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First Evidence of the Effect of Chirality around the Octahedral Metal
Center on the Aggregation Behavior of an Amphiphilic Cobalt(III) Complex
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Mixed ligand amphiphilic cobalt(III) complexes contain-
ing N-dodecylethylenediamine and a chiral tetraamine provide
a novel example that the chirality around the octahedral met-

al center affects the aggregation behavior of the complexes.

Some chiral amphiphiles construct characteristic aggregates which are

1) It is an interesting

very different from those of the racemic mixture.
subject to elucidate the relation between the steric structure of an amphi-
phile and its aggregation behavior. We wish to report that amphiphilic
mixed ligand cobalt(III) complexes can provide an important example from
this standpoint.

A cobalt(III) complex is inert in ligand-substitution reactions, and
its uniform structure is thus maintained even in an aqueous solution.
Therefore, amphiphilic cobalt(III) complexes are suitable for the study
concerning the effect of the steric structure of the complex in the hydro-
philic part of the amphiphile on the aggregation behavior. In the present
study, we have chosen a mixed ligand cobalt(III) complex containing N-
dodecylethylenediamine and a chiral tetraamine.

N—Dodecylethylenediamine2) and trans—[CoClz(ZS,108-Me2—2,3,2—tet3))]—
01044) were refluxed in methanol with triethylamine and activated char-
coal. The reaction mixture was filtered, and the filtrate was concentrated
to dryness. The residue was dissolved in water, and was poured on the
column of SP-Sephadex C-25 (Na‘t form). Elution with the 1 M NaCl0, aqueous
solution, and subsequently with 1 M NaClO, methanol-water (1:1) solution

produced an orange band. Concentration of the eluate from the band resulted
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(a)

Fig. 1. Proposed steric structures of the complex ions. (a) R=CH3: A -0 2~
[Co((S)—N—dodecylethylenediamine)(ZR,lOR—Me2—2,3,2—tet)]3+ (I-A ), R=H: A -
¥5i 2—[Co((S)-N—dodecylethylenediamine)(2,3,2—tet)]3+ (II-A ), (b) R=CHg: A -
B 5-[Co((R)-N-dodecylethylenediamine) (2S,10S-Mey-2,3,2-tet) 13" (I-A ), R=H:
A =B 2-[C0((R)—N—dodecylethylenediamine)(2,3,2—tet)}3+ (II-A ).

orange precipitates, which were collected by filtration and air dried
(yield 34% (1)). They were recrystallized from aqueous methanol.s) When
rac—Z,lO-Mez—2,3,2—tet was used instead of ZS,IOS—Me2—2,3,2—tet, a similar
product was obtained by the same procedure (yield 29% (2)).6’7)

Elemental analysis and the electronic absorption spectrum of 1 indi-
cate the formation of [Co(N—dodecylethylenediamine)(ZS,IOS—MeZ—Z,B,Z—tet)]—
(0104)3. The 13c NMR spectroscopy showed 21 signals due to 23 carbon atoms
in the compound,g) which indicates one of the possible stereoisomers 1is
obtained specifically. ZS,IOS—M92—2,3,2—tet is known to take the A -p
configuration stereospecifically in the cis type coordination.4) The
circular dichroism spectrum of 1 strongly supports the A -0 configura-
tion. A molecular model study suggests that the most possible strereochem-
istry of the N-dodecyldiamine chelate is the f 29) form and the absolute
configulation of the secondary nitrogen is R. This structure is supported
by the stereospecific coordination of the N-methyl derivative of glycinato
in [Co(sarcosinato)(triethylenetetramine)]2+.10) Accordingly, the plausible
steric structure of 1 can be represented as A -8 2—[Co((R)—N—dodecylethyl
enediamine)(28,lOS—Mez—2,3,2—tet)](0104)3 (I-A in Fig. 1). The complex
containing 2R,10R—Mez—2,3,2—tet should be the mirror image of the complex
containing ZS,IOS-M92—2,3,2—tet. Therefore, 2 is the racemic mixture of A -
¥5i 2—[Co((R)—N—dodecylethylenediamine)(ZS,lOS—Me2—2,3,2—tet)](0104)3 (I-A)
and A -8 2—[Co((S)—N—dodecylethylenediamine)(2R,10R—Me2—2,3,2—tet)] (ClO4)3
(1I-A ).

Surface tension of the aqueous solution of the complex was measured
using the Wilhelmy tensiometer (at 28 °C ) and was plotted against the con-
centration of the complex in Fig. 2 along with the data of the similar com-
plex containing 2,3,2-tet11) (3).12) 3 is the racemic mixture of II-A and

IT-A . The slopes of the curves change abruptly, which indicates the forma-
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Fig. 2. Surface tension-concentration curves of the complexes.

A1 (I-A), V2 (I-A +I-A), O: 3 (II-A + II-A).

Table 1. Critical micelle concentration (cmc), surface tension at

cmc (v cmc)’ and area per molecule (A) of the complexes

Compound cmc/lO"5 mol dm~3 b’ CmC/mN m~ ! A/&z
1 (I-A) 5.6 20.8 289
2 (I-A + I-A) 5.0 24.3 275
3 (II-A + I1I-A) 3.3 25.3 307

tion of aggregates. Critical micelle concentration (cmc) and surface ten-
sion at cmc (7 cmc) estimated from the curves are summarized in Table 1.
Y eme ©Ff the I-A enantiomer (1) is considerably lower than that of the
racemic mixture of I-A and I-A (2) or II-A and II-A (3). The results
indicate that the major factor which affects ¥ cme is not the methyl sub-
stitution on the tetraamine chelate, but chirality of the complex. The area
per molecule in the surface of the solution can be calculated from Gibbs’

13) The results are shown in Table 1. The molecular areas of the

13) 1t

equation.
complexes are considerably larger than those of usual surfactants.
is striking that the complexes remarkably reduce the surface tension of the
aqueous solution, although they are less close-packed in the water surface.
The difference in 7 cme between 1 and 2 may be ascribable to the different
contribution of the stereospecific arrangement in the surface,14) and the
huge chiral structure of the metal complex can contribute effectively.

In conclusion, the chirality around the octahedral metal center can
affect surface adsorption of the amphiphile. This is a novel example that
the chirality in the hydrophilic part of the amphiphile can affect its
surface activity. It should be important to elucidate the unique effects

of the metal complex on the aggregation behavior of an amphiphile, both
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