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Recently, Braslau' reported nitroxide-mediated polymeriza-
tion (NMP) experiments performed with the couple 1/3 (Figure
1) as initiating agent/controller. They reported investigations
on the homolysis process, on the stabilities of both 1 and 3,
and on the electron paramagnetic resonance (EPR) analysis of
the nitroxide 3. In this Note, we would like to provide some
density functional theory (DFT) calculations on the possible
conformations of 3 and to comment on the Arrhenius parameters
of unimolecular alkoxyamine homolysis, on the procedures of
measurements of the C—ON bond homolysis rate constants kg,
and on the EPR results. Our comments will show that the
stabilization effect for bisnitroxide 3 as proposed by Braslau'
is likely not involved in the reactivity.

DFT Calculations on 3

To account for the results observed during the alkoxyamines’
decomposition and the polymerization, Braslau' proposed the
preferred chairlike conformation pAC (Figure 1) for the
nitroxide based on both EPR and kinetic experiments and
subsequently the intermediate S. This chairlike conformation
pAC exhibiting two bulky phenyl-1-methyl-2-propyl groups in
pseudoaxial positions is unexpected from steric hindrance
expectation in the chairlike system and led us to perform DFT
calculations aiming to determine the stability of a few key con-
formations for RS/SR diastereoisomer of 3. The extended
conformation E, the chairlike conformation pAC, and the
chairlike conformation pEC with the phenyl-1-methyl-2-propyl
groups in pseudoequatorial positions (Figure 1) were calculated
at the UB3LYP/6-31+G (d,p) level of theory.?

Calculations starting on conformer E showed that the
conformation of the extended conformer E' did not differ
much from that of E. On the other hand, calculations starting
on conformers pEC and pAC led to dramatically different
conformers pEC' and pAC’, respectively (Figure 2). In the
case of pEC, the dihedral angle between two nitroxide moieties
was set close to 180° whereas the energy minimization afforded
conformer pEC’, for which the initial six-membered conforma-
tion unfolded, with the two nitroxide moieties exhibiting a
dihedral angle of 118° (Figure 2). For pAC’, the unfolded
conformation of pAC, minimization of energy afforded con-
former exhibiting dihedral angle of 157° between the two
nitroxide moieties. Noteworthy, all the nitroxides moieties of
E' and pEC’ exhibited the expected anti conformation between
the N—O® and C—Ha bonds, whereas one of the nitroxide
moieties of pAC' exhibited the more sterically demanding syn
conformation. The differences of minimized energies (see Table
1SI) are of ca. 25 and 48 kJ/mol between E' and pEC' and
between E' and pAC', respectively. Such a difference in energy
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between E' and pAC’' precludes the existence of conformer
PAC, as proposed by Braslau and colleagues,' and subsequently
the existence of the bulky alkoxyamine 5.

Comments on EPR Experiments

The DFT results presented above agree nicely with the
EPR data recorded at —143 °C by Braslau.' Indeed, the
conformers E' and pEC' with distances d of 6.3 and 5.2 A
between the two nitroxide moieties correspond to species
exhibiting the weak (d ~ 9.8 A by EPR) and the strong (d ~
4.7—5.8 A by EPR) spin—spin interaction, respectively.® In
general,® spin—spin interaction involves striking to dramatic
changes on EPR signal at room temperature and higher. As
EPR spectra of 3 have not been reported neither at room
temperature nor at 80 °C,! one can assume that the
conventional 6 lines signature® of 4 has been observed and
consequently that no spin—spin interactions or very weak
ones occurred at these temperatures. Therefore, it was very
unlikely that the conformer pAC occurred at high temper-
ature, and hence, conformer 5 as proposed by Braslau should
be disregarded. Furthermore, it is also unlikely that the
spin—spin interaction in pEC' plays a role in the stabilization
of 3 as it cannot be observed at high temperatures.

Comments on the Arrhenius Parameters

Braslau' reported similar Arrhenius parameters for 1 and
2. Surprisingly, although k4 values measured by Braslau' for
2 differed of less than 20% from our data reported in SI, the
frequency factor A was 2 orders of magnitude smaller than
the one previously reported.® In a recent review,’ frequency
factors A were critically analyzed and discussed about the
possible bias which would lead to observe very low or very
high A values. The main bias is due to the E,—A compensa-
tion error effect,® which implies that several couples of (E,,
A) values afford the same ky within a short range of
temperature. To limit the effect of this bias, achieving
accurate and reliable A values requires to measure kq values
over as wide a temperature range as possible, to measure
several values on the steep part of the curve of the exponential
plot, and to repeat experiments at a few critical temperatures.
To highlight our comment, the Arrhenius parameters (fre-
quency factor A and activation energy E, in Table 1) for 2
were plotted and re-estimated combining Marque (see Support-
ing Information) with Braslau' data, using both exponential
(Figure 3a, eq 1) and linear (Arrhenius plot, Figure 3b, eq 2)
plots.

E,
ky=A exp(—R—}) e

a

2.302RT

log(ky/s™") = log(A/s™") — 2

As shown by the Arrhenius plot (inset in Figure 3b), no
differences were observed between the Braslau'and our data,
and the log A obtained by combining both sets of data is close
to the one reported.® Furthermore, the Arrhenius plots (Figure
3b) show how difficult it is to achieve reliable and accurate A
values, as the difference between the two slopes is small
although 2 orders of magnitude are observed for the A values
(Table 1). On the other hand, the exponential plots show that
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Table 1. Arrhenius Parameters of 2 (Figure 1) for the Two Sets of Data and Their Combination, Estimated with Eqs 1 and 2

eq eq 2
T (K)* N” AGTH E, (k] mol™1) log A A (s7h E, (k] mol™") R*
this work? 333—-404 10 5.7 x 10" 129.7 14.3 1.8 x 10" 126.1 0.996
Braslau® ‘ 358—378 5 8.7 x 10'° 102.3 12.7 4.6 x 1012 114.6 0.991
combination’ 333—404 15 5.5 % 10" 129.5 14.2 1.5 x 10" 125.3 0.996

“ Error of &1 K. ® Number of data. ¢ Square of the linear regression coefficient. ¢ See Supporting Information. ¢ See ref 1./ Combination of the data given

in Supporting Information and ref 1.
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Figure 1. Structures and conformations for nitroxides and alkoxyamines studied and discussed in this work.
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Figure 2. Conformers E', pEC', and pAC' obtained by UB3LYP/6-31+G (d,p) calculations on conformers E, pEC, and pAC, respectively.

0.0150q 000154
K
0.01254 ~° 2.0
0.00104
25
0.0100+
3.04 ~
0.0005+ 2
0.0075 =
354 <
0.0025 00026  0.0027 0.0028 0.0029 0.0030
0.00504 o000 = 0
345 350 355 360 365 370 375
4.5
0.0025 -
5.0
0.0000 == = -5.5+ 1/T (K"

L § LE L] L] L L L}
- oW B8 W A W I W W 00025 00026 00027 00028 00029  0.0030

(a) (b)

Figure 3. (a) Exponential plots ks = f(T) and (b) Arrhenius plots for 2, data from ref 1 and Supporting Information. Red and blue curves are for
data from ref 1 and Supporting Information fitted with (a) eq 1 and (b) eq 2. (@) for data given in ref 1 and (M) for data given in Supporting
Information. For (a), inset shows the two sets of data for the same temperature range. For (b), inset shows the Arrhenius plot for the combination
of the two sets of data.

the Braslau' data set does not differ from our data set (see although above 390 K—that is, outside of the temperature range
Supporting Information)® for temperatures below 380 K, studied'—a clear difference could have been observed between
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the two data sets. Moreover, as expected, the combination of
the two sets of data produced Arrhenius parameters (Table 1)
that were close to those published.®

Thus, the experimental inaccuracies—temperature range,
number of data, technique, or setup—can result in A values for
the homolysis of alkoxyamines much smaller than 10 s~
Consequently, a great care must be given to the discussion on
Arrhenius parameters for such kind of reaction.

In his landmark book, Benson® showed that typical A values
should be observed for a family of reactions. In the case of
homolysis, A values are expected in the range 10'3—10'*s™! '°
and for large molecules in the range 10'°—10'® s™!. Therefore,
dramatically low values should be questioned with respect to
the items mentioned above.

Comments on the Experimental Conditions

Polymerization experiments as well as the measurement of
kq of 1 have been performed with a mixture of four diastere-
oisomers."!" Some years earlier,® it was shown that diasteroi-
somers may exhibit different k4 values. In Braslau’s work,! the
decomposition of each diasteroisomer of 1 afforded the mixture
of bisnitroxide 3 exhibiting the same EPR signal, and thus, the
measurement of k4 for each diastereoisomers requires a tedious
work of purification. Thus, when the initial slope method is
applied to diasteroisomers mixture, it affords the k4 values for
the diastereoismer exhibiting the fastest homolysis.'> Conse-
quently, under the experimental conditions reported by Braslau,"
one cannot discard the possibility that the 2 times faster k, for
1 than for the model alkoxyamine 2 is likely due to the
measurement of the fastest decaying isomer.

As conclusion, we would like to stress that calculations are
of great help to unveil the effects underlying to the stability of
alkoxyamine and that how the choice of the method for
measuring kg is important and can lead to contradictory analysis
of the results. Our comments cast a clear doubt on the proposal
of Braslau.! However, it still leaves a question unanswered: why
would diastereoisomers exhibit different values of k4? For ester-
based alkoxyamines,'> we showed that the small difference
(2—3-fold) of k4 for each diastereoisomers was due to the
interaction between the C—ON antibonding orbital o* and one
of the oxygen lone pairs of the ester group. Importantly, this
interaction depends both on the structure of the nitroxide and
the alkyl fragments.®'* One possibility to account for small
difference of ky between 1 and 2 would be that such kind of
interaction occurred between the C—ON antibonding orbital o*
and the 7zz-system of the phenyl group, which would be due to
some specific conformation controlled by a remote steric
effect.” %13
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Supporting Information Available: Homolysis rate constants
kq for 2 in the temperature range 60— 131 °C, minimized electronic
energies E for E', pEC', and pAC', and PDB files of calculated
conformers E', pEC’, and pAC'. This material is available free of
charge via the Internet at http://pubs.acs.org.
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