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Abstract — The disodium salt of enantiomerically pure dimeric A-cobalt(IIl)
complex 1 was prepared in one-pot from sodium triscarbonatocobaltate(IIl) and
Schiff base ligand (Ra.,S,S)-2 formed by the condensation of
(R)-3,3"-diformyl-2,2"-dihydroxy-1,1"-binaphthyl 3 with (S)-tert-leucine 4.
Preliminary screening of 1 as a chiral catalyst was conducted for the

bromocyclization of a tryptamine derivative.

Enzymes often show high chemo-, regio-, and stereoselectivities that are difficult to achieve even with the
latest organic synthetic methods.t In an enzyme-catalyzed process, two or more reaction-promoting units
in the active site increase the reaction rate by their synergistic cooperation, leading to efficient product
formation.2 Inspired by the enzymatic activation of substrates, many researchers have attempted the
development of catalysts mimicking their characteristic functionalities, toward the preparation of
optically enriched chemicals.2 Chiral hetero- and homo-bimetallic catalysts such as
lanthanum-lithium-tris(binaphthoxide) (LLB),* aluminum-lithium-bis(binaphthoxide) (ALB),* and
dinuclear vanadium complexes® are representative examples in this regard. In 1977, Belokon first
introduced a series of chiral octahedral cobalt(l11) complexes with a rigid framework and a unique chiral
environment (A and A configurations of a metal center).® These anionic cobalt complexes are easily

prepared through the self-assembly of sodium triscarbonatocobaltate(l11) and Schiff base ligands derived
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from the condensation of salicylaldehydes and chiral amino acids. However, the potential of anionic
cobalt(l11) complexes in asymmetric catalysis has been much less recognized because of their saturation
in coordination as well as the difficulty in the highly stereocontrolled complexation of the A or A
stereoisomer.” As part of our continuous effort to develop optically pure bimetallic complexes as chiral
catalysts, %8 we herein report the stereoselective preparation of disodium salt of the dimeric A-cobalt(I11)
complex 1 and its application as a chiral dianionic catalyst for the enantioselective bromocyclization of a
tryptamine derivative.

For designing the dinuclear cobalt(111) complex, a multidentate ligand (L) of (Ra,S,S)-2° obtained from the
condensation of (R)-3,3'-diformyl-2,2'-dihydroxy-1,1’-binaphthyl (3) and (S)-tert-leucine (4) in situ was
selected for the one-pot complexation with sodium triscarbonatocobaltate(l1l) (Figure 1). We assumed
that the dinuclear cobalt(IIl) complex 1, which is composed of the ligand and metal in the 2:2 ratio, would
be generated to form a stable 18-electron Co complex. If the 2:1 complex 5 could work as an efficient
template for the next intramolecular complexation, the sterically favored dinuclear cobalt complex

Naz[LCo]2 1 could be isolated as a single diastereomer.12
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Figure 1. Expected complexation of disodium salt of the dianionic dinuclear cobalt(l11) complex 1

1) (S)-4 (2.2 equiv), EtOH, 70 °C, 10 h

2) Naz[Co(CO3)3] (1.1 equiv), reflux, overnight
(R)-3 Na,[LCol, 1
L=(R,S,S)-2

67% yield

complex 1

formula: CGSH64COZN4N82012
formula weight: 1293.07
crystal system: orthorhombic
space group: 1222

v, A3: 8136.2(3)

Z:4

F(000): 2688.0

Deaica» 9/cm?3: 1.056

crystal size, mm: 0.281 x 0.184 x 0.146
R4: 0.0440

wRy: 0.1437

GOF: 1.132

Figure 2. ORTEP drawing of the dimeric A-cobalt(l11) complex 1 showing 50% probability thermal

ellipsoids. Na* ions and hydrogen atoms are omitted for clarity
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As expected, the dimeric complex 1 was isolated in 67% vyield (Figure 2).2 An immeasurable amount of
oligomeric complexes was formed when using diastereomeric ligand (Ss,S,S)-2, indicating that (Ra,S,S)-2
constitutes the matched pair and (S,,S,S)-2 would be the mismatched pair for this complexation. The
characteristic optical rotation of optically pure 1 showed the value [o]p?® —7274 (c 0.021, MeOH). The
cobalt(l11) centers in 1 adopt A- or A-helical mutual orientations of their tridentate ligands relative to the
C> symmetry axis. The absolute configuration of the cobalt metal centers is determined to be A based on
the starting materials (R)-3, (S)-4, and the Flack parameter [0.015(5)]*2 obtained via the X-ray
crystallographic analysis (Figure 2).:2

Recently, chiral cobalt(l11) complexes have been recognized as highly enantioselective anionic catalysts*
for Michael reaction,>1® halocyclization,”L’ Mannich reaction,® and Povarov reaction.t22 We also
carried out preliminary screening for the catalytic activity of the dimeric A-cobalt(I1l) complex 1 in the
enantioselective bromocyclization of tryptamine derivative 6.2 Although the complex 1 afforded tricyclic
product (S,S)-7 in excellent chemical yield (91%), the enantioselectivity (9% ee) is still challenging at this
stage (Scheme 1).
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CH,Cl,, MS 4A, -30 °C, 24 h (S,9)-7
91% vyield, 9% ee

\BOC
6
Scheme 1. Enantioselective bromocyclization of tryptamine derivative 6 catalyzed by the chiral dinuclear

cobalt(IIl) complex 1

In summary, we prepared the chiral dinuclear A-cobalt(I11) complex 1 for the first time and conducted
preliminary screening of its chiral catalytic activity. Further studies aimed to improve the catalytic

activity and enantioselectivity of this cobalt complex are in progress.
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