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The self-assembling construction of potentially functionalized, highly-ordered molecular
architectures via non-covalent interactions among the monomer units is rapidly generating interest from
a wide range of chemists. In particular, it has been reported that organic molecules having rigid planar
backbones with both hydrophobic and hydrophilic side chains often form bilayer assemblages. If
hydrophobic and hydrophilic side chains are incorporated onto the planar NCN palladium pincer
backbone, the amphiphilic palladium pincer complexes would adopt a self-assembled architecture
having catalytic activity. The author reports the design, preparation, and self-assembling vesicle
formation of amphiphilic palladium pincer complexes and their application to the C-C bond forming
reactions in water.

The pincer palladium complexes 1 and 2 having pairs of hydrophobic dodecyl chains and
hydrophilic tri(ethylene glycol) (TEG) chains, located opposite to one another on the rigid planar

group group

~ -
hydrophobic ( J hydrophilic

ca. 2.8 nm

EO hydrophobic
-,

hydrophilic o
group j group
Oj o)
- O\ 1 o E)_ I 2 ]

Figure 1. Amphiphilic pincer palladium complexes 1 and 2

=Y =Y
HoN
OHC CHO  + \©\ — tor2
PhgP-Pd-PPhg R2
Cl
3ord 50r6
3: R1 = C12H25 5: R2 = CHa(OCHQCH2)3OCH2

4: R1 = CH3(OCH20H2)3OCH2 6: R2 = C12H25
Scheme 1. Preparation of amphiphilic pincer palladium complexes 1 and 2
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backbone, were designed for use in the self-assembly formation of vesicles exhibiting catalytic activity
in water (Figure 1). These amphiphilic pincer palladium complexes were prepared from their 2,6-
diformyl precursors 3 and 4 and primary anilines 5 and 6, respectively, via the ligand introduction route
which was previously developed by Uozumi and co-workers (Scheme 1).

With the amphiphilic pincer palladium complexes 1 and 2 in hand, the author next turned his
attention to demonstrating their self-assembling potential. After thdrough screening, the author was
pleased to find that both complexes 1 and 2 exhibited good assembling potential under aqueous
conditions. The amphiphilic pincer complex 1 was treated in water at 60 °C for 4 h, and the resulting
aqueous mixture was cooled to ambient temperature and vortexed to afford an aqueous slurry of s A
dynamic light scattering (DLS) study of the slurry demonstrated the formation of the vesicle 1,4
(average diameter of 550 nm). To an acetonitrile solution of 2 was added water (H,O/CH5CN = 9/1)
and the resulting aqueous mixture was concentrated at 80 °C for 6 h, during which time acetonitrile was
slowly vaporized, to afford a pale yellow aqueous suspension. The resulting suspension was cooled
and centrifuged (4000 rpm, 15 min) to give precipitates. The precipitates were suspended in water and
studied by DLS to demonstrate that the vesicle 2, having an average diameter of 463 nm was formed.

In order to determine the morphologies of bilayer vesicles of 1,5 and 2,4, the author performed
atomic force microscopy (AFM), scanning electron microscopy (SEM), transmission electron
microscopy (TEM) analyses. AFM and SEM analyses revealed the spherical morphologies of 1,5 and
2y5c [figure 2(a) and (b) and Figure 3(a) and (b), respectively]. TEM observation of vesicular
composites 1,q; and 2,5 showed that these composites were hollow structures and the thicknesses of
both the vesicle membranes were observed to be ca. 6-7 nm [Figure 4(a) and (b)]. These data are

consistent with those of the bilayer membranous structures of 1 and 2 each having both monomer
lengths of ca. 2.8 nm in their structures.

(@) (b)

Figure 2. AFM images of (a) 1 and (b) 2

®)

L e R ey s

Figure 3. SEM images of (a) 1 and (b) 2
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Figure 4. TEM images of (a) 1 and (b) 2

The incorporation of the fluorescent reagent, fluorescein, into 1,4 revealed a hollow structure
with an inner hydrophobic region in the membrane. Thus, when the isolated 1,,; was exposed to
fluorescein under aqueous conditions, the fluorescent vesicles, 1,s/fluorescein, were obtained [Figure
5(a) and Figure 6(a)]. A similar hollow structure of 2,5; was also observed microscopically with the
same fluorescence reagent [Figure 5(b) and Figure 6(b)].

@ ) @ ®)

Tum |

Figure 5. Fluorescent microscopy images of (a) Figure 6. CLSM images of (a) 1/fluorescein and
1/fluorescein and (b) 2/fluorescein (b) 2/fluorescein

These experiments demonstrated that the structure
of the vesicle 1,5y was similar to that of 2,;. Therefore, the
inversion of the positions of hydrophobic and hydrophilic
groups on the pincer backbone did not strongly influence
vesicle formation via self-assembly of 1 and 2.

The author next estimated the detailed
membranous structure of the vesicle 1,5 using molecular
dynamics simulation. Initial molecular structure of the
complex 1 was determined by ab initio calculation. The

molecular dynamics simulation of the bilayer membranous

structure of the vesicle 1,4, which was constructed by 128
molecules of the complex 1 in a basic cell, was carried out
in the NPT ensemble at 298.15 K under 1 atm (figure 7).
This simulation also supported the formation of the bilayer

Figure 7. The calculated structure
of bilayer membrane of 1,y
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membranous structure. The thickness of the calculated membrane was ca. 6.2 nm and was in good
agreement with the observed thickness in TEM analysis.

With the desired vesicles 1,5; and 2, in hand, the author next explored their catalytic potential
for the Miyaura-Michael reaction of 2-cyclohexene-1-one (7) with sodium tetraphenylborate (8).
Significant acceleration of the Miyaura—Michael reaction in water was observed by the formation of
vesicles. Thus, the vesicle 1. (2 mol% Pd) promoted the Miyaura-Michael reaction of 7 with 8 in
water to give the desired arylated product 9 in 83% yield in 12 h with 98% reaction selectivity. In
contrast, only a 7% yield of the arylated product 9 was obtained when monomer 1 was used as the
catalyst. The reaction of 7 with 8 proceeded in the presence of vesicle 2,5 to provide 9 in 19% yield
with >99% reaction selectivity, whereas monomer 2 afforded only a 5% yield of 9 with much lower
selectivity. Thus, only slight promotion of the Miyaura-Michael reaction in water was observed by the
self-assembling of 2. These results revealed that the construction of self-assembled vesicles is required
for the efficient catalysis of the Miyaura—Michael reaction in water. In addition, the catalytic activity of
the vesicle 1, bearing hydrophilic tri(ethylene glycol) chains close to the palladium center is higher
than that of the vesicle 2, bearing hydrophobic dodecy! chains close to the palladium center.

0]
Q catalyst (2 mol% Pd)
- el :
4 H,0,25°C, 12 h
7 8 9

1yscr: 85% conv., 83% yield, 98% selectivity
1 :23% conv., 7% yield, 30% selectivity
2yscr- 19% conv., 19% yield, >99% selectivity
2 :21% conv., 5% yield, 24% selectivity

Scheme 2. Miyaura-Michael reaction of 2-Cyclohexene-1-one (7) with sodium tetraphenyl borate (8)

The vesicle 1,5 was also effective for the arylating oxirane ring opening reaction of vinyl
epoxide 10 with phenylboronic acid (11) to give an 84% yield of the arylated product 12 along with its
regioisomer 13 (Scheme 3). However, under similar reaction conditions, the reaction with the
monomer 1 did not proceed as efficiently.

catalyst (2 mol% Pd)

o) Cs,CO3 (2 equiv.)  HO Xy
/_V + (HO):B > +

H,0, 25 °C, 12 h HO »
10 1 12 13

1,601 84% yield (12/13 = 52/48)
1 : 7%vyield (12/18 = 55/45)

Scheme 3. Palladium-catalyzed oxirane ring opening with PhB(OH),

In summary, the author has designed and prepared two amphiphilic pincer palladium
complexes bearing hydrophobic or hydrophilic side chains. The prepared complexes were self-
assembled in aqueous media to provide bilayer vesicles which were characterized by DLS, various
microscopic techniques, and theoretical calculation. The catalytic performances of the obtained
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vesicles 1, and 2, are superior to that of the monomeric complexes 1 and 2 for the Miyaura—Michael
reaction in water. In addition, the catalytic activity of the vesicle 1,4, is much higher than that of the
vesicle 2, The similar enhancement of the catalytic performance of the vesicle 1,4y was also

observed in the arylating oxirane ring opening reaction in water.
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BEmXOBEEHEROES

XL, A, WEIOBRIN, FHELIELSER > TS, AHLOERER,
BAOFTIRABEEED D2 WIIMEBERERRND FREDERLLENTEREEKZ2 TR
THRIETHID THMEEERZEBITI2ENSHFLVMERERH I ATFLADRECHD,
ESWRWKFTOREES FEMRMBES XA LAOBHTEHL TS, FETIERERD KM
B EERBM & 2O FEE, ERKFTOMFEHDERLIC X DB REEERLRO &6 &
FE, ZhomABERIMEEEEZET 25586, AR X THET S I — RIS AEE
KERZGLEER, REMERIIBNIINTNS,

Al ETE, BEHETH2D0E Y —8EEOHBERE OEHE, AREK, EBOESRK,
BRUZHADOBEFMC OV THEMIKERINTBY, FLEROBICIEREESE
BRT—FIDOWTHoRERND 5., EICENSBEOARICHALE TUH REBA
Hl EHRTHBIHLVWE T —REERSRBERIIHEETENEEMEORETH 5.
AWm2ETEMETHELZ2EBEOEY—#AOHDEMRMLLICX S 20 THERI 7 IIVEER
FRICDWTEHMIZBREN TS, R TIIVERITEIREEE, BETrAOENE, &858
- BTHME, ZEMETFHEME, BOLHEME, EEAL YK, & 5I1C1XSPring8
ZRRAUEHM/NAAFNXBERFREEZBEL TRENICREINTVWS, 2R INET
KE—ROEBRZNRCBEIN TV IECEBEEROBENES L HEBL THHEL
FEBRETHD, NVINBEOHEMETONBEED FERAAICE T2 BN R OBEC
RBLTWD, 52, NUITNEBRTS2H0TEBEZDFL NI THERBETRL, &
BRZHNFRICLD > Ial—2are2FoTWd, abinitiocst BT X B ¥ o —8kiE
EREL, ABEZYHERSELUCHARMMA THSR T > vy IV 2HAT 5MDtE 2%
WL, 20 THEBERICBTLEAEENE, 20FREOMMEEI I -3
iEZRYV T FELUTMODYLASZFIALTERBL, TOREE2ERBHKELBALT
W2, TNOHERPS 2 TERBEDERSHEERH, BATOE v —8E 0 ERBMM
BERENRINTNS,

CEWMIETHL, 2BETHELONEE Y —#ENS VI BEEREZMNATI KPP TOEES
TFTEHEMBICOWTHBRIN TS, Miyaura-Michael KI5, 77U =)L TBRAEICLS
FFIISVROTI —IVEHBRIENKFCTEITL, BNERYZE5A TS, 22T
RV IVEERRZHEDRNWE Y —EEES FIIMEEENEZ K, X277 IVEE
BRNKFAERERBCFENICTEEL TV I ENAENICEFINTNS, 20X
BRERIOWT 20 TEBENE TOBKEHEBOBRNETHS D ZENAENICER
SN, RENEEBRBERZIIFHAL TNV S,

Tiabb, MEREELZNFRECERLENTHAEERZEESL, BAEERAD
FREHOBHNEHBCI > TERENBRBERKSENERIN, TORBBIRIEITOEE
I REZRFE S 2B SEMHARAENTVWBE &S, BREBHMLUZEBER R
RS InNs 2 &5,
CDEXDREAREERNGTFRELZTHARZEONOLIDSICHLOHEIC X TERE2HEEL,
EOREZWCHEZRAADTFEREZEHITILHF L WVMIEERE I A5 A LEBFETE,
BOKBEDHH I AN F TR EBRWRIERB O REEEZHITRLZDOE L TARNE
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FMETE S,

b, #MRBELARES, ERABFDREL TS, CNHREO—WIITTIK2HO
B ZERANHICHEBREATHOBEADTHRLNVICH D LHians, BlEX
DAEBmXEEL (BF¥) OFEMURSICEITLIDOEEERZBELE B THEL &,
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