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Abstract of Thesis

The self-assembly of metal ions and bridging ligands in solution has been one of the universal methods for
creating metal complexes. However, the self-assembly of more than two kinds of components often results in the
formation of two or more products. For example, when a mixture of two kinds of ligands (La and Lg) is reacted
with a metal ion (M), a pair of coordination isomers, homoleptic complexes [M(La)2] and [M(Lp)2] and a
heteroleptic complex [M(La)(Lp)], are formed as the 1:2 complex. In some cases, the selective formation of one
species from a mixture has been observed. Such a phenomenon is represented by the term ‘self-sorting’ and is
classified into (i) homoleptic self-sorting and (ii) heteroleptic self-sorting, which show the selective formation of
homoleptic and heteroleptic products, respectively. As a similar concept, chiral self-sorting phenomenon, showing
the selective formation of homochiral (e.g., [M(Z-L)2] and [M(SL)s2]) or heterochiral isomer (e.g., [M(E-L)(SL)])
from a pair of enantiomers of ligand (e.g., B-L and L), is also established and referred as the homochiral and
heterochiral self-sorting, respectively. Usually, the self-sorting events are directed by ligand-ligand or
ligand-metal repulsive or attractive interactions. Therefore, the preference of self-sorting is pre-determined by
ligand structures. Thus, coordination systems that can switch the homoleptic vs heteroleptic and homochiral vs
heterochiral isomers have rarely been reported. Recently, our laboratory has reported that a series of homoleptic
digold(I) metalloligands with penicillaminate (pen) and diphosphine (PAP), [Aua(pen)2(PAP)]2-, can function as a
metalloligand toward octahedral metal ions to form cyclic multinuclear complexes, such as
[MT{Au'z(D-pen)2(dppm)}] (M = Ni, Zn).

The studies presented in this thesis focused on the coordination behavior of a mixture of two or more kinds of
digold(I) metalloligands [Auz(L)2(P~P)]2” (L = cysteinate (cys), pen; PAP = dppm, dppe) toward octahedral M2* ions
(M = Ni, Zn). Furthermore, the effects on the self-sorting behavior due to chemical modification and reaction

condition were investigated.

. . . . . o

Firstly, the coordination behavior of a mixture )_\ Q@ @Q 00 io:)_ks_gp@ C{S) P
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of two kinds of metalloligands, [Auz(L-cys)2(P*P)]2 (AUZ(L.CW)Z(PAP)IZ [Au,(D-pen),(PP)P-
and [Auz(D-pen)2(PAP)]2-, toward M2+ ion (M = Ni, q |‘—M2‘ (M = Ni, Zn)
Zn) was investigated (Scheme 1). The homoleptic @\/éj l l Q\/\::Q
AuloMI trinuclear complexes, dppm dPPe @
[M{Au2(L-cys)2(dppm) [M{Auz(D-pen)2(dppm)}] Oﬁi)_\ Q@ °=’§T Q@ ii\s
HoN S—Au—F, S—Au—P, HoN
([1m]) were obtained for dppm system. On the other HZN)(S_AL_‘} R |\S_A| iy ’ /'!l:\s Au_p
hand, the corresponding dppe system gave the o d@ S d@ 6@
heterolepti AulosMT tri 1 1 [M{Au;(L-cys),(dppm)}[M{Au(D-pen);(dppm)}] ([1u]) [M(Auz(L'CYS)(D-Den)(dee)}] (2u)
eteroleptic U2 rinuclear complex, Homoleptic/Homochiral Heteroleptic/Heterochiral

[M{Aus(L-cys)(D-pen)(dppe)}] ([2m]). The molecular
modeling study indicated that the matching of the
directions of the P—Au bonds in the [Auz(P*P)]2* unit and the lone pairs on the sulfur atoms of the [M(L-cys or

D-pen)2]2- unit is a key factor for the coordination isomerism. Therefore, the ancillary PAP ligand governs the

Scheme 1. Summary of the synthetic scheme for [1m] and [2m].

coordination isomerism around the M center in [Im] and [2m], leading to the selective homochiral and
heterochiral self-sorting in this system.

In order to study the effect of solvent on the self-sorting, the coordination behavior of a mixture of four kinds of
metalloligands, [Auz(D-cys)2(PAP)]2-, [Aus(L-cys)2:(PAP)]2-, [Aua(D-pen)2(PAP)]2-, and [Aua(L-pen)2(PAP)]2-, toward
M2+ jon (M = Ni, Zn) in various solvents (EtOH/H:20, MeOH/H20, and MeOH) was examined (Scheme 2). In the
dppm system, the reaction in EtOH/H20, which is a moderate polar solvent, formed the homochiral/heteroleptic




AulbMT trinuclear complexes,

[M{Auz(D-cys)(D-pen)(dppm)}] [M{Aus(L-cys) EoHHO i \!_\S A|”_P ”ZN\ 7 AI“_}
HoNT | SS—Au— p HoNC s
(L-pen)(dppm)}] ([8m]). A similar reaction o2t G oZER @@

. D [M{Au;(D-cys)(0-pen)(dppm)IIM{AU; (L-cys)(L-pen)(dppm)}] ([3ul)
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less polar solvent and highly polar solvent, OX’T\ Q@

HNC | Ds—Au—
produced the  heterochiral/homoleptic dppm | MeoH o/:‘f;s-gg
Aul,MI trinuclear complexes, [M(AUZ(SCYS)MYS)MP,,,“», )
[M{Au2(D-cys)(L-cys)(dppm)}] ([4M]), and 'OOC)_% P coo Heterochiral/Homoleptic
H;N —Au—P AU‘S

the homochiral/homoleptic AulMI it cys)z(P"P)]z HzN\ |'§_ 3’ HzN\|/ _AU_P
trinuclear  complexes, [M{Au2(D-pen)s  ooc -P P S/_(coo MeOHM:0 ”g%? Aa HZN{H\ Ag@
(dppm)} [M{Aus(L-pen)2(dppm)}] ([5BmD), S R b . [M{Au(0-pen),(dppmINIM(AU(L-pen)z(dppm)] (5u)

[Au2(L—cy§)2(P P)l M Homochiral/Homoleptic

respectively. This trend is reasonable o P P coo M= Ni, Zn)
H;N)_ks Au-

He. 7 3P
EtOH/H,0 Ha A

because the relatively polar cys complex

) ) ) [AUz(D'F"?”)z(P"F’)]2 — / | \S—Au—-P
may prefer to dissolve in the highest polar ooc_g ,}3 e 04\4_7 lols)
N Ak Mard W IM{Au;(0-cys)(L-cys)(dppe))] (6

solvent. On the other hand, the dppe s pen)z(m;)], Hotrach il
system showed the opposite trend; the dppe ” PQ
heterochiral/homoleptic AulsM! trinuclear Hz" |_%_A”' A“_?j"'z

Hz% —AU-R~/"P-/ AU—S NH2
complexes, [M{Auz(D-cys)(L-cys)(dppe)}] SO0

MeOH

([6m]), were yielded in EtOH/H20 that has = . HZNS < Au—g/‘bAu—S\lr,sz
the moderate polarity, whereas the HZ%*_AU' \/\P s I e
homochiral/homoleptic AulsMT, [M{Au,(0- pen)z(dppe));]le(AUz(L nen)z(dppe))zl (L)

Homochiral/Homoleptic
hexanuclear complexes, [M2z{Aua(D-pen):

(dppe)}z] [M2{Auz(L-pen)2(dppe)}al ([7mD),
were formed from less polar MeOH.

Scheme 2. Summary of the synthetic scheme for [3ml, [4m], [5ul, [6m]
and [Tml.

The preferable formation of hexanuclear complex in MeOH was explained by the non-polar D2 symmetric
structure of [Tml.

Furthermore, the coordination behavior of an enantiomeric mixture of the metalloligands, [Auz(D-cys)2(P~P)]2-
and [Auz(L-cys)2(P*P)]2-, toward Ni2* ion was investigated. The reaction without the additive gave the
heterochiral AulaNi'T complexes, [NifAua(D-cys)(L-cys)(PAP)}] (PAP = dppm ([4nil), dppe ([6nil)), indicating the
heterochiral self-sorting phenomenon. Interestingly, the co-presence of [Auz(D-pen)2(dppm)]2- with the mixture of
[Aua(D-cys)2(dppm)]2- and [Aua(L-cys)2(dppm)]2- gave the homochiral AulaNill complex,
[Ni{Au2(D-cys)2(dppm)}] [NifAus(L-cys)2(dppm)}] ([8nil) (Scheme 3). Thus, the formation of [8nil is a kind of an

gg‘rg _9 additive-controlled crystallization. It is
HzN\Ii A likely that the ratio of homochiral and
ithout additi o ’A““’ . . . .
P L ow] &5 heterochiral species in the reaction
HzN S-Au-| ~Au-S NHz [Ni{Au,(D-cys)(L-cys)(dppm)}] ([4ni])

solution was changed by the additive,

[Aug(D- cyS)z(dppm)F Niz* Heterochiral
* leading to the switching of the chiral

“00C QQ £oo- V V
; ~ S .
N S-AuRFCAus NH, (usiD-penisfdopmip HzN '“s —Au—F th_Au— self-sorting behavior. Such an

[AUy(L-cys)y(dppm)}? £ Q/\S_A”_Pé N [s— A“gpé additive-controlled formation was not

[Ni{AU5(D-cys )(dppm)IINHAU,(L-cys)(dppm)}] (B)) ~ Observed in the dppe system, probably
Homochiral due to the high stability of the
Scheme 3. Summary of the synthetic scheme for [4nil and [8xil. .
heterochiral structure.

Finally, this study demonstrated that the self-sorting behavior of multi-component metal complexes could be
controlled by the subtle changes of ancillary ligands or reaction solvents. Indeed, eight of ten possible
coordination isomers of the [M{Aua(L)2(P~P)}]-type complexes (L = D-cys, L-cys, D-pen, or L-pen) were successfully
isolated in a controlled manner in the present study. Such a systematic preparation of coordination isomers of a
multi-component coordination system has never been achieved so far. The chemical library obtained in this work
should be a good platform for studying the relationship between the physical and chemical properties and the

coordination isomerism in the future study.
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