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a-Trifluoromethylated Quinolines as Safe and Storable
PET-Donor for Radical Polymerizations.

Arona Fall, Guillaume Tintori, Marion Rollet, Yuxi Zhao, Amandine Avenel,
Laurence Charles, David Bergé-Lefranc, Jean Louis Clément, Sébastien Redon,
Didier Gigmes, Miquel Huix-Rotllant,* Patrice Vanelle, and Julie Broggi*

In the quest for powerful, safe, and storable photoinduced-electron transfer
(PET) donors, the attention is turned to the a-trihalomethylated amine moiety
that is not studied in the context of PET-reductants. The thermal and
photophysical properties of a-trifluoromethylated quinolines are thus studied
and their reducing abilities evaluated as initiators of polymerization reactions.
Polymers of high molecular weights are obtained through a radical
polymerization process and the PET-donor can be stored within the monomer
for several months without losing its efficiency. Mechanistic investigations,
combining spectroscopic analysis and theoretical calculations, confirm the
mode of activation of these electron donors and the generation of radical

intermediates through single electron transfer.

1. Introduction

Thanks to their relatively low oxidative potentials, amines have
been extensively employed as organic electron donors in sin-
gle electron-transfer (SET) promoted reactions, and especially in
photochemically induced electron transfer (PET) reactions.'~!
Direct photoexcitation of amines can trigger the reduction of an
acceptor to generate radical anion intermediates, further engaged
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in synthetically important cyclization and
addition reactions.>™ Hence, air-stable
tertiary aliphatic amines serve as mild
and scope-limited photo-reductants,1%!1]
while more powerful but oxygen-unstable
super enamine donors reduce numerous
substrates with low reduction potentials
(<2.5 V),ll25] including monomers in
efficient polymerization processes.!161]
In our quest for powerful electron trans-
fer donors,'89 we Dbecame interested
in the a-trihalomethylated amine moi-
ety. Amines bearing a trihalomethylated
group at the a-position of the nitrogen are
important patterns, appreciated for their
electron-withdrawing and lipophilic nature in pharmaceuticals or
agrochemicals applications.[?*?!) Nevertheless, to the best of our
knowledge, the a-trihalomethylated amine moiety has not been
studied in the context of a PET-reductant.

Hence in this work, a-trifluoromethylated quinoline deriva-
tives were developed as new photoinduced-electron transfer
donors (Scheme 1). The thermal and photophysical properties
of these a-trifluoromethylated amines were studied and their re-
ducing abilities evaluated as PET-initiators of polymerization re-
actions or as PET-reductants in organic synthesis. Extensively
used in industry to initiate radical polymerization, type-I pho-
toinitiators are activated by homolytic cleavage into radical frag-
ments, while bimolecular type-II systems use a photosensitizer
(oxidant like an aromatic ketone) to abstract an electron and a
proton from a donor (synergist).[*?2-25] More recently, new photo-
initiated organocatalytic systems with unique properties, includ-
ing high initiation efficiency, have been reported.?*?’] They usu-
ally rely on multicomponent systems combining a catalyst and a
sacrificial electron donor. To favor visible-light activation, com-
plex and highly conjugated polyaromatic structures are neces-
sary. The goal with our a-trifluoromethylated quinolines was thus
to have both the photosensitizer and the ET-donor in one simple
metal-free molecule that could directly reduce the monomer (oxi-
dant), without resorting to a second initiating component. More-
over, the PET-donor had to be a safe and stable component that
can be stored for several months in the monomer mixture with-
out losing its efficiency. Our evaluation and mechanistic investi-
gations, combining spectroscopic analysis and theoretical calcu-
lations, confirmed the properties and mode of activation of these
trifluoromethylated PET-donors and the generation of radical in-
termediates through single electron transfer.

© 2024 The Author(s). Macromolecular Rapid Communications published by Wiley-VCH GmbH
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Scheme 1. Photoactivation of an a-trifluoromethylated isoquinoline to
promote SET-reduction of monomers and organic substrates.
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Scheme 2. Synthesis of a-trifluoromethylated quinoline derivatives (NMP
= N-Methyl-2-pyrrolidinone).

2. Synthesis of the PET-Reductants

The a-trifluoromethylated isoquinoline Iso-CF; and quinoline Q-
CF, were synthesized in good yields (81 and 60%, respectively)
following a reported one-step procedure.[?® The latter consisted
of the methylation of the imine with methyl trifluoroacetate and
subsequent trifluoromethylation of a Reissert-type intermediate
(Scheme 2).

Thermogravimetric analysis (TGA) of a solid sample of Iso-
CF, indicated a decomposition peak above 90 °C corresponding
to ~80% of weight loss (Figure 1).12! In our case,[*" the theoreti-
cal % weight loss of fluoroform (CHF;, 33%) could not be specif-
ically distinguished from the thermolysis profile. UV-vis spec-
troscopy displayed an absorption band between 252 and 365 nm
with a maximum wavelength 4, = 330 nm (Figure 2). Theo-
retical simulations show that the spectrum can be decomposed
from three excited states of 7— z* type.[??! Cyclic voltammetry
of Iso-CF; at its ground state showed a single irreversible oxi-

100

0 t } t t t } } 1 t
30 55 80 105 130 155 180 205 230 255
T (°C)

Figure 1. Thermogravimetric analysis of Iso-CF;.
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dation wave at E,, = +0.99 V versus SCE in MeCN (calibrated
using Fc/Fc*).I?! Differential scanning calorimetry (DSC) anal-
ysis confirmed the stability to the storage of Iso-CF,.[*) DSC
analysis of Iso-CF, indicated good stability up to 90 °C, even
subjected to a premature aging cycle, and slow endothermic de-
composition above 90 °C. Risks of thermal runaway or explo-
sion are therefore unlikely during its storage. For comparison,
we attempted the synthesis of the non-trifluoromethylated 1,2-
dihydroisoquinoline. However, this form was extremely sensi-
tive to atmospheric oxygen, making its isolation and manipu-
lation difficult. It highlighted the stabilizing role of the trifluo-
romethyl group by strong inductive withdrawing effect. Finally,
Iso-CF, did not display cytotoxic effects on HepG2 human cell
lines (CCsy = 122 um + 3.9, Doxorubicine was used as cytotoxic
reference-drug: CCq, = 0.2 um =+ 0.1).31]

3. Application as Polymerization Initiator

3.1. Optimization and Scope

The initiating ability of Iso-CF, was first assessed in the poly-
merization of the ethyl methacrylate monomer EMA under UV-
light irradiations (365 + 5 nm)33l and neat conditions (Table 1).
Partial polymerization into the expected poly(ethyl methacrylate)
PEMA was obtained using 2 or 5 mol% of Iso-CF; (Entries

-2). The decrease in conversion rates and molar masses ob-
served when the quantity of radical initiator increases was con-
sistent with a higher number of propagating radical chains and
a higher rate of chain-transfer termination reactions. However,
full conversions and high weight-average molar masses (M,,)
were obtained when the amount of Iso-CF; was decreased be-
low 1 mol% (Entries 3-5). At 0.2 mol%, time optimization indi-
cated full conversion (91%) in 7 h, with M, = 176.2 kg mol™
and D = 3.77 (Entry 6). Photoexcitation of Iso-CF; was then ex-
amined with different irradiation sources. Irradiation of Iso-CF,
with a less energetic light at the edge of the visible light spec-
tra (390 + 20 nm) still allowed full conversion (97%) in 9 h,

-
[}
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State 1 — —
State 2— —
State 3
State 4
Theory —
Experiment

=
0
2

o
2

o
e

0.2-

Normalized intensity (arbitrary units)
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Figure 2. UV-absorption of Iso-CF; (red curve). The total vibrationally re-

solved theoretical spectrum (black solid curve) is decomposed in the con-
tribution for each electronic excited state (dashed lines).[32]
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Table 1. Optimization of the polymerization of EMA initiated by Iso-CF;.

0 o OEt
Iso-CF;
yj\oa o .
Me Ar, 25°C, 24h Me
EMA PEMA
Entry?) Iso-CF; LED Conv. M, M,, 1]
[mol%] [nm]® [%]) [g mol™1] [g mol™1]

1 5 365 42 6900 13 400 1.95
2 2 365 70 35 300 205 200 5.81
3 1 365 94 79 200 402 1009 5.08
4 0.5 365 93 155 400 707 600 4.55
5 0.2 365 93 181 700 830 800 4.57
6 0.2 365 919 176 200 664 600 3.77
7 0.2 390 977 145 900 770 8009 5.28
8 0.2 440 60" nd nd Nd
9 0.2 525 0 - - -
10 0.2¢8) 390 93) 75 900 326 600 4.30
1 - 390 6 - - -
12 0.2 390 >99") 46 600 165 600 3.60
13 0.2" 390 29 - - -
14 0.2) 390 33 - - -

)Reactlon condltlons EMA (1.6 mmol, 1equiv.), Iso-CF; (0.5-10 mol%), neat, 25 °C,
Ar, 24 h; ®) LED- Light source: UV (365 + 5 nm, 2 cm), UV (390 + 20 nm, <0.5 cm),
Blue (440 + 30 nm, <0.5 cm), Green (525 + 40 nm, <0.5 cm); 9 Conversions deter-
mined by "H NMR spectroscopy. M, and M, values were determlned by SEC analysis
(eluent: THF, molar masses in PMMA- equlvalent Q% mol=1)); ¥ Molar masses are un-
derestimated; ? 7 h; g h; @ Q-CF; (0.2mol%); "9h oflrradlatlons after 7 months
of storage of an Iso-CF; /EMA mixture at 42 °C; "1PO (0.2 mol%), 24 h; " BAPO
(0.2 mol%), 24 h.

with M, = 145.9 kg mol~! and D = 5.28 (Entry 7). Note that, in
the applied chromatographic conditions, high-molar mass chains
(>1000 kg mol~') were eluted at the limit of exclusion of the col-
umn. Therefore, the molar masses of this PEMA were underes-
timated, and the molar mass distribution is not fully represen-
tative of the sample.[*”) With a blue-light LED (440 + 30 nm),
partial polymerization (60%, entry 8) obtained upon excitation
of Iso-CF; was certainly triggered by the low wavelength portion
(~410-420 nm) of the lamp. Green-light excitation (525 + 40 nm)
did not allow the polymerization of EMA (Entry 9). The quino-
line counterpart Q-CF, also initiated polymerization of equiv-
alent effectiveness albeit molar masses were lower (Entry 10).
Moreover, Q-CF; seemed more sensitive to autoxidation than Iso-
CF,. Interestingly, in the absence of light, Iso-CF; (0.2 mol%)
could be stored in EMA at 42 °C for 7 months without any sign
of polymerization. After this long period of storage, irradiation
(390 nm) of the mixture allowed full conversion into PEMA,
with an M, value of 46 kg mol~! and P = 3.6 (Entry 12). Un-
der the same conditions, 0.2 mol% of the classical photoinitiators
TPO and BAPO (Diphenyl(2,4,6-trimethylbenzoyl)phosphine ox-
ide and Phenylbis(2,4,6-trimethylbenzoyl)phosphine oxide) only
allowed 30% of polymerization of EMA after 24 h (compared to
97% in 9 h for Iso-CF;) (Entries 13-14).
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The reactivity of Iso-CF, was then extended to the polymer-
ization of diverse monomers (Scheme 3). Upon photoexcitation
at 390 nm, 0.2 mol% of Iso-CF; could efficiently initiate the
polymerization of other acrylate derivatives, like methyl acrylate,
2-(dimethylamino)ethyl methacrylate and acrylonitrile. As well,
styrene could be totally polymerized giving a polystyrene with an
M, value of 73 kg mol~' and D = 7.04. Like for PEMA, the aver-
age molecular weights of these polymers were particularly high,
with elution peaks at the limit of exclusion of the column. As a
matter of fact, the poly(alkyl acrylate) (PMA, PEA) and polyacry-
lonitrile (PAN) chains were so long that they could not be solu-
bilized for SEC analysis (insoluble in THF, DMSO, CHCI, (only
for PAN) and DMF).[?%34] The solubility of PMA, PEA, and PAN
polymers with lower molar masses, prepared this time with 1
mol% of Iso-CF;, confirmed the involvement of high-molar mass
chains rather than a reticulation phenomenon. A less activated
monomer such as vinyl acetate could also be polymerized with
a high M, of 140.3 kg mol~! and D = 1.84, albeit with a lower
conversion rate of 50%. As expected, the ring opening anionic
polymerization of D, L-lactide did not proceed, pointing toward a
radical process with Iso-CF;.

3.2. Mechanistic Investigations

Several mechanistic experiments were then conducted to con-
firm the initiation mode and identify the reactive species at work.

The kinetic study of the polymerization of EMA with Iso-CF,
showed an immediate initiation with a clear auto-acceleration
of the propagation rate from 30% of conversion (4 h), along
with a sharp increase in the M, value (Figure 3). This gel
effect (Trommsdorft effect) was typical of bulk radical poly-
merizations. Inhibition of the polymerization with (2,2,6,6-
tetramethylpiperidin-1-yl)oxyl (TEMPO) further confirmed this
radical process while polymerization in a protic solvent like
methanol excluded the occurrence of an anionic propagation (See
Table S3, Supporting Information).

To identify this radical species, polymer end-group analysis
was performed. Overlaying both refractive index RI and UV sig-
nals obtained in SEC of the Iso-CF;-primed PEMA evidenced
the presence of chromophoric groups absorbing at 254 nm while
no UV-absorption was detected for an AIBN-primed PEMA (See
Supporting Information, Figure S7, Supporting Information). As
well, the solid-state *C NMR spectrum of the Iso-CF;-primed
PEMA revealed the presence of aromatic carbons from the phenyl
ring between 113.7 and 144.5 ppm and a large peak for the C;;—F
bonds at 128.9 ppm (See Supporting Information, Figure S10,
Supporting Information). Finally, high resolution mass spec-
trometry performed after positive mode electrospray ionization
(ESI-MS) of the Iso-CF;-primed PEMA sample exhibited three
distributions with the same 114.0681 Da EMA repeating unit
(Figure 4). MS data analysis and accurate mass measurements
(Figure S8, Table S4, Supporting Information) allowed structures
to be proposed for the end-groups of the dominant polymer A
(in red, with n = 0-18) as well as for the two minor polymeric
species named B (in blue, with n = 3-25) and C (in green, with
n = 1-8). These structural assumptions were further supported
by tandem mass spectrometry (MS/MS) experiments. The a-
trifluoromethyl-isoquinoline moiety was found at both ends of

© 2024 The Author(s). Macromolecular Rapid Communications published by Wiley-VCH GmbH
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Ar, 25°C
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9h, 97% 8h, 93% 5h, 90% 3h, 93%
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b 7.04* D 3.19

D 1.84

Scheme 3. Scope of the polymerization reaction. “Molar masses are underestimated.

polymer C (Figure S9¢, Supporting Information) as well as the
o end-group of polymer A which has H as the a termination
(Figure S9a, Supporting Information), whereas polymer B was
H,H-terminated (Figure S9b, Supporting Information). Of note,
initiation of the polymerization by a trifluoromethyl radicall®-]
was not observed in our case, confirming the robustness of the
C—CF, bond.

Based on this information, the mechanism depicted in
Scheme 4 was inferred from the theoretical study (Figure 5).
The DFT study excluded the possibility of a UV-promoted ho-
molytic cleavage of a C—H or C—F bond in the CH—CF,; moi-
ety. The formation of carbene upon elimination of a molecule of
fluoroform CHCF, was also ruled out. The reaction happens in-
stead in two regimes. First, a photochemical regime, in which
the two molecules undergo a large energy reorganization of the
photon energy inducing an electron and a proton transfer be-
tween the two. Initially, the complex is stacked and stabilized by
7-r stacking. In ~0.1 picoseconds after photon absorption, Iso-
CF, forms a charge transfer complex with EMA (2) where Iso-
CF; in the photoexcited Iso-CF;-EMA" complex acts as a PET-
reducer and transfers one electron to the monomer. Indeed, the
lowest absorption peak of the Iso-CF,;-EMA complex has a strong

2E+02 4 T80
® 155
1.5E+02 Is0
145
1E+02 i s T

<435

. +30 @

25

Mn (kg mol'1]

| +20

5E+01 4 .

n +05

T T T 0.0
0 20 40 60 80 100
Conversion (%)

Figure 3. Kinetic of EMA polymerization with Iso-CF; (0.2 mol%).
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contribution of z,,— 7%, transition localized in the Iso-CF,
moiety and a weak charge-transfer (CT) transition of the type
Tio— T¥pua in which an electron is transferred from Iso-CF,
to EMA. From the CT complex, the complex is reoriented in
~0.5 picoseconds, with the carbonyl of the as-formed radical an-
ion EMA® pointing toward the a-CH of the aminium radical Iso-
CF;** (3) Still in the excited state, the oxygen of EMA® deproto-
nates the a-CH of Iso-CF,**. This process occurs in ~1.2 picosec-
onds after photon absorption. This starts a regime of radical ini-
tiation of polymerization. Indeed, the two resulting radicals Iso-
CF,* and EMA-H"* (4) can both initiate the radical polymerization
through the addition on EMA monomers. Although, given the
MS(/MS) analysis, Iso-CF,* is a poor initiator leading to minor
polymeric species C (Figure 4) and EMA-H*® mainly propagates
the polymerization of EMA. Termination of the polymerization
upon radical coupling of the propagating radical chain (EMA),*
with the stabilized carbon-centered a-amino captodative radical
Iso-CF,* affords the major polymer A, identified by MS(/MS)
analysis. The calculated energy barriers for this termina-
tion reaction (Iso-CF;* + (EMA),* — Iso-CF,;-(EMA),) deter-
mined that it is a highly exothermic reaction, barrierless and
spontaneous at standard conditions and at a temperature of

100 T

> o
< (=}
s '
t t

B
(=}
"

t

'H NMR conversion (%)

(=}
<

&

© 2024 The Author(s). Macromolecular Rapid Communications published by Wiley-VCH GmbH

85UB017 SUOLILLID BAIFeR1D 3|l idde 8Ly Aq pausenob afe 9 e VO ‘8sN JOS3|NI Joj ARIq1T 8UIIUO AB]IM UO (SUOIPUOD-PUe-SWLSH D" A3 | 1M ARe.q)1BU1|UO//SANY) SUORIPUOD PUe SWie L 8L} 89S *[1202/TT/.2] Uo ArigiTauliuo A8|IM ‘Souei aLeI400D AQ OTZ00YZ0Z /W Z00T OT/I0p/woo 3| im A%eiq Ut |uo//Sdny Woiy papeo|umoq ‘0 ‘LZ6€T2ST


http://www.advancedsciencenews.com
http://www.mrc-journal.de

ADVANCED
SCIENCE NEWS

{M}gggulor

Rapid Communications

www.advancedsciencenews.com

328.2 &
T 4422

Polymer A

www.mrc-journal.de

NH4—|
N
H n

COOEt COOEt

Polymer B

2141
® ® ®
o ©
S | 5 &
ST . [l i | S 1 J'J el ' ; + | ’ " ok v \'
200 300 400 500 600 700 800 900 m/iz

Figure 4. Expanded (x2) ESI(+) mass spectrum of PEMA in a methanolic solution of ammonium acetate (3 mM).

298 K. Same kind of termination affords the minor polymer
C while some hydrogen-atom termination (HAT) affords minor
polymer B.

A radical species was indeed detected by electron paramagnetic
resonance upon UV-irradiations (365 nm) of an air-exposed so-
lution of Iso-CF;. The spectra could correspond to the formation

X X
EMA
AN N OEt

FsC H hv FsC H
1so-CF3 Iso-CF3 EM
1) CTC (2)

of Iso-CF;* upon photo-assisted oxidation of Iso-CF, (Scheme 5).
This carbon-centered a-amino captodative radical is probably sta-
bilized by the inductive electron-withdrawing effects of CF;. A
1:3:3:1 quadruplet with a measured coupling constant of 2.4 mT
and the fine structure observed were compatible with the forma-
tion of a radical species with the free electron in a-position of

N

FoC H

Iso-CF5" ® EMA ©
3)

Deprotonation ‘

Propagatlon \‘)k

Iso-CF3 EMA-H*
4

Propagatlon

\ Iso- CF3
EtO T
Polymer C EtO ermination Termmahon

Polymer B

EtO

Pol A
(EMA)," olymer

(major)

Scheme 4. The suggested mechanism for the Iso-CF;-initiated polymerization of EMA.
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Figure 5. Time-evolution (in picoseconds) of the potential energy (in
kcal mol~") during a reactive non-adiabatic dynamics trajectory explain-
ing the photochemical mechanism of the complex Iso-CF; + EMA — Iso-
CF3* + EMA-H®. The key steps of the reaction are summarized, and the
snapshots are shown in an offset (The time evolution is available in the
video in the Supporting Information). Two regimes are shown, the photo-
chemical regime, in which the proton is not yet transferred between the
two species, and the radical initiation regime in which the radicals are
formed.

a CF; group and agree with the structure of the radical species
Iso-CF,* (See Supporting Information).[?]

Hence, Photoexcitation of the reducer/monomer complex
was mandatory to generate the propagating species EMA-H®.
We wondered if the termination reaction could be reversible and
if the Iso-CF;-(EMA), polymer A could dissociate to reactivate a
dormant chain. First, an ON-OFF experiment was conducted to
evaluate the influence of the UV-light irradiations on the prop-
agation process (Figure 6). During the polymerization of EMA,
the UV irradiations were iteratively switched on for 1 h then
switched off for 2 to 96 h. While polymerization proceeded under
light-irradiations (an increase of 10 to 30% of the conversion
at each ON phase), the chain growth was stopped in darkness
(<5% over a period of 96 h). Compared to a continuously
photo-irradiated PEMA (Table 1, Entry 6: M, = 176.2 kg mol™?,
M,, = 664.6 kg mol™! and D = 3.77), the PEMA of the ON-OFF
cycles presented similar molar masses and polydispersity values
(M, = 176.5 kg mol™!, M, = 706.3 kg mol~' and P = 4.00).
To test if a reversible-deactivation radical polymerization mech-
anism was involved, we subjected isolated and air-stored
Iso-CF;-PMMA or Iso-CF;-PEMA polymers to a new reaction
where it was mixed with fresh EMA monomer under UV-light
irradiations.[?] Interestingly, both polymerization reactions pro-

N 0, B S
hv 365 nm @ o—| +le, +2H*
N —> NI+ 0y |[—— N
CeHs ‘_/ - Hz0;

FsC H FsC H CFs3

Scheme 5. The suggested mechanism for the photo-assisted autoxidation
of Iso-CF3.
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ceeded to full completion. However, SEC analysis indicated thata
new PEMA homopolymer was formed in a mixture with the first
PMMA or PEMA rather than an extension of the existing poly-
mer chains. Dynamic theoretical studies also confirmed that the
termination reaction of the Iso-CF;-EMA” polymer (radical cou-
pling between (EMA),* and Iso-CF,*) is not reversible. Further
studies are now underway to understand the origin of this ON-
OFF propagation. Under photoirradiations, the Iso-CF;-PEMA
could play the role of macroinitiator through the formation of
a charge-transfer complex between a monomer and the Iso-CF,
end chain.

4. Application as a Reducing Agent in Organic
Synthesis

The mechanistic study of our polymerization reaction evidenced
the role of Iso-CF; as a PET-donor agent. To investigate further
its abilities, we then subjected Iso-CF; as a reducing agent for the
reduction of halogenated compounds. Complete reduction of the
2-(bromomethyl) naphthalene 1 was achieved with one equiva-
lent of Iso-CF, under UV-irradiations, leading to the major for-
mation of the binaphthyl dimer 2 in DMF (Scheme 6). The same
reaction in THF (favoring Hydrogen Atom Transfer) led to the
major formation of the reduced 2-methylnaphthalene 2. Reduc-
tion of iodoarene 3 and 5 required harsher conditions, leading to
the corresponding dehalogenated products 4 and 6 in 80 and 75%
of conversion, respectively. Hence, the a-trifluoromethylated iso-
quinoline Iso-CF; could also be used as an organic PET-reducer
in organic synthesis, notably for the reduction of carbon-halogen
bonds.

As Iso-CF; could theoretically transfer two electrons (one
from photoexcited Iso-CF;* and one from the carbon-centered
a-amino radical Iso-CF,®),38 we wondered if the reduction of
these halogenated compounds generated radical or anionic in-
termediates. Indeed, the formation of dimer 2 could arise from
the reductive homocoupling of two naphthylmethyl radicals!**!
or from the nucleophilic substitution of naphthylmethyl bro-
mide with a naphthylmethyl anion. The non-reduction of 1 in the
presence of oxygen or a competitive oxidant (1,4-dinitrobenzene

0 Uy uy U U
VvV Vv AY v

80 Q  OFF(160) OFF (96h)

70| F

g |2

g 60 &b

£

0

g 50

2

Q 40

% 30

m

- 20

—
o

o

74

0 5 10 15 20 25 30 35 40100 105 110 115 120
Time (h)

Figure 6. Kinetic of the polymerization of EMA with Iso-CF; under ON—
OFF cycles of UV-light irradiations.
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sog

Iso-CF3 (1 equiv.)

solvent, Ar, 6h
LED (390 nm, 0 cm, Fan)

Iso-CF3 (3 equiv.)

DMF, Ar, 24h
2 LED (365 nm, 0 cm)

©:I CO,Et 1s0-CF; (2 equiv.)
o)w DMF, Ar, 24h

2 LED (365 nm, 0 cm)

28
§

5
Scheme 6. Reduction of benzyl and aryl halides by Iso-CF;.

(p-DNB)) confirmed the electron transfer mechanism (Table 2,
entries 1 and 2). Then, the major formation of the coupling prod-
uct 8 (58%)%] in the presence of the radical scavenger TEMPO
leaned toward the generation of a naphthylmethyl radical inter-
mediate upon SET from excited Iso-CF;" (entry 3). Delocaliza-
tion of the radical over the naphthyl moiety favors the stability
of the naphthylmethyl radical and the homocoupling reaction.
The absence of the cyclized product 7 (arising from the double
electron-transfer reduction of 5 and subsequent cyclization of the
aryl anion intermediate)/*!) reinforced the hypothesis of a radical
process.

5. Conclusion

In conclusion, we demonstrated that a-trifluoromethylated
quinoline derivatives are a new class of safe and storable
photoinduced-electron transfer donors that can be conveniently
and efficiently used for the initiation of radical polymerizations or
the reduction of halide derivatives. Contrary to the classical Nor-
rish type II initiator, Iso-CF; operates both as the photosensitizer
and the ET-donor, directly reducing the monomer without resort-

Table 2. Mechanistic investigations on the electron-transfer properties of
Iso-CF;.

Br

1

Iso-CF3; (1 equiv.)
+ Additive
DMF (0.08M), Ar, 6h
LED (365 nm, 2 cm)

Product

Entry Additive Product
1 Air (1 atm)

2 p-DNB (1 equiv.)

3 TEMPO (1 equiv.)

O—N

8 (conv. 58%)
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oMo

in DMF:
in THF:

conv 83% (60%) conv 17%
conv 12% conv 88% (78%)
Cr
0" >"pPn
4 (conv 80%)
@ @&
(conv 75%) (not observed)

ing to a second initiating component. Moreover, Iso-CF; gives
very long chain polymers and could be stored in the monomer
solution for several months at 42 °C without losing its efficiency.
Polymers bearing Iso-CF; at their chain end are now understudy
as possible macroinitiators.

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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