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Side-chain functionalized polymers possessing terminal palladated SCS pincer complexes at each repeat unit were synthesized via ring-
opening metathesis polymerization. These palladium centers function as both well-defined Heck catalysts and recognition units capable of
quantitative self-assembly of pyridine-containing molecules. Exploitation of both the catalytic and self-assembly properties has led to the
development of a controlled, one-pot tandem catalysis/self-assembly sequence for the synthesis of functionalized polymers.

It is well-known that self-assembly is a prevalent force in toward deactivating functional groups. To this end, we
the fabrication of complex biological entitié3.he efficiency envisaged a synthesis of highly functionalized materials via
of natural systems can partially be attributed to Nature’'s a route that commences with commercially available starting
ability to utilize recognition units in both catalysis and self- materials and utilizes both catalysis and self-assembly.
assembly, which often go hand in hahlh this communica- Pincer ligands, named for their chelating shape, are
tion, we present a strategy toward the synthesis of materialstridentate ligand systems that allow for insertion of transition
that attempts to mimic this bifunctional behavior on a very metals into the aromatic C—H bond situated between donor
basic level. In particular, we introduce a facile methodology atoms such as phosphorus, sulfur, or nitrogen.

for the synthesis of highly functionalized side-chain polymers  gch complexes have previously been described as simple,
based upon a one-pot tandem catalysis and self-assemblyjghly efficient, and robust catalysts for a variety of organic

reaction sequence (Scheme 1). transformationg.Additionally, pincer complexes have been
Self-assembly of small molecules onto polymer backbones employed as metal-coordination motifs in the synthesis of
gives rise to a parallel route to materials in which a functional metallodendrimers and polymes.

group or mesogen is bound to a prefabricated polymeric
backbone through noncovalent interactiénghis strategy

is superior to conventional synthesis because it eliminates
extensive monomer synthesis and avoids problems associate
with the intolerance of some polymerization techniques

We rationalized that the bifunctional nature of pincer
ligands could provide a simple and efficient route to the
ynthesis of highly functionalized polymers via a controlled

ndem catalysis and self-assembly sequence. To this end,
polymerl was designed possessing terminal palladated SCS
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Scheme 1. Tandem Catalysis and Self-Assembly
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Synthesis of the desired monomer commences with
formation of acid chlorid&® followed by condensation with
11-bromo-1-undecanol to provide bromoestar 95% vyield.
Hydroxy functionalized pincer ligand, synthesized as
previously reported®was coupled to the £spacer to form
the nonmetalated SCS ligartdin 80% vyield (Scheme 2).

Scheme 2. Ligand Synthesis
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Palladation of9 was carried out by ligand exchange of
[PA(CHCN)4](BF,).° to form the cyclopalladated monomer
10 in quantitative yield. Further ligand exchange of the
resultant cationic Pd—Bfeomplex to form the neutral Pd—

pincer complexes at every repeat unit, resulting in the highest c| complex required stirring with brine to provid®in 80%
catalyst loading of all pincer-ligand based polymeric Heck jsqjated yieldi® Monomer10 was polymerized using1 at
catalysts. Norbornene was chosen as the polymerizable uniys oc in chloroform to yield polymed. (Scheme 3}t

to provide a well-controlled route to polymers via ring-
opening metathesis polymerizatibrA flexible Cy; alkyl

chain was introduced between the backbone and the termin
palladated SCS pincer ligand to decouple the side-chain from

the polymer backbone and to increase solubility.
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Scheme 3. Metalation and Polymerization
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To provide insights into the catalytic activity af Heck
coupling experiments betwe@rand various alkene acceptors
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Scheme 4. Heck Reactions
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3a—ewere carried out (Scheme ¥)Compounds possessing
electron-withdrawing substituent3gand3b) accelerate the
reaction when compared to those with electron-donating
substitutents (3and3d) (Table 1). In addition to electronic

Table 1. Results for Heck Reactions
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entry  product vyielda (%) time(h) TONP  TOF® Figure 1. The aromatic and olefinic region of thEl NMR spectra
depicting the metal coordination of stilbedd onto1 (*CD,Cly).
1 4a >99 2.5 1000 400 (A) Stilbene4d. (B) Polymerl. (C) A 1:1 mixture of4d and1.
2 4b >99 3.5 1000 286 (D) The 1:1 mixture after addition of 1 equiv of Ag&E,
3 4c 97 11 1000 91
4 4d 92 16 1000 63
5 4e 95 10.5 1000 95

1C depicts a 1:1 mixture ofd and1, which clearly shows
aYield of isolated product? Turnover numbers are expressed as mol all signals characteristic of the individual components Figure
4/mol 1 [Pd]. ¢ Turnover frequencies are expressed as TON/h. - . -
[Pd] i P 1D displays the 1:1 mixture after self-assembly. Of particular
interest are the chemical shifts for tleprotons of the

effects, the overall decrease in reactivity of nitrogen- PYridyl moiety at 8.56 ppm and the singlet at 6.58 ppm
containing olefins 3d and 3e) can be attributed to partial assigned as the protons in timetaposition of the palladated

deactivation of the catalyst through competitive metal PNenYl ring. In Figure 1D an upfield shift of the pyridyl
coordination. These results clearly demonstrate the efficiency®-Protons from 8.56 to 7.97 ppm with complete disappear-
and versatility ofl as a Heck catalyst. ance of the 5|_gnal at 8.56 ppm and a slight downfield shift
To investigate the self-assembly hfexperiments leading ~ ©f the metapincer protons from 6.58 to 6.68 ppm were
to the coordination oftd to the polymer backbone were ©Pserved. This shows that the-pyridyl groups have
carried out and followed in situ b§H NMR spectroscopy ~ coordinated to the Pd cent®r’3 Also, shifts of the alkene
(Figure 1). Stiloen@d was employed as a model compound protons of the sulbgne from 7.09 and.7.03 ppm to 6.97 and
for several reasons. First, stilbenes provide an efficient route®:91 PPM, respectively, and other minor shifts throughout

to liquid crystalline materialSecond, retrosynthetic analysis F19ure 1D provide additional support for the self-assembly
of stilbene4d suggests a facile synthesis by Heck reaction PrOCeSs. The products could be isolated by precipitation from

of vinyl pyridine and iodobenzene. Moreover, pyridyl hexanes to afford polymes. _
recognition units have previously been employed as donor After establishing that possesses both excellent catalytic

ligands to palladated SCS pincer complexes in Supramo_activity and capability to serve as a recognition unit for self-
lecular chemistry. assembly, we examined the use of both properties in a one-

Self-assembly experiments were carried out by adding 1 POt Heck coupling/self-assembly sequence. Polyinemas
equiv of AgBFag to a dichloromethane solution of a 1:1 employgd in tandem experiments as both catalyst for the
mixture of 1 and 4d. Instantaneously, AgCl precipitated, synthesis of4d and recognition unit for the self-assembly
opening a free coordination site, which was subsequently of 4d. Analogous to the method used above, the progress of

ligated by the pyridyl moiety of the stilbene. Figure 1A and "€ reaction was followed in situ by NMR (Figure 2).

B shows the spectra of purel and 1, respectively. Figure Quantitative Heck coupling o2 and 3d (spectrum of a
mixture of the pure compounds is shown in Figure 2A) was
(11) Polymerization reactions were carried out using a 50:1 monomer- carried out at 120C for 10 h in the presence df (Figure
to-catalyst ratio; 1 mL of solvent was used for every 100 mg of monomer 2B) to provide exactly 1 equiv of stilben&d (Figure 2D).
converted. The polymerization reactions were terminated by addition of a . . . .
small amount of ethyl vinyl ether, and the polymer was collected by The dlsappearance of the olefinic signals at 6.855,
precipitation from cold hexanes. Representative GPC dslta= 35000, 6.20-6.14, and 5.565.52 ppm in Figure 2C (a 1:1:1 mixture

M, = 29000, PDI= 1.19. .
(12) Heck reactions were carried out at 120 in DMF. To a vessel of 1,2, and3d) and the appearance of new Slgnals at7.70

charged with 0.002 mmol df were added 2 mmol of vinylpyridine, 3 mmol

of olefin, and 3 mmol of NEf The reaction was monitored by G®/S. (13) (a) Loeb, S. J.; Kickham, J. Fhorg. Chem1994,33, 4351—4359.
The products were isolated by precipitation in water followed by extraction (b) Fujita, M.; Ibukuro, F.; Hagihara, H.; Ogura, Kature1994 367, 720—
with dichlormethane. 723.
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Figure 2. The aromatic and olefinic region of tAE NMR spectra
depicting the tandem catalysis/self-assembly sequence ("DMF
d7z,*CD,Cl,). (A) A 1:1 mixture of2 and3. (B) Polymerl. (C) A
1:1:1 mixture ofl, 2, and3d. (D) The 1:1 mixture of4d and 1
following catalytic Heck coupling. (E) The 1:1 mixture following
the addition of 1 equiv of AgBRaq

ppm (Figure 2D) are direct evidence for this transformation.
Catalyst decomposition is not evident (by NMR) throughout

to the reaction conditions. Prior to self-assembly, one
volumetric equivalent of CECl, was added to the DMF
solution to solubilize the noncoordinated intermediate. Ad-
dition of AgBF4q resulted in instantaneous and quantitative
self-assembly (Figure 2E). Comparison of Figure 2E and 2D
provides evidence for the coordination of the in situ prepared
4d to the Pd center with the diagnostic upfield shift and
broadening of theo-pyridine protons from 8.61 to 8.28
ppm%-13 A change in chemical shifts of the signals arising
from protons on the phenyl group of the thioether of the
pincer ligand were also evident, with shifts from 7.88 and
7.43 ppm to 7.84 and 7.52 ppm, respectively. The final
polymer could be isolated by precipitation from hexanes. The
NMR spectra of isolated polymé&r(in CD,Cl,) synthesized

by both the tandem and stepwise routes were identical,
indicating that the tandem catalysis/self-assembly route is a
viable strategy toward the synthesis of functionalized poly-
mers.

In conclusion, a bifunctional polymer system was synthe-
sized that can be used (A) as a Heck catalyst, (B) as a
recognition motif in self-assembly, or (C) in a tandem
catalysis/self-assembly sequence to provide a simple and
efficient route to the synthesis of self-assembled polymers.
Polymerl possesses the highest catalyst loading of all pincer
ligand-based polymeric Heck catalysts reported to date.
Furthermore, our approach facilitates ease of synthesis when

“compared to the stepwise functionalization strategy because
separation of small molecules is not required when prepared
in situ.
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