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Atropos Polymerization: Controlled Polymerization by Programmed Termination
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Modern polymer chemistry provides powerful means for precise synthesis of

polymers with controlled molar masses and end-functionality. Among them, "living polymerization® has
been the key concept leading this field of precision polymerizations. For end-fuctionalization,
however, it requires stepwise addition of terminating agent ("T") after the complete monomer
consumption. In this work, in sharp contrast, we have developed a new concept of controlled
polymerization involving programmed termination, named "Atropos polymerization®, in which all
reagents including "T" are mixed and the initiation takes place in the presence of "T". Typically, a
mixture of (meth)acrylate monomers and "T" with much lower reactivity was added to the initiator.
The polymerization proceeded in a living manner until the complete monomer consumption, and then the
termination followed to yield the respective end-functional polymer. The Atropos system was
extended to the syntheses of block and graft copolymers.
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(a) Conventional polymerization: Stepwise addition
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o ® Et
CHs CH§:<O Li ,AL Table 1. Atropos polymerization of MMA initiated by
CH,=C cH. o o © Li-#PrIB / EtAI(ODBP), in toluene at —78 °C for 24 h
é=0 s DT and then at 0 °C for 24 h.?
OCH, Li-iPriB EtAI(ODBP), Run T Conv. /% M, UM, F/%
MMA toluene, 78 °C, 24 h 1 - 95 4100 1.13 -
2 T2 36 1900 1.48 36
CH, cH, “MMheHe? 3 3 95 6500 1.45 65
T CHa—C—CHp—C—CHp—C 4L T4 98 6500 1.15 69
. T L L Toluene 5.0 mL, MMA 5.0 mmol, [T], / [MMA], / [EtAIODEP],
¢=0  ¢=0 ¢=0 ?[L?-lﬁﬁa]u e ey gty T/ TAL 7T !
Q OCH3 0 b) MMA 3.0 mmol, [T], / [MMA], / [EtAIODBP], / [Li-iPriB], /
GH*(‘)*CHg CH3*(‘3*CH3 =3/30/5/71.
g CHs ChHs . Table 2. Effects of temperature in the Atropos
O/ polymerization of MMA.?
o Br oﬁ CH o Run Temp / °C Conv. /% M MM,  F /%
° 5 —78 76 5000 1.14 1
o o o o 6 —40 100 5700 1.13 64
o g g 1o 7 0 99 5700 1.28 76
) )( )( \ g° 30 98 6400 1.34 59
a) Toluene 5.0 mL, MMA 5.0 mmol, [T], /7 [MMA], / [EtAI1(ODBP),],
/ [Li-iPriBl, / =3/ 25/ 5/ 1, 48 h.
| ™ T2 T3 T4 ] b et
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Table 3. Anionic polymerization with BA ini-
tiated with Li-#PriB/ EtAI(ODBP), in toluene at
-60 ° C for 1 h.?

Run T  Process Conv. M, MM, F
/% /%

9 - 100 3500 1.22 -

10° T1 Sequential 100 12100 1.12 80

11 T1 Atropos 100 4400 1.49 93

12¢

13 T5 Atropos 21 9400 1.99 94

a) Toluene 5.0 mL, BA 3.0 mmol, [Li-#PriB],
/[EtA1(0DBP),],/[BA],/[T], = 1/5/30/3. b) [Li-iPriB],
/[BA], = 1/50.
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