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I. Determination of Kytrp when ([Mt“L,]o # [RX]o)
When an excess of alkyl halide initiator to activator is employed, the values of a function
F([XMt*"'L,]) defined in Eq. (1S) are plotted against time, and Katgrp is obtained from the slope of

the linear dependence.
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I1. Electronic Spectra
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Figure 1S. 1.00 mM electronic spectra of (left) CuBr,(BPMODA) and (right) CuCl,(BPMODA).
Change in absorbance at 820 and 790 nm, respectively, later followed when determining K rgp

(corresponding Cu' species do not significantly absorb at these wavelengths).
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Figure 2S. 1.00 mM electronic spectra of OsBr,(PPh;3); . Change in absorbance at 705 nm later

followed when determining Karrp (corresponding Os™ species does not significantly absorb at

705 nm).
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Figure 3S. 1.00 mM electronic spectra of (a) OsBr(Cp*)P'Pr; and (b) OsBry(Cp*)P'Pr;. Change

in absorbance at 385 nm later followed for determination of Ktrp.
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Figure 4S. Determination of Kxrgp for the reaction of RuCl(Cp*)P'Pr; (1.09 mM) with 1 eq.

EtCIPhAc in THF: a) accumulation of Ru'' deactivator with time and b) plot of

F([RuCly(Cp*)P'Pr3]) against time.
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Figure 5S. Determination of Kxrrp for the reaction of OsBr(Cp*)P'Pr; (1.27 mM) with 1 eq.

PEBr in THF: a) accumulation of Os™ deactivator with time and b) plot of F([OsBry(Cp*)P'Pr3])

against time.
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Figure 6S. Determination of Krgp for the reaction of OsBr(Cp*)P'Pr; (0.884 mM) with 1 eq.

BzBr in THF: a) accumulation of Os™ deactivator with time and b) plot of F([OsBry(Cp*)P'Pr3])

against time.
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Figure 7S. Determination of Kargrp for the reaction of CuBr(BPMODA) (2.14 mM) with 10 eq.

PEBr in THF: a) accumulation of Cu" deactivator with time and b) plot of

F([CuBr,(BPMODA)]) against time.
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Figure 8S. Determination of Karrp for the reaction of CuBr(BPMODA) (0.94 mM) with 1 eq.

EtBrPhAc in THF: a) accumulation of Cu" deactivator with time and b) plot of

F([CuBr,(BPMODA)]) against time.
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Figure 9S. Determination of Katgrp for the reaction of CuCI(BPMODA) (1.28 mM) with 50 eq.

PECl in THF: a) accumulation of Cu" deactivator with time and b) plot of

F([CuCl,(BPMODA)]) against time.
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Figure 10S. Determination of Katrp for the reaction of OsBry(PPhs); (1.56 mM) with 50 eq.

EtBrPhAc in THF: a) accumulation of Os" deactivator with time and b) plot of

F([OsBr3(PPhs);]) against time.
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IV. Polymerization Data
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Figure 118. [Sty] : [PEBr] : [OsBrCp*P'Pr3]: [OsBr,Cp*P'Prs]:

10 % diphenyl ether internal standard.
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Figure 12S. PREDICI Simulation of Os catalyzed ATRP of Sty; [Sty] : [PEBr] : [Mt"]: [Mt“]:
=200:1:1:0.1, 60°C, bulk; Katrp = 3x107, Koot = 30 M's™, Kgeaer = 1x10° M's™, k, = 340 M”
s k= 1x10* M's™, ko = 1x10° M''s™ (where kp 1s the styrene propagation rate constant’, ki is
the termination rate constant for polymeric radicals,2 kio 1s the termination rate constant for small
molecular radicals,3 “ and where Kact and Kgeaet Were estimated from other catalysts with similar

Katrp Valuess’6).
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Figure 13S. [Sty] : [OsBr(Cp*)P'Pr3]: [V-70]: =200 : 1 : 2/3, 60°C, bulk, 10 % diphenyl ether

internal standard.
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V. Chain End Analysis
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Figure 14S. 300 MHz 'H NMR spectra in (CD3),CO of (top) PSty-Cl macroinitiator generated
under ATRP conditions ([Sty]: [OsCly,(PPhs)s] : [PECI] =200 : 1 : 1, 100 °C, bulk, 30 min),
~4200 g/mol; and (bottom) polystyrene generated under OMRP conditions ([Sty]:

[OsCLy(PPhs)s] : [AIBN] =200 : 1 :2/3, 100 °C, bulk, 30 min), ~10,000 g/mol.
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Figure 15S. (dashed line) Polystyrene macroinitiator (PSty-Br) generated under ATRP
conditions with OsBr(Cp*)P'Pr; ([Sty] : [PEBr] : [Os"] =200 : 1 : 1, 60°C, bulk, 6 h.); (solid
line) CuBr(BPMDOA) chain extended polystyrene ([Sty]:[PSty-Br]:[CuBr]:[CuBr;]:[BPMODA]

=200:1:1:0.1:1.1, 100 °C, bulk, ~20 h).

VI. PREDICI Simulations Concerning Coupled ATRP/OMRP Equilibria.

With the ultimate objective of identifying how the interplay of OMRP and ATRP might effect
the determination of Kargrp in this manuscript, a series of styrene polymerizations was modeled
using PREDICI. First, a large range of equilibrium and rate constants was identified for which the
fraction of Mt-capped living chains varied from ~0.4% - 50% during the polymerization, the latter
being the maximum value possible for a system employing 1 : 1 = Mt : R-X (note, it was observed
experimentally that < 1 % of the living chains in ATRP experiments with Os were actually Os-
capped). Constant values of ke, Kgeact, and therefore Karrp (10 M'ls'l, 1x10° M'ls'l, 1x107 ,
respectively) were employed in all the simulations. Meanwhile, several different values of Komrp

were studied, and several values of k, and kgiss were used for each value of Kowmrp. In this way, the
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relative concentration of R-X and R-Mt in the polymerization could effectively be governed (Table

1S).
Table 1S. PREDICI simulations for styrene polymerization @ 60 °C.
[Sty]:[PEBr]:[Mt] = 5 M : 0.025 M : 0.025 M
Katrp = 1x107 (Koot = 10 M8, Kgeace = 1x10° M 's™)
keM's™T) | Kqiss (s7) Komrr (M) Fraction of Mt-Capped Living Chains
(at 10 % monomer conversion)
1x10° 1000 1.3%
1x10° 10 1.3%
1x10* 0.1 1x10° 1.3%
1x10? 0.001 1.3%
10 0.0001 0.4%
1x10° 100 13%
1x10* 0.01 1x10° 12%
1x10? 0.0001 3%
1x10° 001 1x10" 50%

k, = 340 M k= 1x10° M''s™, ko= 1x10° M''s" (where k, is the styrene propagation rate
constantl, k¢ is the termination rate constant for polymeric radicals,2 ki 1s the termination rate

constant for small molecular radicals,3 4
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Next, model ATRP experiments with metal catalyst and PEBr initiatior (but no monomer) were
simulated at room temperature. Contribution from OMRP was included for every entry in Table 1S.
Note, that unless trapping of R* by metal is totally irreversible, the reaction will eventually go to
100% accumulation of the ATRP deactivator. F(X-Mt) vs. time was then plotted according to Eq. (4)
for all of these model experiments.

In every case where the fraction of living chains capped by Mt was ~ 10 % or lower for the
polymerization experiments (i.e., the first 8 entries of Table 1S), it was found that the function in Eq.
(4) was linear with time, and Karrp determined from the slope was unaffected by the OMRP
equilibrium (representative examples are illustrated in Figure 16S). Only when very high values of
Komrp Were modeled (1x10'' M™), such that a large percentage of living chains were Mt-capped, did

the function in Eq. (4) become non-linear.
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Figure 16S. [Mt] = 1 mM, [PEBr] = 1 mM, 25°C, Katrp = 1x107, koo = 10 M™'s™, Kgeer =
M's™;  Left: F(X-Mt) vs. time according to Eq. (4); Right: Concentration of all Mt species with
time; Top: Komrp = 1x10° M ,ke=10 M" ls'1 Kgiss = .0001 ! (0.4% of living chains Mt-capped

in polymerization); Middle: Koyrp = 1x10° M, ke = 1x10* M's™, kgis = 100 5™ (13% of living
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chains Mt-capped in polymerization); Bottom: Koyrp = 1x10" M'l, k. = 1x108 M'ls'l, Kaiss =

.001 s (50% of living chains Mt-capped in polymerization)

VII. Theoretical Calculations.
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Figure 17S. Relative free energies of Ru and Os complexes used in this theoretical study. The

optimized geometries shown are those of the Os systems.
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The optimized geometry of the MtCly(PH3); corresponds very closely to the experimentally
available X-ray structure of the Mt catalyst. For the osmium complex,” the Os-Cl distances
[2.383(2) and 2.399(2) A] and the Os-P distances [2.410(2) and 2.366(2) A for the equatorial ligands
and 2.235(2) A for the axial ligand] compare very well with those obtained from the DFT
optimization. Note in particular that the Os-P distance trend (axial shorter than equatorial) is
correctly reproduced by the calculations. The equatorial Cl-Os-Cl angle [160.65(8)°] is equally well
reproduced, whereas the P-Os-P angle is substantially smaller in the experimental structure
[158.07(7)°], certainly a consequence of the greater steric repulsion between axial and equatorial
PPh; ligands. There is less steric repulsion for the related complex [OsCl,(PPh;),(=C=CHCMes)],
where the vinylidene ligand occupies the axial position [P-Os-P = 168. 13(2)°],% and consequently the
P-Os-P angle is much closer to that optimized for the OsCl,(PH3); model compound.

The model of the ATRP deactivator, [MtCl3(PH3);], can in principle adopt either a mer or a fac
structure.  For osmium, both are represented in crystallographically characterized [OsX3Ls]
molecules (X = halogen, L = neutral donor ligand). The mer family is larger, suggesting a greater
stability for this stereochemistry in general, but a notable example of a fac geometry is provided by a
tris-phosphine complex, fac-[OsC13(PE‘[2Ph)3].9 The DFT calculations indicate that the fac isomer is
slightly more stable with three PHj3 ligands (see Figure 8). In the mer isomer, the chemically
inequivalent Os-Cl bonds have distances quite close to each other, as experimentally found for mer-
[OsClipys] [average 2.36(1) A]" and for mer, trans-[OsCl3(PPhs),(NH3)] [average 2.362(2) A"
The chemically inequivalent Os-P bonds also have closely related distances, which compare with
those found in the above mentioned [OsCl3(PPhs),(NH;)] [2.411(2) A]'? and in the related complex
[OsBr3(PPh;),(CH;CN)] [2.418(3) A" The optimized geometry of fuc-[OsCl3(PHsz);] compares

quite well with that experimentally determined for fac-[OsCly(PEt,Ph)s],” for which the average Os-
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Cl and Os-P distances are 2.446(3) and 2.378(3) A, respectively. All in all, it seems that this
computational level affords optimized geometries in quite close correspondence with experimentally
available related ones. A small and systematic error in excess for the bond distances (always
contained within less than 0.1 A) is typical for this computational technique.

Contrary to Os, the fac-MtCl3(PH3); isomer for the Ru system is much higher in energy than the
mer isomer. This is in qualitative agreement with the observation that Ru forms a much larger class
of mer-RuX;L; complexes. A search on the Cambridge Crystallographic Database reveals only two
fac structures out of 72 hits for neutral RuX3;L3; molecules, corresponding to compounds where the
three L ligands are tied together in a tridentate capping ligand that cannot adapt to the mer
conformation, i.e. Ly = 1,4,7-trimethyl-1,4,7-triazacyclononane'* and N-(2’-pyridylmethyl)-(2R,5R)-
bis(methyoxymethyl)pyrrolidine."®

Finally, the model of the OMRP dormant species, [MtCLLR(PH3);], can adopt in principle either
one of three different configurations: mer,trans, mer,cis, and fac. The first one is shown by the DFT
calculations to be favored, even though by only a little margin relative to the fac structure for the

osmium system, as shown in Figure 8. There are no simple structurally characterized alkyl

I I

derivatives of Ru™ or Os™ that can be used for comparison. The closest related example appears to
be compound [OsBr(PPhs),(ap-Cl)] where ap-Cl is a doubly deprotonated Cl-substituted
arylazophenol (the deprotonated functions are the phenolic OH and an arene through ortho-
metallation).”> The calculations indicate that the 1-phenylethyl ligand exerts a significant trans

influence, since the trans Os-Cl (in the mer,cis isomer) or Os-P (in the other two isomers) bond is

significantly longer than the other bonds of the same type (see Table 3S).
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Table 2S. Cartesian coordinates for all DFT-optimized structures.
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.502986
.726335
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008885
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.977821
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.358696
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.305441
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.129314
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.399274
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mer-cis-RuCl,[CH (Me)Ph] (PHs) s

scf done:
C -0.
C -0.
C 1
C 2
C 2
C 1
C 3
Ru 4
P 6
C 4
Cl 5
Cl 6
P 3
P 3
H 3
H 4
H 5
H 5
H 3
H 1
H -0
H -0
H 1
H 2
H 3
H 3
H 6
H 7
H 6
H 2
H 3
H 2
fac-RuCl,
scf done:
C 0.
C
C
C
C
C
C
Ru
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.406564
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.709035
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.068735
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[CH (Me) Ph] (PH3) 3
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.017824
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.969218
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.008464
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.106446
.443240
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.671076
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.846836
.690323
.166214
.564662
.083748
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.257339
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.683206
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.514398
. 757565
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.424887
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.339500
.034318
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.347681
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.969044
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.056761
.881597
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.394964
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.410573
.304839
.721645
.410925
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.056337
.193592
.121321
.580758
.000491
.458889
.354163
.971930

OSClZ (PH3) 3

scf done:
Os 0.
P 2.
P 0.
Cl -0.
Cl 0.
P -2.
H -0.
H 1.
H -1.
H -3.
H -3.
H -2.
H 3.
H 3.
H 2.
mer-0sCl;y
scf done:
Os -0.
P -0.
P 2.
Cl -0.
Cl 0.
Cl 0.
P -2
H 2.
H 2.
H 3
H -2.
H -2.
H -3
H -0.
H -1.
H 1.
fac-0sCl;
scf done:
Os -0.
P 1.
Cl 1
P 0.
Cl -0.
Cl -1.
P -1.
H -2.
H -3.
H -1
H 2.
H 1
H 2
H 0
H 1
H -0

mer-trans-0sCl, [CH (Me) Ph] (PH3) 3
-2351.257430
0.
-0.
-0.
.233008
0.
.207615
.235179
1.
-1.
-0.
.280030
-1.
-1.

scf done:
-0.
0.
1.
2.
1.
0.
-0.
-1.
-0.
-1.
-0.
.259980

jasjipasiiaciia s O N/ IO NONONONONONG]

0

-1.

-2040.996044
0.
0.

-0.
2.

.370778
0.

-1.
0.
0.
0.

-1.
0.
0.

-1.
0.

000010
345392
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938368
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071794
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391541
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070510
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607306
902284
393059
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.214468
-0.

-0.

-0.

-2.

2.

0.
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1.
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1.
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.315171
0.
0.
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0.

1.

-0.
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.431974
.948441
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.880664
.140326
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.323040
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0
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500291
361122
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.142987
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.281862
.613635
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.789760
.708724
.318993
.419406
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.321612
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.233216
1.
0.
.893634
0.
1.
.893946
.995057
.037655
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876019

873508
004309

.000284
.083189
.431469
.221784
.026623
.377098
.166501
.958072
.357179
.105263
.838239
.028435
.231142
.460100
.933061
.241543
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.437975
.665099
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.543635
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.178685
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C 2
C 2
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Os 1
Cl 0
Cl 3
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H 0
H 2
H 3
H 1
H 3
H 3
H 1
H -0
H -1

-2351.257267
-0.
-0.
-0.

0.
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0.
-0.
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.922899
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.099931
.322892
.386231
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.366610
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.715876
.623093
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.012644
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.236254
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.601584
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.025072
.740163
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.655023
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.007233 3.069953
.726470 4.535928
.024971 2.941641
.052327 -0.311769
748635 0.822802
.230662 1.690651
.919244 1.022838
166235 2.339683
674128 3.144898
) Ph] (PH3) 3
-2351.242175
539223 -0.693710
.208751 -0.636990
.994952 -0.053690
.862346 0.471318
.535590 0.411404
.333952 -0.169475
.334440 -0.050584
.759294 -0.560272
.285868 1.972713
.889686 3.984998
.026924 1.634315
.261650 2.579285
.947015 3.097823
.002019 0.743212
.621420 -0.723036
.911801 -1.510918
.532178 0.139774
.907155 -0.730590
.786397 0.947899
.223819 0.822651
.084172 -0.214722
473222 -1.156672
.887792 -1.068452
.115429 4.901052
.564781 3.908984
.984505 4.868389
.572578 -0.465786
.348092 1.295487
.277633 0.248506
.201824 2.805220
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.396017
.801185
.138066
.804950
.491978
.526248
.393114
.076217
.155745

.490149
.845116
.286788
.307341
.046187
.464016
.747811
.043798
.836032
.063125
.555816
.229928
.470095
.315441
.238293
.509654
.718184
.111510
.616058
.780214
.520645
.181399
.578684
.663183
.436927
.132563
.769625
.571114
.953417
.918401
.947868
.431643
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Table 3S. Selected bond distances (A) and angles (°) optimized by DFT.*

Mt-Cl Mt-P Mt-C CI-Mt-Cl  P-Mt-P

MtCly(PHz)s 2.420/2.429 2.358/2.350 168.8/162.3 94.1/93.5
2.437/2.439 2.358/2.350 94.1/93.5

2.304/2.203 (ax) 171.7/172.9

mer-MtCly(PH;)s 2.388/2.401 ()  2.375/2.364 (1) 96.3/94.8  95.6/95.4
2.389/2.410 (c)  2.375/2.364 (1) 96.7/94.8  95.6/95.4

2.415/2.425(H)  2.397/2.373 (c) 167.0/170.3 168.9/169.2

fac-MtCl3(PHs)s 2.409/2.419 2.353/2.342 91.6/89.4  93.8/93.6
2.428/2.431 2.353/2.343 101.6/96.6  93.8/93.9

2.428/2.434 2.366/2.347 101.6/98.4  106.3/105.4

mer,trans-MtCL[CH(Ph)CH3)](PHs); 2.404/2.412 2.369/2.349 2.190/2.202  170.6/171.6 89.5/90.5
2.409/2.417 2.382/2.367 90.2/91.7

2.637/2.517 (c) 178.6/177.7

mer,cis-MtCL[CH(Ph)CH;)](PH3);  2.392/2.399 (+-P) 2.367/2.347 (r)  2.209/2.196  99.6/97.4  93.1/93.2
2.542/2.528 (+-C)  2.392/2.369 (c) 93.3/93.4

2.383/2.377 (1) 168.0/170.0

fac-MtCL[CH(Ph)CH;)](PH;)s 2.473/2.427 2.299/2.311 2.735/2.298  96.1/88.4  95.4/91.4
2.493/2.471 2.303/2.313 95.5/91.6

2.254/2.390 (+-C) 98.8/102.3

“Each column reports values in the order Ru/Os. "The symbols ¢ and ¢, without additional suffix, refer to cis and trans relative to
another ligand of the same type.

208



Complete reference 50 from main text: Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.;
Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Montgomery, J., J. A.; Vreven, T.; Kudin,
K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; Tomasi, J.; Barone, V.; Mennucci, B.;
Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.;
Nakai, H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Adamo, C.;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R;
Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.;
Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas,
O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.;
Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.;
Piskorz, P.; Komaromi, [.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C.
Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W_; Johnson, B.; Chen, W.; Wong, M.
W.; Gonzalez, C.; Pople, J. A. Gaussian 03, Revision B.04; Gaussian, Inc.: Pittsburgh PA,

2003.

References

(1) Buback, M.; Gilbert, R. G.; Hutchinson, R. A.; Klumperman, B.; Kuchta, F.-D.; Manders, B.
G.; O'Driscoll, K. F.; Russell, G. T.; Schweer, J. Macromol. Chem. Phys. 1995, 196, 3267-
3280.

(2) Buback, M.; Egorov, M.; Gilbert, R. G.; Kaminsky, V.; Olaj, O. F.; Russell, G. T.; Vana, P_;
Zifferer, G. Macromol. Chem. Phys. 2002, 203, 2570-2582.

(3) Fischer, H.; Henning, P. Acc. Chem. Res. 1987, 20, 200-206.

218



4

)

(6)

(7

®)

©)

(10)

(1)
(12)

(13)

(14)

(15)

Fischer, H.; Radom, L. Angew. Chem., Int. Ed. 2001, 40, 1340-1371.

Tang, W.; Matyjaszewski, K. Macromolecules 2006, 39, 4953-4959.

Tang, W.; Tsarevsky, N. V.; Matyjaszewski, K. J. Am. Chem. Soc. 2006, 128, 1598-1604.
Chakravarty, A. R.; Cotton, F. A.; Tocher, D. A. Acta Cryst., Sec. C: Crystal Structure
Commun. 1985, C41, 698-699.

Wen, T. B.; Hung, W. Y.; Zhou, Z. Y.; Lo, M. F.; Williams, L. D.; Jia, G. Eur. J. Inorg.
Chem. 2004, 2837-2846.

Cipriano, R. A.; Levason, W.; Mould, R. A. S.; Pletcher, D.; Webster, M. J. Chem. Soc.,
Dalton Trans.: Inorg. Chem. 1990, 2609-2616.

Blake, A. J.; Heath, G. A.; Smith, G.; Yellowlees, L. J.; Sharp, D. W. A. Acta Cryst., Sec. C:
Crystal Structure Commun. 1988, C44, 1836-1838.

Bright, D.; Ibers, J. A. Inorg. Chem. 1969, &8, 1078-1083.

Cotton, F. A.; Duraj, S. A.; Hinckley, C. C.; Matusz, M.; Roth, W. J. Inorg. Chem. 1984, 23,
3080-3083.

Majumder, K.; Peng, S.-M.; Bhattacharya, S. J. Chem. Soc., Dalton Trans. 2001, 284-288.
Schneider, R.; Juestel, T.; Wieghardt, K. Zeitschrift fuer Naturforschung, B: Chemical
Sciences 1994, 49, 330-336.

Shi, M.; Kobiro, K.; Fujita, T. J. Organomet. Chem. 2000, 605, 134-138.

228



