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Most stereoregular vinyl polymérsvith configurational main- Chart 1. Synthesis of Right- and Left-Handed Rigid Helical
chain chirality cannot be optically active even with significant Poly(N,N-Diaryl Acrylamide)s and Their Rigid-Coil Block
asymmetric induction at the stereogenic centers of the main chainCopolymers with P(MMA).
because they possess mirror planes of symmetry, excluding chain-
end and chiral side groupgsChiral template polymerization and %Ne&cﬂw@/@‘ 3 \
asymmetric cyclopolymerization present two unique strategies >=<°2j>‘?\> VIII*
leading to chiral polymer&for tactic vinyl polymers without com- ‘}\Q\C@
plex configurational architectures, single-handed helical conforma- Z,M F Y58 \
tions can render their optical activityMany stereoregular vinyl AN AN AT N Z;@@ MeG  MeO Ar—N

9,
polymers adopt helical conformations in the solid state (e.g., iso- e LN

A \Arph N\Ar
tactic polypropylene,it-PP); however, such solid-state helical ‘L‘:‘-‘. G”ioﬂ\@\ L‘:‘_‘
conformations cannot be maintained in solution because of the fast @-26
solution dynamics of the polymer chain. Thus, th®P produced
by an optically active zirconocene catalyst can exhibit a large optical We have recently developed the living and stereospecific
rotation in suspension, but the optical activity is lost when the coordination polymerization dfi,N-dialkyl acrylamide¥ using the
polymer is completely dissolved or heafe@kamoto and co- highly active racemicF@,RS,S_-ansazirconocenium ester enolate
workerg:46 pioneered a strategy addressing the above issue; theycatalyst (EBI)Zr(THF)[OC(OPr=CMe][MeB(CeFs)s] ~ [1; EBI
employed achiral vinyl monomers incorporating bulky side groups = C2Ha(7>Ind),]** under ambient conditions; the polymer produced
(e.g., triarylmethyl methacrylateandN,N-diaryl acrylamided so has a quantitative isotacticitynn] of >99%, a controlled number-
that the helical conformation is sustainable in solution even at room average molecular weighth), a narrow molecular weight distribu-
temperature by steric repulsion of the bulky side groups of the tion (MWD)of1.07, and a high melting-transition temperaturg)(
highly isotactic polymers accessible through the so-called helix- ©f >306 °C. To examine the catalyst reactivity towaxd\-diaryl
sense-selective polymerizatién. acrylamlde§ for‘ rendgrlng solution helical conformatlons of t.he
Asymmetricanionicpolymerization by chiral organolithium initi- ~ cOrresponding isotactic polymers, we polymerized DPAA using
ators was utilized to convert prochiral functionalized vinyl mono- rac-1 to produce rigid helical P(DPAA) (runs 1 and 2, Table 1)

mers such abl,N-diphenyl acrylamide (DPAA) to optically active with T’“""X_ (maximum rate decomposition temperatu_re) as high as
polymers with rigid one-handed helical conformation in solutién. 484 °C in a narrow, one-step decomposition windgwThe

However, such polymerization must be carried out at low temper- Pr(le?cftﬁj'?\rz pltr(sxgﬁec(: I\I/ISV\/mnS;ZEsllﬁelrgef\?smt:nogP(ggilgforzci)r:v?m?t'
atures {78 °C or lower) to achieve an appreciable level of polym- p 9 y ’ gy

erization control as well as the polymer isotacticity and optical o> converted to poly(methyl acrylate) by treatment with concen-
activity. Furthermore, in the chirgl-i?]/itiator-controlleyd ol rr?eri- trated HSQ, in MeOH at 90°C for 24 h, followed by methylation
Y- ’ poly with CH,N,.82 The measured/, and M,/M, values of the poly-

zattion trle. gnzhaltpmg mor;omefr expfetrrl]ences yarlei qe?reetsh()f(methyl acrylate) derivative (runs 1 and 2) demonstrate the
asymmetric induction as a function ot the growing chain fength, controlled/living nature of the DPAA polymerization.

giving rise to a large disparity in stereoregularity and optical activity To produce optically active P(DPAA)s with excess one-handed

of the_ pqumer; even _in th_e chi_ral-ligand-controlled anioni_c PO~ helices, enantiomeric catalys®,R- and 6,3-1 are required. They
lymerization, such a disparity still existdHence, a hypothesized were obtained by two mirror-image syntheses of 11 stégirting
ideal asymmetric polymerization system for the synthesis of optic- £om enantiomeric 2,4-pentanediol 8,R- and 6,3-(EBI)ZrCl,

ally active polymers from achiral vinyl monomers should possess sing jordan’s chelate-controlled synthé3iie enantiomeriansa

the following advanced features: (a) the reaction can be carried zirconocene dichlorides were then transformed to enantiomeric
out at ambient or higher temperatures; (b) it exhibits a high degree neytral methyl ester enolate precatalys&Rpred, [o]2%% =

of polymerization control and high stereospecificity; and (c) the —285; S Spre-, [0]2% = +290°) and last to the cationic ester
reaction proceeds in a manner such that each enchaining monomegnglate catalystsx(R-1 and 8,3-1, following our established route
must coordinate to the chiral catalyst center before enchainmentfor the synthesis ofac-1.1114

and is regulated by the same degree of chiral induction of the same  pPolymerization of DPAA by $,9-1 and R®,R-1 successfully
asymmetric center, thereby producing chiral polymers of uniform afforded optically active, one-handed helical P(DPAA)s. Specifi-
asymmetric induction. Communicated herein is suchgymmetric cally, the enantiomeric catalysts produce the P(DPAA)s of opposite
coordination polymerizatiosystem rendered by enantiomegitsa optical rotations (run 3 vs 4); the P(DPAA)s also exhibit opposite
zirconocenium ester enolate catalysts for the synthesis of optically optical rotations to those of the respective catalysts used, thereby
active helical poly{l,N-diaryl acrylamide)s and their block copoly-  arguing against a possibility that the optical activity could arise
mers with methyl methacrylate (MMA) (Chart 1). from the catalyst residue (although it was carefully removed during
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Table 1. Results of Asymmetric Polymerization of N,N-Diaryl 100
Acrylamides by 12
run catalyst yield®  107*M,°  MWwWD® [o]%p 50 -
no. M/co-M MI[1] form (conv)  (g/mol) (MM,  (deg)
1 DPAA 50 rac 96 1.03 113 0.0 ? . ﬁn 2l
2 DPAA 200 rac 97 3.85 1.03 & WWJ i
3 DPAA 50 SS9 n.d. nd. —155 8 .
4 DPAA 50 RR 97 n.d. nd. +195 50 1
5 MMA/DPAA 400/50 rac >99 105 172 0.0
6 MMA/DPAA 400/50 S,S >99 108 1.76 -85
7 MMA/DPAA 400/50 R,R  >99 122 1.76 +11.0 100
8 PTAA 50 rac (100) n.d. n.d. 0.0 275 295 315 335 355 375
9 PTAA 50 S,S  (100) nd. nd. —159 200 Wavelength (nm)
10 PTAA 50 R,R  (100) nd. nd. +180
11 MMA/PTAA  400/50 rac >99 947 161 0.0 150
12 MMA/PTAA 400/50 S,S  >99 117 152 —27.0 100
13 MMA/PTAA 40050 R,R  >99 116 153 +32.0 - 5
K]
aCarried out in 5 mL of CHCI, at ambient temperature for 10 min (for § 0 ki ==
MMA) or 3 h (for acrylamides)® Isolated polymer yield or monomer O 50
conversion in parenthesis, (conv), measuredWMR. ¢ Determined by 100
GPC relative to P(MMA) standards; results for runs 1 and 2 were based on
poly(methyl acrylate) derivative. -150
-200
150 275 295 315 335 355 375
Wavelength (nm)
1001 Figure 2. CD spectra of P(PTAA) (top) and P(MMA)-b-P(PTAA) (bottom)
50 - by catalyst §9-1 (red), rac-1 (green), andR,R)-1 (blue).
b
§ 01 ' In summary, we have developed the asymmetric coordination
© 50 4 polymerization of functionalized alkenes using enantiomanica
100 4 zirconocenium ester enolate catalysts for the synthesis of optically
active, rigid one-handed helical poly(acrylamide)s and their co-
150 polymers with random-coil methacrylate blocks under ambient
275 295 315 335 355 375 L. . .
Wavelength (nm) conditions. Embraced by its three advanced features, this polym-
Figure 1. CD spectra of P(MMA)s-P(DPAA) by catalysts$9-1 (red), erization should offer excellent opportunities for the production of
rac-1 (green), andR,R)-1 (blue). optically active chiral polymers from other types of achiral

monomers via asymmetric polymerization catalysis mediated by
the workup procedutd. To overcome the solubility issue of helical ~ readily available chiral metallocene catalysts.
P(DPAA), we synthesized the flexible random egilgid helical
block copolymer P(MMA)b-P(DPAA) (Chart 1; Table 1, runs
5—7). The copolymer is soluble in CHglenabling direct GPC
analysis. Based on linear P(MMA) standards, the measured MWs
of the copolymers produced by all three forms of catalystre Supporting Information Available: Experimental details. This
~20 times higher than the calculated, most likely due to the large material is available free of charge via the Internet at http:/pubs.acs.org.
hydrodynamic volume of the rigid-rodlike helical P(DPAA) block
and association of the chains. For the reason described above, th&eferences
P(MMA) (MWD = 1.04) derived from the enantiomeric catalysts (1) Farina, M.Top. Stereocheni987 17, 1-111.

i i ; i i i (2) Okamoto, Y.; Nakano, TChem. Re. 1994 94, 349-372.
is optically inactive. On the other hand, the optical activity of (3) (a) Coates, G. W.: Waymouth, R. M. Am. Chem. S0d993 115 91—
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P(MMA)-b-P(DPAA) hinges on the nature of the catalyst; while 98. (b) Wulff, G. Angew. Chem., Int. Ed. Engl989 28, 21—-37.
_ i i i _ - (4) Nakano, T.; Okamoto, YChem. Re. 2001, 101, 4013-4038.
rac-1 affords the optlcally InaCtlve. COpOl.yme'S(S _l and R’R 1 (5) Kaminsky, W.Angew. Makromol. Cheni986 145/146 149-160.
lead to the copolymers of opposite optical rotations (run 6 vs 7). () Okamoto, Y.J. Polym. Sci., Part A: Polym. Cherg004 42, 4480~
i ir ci i i 4491.
These results w_ere further (_:onflrmed by thelr_ (_:lrcular_ dichroism (7) (a) Nakano, T.; Okamoto, Y.: Hatada, & Am. Chem. S0d992 114
(CD) spectra (Figure 1) which show no, positively signed, and 1318-1329. (b) Okamoto, Y. Suzuki, K.; Ohta, K.; Hatada, Yuki, K. H.
negatively signed Cotton effects for the copolymers produced by J. Am. Chem. S0d.979 101, 4763-4765.
. (8) (a) Shiohara, K.; Habaue, S.; Okamoto,Palym. J.1998 30, 249-255.
rac-1, (S,9-1, and R,R-1, respectively, and that the latter two are (b) Okamoto, Y. Hayashida, H.; Hatada, Rolym. J.1989 21, 543—
near mirror images of each other. 549, (c) Okamoto, Y.; Adachi, M.; Shohi, H.; Yuki, HPolym. J.1981,
We al ined possible modulation of optical activity of th 1311
€ also examined possibie modulation ot optical acivity OTtne gy For selected recent examples of helix-sense-selective polymerization,
polymer by unsymmetrical substitution of the phenyl groups of igt; 2(?)32511@:4;.-@;50)/!6698;$ov,\z]1k, Bk WEA'{/nU. CAhemC.r?o@O%S
B : - . f . 1lan, G.; Lu, Y.; Novak, B. . AmM. em. S0cC.
poly(N,N-diaryl acrylamide)s. To this end, we extended this 2004 126, 4082-4083. (c) Hoshikawa, N.; Hotta, Y.; Okamoto, ¥.
asymmetric coordination polymerization systeniNtphenylN-(4- Am. Chem. So2003 125 12380-12381. (d) Aoki, T.; Kaneko, T.;
tolyl)acrylamide (PTAA)2 Specifically, polymerizations of PTAA hcﬂﬁé%éggc'zl\lobasfgnal' Qé;lgf"égﬂ‘;‘?h" M.; Sato, T.; Teraguchi,JMAm.

by rac-1, (S,3-1, and R,R-1 are as effective as the DPAA (10) (a) Mariott, W. R.; Chen, E. Y.-XMacromolecules2005 38, 6822-
polymerizations, producing rigid helical P(PTAA) and random coil- 1) %%?ié Zgoé'?'éhfn‘llgﬂfii Am. Chem. S0@004 126, 4897-4906.

rigid helical P(MMA)-b-P(PTAA) whose screw-sense helices are  (12) See Supporting Information for experimental details and further results.
determined by the form of the catalyst employed (rua<8). Of (13) LoCaco, M. D.; Jordan, R. HI. Am. Chem. So2004 126 13918-

13919.
significance in this study are the observed considerably higfjé| (14) Mariott, W. R.; Rodriguez-Delgado, A.; Chen, E. Y.®acromolecules
values and CD intensities (Figure 2) for the PTAA-based polymers 2006 39, 1318-1327.
than for the ones derived from DPAA. JA072073P
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