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A cobalt(ir1) complex containing the tetradentate ligand 
edda and a bidentate diamine ligand which bears 
3-chloropropyl groups on the nitrogen atoms undergoes 
efficient intramolecular alkylation in basic solution to 
form a complex containing the cyclam tetraaza macrocycle 
with two coordinated N-carboxymethyl pendant arms, 
characterised by an X-ray crystal structure of the 
perchlorate salt. 

Metal complexes containing saturated polyaza macrocyclic 
ligands bearing pendant donor functions, often N-carboxy- 
methyl groups, appear in a wide range of applications, including 
MRI imaging agents and other therapeutic agents requiring 
bifunctional chelates. 1 Pendant-arm chelating macrocycles also 
form a class of ligand intermediate between simple macrocycles 
and fully encapsulating ligands with a three-dimensional 
framework.2 The pendant-arm macrocycles are usually syn- 
thesised prior to coordination. Fully alkylated ligands (contain- 
ing only tertiary nitrogens) can be relatively straightforward to 
prepare, whereas the partially alkylated macrocycles (contain- 
ing both secondary and tertiary nitrogens) are more difficult to 
achieve.3 Problems arise from low yields and the formation of 
mixtures of partially alkylated products. The macrocycles may 
also form as mixtures of isomers and indeed some geometric 
isomers have proved to be inaccessible.4 We describe here an 
intramolecular alkylation reaction of a cobalt(m) complex 
which produces a new substituted cyclam, 1,4-N,N’-bis(car- 
boxymethy1)- 1,4,8,11 -tetraazacyclotetradecane (1,4-bcc) bear- 
ing pendant, coordinating carboxymethyl groups on two 
adjacent nitrogen atoms. The efficient cyclisation proceeds with 
excellent control of the regio- and stereochemistry.? 

The alkylating groups are contained in the chelating ligand 
N,N’-bis(3-chloropropyl)ethylenediamine (bcpe). The substrate 
for the intramolecular alkylation reaction is coordinated N,N’- 
ethylenediaminediacetate (edda). The precursor cobalt complex 
[Co(edda)(bcpe)]+ containing the two acyclic ligands is pre- 
pared from [C~(edda) (H~o)~]+S and bcpe in aqueous solution. 
Two geometrical isomers, the a- and (3-cis forms (Scheme 1), 
can be separated by ion-exchange chromatography and are 
isolated as the perchlorate salts. The major, a-cis isomer 
contains the four nitrogen donors in a square-planar arrange- 
ment with the two carboxyl groups trans. Six diastereomers 
(three pairs of enantiomers) are possible for the a-cis isomer, 
depending on the configurations at cobalt (A  or A) and at the 
two secondary nitrogen centres in the coordinated bcpe ligand 
[ (R)  or (S)]. Two pairs (R,R) and (S ,S)  contain a twofold axis of 
symmetry (C,), while the last pair (R,S)  contains no symmetry 
elements (Cl). The a-cis isomer, formed in 41% yield, was 
characterised by elemental analysis and 1H and 13C( IH} NMR 
spectroscopy. The sample obtained directly from chromato- 
graphy shows 7 peaks in the IH} NMR spectrum indicating 
that the major product is just one of the racemic pairs of C2 
isomers. This is presumed to be the diastereomer [A(R ,R)  and 
its enantiomer A(S,S)J which has the least steric interactions 
between the chloropropyl and carboxymethyl groups. The C1 
pair of enantiomers (characterised by 14 peaks in the spectrum) 

is present as a minor component, with an approximately 2 : 1 
ratio of the C2 to C1 pairs. Epimerisation of the secondary 
nitrogen centres occurs in solution, and repeated recrystallisa- 
tion resulted in isolation of the major (C2) diastereomer in pure 
form. 

The intramolecular alkylation reaction takes place upon 
stirring either a- or fi-cis-[Co(edda)(bcpe)]Cl in basic aqueous 
solution maintained at pH 12. The reaction produces 2 moles of 
HCI and is judged to be complete when the pH no longer drops, 
after ca. 4 d at room temp. Each chloropropyl group on the bcpe 
ligand alkylates an adjacent secondary nitrogen atom on the 
edda ligand to form the macrocyclic ligand 1,4-N,N’-bis(car- 
boxymethy1)- 1,4,8,1l-tetraazacyclotetradecane ( 1,4-bcc). The 
product, [Co( l,4-bcc)]+, is isolated as the C104- salt after ion- 
exchange chromatography (yield 83%) and contains the 
14-membered cyclam macrocycle with the four nitrogen atoms 
coordinated in the equatorial plane. The two carboxymethyl 
groups from the edda fragment are retained on adjacent nitrogen 
atoms and coordinate through trans oxygen atoms. Elemental 
analysis, ‘H and 13C{ LH} NMR spectroscopy and an X-ray 
crystal structure determination$ confirm the formulation of the 
product. The macrocyclic complex retains the C2 symmetry of 
the a-cis precursor and shows the expected 7 peaks in the 
13C( 1H} NMR spectrum. 

The coordination geometry around the cobalt ion in [Co( I ,4- 
bcc)]CIOQ is close to octahedral (Fig. I ) ,  with no large 
distortions. The Co-N(3) and Co-N(4) bond lengths involving 
the tertiary nitrogens (av. 1.961 A) are slightly shorter than 
those to the secondary nitrogens, Co-N(1) and Co-N(2) (av. 
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1.977 A). The cyclam macrocycle adopts the commonly 
observed trans-I11 conformation.6 

The inherent kinetic stability imparted by the bis(pendant 
arm) macrocycle is manifested in the electrochemical reduction 
to the cobalt(I1) complex. Cyclic voltammetry of [Co( 1,4- 
bcc)]C1O4 in aqueous solution shows a reversible couple at 
-0.49 V vs. Ag/AgCl (AE, = 61 mV, i,,/i,, = 1.0, EO = 
-0.29 V), in contrast to the acyclic precursor a-cis- 
[Co(edda)(bcpe)]ClO4 which exhibits completely irreversible 
reduction (EP = -0.37 V vs. Ag/AgCl). 

Alkylations of coordinated amines are not readily accompli- 
shed due to the requirement for initial deprotonation of the 
nitrogen in order to reveal a nucleophilic lone pair. Reactions 
involving an external alkylating agent have only been accom- 
plished in non-aqueous solution and usually require a large 
excess of the alkylating agent.7 Examples of alkylations of 
acyclic chelating amine ligands to form macrocyclic complexes 
are rare and have had to rely on the more acidic aryl amines for 
which a relatively high concentration of the deprotonated amine 
can be achieved.* The chemistry reported here takes place in 
aqueous solution and involves the use of a less acidic alkyl 
amine as substrate. This has been achieved by exploiting the 
intramolecular nature of the alkylation reaction which allows 
preorganisation of the acyclic components in the coordination 
sphere. The reaction proceeds at appreciable rates despite only 
very low concentrations of the deprotonated amine. 

The 14-membered cyclam ring adopts a single conformation 
in the product, and epimerisation of the secondary nitrogen 
centres in the bcpe ligand during the reaction allows the 
alkylation step to produce this preferred conformation. The size 
of the macrocycle formed is important. The complex a-cis- 
[Co(edda)( bce)]+ [ bce = N,N'-bis(2-~hloroethyl)ethyl- 

Fig. 1 Molecular structure of [Co( 1 ,4-bcc)]C104. Important bond lengths 
(A) and bond angles ( O ) :  C+O(l) 1.892(3), C+0(2) 1.887(3), Co-N(l) 
1.974(4), CeN(2)  1.980(4), CwN(3) 1.962(4), C&N(4) 1.960(4), O(2)- 
C 4 ( 1 )  178.0q 13), 0(2)-C0-N(4) 89.1(2), O(l)-Co-N(4) 92.1(2), O(2)- 
C+N(3) 92.1 S( 14), O( l)-C+N(3) 89.44( 14), N(4)-C-N(3) 86.5(2), 
0(2)-C~-N(l) 91.21( 13), O( 1)-Co-N( 1) 87.18(13), N(4)-C*N(l) 
92.5(2), N(3)-C+N(1) 176.4(2), 0(2)-C+N(2) 87.1 I (  14), O( l)-Co-N(2) 
91.7 1(13), N(4)-C+N(2) 176.2(2), N(3)-C+N(2) 92.9(2), N(l)-CwN(2) 
88.3( 2). 

enediamine] which contains 2-chloroethyl groups in place of 
3-chloropropyl groups undergoes a single alkylation to give a 
hexadentate acyclic ligand, but a second alkylation which 
would form a macrocycle does not O C C U ~ . ~  The potential 
product, a 12-membered tetraaza macrocycle (cyclen) with two 
pendant N-carboxymethyl groups, would be too sterically 
restricted to accommodate the cobalt(II1) ion in the equatorial 
plane. 10 

The (3-cis isomer of [Co(edda)(bcpe)]+ can also serve as a 
precursor to the macrocyclic complex and in this case 
isomerisation must occur as part of the reaction sequence. We 
have improved the utility of the method for producing the 
bis(pendant arm) cyclam derivative by developing a 'one-pot' 
process for the preparation of [Co( 1,4-bcc)]+ directly from 
H[Co(edda)C12] without the requirement for the intermediate 
complexes [C~(edda) (OH~)~]+ and [Co(edda)(bcpe)]+ to be 
isolated or purified. Gentle warming of H[Co(edda)ClZ] in 
aqueous solution, followed by the addition of bcpe/charcoal, 
filtration, addition of NaOH to achieve pH 12 then allowing the 
reaction to proceed as for the direct synthesis gives the product 
in 57% isolated yield. 

D. M. T. is grateful to the University of Auckland for the 
award of a doctoral scholarship. 

Foot notes 
t The organic synthesis of 1,8-bcc, a geometrical isomer of the new ligand, 
has been reported in 16% yield beginning from cyclam (ref. 4). 
$ Crystal data for [Co( 1,4-bcc)]C104: C14H26CICoN408, M = 472.77, 
monoclinic, space group P2,/c, a = 7.692(2), b = 13.860(12), c = 
17.385(6) A, 8 = 96.45(3)", U = 1842(2) A3, F(000) = 984, D, = 1.705 
g cm-l, 2 = 4, p(Mo-Ka, h = 0.71069 A) = 1 I .30 cm-l. Intensity data 
were collected to a 20 limit of 50" on a Nonius CAD-4 diffractometer and 
corrected for Lorentz, polarisation and absorption effects. The structure was 
solved from Patterson and heavy-atom electron density maps and refined by 
full-matrix least-squares analysis. All non-hydrogen atoms were allowed to 
assume anisotropic motion, and hydrogen atoms were located. Refinement 
converged to R = 0.0424 (R, = 0.0892) for 3229 reflections for which 

Atomic coordinates, bond lengths and angles, and thermal parameters 
have been deposited at the Cambridge Crystallographic Data Centre 
(CCDC). See Information for Authors, Issue No. 1. Any request to the 
CCDC for this material should quote the full literature citation and the 
reference number 1 82/6 I. 

I > 20(I). 
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