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Strategies that use the properties of macromolecular or biphasicScheme 1. Synthesis and Applications of a PIB-Supported Cu(l)

systems to control reaction rates or effect separations are routinely©atalyst®

used in nature and are of increasing interest in homogeneous N (t

catalysis. Encapsulation strateglédiphasic system%? or strate- HWN' + zZ N

gies where autonomous control features are built into a catalyst so 1" l 2\t

that a catalyst makes itsélfcontrols its reaction rate without EtOH-heptane | CuCl QODCL

external cooling or heatingor separates itself from produétare e (/

examples where molecular engineering has been successfully used H#NE\&/':’C“\’C'

to facilitate catalytic processes. Here we describe a system where 3L = CH,(2-pyridy) \/L

the self-separating properties of a macromolecular homogeneous 4:L = CH,CHNEt,

transition metal catalyst facilitates its synthesis and isolation and [3+2] cydoaddmo:/ \ATRP polymerization

later facilitates its separation from macromolecular products in two a b

different sorts of reactions. N - Br
Copperamine complexes can be used to effect a variety of R-N"N Initiator n

carbon-carbon or carborheteroatom bond-forming reactiofrs? \:<R, O O O

Thus, methods to more efficiently synthesize, purify, and separate

such complexes are of interest and are potentially useful in aReagents and conditions: a, RNNC=CH, 90 °C, 12 h; b. ethyl

homogeneous catalysis chemistry. Inspired by Fokin and Sharpless’2-bromoisobutyrate, styrene, tin (I) 2-ethylhexanoate, heptane°C]0
recent Cu(l)-catalyzed [B2] chemistry*! we have developed 21 h.

polyisobutylene (P1B)-supported Cu(l) catalysts where the polymer , N
provides both a means to isolate the catalyst and a means to separate N
the catalyst from products by gravity-based separations in subse-
quent reactions. +T0*

Much attention has recently been given to the Cu(l)-catalyzed vol%
“click” formation of 1,4-disubstituted-1,2,3-triazoles as a selective e
and efficient synthetic procedure in all sorts of reactions including
the synthesis of macromolectiésnd synthesis of metaligand Figure 1. Phase-selective solubility of a PHECu(l) complex in a heptane/
complexes:13°15 A recent report has shown that syntheses of such goo4 EtoH/HO mixture after addition of 10 vol % ¥D to a monophasic
complexes can be autocatalytic and that the product ligands stabilizeheptane/EtOH solution. UV analysis showe#9.6% of the copper complex
the reactive Cu(l) species under aerobic aqueous condiions. was in the heptane phase of the product biphasic mixture.
have prepared similar polymer-supported Cu(l) complexes whose ) ]
synthesis was autocatalytic and was carried out in a fashion thatriazole ligands present in the Cu complexéer 4 as*H NMR
affords an easily separable solution of catalyst for use in subsequentharacterizable products. However, if the Cu(l) compleXes 4
catalytic chemistry. This chemistry (Scheme 1) uses polyisobutylene Were to be used in a subsequent catalytic reaction, isolation of a

oligomers that we have shown separate phase selectively inton€Ptane solution o8 or 4 by a biphasic liquid/liquid separation
nonpolar alkane solvents in thermomorphic or latent-biphasic sufficed. Such solutions were storable for months under nitrogen

solvent system& with no sign of decomposition.
A Cu(l)-catalyzed “click’ [3+2] cycloaddition formed 1,4- Heptane solutions of the Cu(l) complexgand4 proved to be
disubstituted-1,2,3-triazole bound Cu(l) comple@and 4. The effective recyclable catalysts both for synthesis of themselves and

for other Cu(l)-catalyzed [82] cycloaddition modification reactions
of other polymers (eq 1). Complete conversion of the starting azide
occurred in these reactions.

phase-selective solubility of PIB facilitated isolation of a solution
of either polymer-supported Cu(l) complex via a ligtiéquid
separation without column chromatography. The-23 cycload-
dition was carried out with CuCl in a miscible heptane/EtOH

mixture. After 16 h the PlBazide 1 had been completely W 10 mol% 3 Wm
consumed, and addition of 10 vol % water produced a biphasic heptane/EtOH

n m n
) \ ! 0N 0770 "L 0" NH o ™
mixture where the Cu(l) compleXwas visually in the less dense /\ (CHy), 90 °C /K (CH,),
heptane phase (Figure 1). While both PIB complekaad4 could Neg: R-C=CH H rll
be prepared and isolated as a heptane solution using a stoichiometric n=13m=1_ "N R=Phor CgHy; ) ,\'}\'
mixture of CuCl and the PIBazide, it was also possible to prepare R
the Cu-free triazole ligand if the cycloaddition in Scheme 1 were
carried out with 10 mol % CuCl. In this case, a filtration (IO Cu(l)-catalyzed atom transfer radical polymerization(ATRP) is

removed the paramagnetic copper salts to yield the Cu-free-PIB another reaction catalyzed by Cu{Bmine complexes. Such
10666 = J. AM. CHEM. SOC. 2007, 129, 10666—10667 10.1021/ja0741372 CCC: $37.00 © 2007 American Chemical Society
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tions of styrene or methyl methacrylate used (z8BrCO,Et as

- - the initiator with 3 as the source of copper. The reactions were
PIB- Cu(l] PIB-Cu(l) PIB-Cul)

heptane °C ), heptane 1) Cool  heptane typically carried out to about 50% conversion. As can be seen in
styrene f,Z';’,‘:,e,,e 2)Centrifuge g;::mm Figure 2, copper was sequestered in the heptane phase at the end
of the reaction. As shown in Table 1, the catalyst was recyclable
Figure 2. Monophasic polymerization and subsequent separatiGraati and it behaved in this system just as a low-molecular weight
5 and a polystyrene product: (a) reaction scheme; (b) separated productanalogue with minimal leaching of the copper (I) complex.
mixture. These studies show that the use of mixed-solvent systems where
Table 1. Recyclable ATRP Polymerization Results for Styrene the products, catalysts, or byproducts self-separate from one another
Polymerization Using 3 and 5 as Recoverable Catalysts at the end of a reaction is a consequence of a product polymer’s
cycle % yields M, (calc)® My MM phase-sf.elecltive solubility |s a useful approach for polymer synthesis
1 518 18000 23000 111 or modmpatlon. The specific patalyst dlscugsed has been shown to
2 593 20000 22000 114 be effective as a catalyst for its own formation and as a recyclable
3 61.1 21000 24000 1.15 catalyst in synthesis and modification of other sorts of polymers
4 43.0 15000 17000 1.25 using two quite different Cu(l)-catalyzed reactions. Extensions of
5 47.3 16000 17000 1.26 related sorts of PIB-bound catalysts in other cycloaddition reactions

2 The yield was based on the mass of the recovered polyhTére and other polymerizations is currently under investigation.

Ms(calc) = [monomer}/[initiator], x yield x monomer molecular weight. Acknowledgment. Support by the National Science Foundation
C.TTe g"n and Mw/Mp Valqehs Wéﬁﬁelteml“”ed by GPC using a Viscotek (cHE-0446107) and the Robert A. Welch Foundation (A-0639) is
triple detecto tem with a column. : - .
P reystem w X . acknowledged. We thank Jianhua Tian for the ICP-MS analysis.

polymerizations are controlled radical polymerizations and afford  supporting Information Available: Synthesis and characterization
excellent control of the product polymer’s polydispersity and of polymers; procedures for ligand synthesis and catalysis. This material
molecular weight. They are especially useful in the synthesis of is available free of charge via the Internet at http://pubs.acs.org.
block copolymers or in controlling a polymer’s end-group structure.
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