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Development of Aquacatalytic Systems Based on the Self-
Assembly of Amphiphilic Pincer Palladium Complexes
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Summary of thesis contents

Construction of bilayer vesicles by self-assembly of amphiphiles has attracted
widespread interest in various research areas due to their use as models for
biological membranes and their practical applications such as drug delivery,
cosmetics, and so on. It has been reported that organic molecules having a
rigid planar backbone with both hydrophilic and hydrophobic side chains often
formed bilayer architectures. If both hydrophilic and hydrophobic side chains
are incorporated onto planar transition metal complexes, the resulting
amphiphilic complexes would adopt self-assembled architectures with bilayer
membranes having catalytic activity. The use of the self-assembled
architectures would achieve effective transformation in water. The author
herein reports the development of an aquacatalytic system based on the
self-assembly of amphiphilic transition metal complexes.

This thesis is composed of general introduction, main issues (Chapter 1-4), and
general conclusion.

In general introduction, the author shows the background on vesicles and their
application to catalysis.

In Chapter 1, the synthesis of amphiphilic NNC-pincer palladium complexes is
described.

In Chapter 2, the investigation of the catalytic activity of an NNC-pincer
palladium complex for the allylic arylation is described.

In Chapter 3, the vesicle formation by the self-assembly of the prepared
amphiphilic NNC-pincer palladium complexes in water is described.

In Chapter 4, the application of the obtained vesicles to the allylic arylation
and Cu-free Sonogashira reaction in water is described.

Finally, the author mentions general conclusion of this thesis.

Chapter 1
The author designed amphiphilic phenanthroline ligands 1 and 2 bearing

hydrophilic tri(ethylene glycol) (TEG) chains and hydrophobic dodecyl chains.
The amphiphilic ligands 1 and 2 were synthesized from
1,10-phenanthroline-5,6-diol in 3steps. The ligands 1 and 2 underwent the
complexation with dichlorobis(acetonitrile)palladium(Il) in methanol at 50 °C
(Scheme 1). 'H-NMR, !3C-NMR, ESI-TOF mass, and elemental analyses of the
products obtained by the complexation revealed the formation of unexpected

amphiphilic NNC-pincer palladium complexes 3 and 4.
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Scheme 1. Complexation of amphiphilic phenanthroline ligands 1 and 2 with
PdC|2(MeCN)2.

Chapter 2
To investigate the catalytic activity of an NNC-pincer palladium complex 5, the

complex 5 was applied to the allylic arylation. The reaction of aromatic and
aliphatic allyl acetates 6 with sodium tetraarylborates 7 in the presence of 1
mol ppm of the complex 5 in methanol at 50 °C gave the corresponding arylated
products 8 in 54-99% vyield (Scheme 2). The reaction with 1 mol ppb of the
complex 5 also proceeded. The turnover number (TON) and frequency (TOF) of 5
reached up to 500,000,000 and up to 11,250,000 h-!, respectively. The reaction

pathway of the allylic arylation was also investigated.

5 (1 mol ppm) X
R/\/\OAC + NaB@R‘)
4 MeOH, 50 °C R'
6 7 (2 equiv) 8

54-99% vyield

Scheme 2. Allylic arylation of allyl acetates 6 with sodium tetraarylborates 7.

Chapter 3
The self-assembling behavior of the amphiphilic NNC-pincer palladium complexes 3

and 4 is described. After screening of the self-assembling conditions, the
author found that both complexes 3 and 4 self-assembled in water to form
vesicles 3ysci and 4ysci.  Thus, the complex 3 was heated in water at 60 °C for
4 h without stirring. After slow cooling to 25 °C overnight, the resulting

mixture was sonicated for 15 min to afford a yellow suspension. Self-assembling
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experiment of the complex 4 was also examined. The complex 4 was heated in
water at 80 °C for 12 h without stirring. The resulting aqueous mixture was
cooled to 25 °C and then sonicated for 10 min, affording a yellow suspension.
Dynamic light scattering (DLS) analyses of these suspensions showed that average
diameters of the vesicles 3ysci and 4yscr were 554 and 985 nm. In order to
determine the morphologies of vesicles 3ysci and 4ysci, the author carried out
the characterization with transmission electron microscopy (TEM), atomic force
microscopy (AFM), fluorescence microscopy, and confocal laser scanning
microscopy (CLSM). TEM an-d AFM analyses of the vesicles revealed the formation
of spherical structures (Figures 1 and 2). TEM analysis also showed the
thicknesses of the membranes of the vesicles 3ysci and 4ysc) to be 14 and 32 nm,
respectively (Figure 1).

(a) (b)

Figure 1. TEM images of 3ysci (a) and 4ysa (b).
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Figure 2. AFM images of 3ysci (a) and 4vsci (b).

The author conducted dyeing experiments with fluorophores to confirm the
presence of the membranes of the vesicles 3ysci and 4ysci. The addition of
fluorescein as a fluorophore to aqueous suspensions of 3ysci and 4ysci gave
fluorescent vesicles 3ysci/fluorescein and 4ysci/fluorescein. Fluorescence
microscopic observation of the prepared vesicles (3vsci/fluorescein,
4ysci/fluorescein) showed the existence of a hydrophobic region in the membrane
of the vesicles (Figure 3). In addition, CLSM analyses of the fluorescent
vesicles revealed that the self-assembled architectures were not micelles or oil
droplets but vesicleswith an inner hydrophobic region in the membranes
(Figure 4).
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Figure 3. Fluorescent microscopic Figure 4. CLSM images of (a)
images of (a) 3vsci/fluorescein and (b) 3vsci/fluorescein and (b) 4ysci/fluorescein.

Chapter 4
The author investigated the catalytic potential of the vesicles 3ysci and 4ysci

for the allylic arylation in water. The allylic arylation of
(E)-3-(4-phenylphenyl)-2-propen-1-ol acetate with sodium tetraphenylborate took
place in the presence of the vesicle 3ysci in water at 50 °C for 10 min to give
the arylated product in 16% vyield (Scheme 3). When the amorphous complex 3amps
was used as the catalyst, 9% yield of the product was obtained. The formation
of the vesicle 3ysci slightly improved the yield of the arylated product. The
vesicle 4ysci also promoted the reaction, affording the product in 59% vyield.
In contrast, the reaction with the amorphous complex 4.mps gave the product in
only 8% vyield. The reaction was also performed in organic solvents such as
1,2-dichloroethane, toluene, THF, acetonitrile, methanol, and DMF, giving the
product in low yield (0-14% vyield). The formation of the vesicle 4ysci was
shown to be essential to accelerate the reaction. Various allyl acetates and
sodium tetraarylborates underwent the reaction with the vesicle 4ys¢c; to afford

the corresponding arylated products.

NS A
O OAc catalyst (2.5 mol% Pd) O O
+ NaB@)
O 4 H,0, 50 °C, 10 min O

(2 equiv) vesicular complex  3,¢¢;: 16 % yield
amorphous complex 3;mps: 9 % yield
vesicular complex  4,s¢;: 59 % yield
amorphous complex 4;pmps: 8 % yield

Scheme 3. Allylic arylation of (E)-3-(4-phenylphenyl)-2-propen-1-ol acetate

with sodium tetraphenylborate.

The catalytic activity of vesicles 3ysci and 4ysci was also examined for the
Cu-free Sonogashira coupling reaction in water. The vesicle 3ysc1 catalyzed the
coupling reaction of iodobenzene with phenylacetylene in water at 40 °C for 1 h
to give diphenylacetylene in 92% vyield. In contrast, only 14% vyield of the

product was obtained when the amorphous complex 3amps was used in the reaction
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(Scheme 4). The formation of the vesicle 3ysc1 was required to perform the
reaction effectively. The reaction was also conducted in the presence of the
vesicle 4ysc1 and the amorphous complex 4amps, affording diphenylacetylene in 32
and 30% vyield, respectively. No acceleration of the reaction by the formation
of 4ysc1 was observed. When dichloromethane, toluene, THF, acetonitrile, and
methanol were used as the solvent, the reaction gave only 3-11% yield of the
product. The vesicle 3ysci accelerated the reaction of various aryl iodides

with alkynes to provide the corresponding internal alkyne products.

catalyst (2.5 mol% Pd)
O - =0 o=
Et3N (3 equiv)
H,0,40°C, 1h
vesicular complex  3,s¢:  92% yield
amorphous complex 3,pyps: 14% yield

vesicular complex 4,5 30% yield
amorphous complex 4, : 32% yield

(2 equiv)

Scheme 4. Cu-free Sonogashira coupling of iodobenzene with phenylacetylene.

The results obtained in the allylic arylation and the Cu-free Sonogashira
coupling demonstrated that direction of hydrophilic TEG chains and hydrophobic
dodecyl chains attached to the phenanthroline backbone influenced the

acceleration of the reaction.
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