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The vinyl acetate (VAc) radical polymerization initiated by V-70 at 30°C in the presence of [Co II (OPN)2] (OPN = deprotonated 9-oxyphenalenone), 1, leads to PVAc of lower molecular weight (MW) than expected for organometallic-mediated radical polymerization (OMRP), whether reversible termination or degenerate transfer conditions are used. This represents the first clear evidence of catalyzed chain transfer (CCT) in VAc polymerization. The bis-pyridine adduct [Co II (OPN)2(py)2], 2, shows a marginally lower polymerization rate and an increased CCT activity relative to 1, whereas the activity decreases with marginal effect on the polymerization rate upon addition of excess py. However, raising the temperature to 80°C (with AIBN as initiator) led to a low MW polymer even in the presence of a large py excess. The CCT was confirmed by 1 H NMR characterization of the chain ends and by a MALDI-TOF MS analysis of the recovered polymer. The collective trends are consistent with greater CCT activity for the 5-coordinate complex [Co II (OPN)2(py)] relative to 1 and 2. The presence of py association/dissociation equilibria relating these three complexes was confirmed by a 1 H NMR investigation.

Reversible deactivation radical polymerization (RDRP) is now a mature discipline. In this realm, the contribution of metal complexes Mt x /L as mediators is widely recognized, particularly when these act as catalysts via the mechanism known as Atom Transfer Radical Polymerization (ATRP). [START_REF] Matyjaszewski | Atom Transfer Radical Polymerization (ATRP)[END_REF][START_REF] Satoh | Transition Metal Complexes for Metal-Catalyzed Atom Transfer Controlled/Living Radical Polymerization[END_REF] However, direct trapping of the growing radical chain Pn • to afford an organometallic dormant chain Pn-Mt x+1 /L, now known as Organometallic Mediated Radical Polymerization (OMRP), [START_REF] Poli | [END_REF] has also demonstrated utility even though a stoichiometric Mt x /L amount relative to the number of chains is needed. [START_REF] Poli | Organometallic Mediated Radical Polymerization[END_REF][START_REF] Poli | Organometallic Mediated Radical Polymerization[END_REF] This mechanism was shown to operate for many metals, e.g. Mo III and Fe II , [START_REF] Grognec | [END_REF][7][8][9] but is most successful with systems based on Co II , for which the term "Cobalt-Mediated Radical Polymerization" (CMRP) is also often used. 10 A major interest in OMRP comes from the fact that it provides better control for certain less reactive monomers such as vinyl acetate (VAc). 11 The first successful CMRP of VAc was reported in 2005 using [Co II (acac)2] (acac = acetylacetonato) as mediating agent 12 and was later shown to occur essentially only by degenerative transfer (DT) in the absence of additional coordinating molecules, 13 whereas the presence of pyridine, water, or other donors shuts down DT and activates the reversible termination (RT) mode. 14 Other Co II complexes were also shown to control PVAc growth by OMRP-DT in the absence of coordinating molecules 15,16 and slow OMRP-RT in their presence. 17 For certain monomers, OMRP suffers from an interplay with catalytic chain transfer (CCT) 18,[START_REF] Slavin | Cobalt-Catalyzed Chain Transfer Polymerization: A Review[END_REF] depending on the metal and ligands. Methacrylates, for instance, are more prone to undergo CCT than acrylate or styrenic monomers. CCT is beneficial, however, for the generation of chain-end functionalized low molecular weight polymers for applications such as surface grafting or as macromonomers for further polymer synthesis. 18 With the exception of a claim in an early patent, [START_REF] Janowicz | [END_REF] there has been no report of CCT in VAc polymerization. Indeed, VAc addition was shown to reduce or stop the CCT for other monomers. [START_REF] Slavin | Cobalt-Catalyzed Chain Transfer Polymerization: A Review[END_REF] Only for complex [Co II (tmhd)2] (tmhd = 2,2,5,5-tetramethylhexanedionato), a bulkier analogue of [Co II (acac)2], MWs slightly below those expected for one chain per Co atom were reported at high conversions and CCT was suggested but not demonstrated. 13 We report here, for the first time, clear evidence of CCT in VAc polymerization using a cobalt system based on 9-hydroxyphenalenone (OPN). We will show the critical role of the metal-bond strength and of pyridine coordination. The complexes used in this study are shown in Scheme 1.

The VAc bulk polymerization initiated by excess V-70 (2 or 4 equiv vs. 1, suitable for OMRP-DT) 14 at 30°C (t1/2 = 10 h) in the presence of 1 (VAc/Co ratio = 500) is quite different from the [Co II (acac)2]-and [Co II (tmhd)2]-mediated polymerizations under identical experimental conditions. 12,13,[START_REF] Kaneyoshi | [END_REF]22 Notably, no induction period was observed (Figure 1S). The polymerization controlled character is suggested by the initial increase of the polymer MWs with conversion, though not in correspondence to the theoretical values, and by the low initial Ð values (ca. 1.2, Figure 1). The MWs fall slightly below the predicted values at high conversions (see the SI for representative SEC, Figure 2S, and other analytical data, Table 1S). The absence of an induction time signals a weaker Co III -PVAc bond in the OPN dormant species relative the acac and tmhd systems and suggests dissociative activation (OMRP-RT). Indeed, using a stoichiometric radical amount (V-70/1 = 0.6; Figure 1 and1S) yields a slower but sustained polymerization even well beyond 10 initiator halflives. The occurrence of OMRP-RT is also consistent with the linear 1 st order monomer consumption plot (Figure 1Sb). Interplay of the two OMRP modes (RT and DT) has also been previously shown for other systems. 13,23,24 Comparison of the effective polymerization rates in the OMRP-RT regime relative to those reported in previous work 13 indicates a decrease of (X)2Co-PVAc homolytic bond strength as X changes in the order acac > tmhd > OPN.

Polymerizations mediated by complexes 2 and 3 show marginally different kinetic profiles (Figure 3S, Table 2S) relative to that of 1. The rate of polymerization also remains essentially unchanged in the presence of excess pyridine (30 equiv), whether with a stoichiometric or excess amount of radicals (Figure 4S; Tables 2S and3S). This behavior is again quite different from those of the [Co II (acac)2]-and [Co II (tmhd)2]-mediated polymerizations, where py leads to OMRP-RT and shuts down OMRP-DT. This suggests that the Co II -py bond is also weaker in 2 than in the acac and tmhd analogues (confirmed by a 1 H NMR study of 2 in the presence of excess py, see SI). The py addition, however, has a notable effect on the polymer MW (Figure 2). The initial (<20% conversion) poorly controlled phase, indicated by the greater MW relative to the theoretical values, is at least partially due to the poor solubility of compounds 1 and 2 in the bulk monomer at low temperatures. The solutions become homogeneous at higher conversions as the complex is incorporated in the polymer chains. However, in each case, the MW does not further evolve with conversion. This suggests the occurrence of CCT (see Figures 5S and6S for representative SEC of the isolated polymers). The MWs are lower at greater V-70/Co ratio and lowest for the experiments run with 2 and no added py. The most dramatic effect is observed on going from 1 to 2, cf. Figure 2 and Figure 1, while further addition of excess py raises the MWs.

The observed polymerization rate trends may be rationalized on the basis of the established CMRP mechanism (Scheme 2) and the lower Co II -py, Co III -py, and Co III -PVAc bond strengths for the OPN system. In the absence of L, OMRP-RT involves A on the active side and D on the dormant side, further stabilized by ultimate monomer chelation to yield 6-coordinate F. [25][26][27] The combination of chelation and intrinsic PVAc-Co III bond strength are of key importance to rationalize the interplay of OMRP-RT and OMRP-DT for the acac 14 and tmhd systems. 13 For the OPN system, the same interplay occurs but with greater RT contribution. The L presence shifts the Co II system towards the bis-L adduct C and the Co III system towards the L-adduct E, activating OMRP-RT because the Co II side is stabilized more than the PVAc-Co III side. [START_REF] Debuigne | 236th ACS National Meeting[END_REF] Strong L binding in E also eliminates the empty coordination site and thus shuts down OMRP-DT. 13,14 For the OPN system, however, the the py-Co interaction is weak for both Co II and PVAc-Co III systems and the polymerization rate is little affected. Therefore, whether py is present or not, the dominant species are D/F on the dormant side and A on the active side, with only a minor contribution of B, C and E when py is present. Of major relevance, the Co III -PVAc bond weakness allows the presence of a greater amount of the Co II species (CCT catalyst).

The py effect on the MW may be rationalized on the basis of Scheme 3. H atom transfer may occur for A to yield [H-Co III (OPN)2] (G) and for B to yield [H-Co III (OPN)2(py)] (H), but C has no residual coordination site and cannot contribute to CCT. As shown by [START_REF] Matyjaszewski | Atom Transfer Radical Polymerization (ATRP)[END_REF] H NMR (SI, Figure 7S) and by the small py effect on the polymerization rates, C is not strongly favored even in the presence of a large py excess. Hence, CCT can still take place in the presence of 30 equiv of py. However, the CCT activity reduction is consistent with the decrease of the fraction of the active species A and B. The greater CCT activity for 2 relative to 1 suggests that B is a better catalyst than A. Four types of chains are expected in the presence of CCT: two types of α-chain ends (R0 from the initiator and H from the transfer process) and two types of ω-chain ends (Co III (OPN)2 from the controlled chain growth and CH=CHOAc from the transfer process). Direct evidence for the R0 αchain ends and the Co III (OPN)2 ω-chain ends was gathered by 1 H NMR (Figure 7S), but the resolution is insufficient to reveal the unsaturated ωchain ends. Hence, we strived to generate shorter MW polymers. New polymerizations were carried out at 80°C with AIBN initiation and with a much greater py excess (210 equiv) to increase solubility. The negative effect of the greater py/Co ratio on the active catalyst B fraction (Scheme 3) should be compensated by the thermal effect on py dissociation. Indeed, the procedure (kinetics in Figure 8S) led to a polymer for which the unsaturated ωchain ends could be observed by 1 H NMR after quenching with TEMPO (Figure 9S), while both R0 and H α-chain ends were observed by MALDI MS after quenching with PrSH (Figure 10S).

In conclusion, we have reported here for the first time clear evidence of CCT for the radical polymerization of vinyl acetate. It is of relevance that H-atom transfer from CH3CH • (OAc) (a model of the growing PVAc • chain) to [Co II (porphyrin)] has a low barrier according to a DFT study, [START_REF] De Bruin | [END_REF] but CCT with porphyrin systems has not been observed for the VAc polymerization, most likely a consequence of the stronger PVAc III -Co bond. 15 On the other hand, a significant concentration of the Co II chain transfer catalyst is allowed by the weaker PVAc-Co III (OPN)2 bond. The observed trends point to [Co II (OPN)2(py)] as the most active catalyst. It will be of interest to develop other 5coordinate Co II complexes for CCT activity optimization.
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Scheme 1 .

 1 Scheme 1. Structure of [Co II (OPN)2], 1, and its bis(ligand) adducts with pyridine and water.

Figure 1 .

 1 Figure 1. Dependence of Mn and Ð of PVAc on monomer conversion for the bulk VAc polymerization mediated by 1 at 30 °C (VAc/1 = 500). V-70:1 = 4 (•), 2 (■), 0.6 (▲). The straight line represents the theoretical Mn, based on one chain per Co atom.

Figure 2 .Scheme 2 .

 22 Figure 2. Dependence of Mn and Ð of PVAc on monomer conversion for the VAc polymerization mediated by 2 in bulk at 30°C (VAc/2 = 500) in the absence (open symbols) and presence (30 equiv, black symbols) of excess py. V-70/2 = 0.6 (□, ■), 4 (○,•). The straight line represents the theoretical Mn, based on one chain per Co atom.

Scheme 3 .

 3 Scheme 3. Mechanism of [Co II (β-diketonato)]-or [Co II (OPN)2]-catalyzed chain transfer (CCT) in VAc polymerization and effect of L coordination. The X and L symbols have the same meaning as in Scheme 2.
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