550 650 [nm] 
Fig. 3. CD Spectra ut 25" of (-) A-[Co( (S,S)-bumap)H,O]+; (-.-.-) A-exo[Co( (S,S)-ulunip)H,O]+; (---) 

A -exo-[Co ( ( S,S) -pomp)  H,O J + ; (---) A -[Co ( ( S,S) -bapup) H,O]+ 

The ligand malmp proved to be a special case. The 'H-NMR and CD spectra of the 
Co"' complex obtained by the usual procedure (see Experimental) indicated the presence 
of more than one compound. These could not be separated by ion-exchange chromatog- 
raphy with NaC10, as eluant or by fractional crystallization. Acidimetric titration of the 
mixture gave a molecular weight corresponding to the presence of one H,O molecule in 
the complex and a mean pKvalue of 8.1. Representation of pH =f{log(a(l - a) ) }  gave a 
slope of 0.89, which showed that the pK values of the compounds were different. 
Complete separation of the mixture into two fractions (see Experimental) was achieved 
by ion-exchange chromatography at pH 8.1. Separate titrations of the two compounds 
(F-1 and F-2) gave pK values of 7.6 and 8.6, respectively. The CD spectra of both 
compounds and the X-ray crystal structure of ruc- F- 1 are shown in Fig. 4 .  Comparison of 
the structure and CD spectra with those illustrated in Fig.3 show that the absolute 
configuration of the F-1 fraction with (R,R)-malmp is A-endo. This difference can be 
explained by the fact that malmp has two pairs of neighbouring Me groups, on the N- and 
C(a )-atom of the aminocarboxylate moiety. To allow a staggered conformation of these 
vicinal Me groups, the substituents on the C(a )-atom, thus, occupy the less favourable 
endo-position. Unfortunately, the crystals of F-2 obtained were unsuitable for X-ray 
analysis. On the basis of the CD and NMR spectra, an unsymmetric configuration, with a 
peripheral arrangement of one of the aminocarboxylate rings is tentatively proposed for 
the F-2 compound. 
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Fig.4. a) CD Spectra at 25" of the two fractions of [Co((R,R)-malmp)H20]+. (-): A-endo-[Co((R,R)- 
malmp)H,O]', F-1; (---): unsym-d-e~o-[Co((R,R)-rnalmp)H~O]~, F-2. b) X-Ray crystal Jtructure of F-1: [Co( rac- 

malmp)H,O]+. ( A  -(R,R)-configuration represented). 
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In conclusion, it was found that for all ligands, except malmp, complex formation is 
stereospecific. For ligands with (S)-chirality, the absolute configuration is A for bamap, 
A-exo for alamp and promp, but A for bapap. The only exception is malmp, for which 
two compounds are formed: one with absolute configuration A-endo- ( S , S )  (or A-endo- 
(R,R)), and a second compound to which an unsymmetric-A-exo- (R,R)-structure has 
been attributed. The resolved X-ray structures, CD and NMR spectra support these 
assignments of the absolute configurations, which are represented in Fig. 5. 

k0 0 

0 

e )  0 

I 0,AH3 

0 

f) 0 

0 

Fig. 5. Absolute configurations of a) A-(Co( ( R,R)-hamap)H20/+; b) A-exo-[Co(( R,R)~lump)H~0/~; 
c) A-exo-(Co((R,R)-promp)H20]+; d) A-[Co((R,R)-bupap)H20]+; e) A-endo-(Co((R,R)-malmp)H20]+, 

F - I ;  f) unsym-A-exo-(Co( ( R,R)-malmp)H20/+, F-2 
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2. Equilibrium Measurements. To understand and interpret the kinetics of electron 
transfer between complexes of Co"' and Fe" as described in [ll], it is important to 
determine their protonation and complex-formation constants with Co" and Fe". These 
constants were determined from potentiometric titration data, using the program 
SCOGS [12], and are reported in Table 2. A typical series of titration curves are illustrated 
in Fig.6 for the ligand sarmp. For Fe", the titration curve deviates at high pH due to 
formation of hydroxy species and dechelation of the complex. In all cases, the formation 
constant of the Co" complex is ca. 100 times greater than that of the corresponding Fe" 
complex, as would be expected from the Irving- Williams stability series [13]. In Fig. 7, the 
log of the stability constants for the Co" and Fe" complexes are plotted us. the sum of the 
pK,'s. The relationship is approximately linear, which indicates that complex formation is 
not unduly influenced by steric crowding at the ligand chelating sites. 

Table 2. Acid-Dissociation Constants for Various Pentadentate Ligands and Their Fe2+ and Co2+ Complex-Forma- 
tion Constants at 25". p = 0.1. 

L PKa1 

sarmp 8.15(4)") 
bamap 8.91(5) 
malmp 8.60(2) 
alamp 8.23(2) 

valmp 8.03(4) 
PromP 9.33(3) 

PKd2 ~0gKI;eI. log KCOL Ref. 

9.35(2) 10.44(4) 12.27(4) This work 

9.28(2) 10.84(3) 12.34(3) This work 

10.02(4) 12.68(3) 15.01(7) This work 
9.28(4) lO.OS(5) 11.80(5) This work 

9.61(3) 11.93(5) 13.72(5) [ I l l  

9.02(2) 9.62(7) 11.70(3) [111 

") The uncertainty on the last digit is given within parentheses 

pH 1 2  

1 0  

8 

6 

4 

t 1 
2 2 

0 1 2 3 4 
equiv.of NaOH 

Fig. 6. Titration curves at 25". p = 0.1 (NaNO,) for sarmp. a )  Free ligand; 6)  1 : 1 ligand: CO" mixture; c )  1 :I ligand: 
Fe" mixture. [L] = 2. M, [Co"] = 2 .  M, [Fe"] = 2 .  M. 
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PK-1 + PKa, 

Fig. 7. lugs of the Fe"and Co"stability constunts as u function oj'the sum ujthe acidity constanfs, pK,, andpK,,, for 
linear pentadentate ligands. o: alamp, 0 : valmp, 0 : sarmp, : malmp, 0: bamap, 4 :  promp. 

Experimental. ~ 1. General. Optical rotations: Perkin-Elmer 242 polarimeter; CD measurements: Juscu J-SO0 
spectropolarimeter; UVjVIS spectra: Uuikon 820 spectrophotometer; 'H-NMR spectra: Bruker WP 200 ('H: 200 
MHz) and AMX400 ( 'H: 400 MHz) spectrometers. 

2. Syntheses. 2.1. N,N'-[(Pyridine-2.6-diyljbis(methylene)]bis[sarcosine] (sarmp). Sodium sarcosinate was 
obtained by neutralization of an aq. soh.  of 19.04 g (0.214 moles) of sarcosine by a stoichiometric amount of 
NaOH. 12.52 g (0.047 mol) 2,6-bis(dibromomethyI)pyridine (12.52 g, 0.047 mol) in 250 ml of distilled MeOH was 
added dropwise to 250 ml of a constantly stirred methanolic suspension of sodium sarcosinate at 50". The mixture 
was then heated to 60", the basicity maintained by addition of a methanolic soh.  of 2# NaOH (phenolphthalein), 
and refluxed for 13 h. After evaporation to dryness, the yellowish residue was dissolved in H,O, its pH adjusted to 
6.5 with 2M HC1 and adsorbed on a cation-exchange column (Dowex SOX-8, H+). The column was washed with 
H,O until neutral, and the product eluted with 0 . 1 ~  NaOH. All the fractions containing sarmp (TLC (silica gel, 
BuOH/AcOH/H,O 12: 6 :6), and UV spot) were collected and evaporated to dryness. The residue was recrystallized 
several times from an EtOH/acetone mixture. Sarmp is a white solid. Crude yield: 85%. Mol. wt. determined by 
spectrophotometric titration with Cu": found: 298.2 g; calc.: 281.3 g. 'H-NMR: (400 MHz, DMSO, reference 
TMS). 2.35 (s, 2 CH,N); 3.28 (s, 2 NCH,COOH); 3.83 (s, 2 NCH2, py); 7.36 (d, 2 H, py); 7.78 (t, 1 H, py). 

2.2. N,N'-[ (Pyridine-2,6-diyl)bis(methylene)]bis[ ( R)-proline] (( R,R)-promp). Synthesis of the crude 
product using 0.22 mol of sodium (R)-prolinate and 0.073 mol of 2,6-bis(dibromomethyl)pyridine as described in 
[I  I]. After elution with NaOH from a column of Dowex SO (H'), the soh. was acidified by addition of HC1 and 
evaporated to dryness. promp.2 HC1 crystallized as tine needles in the refrigerator from a MeOH/acetone mixture. 
The compound was recystallized twice from MeOH/acetone. Yield: 56%. [ccIr'- ( c  = 0.35, H,O) (A): +60.8" (365), 
+23.7"(578). 'H-NMR: (200 MHz, D,O, reference DSS): 2.25 (m, 3 CHI, pyrollidine); 2.60 (m. CH,, pyrollidine); 
3.42 (m, 2 Hax-C(I)); 3.87 (m. 2 Heq-C(l)); 4.47 (q,2 H); 4.69 (d, 2 NCH,, py); 7.60 (d, 2 H, py); 8.00 (t, I H, py). 
Anal. calc. for Cl,H,,N,04.2 HCI(406.3): C 50.24, H 6.20, N 10.34; found: C 50.06, H 6.16, N 10.26. 

2.3. N,N'-[ (Pyridine-2,6-diyljbis(methylenej]bis( (S)-proline] Dichlurohydrate (( S,S)-promp. 2 HCI).  Syn- 
thesized from 46.75 g (0.34 mol) of sodium (S)-prolinate and 22.6 g (0.085 mol) of 2,6-bis(dibromomethy1)-2,6- 
pyridine as described in 2.2. [a)'.'. (c = 0.27, H,O) ( I . ) :  -55.3" (365), -20.4'(578). 
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2.4. N,N-[ (Pyridine-2,6-diyl)bis[methylene)]bis[ N-methyl-[ S)-alanine] (( S,S)-malmp). Sodium N -  
methyl-L-alaninate was synthesized as described in [15]. Sodium N-methyl-L-alaninate (12.5 g, O. I mol) and 12.52 g 
(0.047 mol) of 2,6-bis(dibromomethyI)pyridine in 250 ml of MeOH were reacted as described in 2.1. Crystallization 
of (S,S)-malmp from an EtOH/acetone mixture occurred on standing. M.p. 197O. Crude yield: 85%. [ E ] ~ . '  

(c = l.Ol,HzO)(A): -57.19"(365), -15.56"(578). 'H-NMR: (200MHz, D,O,referenceDSS): 1.59(d, 2CH3CH2); 
2.90 (s, 2 CH,N); 3.95 (m, 2 CH,CH,); 4.59 (m, 2 NCH,, py); 7.53 (d, 2 H, py); 7.98 (t, 1 H, py). Anal. calc. for 
C,,H,,N,O, (309.4): C 58.24, H 7.49, N 13.58; found: C 58.14, H 7.74, N 13.50. 

2.5. N,N'-[(Pyridine-2.6-diyl)bis(methylene)]his[ N-methyl-( R)-alanine] (( R,R)-malmp). Synthesized as 
described in 2.4 from 12.5 g (0.1 mol) of sodium N-methyl-o-alaninate and 12 g (0.045 mol) of 2,6-bis(dibro- 
momethy1)pyridine. M.p. 198". [LY]' ' (c = 0.19, H,O) ( A ) :  +41.6E0 (36S), +10.95" (578). 

2.6. 2,Z-[Pyridine-2,6-diyl]bis[ rac-N-(acetic acid)pyrrolidine] (rac-bapap). Prepared as described in 2.1 
from aq. s o h .  of 1.9 g (20 mmol) CICH,COOH and 2.0 g (9 mmol) of rac-2,6-bis(pyrrolidinyl-2)pyridine (for 
preparation, cf. [14]): 2.5 g of a grey-white, hygroscopic product were obtained. It was used in its crude form for the 
synthesis of the Co"' complex. Yield: 83%. 

2.7. 2.Z-[Pyridine-2,6-diyl]bis[(Sj-N-(acetic aeid)pyrrolidine] (( S,S)-bapap). Prepared as described in 2.6 
from aq. s o h .  of 0.48 g (5.1 mmol) C1CH2COOH and 2.39 g (2.3 mmol) of (-)-2,6-bis(pyrrolidin-2-yl)pyridine 
[(+)-di-0 -(p-toluy1)-D-tartrate], (for preparation, cf [14]). 

2.8. Aqua (N,N-[ (pyridine-2,bdiyI) his (methylene)]bis[sarcosine] )cobalt [ III) Perchlorate ([ Co [sarmp) 
HzO]CI04). At 50": 21.41 g (0.06 mol) of sarmp, in 300 ml of HzO were added to a vigourously stirred soh.  of 28.4 
g (0.1 mol) of Na,[Co(CO,), ' 3  H,O] and 2 g of activated charcoal (Riedel-de-Haen). The pH of the mixture was 
maintained at 6.5 for 24 h with glacial AcOH. The activated charcoal was eliminated and the mixture adsorbed on 
a Sephadex column (SP C25, Na+). The neutral fraction was eluted with H,O and the cationic complex, eluted with 
1 o/u NaCIO,, was desalted on a column of Sephadex SGlO. The quantity of NaCIO, was checked by conductimetry. 
The desalted fraction was evaporated almost to dryness, heated until completely redissolved, and left to crystallize 
at r.t. Large, dark-red needles of [Co1"(sarmp)H20]C104 were filtered and washed in distilled EtOH. Yield: 34.4%. 
'H-NMR (400 MHz, DMSO, reference TMS) 2.89 (s, 2 CH,N); 3.85 (d, 2 NCH,COO); 4.74 (d, 2 CH,N); 7.66 (d, 
2 H, py); 8.19 (I, 1 H, py). Anal. calc. for C,3Hi9CoN,0,~CI04 (455.4): C 34.25, H 4.17, N 9.22; found: C 34.06, H 
4.35, N 9.06. 

2.9. Aqua {N,N-[ (pyridine-2,6-diyl) bis (methylene)]bis[ ( R) -proline] )cobalt (III) Perchlorate ([Co (( R,R) - 
promp)H20]C10,). Synthesized as described in 2.8 from 4.48 g (1.1 mmol) of (R,R)-promp '2  HC1 and 4.1 1 g (1.35 
mmol) of Na,[Co(C03),.3 H20]. Yield: 21 %. [LY]"' (A) :  +1480.5'(365), +144.7'(578). 'H-NMR: (200 MHz, D,O, 
reference DSS). 2.07 (m, 4 H, pyrrolidine); 2.29 (m, 4 H, pyrrolidine); 2.62 (m, 2 H, pyrrolidine); 3.24 (m, 2 H, 
pyrrolidine); 4.01 (d, NCHCH2COOH); 4.72 ( A 5  system, 2 NCH,-py); 5.10 ( A 5  system, 2 NCH,(b)-py); 7.77 (d, 

2.10. Aqua (N,W-[ (pyridine-2,bdiyl) bis(methylene)]bis[ ( S) -proline]cohalt [III) Perchlorate ([ Co ( ( S,S) - 
promp/HzO]C1O4). Synthesized as described in 2.9 from 4.60 g (1.12 mmol) of (S,S)-promp.2 HCI and 4.5 g 
(1.48 mmol) of Na,[Co(CO,),.3 H,O]. [E]"' ( A ) :  -1595S0(365), -194.2"(578). The rue-complex was obtained by 
mixing equirnolar quantities of the (R,R)- and (S,S)-complexes, followed by recrystallization. 

2.11, Aqua (N,N'-[ (pyridine-2,6-diyljbis(methylene)]bis[ ( R/- N-methylalanine] )cohalt[IIIj Perchlorate 
([Co( ( R,R)-malmp)H20/C10,). Synthesized as described in 2.8 from 1.85 g (6 mmol) of (R,R)-malmp and 2.34 g 
(6.5 mmol) Na,[Co(C0,)3.3 H20]. NMR and CD spectra of the crystallized complex indicated the presence of 
more than one compound. An aq. soh.  containing ca. 0.5 g of the mixture obtained from the synthesis was put on 
an ion-exchange column (Sephadex SP-25, Na+) and washed with H,O. On elution with a 0 . 0 5 ~  Na,HPO, buffer 
soln. at pH 8.1 (adjusted with HCI), two clearly distinct bands of comparable magnitude developed, and could be 
collected, and completely separated from the column. The two components, called F-l and F-2, in their elution 
order, were treated separately to eliminate the buffer: the pH is fixed at 3 4  with HCI, the soh.  put on a Sephadex 
SP-25 ion-exchange column, and eluted with 1 %O NaCIO,. The fractions containing the complex were concentrated 
to ca. 50 ml, and the excess perchlorate was eliminated by elution with H,O on a column of Sephadex GI0 
(d = 4 cm, I = 120 cm). Whereas F-2 crystallized as the perchlorate salt from a small volume of the aq. s o h ,  the 
F-1 perchlorate crystallized only by complete evaporation over H2SO4 in a dessicator. The purity of the com- 
pounds was tested by acidimetric titraton: [Co(Ci3Hl,N,05)]C104, mol. wt. = 455.7 g. F-1 (447.5 g): F-2 (468.9 g). 
Separate chromatography of both compounds at pH 8.1 showed that no interconversion between the two isomers 
took place during the various separation operations. 

2.1 2. Aqua(N,N'[ (pyridine-2,6-diyl)bis(mrthylene)]bis[ [S)-N-methylalanine] )cobal~(III) Perchlorate 
([Co((S,S)-mulmp)H,0/C104). Synthesized and separated as described in 2.11 from 2 g (6.47 mmol) of (S ,S ) -  
malmp and 2.34 g (6.47 mmol) Na3[Co(CO3),.3 H20]. Yield: 15%. [LY]" .  (c = 0.0136, H20) (A):  -30.15" (365), 

2 H, PY); 8.22 (t, 1 H, PY). 
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+46.32” (578). ‘H-NMR: (200 MHz, D20,  reference DSS). 1.56 (d, 2 CH,CH); 3.09 (s, 2 CH,N); 4.28 (dd, 2 
NCHCH,); 4.87 (dd, AB system, 2 CH,); 7.60 (d, 2 H, py); 8.12 ( I .  1 H, py). The rue-complexes of F-l and F-2 were 
obtained by mixing equimolar quantities of the corresponding (R,R)- and (S,S)-complexes, followed by recrystal- 
lization in H,O. 

2.1 3. Aqua {2,2’-[pyridine-2,6-diyl]bis[ rac-(acetic acid)pyrrolidine] )cobalt(III) Perchlorate ([Co( rac-ba- 
pap)H,O]ClO,). Synthesized as described in 2.8 from 2.0 g (6 mmol) of rac-bapap and 2.6 g (7 mmol) 
Na,[Co(CO,),. 3 H,O]. Crystallized from H,O/EtOH. X-Ray analysis showed the presence of one molecule of 
EtOH per molecule of complex. Anal. calc. for C,,H2,CoN,O4.C1O4.H20.EtOH (571.85): C 39.91, H 5.46, N 
7.35; found: C 40.48, H 5.40, N 7.46. 

2.14. Aqua j2,z’-[prridine-2,6-diyl]b~s[ ( S) - (acetic acid)pyrrolidine] )cobalt(III) Perchlorate ( [Co (( S,S) -ba- 
pap)H,O]CIO,). Synthesized as described in 2.23 from 0.76 g (2.3 mmol) (S)-bpp (for preparation, cf- [14]) and 
0.85 g (2.3 mmol) Na,[Co(CO,), .3 H,O]. Efforts to crystallize the compound were unsuccessful. The concentration 
of a known soln. was determined by UVjVIS spectroscopy. 

3. Porentiometric Measurements. All solns. were prepared with bidistilled H20. Titration curves were mea- 
sured at 25.0 * 0. l’, under N, using 0 . 0 1 ~  NaOH as titrant. [M2’] and [L2-] % 2.5. lo-’ M, f l  = 0.1 (NaNO,). The 
dissociation and equilibrium constants were determined using the program SCOGS [ 121. 

4. X-Ray measurements were accomplished using a Stoe AED2 four-circle diffractometer with graphite 
monochromated MoK, radiation. The crystal data and experimental details are given in Table 3. The structures 
were solved by Patterson and Fourier methods, using the NRCVAX system [I61 which was also used for all further 
calculations. In all four complexes, the majority of the H-atoms were located from difference maps and refined 
isotropically. In the sarmp complex, the perchlorate 0-atoms undergo considerable thermal motion. In the promp 
complex, two alternative positions were found for atom C(16). Both positions were included with occupancies of 
0.5. The H-atoms at C(7) were included in calculated positions and held fixed, U,so = 0.0431 A*. H-Atoms at C(Y), 
C(16a), C(16b), and C(17) were included for both conformations of the five-membered ring with occupancies of 
0.5, Li,,,0.04 A2 and held fixed. In the malmp complex, the second perchlorate anion was disordered with atom 
O(21) sitting on a two-fold axis. Atom Cl(2) was moved off the two-fold axis and given an occupancy of 0.5 and 
allowed to refine. Atoms O(22) and O(23) have occupancies of 1.0 and 0.5, respectively. 

Neutral complex-atom scattering factors in NRCVAX are from [ 171. Selected distances and angles are given in 
Table I ,  and the numbering schemes used are illustrated in the ORTEP [I81 plots of the cations (Figs. 2 and 4, b). 
Final positional and equivalent isotropic thermal parameters, together with full distances and angles, have been 
deposited with the Cambridge Crystallographic Data Centre, Cambridge, England. 

We are very grateful to the Swiss National Science Foundation for financial support, grants No. 26-464.89 and 
20-231164.91. 
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