JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Organolanthanide-Catalyzed Synthesis of Amine-Capped Polyethylenes
Smruti B. Amin, and Tobin J. Marks
J. Am. Chem. Soc., 2007, 129 (33), 10102-10103- DOI: 10.1021/ja0740465 « Publication Date (Web): 27 July 2007
Downloaded from http://pubs.acs.org on February 15, 2009

.% RoNH g
\ 1
\%Ln\/wmz /\é/jn\ NR; * %\L”—NRZ

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 12 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0740465

JIAIC[S

COMMUNICATIONS

Published on Web 07/27/2007

Organolanthanide-Catalyzed Synthesis of Amine-Capped Polyethylenes

Smruti B. Amin and Tobin J. Marks*
Department of Chemistry, Northwestern Waisity, 2145 Sheridan Roadp&nston, Illinois 60208

Received June 4, 2007; E-mail: t-marks@northwestern.edu

Introduction of reactive functional groups into otherwise chemi- Scheme 1. Schematic Catalytic Cycle for
cally inert polyolefins by means of a selective, catalytic pathway ©rdanolanthanide-Mediated Ethylene Polymerization in the

L . . . Presence of Amine
represents a significant challengezunctionalized polyolefins
$ \
NR,
y \
i

are of considerable interest due to enhanced physical properties
such as adhesion, paintability, and compatibility with other more

polar material€. One approach to functionalizing polyolefins is /\é/jn\NRz

the use of chain transfer agents, which can introduce heteroatom . . 43kl

functionality at chain ends with concomitant control of molecular

weight3~8 Previously, electron-deficient/neutral chain transfer

agents such as alangsjlanes! and boranéswere successfully HNR2

introduced into catalytic olefin polymerization processes. Regarding AH = ~pkea!
functionally analogous processes with electron-rich chain transfer

agents, only phosphines have been investigated, and the products
are largely of specialized interéstn contrast, amine-terminated
polyolefins have broad utility in diverse applications ranging \ \

Ln
from drug and gene delivery, antibacterial treatments, sensors to \%\/\WNRZ Ln\/\NR
2

adhesives and ion-exchange resins, and are very attractive targets.
Organolanthanide complexes are effective catalysts for both
olefin hydroaminatiof and polymerization processEsThus,
lanthanocenes mediate ethylene polymerization with activities as ii

high as 10 g polymer/(mol Lnatm ethyleneh)'? and efficiently " \\

catalyze inter- and intramolecular hydroaminations of divers€C

unsaturated substrat®sThese combined characteristics raise the (SiMes), or Cg,LnN(CgH11), precatalysts under rigorously anhydrous/
intriguing question of whether the two transformations could be anaerobic conditions using procedures minimizing mass transport
coupled to use amines as chain transfer agents in catalytic olefineffects* and with pseudo-zero-order [ethylene] and [dicyclohexy-
polymerization. If viable, this approach would represent a new lamine]. Polymeric products were characterized'Hy**C NMR,
catalytic synthesis of amine-capped polymers. However, in contrastGPC, and DSC; the data (Table 1) are consistent with linear
to electron-deficient chain transfer agents where heteroatom deliverypolyethylenes formed in single-site procesSe3he proposed
occurs at the end of the polymerization cycle, a cycle for electron- catalytic cycle for amine-capped polyethylene synthesis (Scheme
rich chain transfer agents places far greater demands on thel) is envisioned to proceed via sequences of (i) insertion=s€C
sequence of events, requiring sterically-demanding, essentially unsaturation into the LaN bond, (ii) multiple G=C incorporation
thermoneutral C-heteroatom bond formatfoat the initiation of into the growing polymer chain, and (iii) Lrpolymeryl proto-

the polymerization cycle (e.g., Scheme 1). Additionally, since-Cn nolysis with simultaneous regeneration of the lanthanide amido
protonolyses by amines arel(* times faster than by the corre-  active species to close the cycle (transition statéH NMR spectra
sponding phosphiné§,careful tuning of the amine chain transfer  of the product amine-terminated polyethylenes exhibit characteristic
agent steric and electronic characteristics is essential to achievingamine ¢ 2.41), polyethylene backboné (1.2—1.5), and—CHs

efficient chain propagation (Scheme 1, rates > rateiii). In chain end § 0.98) resonances (Figure 1a), whif€ NMR spectra
survey experiments, we find that HN(Sihg is too acidic for likewise exhibit characteristic amine) (61) and polyethylene
efficient propagation (Scheme 1, rate is too large), and only backbone ¢ 29) resonances. Furthermore, the absence of vinylic
H(CH,CH,),N(SiMes), oligomers are formech(= 1, 2), while HN- resonances in both thel and**C NMR spectra indicates that chain

(PPr), is apparently insufficiently encumbered to allow efficient termination vig3-hydride elimination is insignificant, and thel:1
ethylene chain propagation prior to termination, instead forming —CH,N and—CHz *H NMR chain end resonance ratio argues that
H(CH,CH,)N(Pr), oligomers (o = 10-17)1* Furthermore, steri- one amine functional group caps each polyethylene chain.
cally encumbered and acidic HN(SiN)€Bu) effects rapid chain Polymerization and product characterization data (Table 1) reveal
termination with slow ethylene propagation, while less bulky, less reasonable polymerization activities and surprisingly high product
acidic HN(Pr), and HN&ecBu), effect very rapid chain termina-  molecular weights. Narrow monomodal polydispersities are also
tion.2* Nevertheless, as we report here, it is possible to find amines observed in the present polymerization systems, consistent with
with the correct balance iifii versusiii rates, and lanthanocenes single-site processes. Assuming for any given reaction, constant
efficiently mediate the aforementioned coupled transformations in [catalyst] and [ethylene], and that rapid reinitiation occurs after chain
the presence of dicyclohexylamine to afford high molecular weight transfer, where aminolysis is the dominant chain transfer pathway,
amine-terminated polyethylenes. product polymeiM, should be inversely proportional to [dicyclo-
All polymerizations were carried out at 2& with Cp,LnCH- hexylamine], which is the case (Table 1, entries95 Figure 2),
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Table 1. Organolanthanide-Mediated Ethylene Polymerization in
the Presence of Dicyclohexylamine

[precat] [(CeHip):NH] activity? — M,° Tn?

entry  precatalyst? (uMm) (mM) (x10%)  (x10%) M, M,c T (°C)

1 Cp.LurR 370 34 <0.02 - = 24 -

2  Cp2YR 330 34 0.0% - = 24 -
3  Cp.SmR 330 34 0.70 260 2.7 24 138
4 CpslaR 360 34 1.00 200 25 24 138
5 CpzlaNCy, 330 8.4 250 1100 2.0 24 139
6 CpzlaNCy, 290 20 203 270 21 24 138
7 CpslaNCy, 350 42 091 130 1.7 25 139
8 CpsLaNCy, 360 84 0.20 91 16 25 137
9 CpslaNCy, 360 126 0.10 53 2.1 24 138

aCp = MesCs; polymerization conditions: 30 mL of toluene, 90 min.
b Units = g/(mol Ln-atm ethylenen). ¢ By GPC in 1,2,4-trichlorobenzene
vs polyethylene standard$By DSC. ¢ Trace yields of polymer obtained
(<10 mg). Cy= cyclohexyl; R= CH(TMS), or secondary amine.
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Figure 1. (a) ™H NMR (400 MHz, GD,Cls) spectrum and (b}3C NMR
(100 MHz, GD,Cl4) spectrum of a dicyclohexylamine-capped polyethylene
(Mn = 131 600) produced by Cjha-mediated polymerization.
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Figure 2. Relationship of polyethylene number-average molecular weight

(GPC versus polyethylene) to inverseskz1).NH concentration at fixed
catalyst and ethylene concentrations.

supporting the mechanism in Scheme 1. Similar to the metal ion

aminationt® larger lanthanides exhibit the greatest polymeri-
zation activity: La> Sm>> Y/Lu.1% In Cp,.LnNCy, systems, where

Ln =Y, Lu, only minor quantities of polymer are produced, likely
reflecting the steric constraints around these smaller metal centers
which apparently hinder€C insertion into the Lr-amido active
species or render repetitive=C insertions sluggish.

In conclusion, these results demonstrate that, despite kinetic
disadvantages with respect to-£@ protonolysis by amines, careful
amine chain transfer agent selection allows the efficient, catalytic
synthesis of dialkylamine-capped polyethylenes. This reaction is a
flexible and efficient method for incorporating electron-rich func-
tional groups into polyolefins.
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