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Carbazol-3-olate photosensitizers enable photocatalytic
hydrodefluorination and Birch-type reduction reactions

Huilong Kuang,® Weibin Xie,*® Tatsushi Yabuta,® Masaaki Fuki,2® Masahiro Higashi,c Yasuhiro
Kobori,*2* Nozomi Sakai,? Seiji Akimoto,?* Masahiko Hayashi,2 Ryosuke Matsubara*?

Despite significant recent advances in the development of organic photosensitizers (PSs), designing a PS with both long-
wavelength absorption and high reducing ability remains challenging. In this study, we introduce carbazol-3-olates as a novel
class of PSs that exhibit these desirable properties. Compared to their neutral carbazole counterparts, anionic carbazol-3-
olates exhibited a 70-nm red-shift in absorption and a 0.54-V negative shift in the excited-state reduction potential. The use
of carbazol-3-olates as PSs enabled photocatalysis of hydrodefluorination and Birch-type reduction reactions under long-
wavelength visible-light irradiation. Furthermore, the Birch reduction reactions exhibited tolerance toward aqueous
environments when conducted using our PS, thus expanding their industrial applicability. Mechanistic studies revealed
electron transfer from the excited carbazol-3-olates to inert substrates, such as fluoroarenes, highlighting the high catalytic
efficiency of carbazol-3-olates as PSs for reduction reactions. Therefore, with their transition-metal-free nature and facile
synthesis process, we expect carbazol-3-olates to be industrially advantageous PSs for catalyzing challenging photochemical

reduction reactions.

Introduction

Photosensitizers (PSs), upon excitation by light, can transfer
electrons to substrates, thus initiating various chemical
reactions. Organic PSs have garnered significant attention in the
scientific community as novel materials with promising
potential for photonic energy conversion owing to their low
toxicities, cost-effectiveness, and easy accessibility compared to
transition-metal-containing PSs.! Currently, multiple studies
have reported the use of PSs to facilitate reduction reactions
through electron transfer (ET) processes under visible-light
irradiation. However, the achievement of photochemical
hydrodefluorination and Birch reduction, the substrates of
which have extremely low reduction potentials, remains a
formidable challenge owing to the limited reducing ability of
conventional PSs (Scheme 1a). Therefore, these reactions have
typically relied on highly reactive alkali metals under stringent
conditions or transition-metal catalysts combined with
reductants. Recent studies have reported several PSs with
potent reduction capabilities that can facilitate these
formidable reactions under visible light irradiation.? Miyake
employed benzo[ghi]lperylene imides as photocatalysts to
achieve the Birch-type reduction of unactivated arenes, based
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on the concept of consecutive photoinduced electron transfer.?
Konig utilized an iridium-based PS to enable Birch-type
reactions of activated polycyclic arenes via the sensitized ET
strategy.* Weaver, as well as Cheng and Tan, used transition-
metal-based PSs to activate the C—F bonds of activated
fluoroarenes.>® Kominami, Matsubara, and Iwasawa reported
the hydrodefluorination of unactivated fluoroarenes using
transition-metal-based or organic PSs.”? However, several
issues remain to be addressed for each reported reaction, such
as the use of transition metals, requirement of ultraviolet (UV)
irradiation and/or activated substrates, low reaction
efficiencies, and complicated synthesis methods for PSs.

Based on pioneering studies,10-11 the field of photochemical
reduction has recently witnessed the development of anionic
PSs that demonstrate exceptional reducing abilities and
desirable photophysical properties (Scheme 1b).1213 Hasegawa
reported a naphtholate-based PS to catalyze reductive
desulfonylation reactions.’* Xia developed a phenolate-based
PS to enable the cleavage of the C—X bonds of iodo-, bromo-,
and chloroarenes.'>16 Kénig developed an anthrolate-based PS
that was applied for the carboxylation of (hetero)arenes and
styrene derivatives.l” Melchiorre developed an indole thiolate-
based PS that catalyzed both the C—X bond activation of
haloarenes (X = Cl, F, OPO(OEt),) and Birch-type reduction.18
Shang reported defluoroalkylation and hydrodefluorination of
trifluoromethyls using o-phosphinophenolates.’®-2! Dell’Amico
and Filippini developed sulfone-pendant phenols as PSs that
catalyzed iodosulfonylation of olefins.22

Our group has focused on the development of carbazole-based
PSs.2324 Carbazole has an electron-rich nitrogen-containing
heteroaromatic skeleton, and the parent carbazole has a
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relatively long-wavelength absorption maximum of 334 nm,
which corresponds to electronic transition from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied
molecular orbital (LUMO).%> As the HOMO coefficients at the 3-
and 6-positions of carbazole are large and those of LUMO are
small, incorporating electron-donating groups at the 3- and 6-
positions increases the energy level of the HOMO and has little
effect on that of the LUMO, resulting in a decrease in the
HOMO-LUMO gap, which leads to a red-shift of the absorption
spectrum.?® Based on this concept, we recently discovered 3,6-
bis(dimethylamino)carbazole and its derivatives as potential
PSs, with broad visible light absorption (Amax = 400 nm) and high
reducing ability (E*.,x = —2.75 V vs SCE). These carbazole PSs
successfully catalyzed the demanding reductive activation of C—
X bonds (X = Cl, F, OR) and CO, reduction to formate.? 27-2° With
this background, we were motivated to develop PSs using
carbazol-3-olate, an anionic carbazole molecule with an
oxyanion, a strong electron-donating substituent, at the 3-
position, to achieve improved catalytic properties with
relatively simple structural manipulation (Scheme 1c).30-31
Herein, we report the synthesis and optoelectronic properties
of carbazol-3-olate PSs and their successful catalysis of
hydrodefluorination and Birch-type reduction reactions. We
tested various PSs and investigated the reaction conditions for
the two reactions, and successfully showed that our carbazole-
3-olate PSs could facilitate the reactions under long-wavelength
visible light irradiation without the need for transition metals.
We also investigated the substrate scopes and proposed
mechanisms for the two reactions.

2| J. Name., 2012, 00, 1-3
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Scheme 1 (a) Challenging reduction reactions. (b) Reported representative anionic
photosensitizers (PSs). 1419 22 (c) This work: development of carbazol-3-olate PSs
for photocatalyzing formidable reduction reactions.

Results and Discussion

Based on the assumption that the in situ deprotonation of
carbazol-3-ol in the presence of a base leads to the formation
of carbazol-3-olate owing to the acidity of phenolic protons,
several carbazol-3-ol derivatives were synthesized for the study
and directly utilized in photochemical reactions under basic
conditions. Of these, the carbazol-3-ols PS1 and PS4 and
carbazol-3,6-diols PS3 and PS5 were selected as the research
targets (Fig. 1la). They can all be synthesized by the facile
demethylation of the corresponding methoxycarbazole
derivatives using pyridine hydrochloride (see Supporting
Information Section S3 for the details). Furthermore, PS2 and

This journal is © The Royal Society of Chemistry 20xx
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PS6, which do not have anionic natures, were also employed as
controls.?4 28

The hydrodefluorination of 4-fluoroanisole (E..q = <—3.0 V vs
SCE) in DMS032 was investigated using 2 mol% of the PS, 3 equiv
of Cs,CO3, and 4 equiv of potassium formate under 440-nm
visible light irradiation (Fig. 1b, see Table S2 for the complete
list of experiments). PS1 afforded the desired reduced product
anisole in 95% yield after 24 h. Control experiments revealed
that light, Cs,CO3, and the PS were all indispensable for the
reaction progress (Fig. 1b, entry 1). Furthermore, the reaction
proceeded in low yield in the absence of potassium formate
(12% vyield; Fig. 1b, entry 2). The electron source in this case is
unknown. To our delight, the reaction still proceeded under
visible light irradiation when the A, = 480 nm (Fig. 1b, entry
3), suggesting that PS1 has a potential for future applications
involving long-wavelength light. Meanwhile, PS2, which had no
acidic protons, showed poor reactivity (Fig. 1b, entry 4),
probably owing to a lack of visible-light absorption (vide infra).
The use of the carbazol-3,6-diol PS3 also provided the product,
albeit in slightly lower yield than achieved using PS2 (Fig. 1b,
entry 5). When the reaction time was reduced to 6 h instead of
24 h, the product yields were 43% and 66% when using PS1 and
PS3, respectively, indicating that PS3 exhibited higher catalytic
activity but lower durability under the irradiation conditions
than PS1. The use of the 9-non-substituted carbazole variants
PS4 and PS5 and the dimethylamino group-substituted
carbazole PS6 (E*,, = —2.7 V vs SCE)?8 afforded inferior results
to those achieved using PS1 (Fig. 1b, entries 6—8).33 The reaction
should theoretically proceed with a catalytic amount of Cs,COs3;
however, using less than 3 equivalents resulted in a lower yield.
This can be attributed to the equilibrium-driven promotion of
PS1 deprotonation with higher Cs,CO; loading and the
contribution of Cs cation to substrate activation.33

Next, the optoelectronic properties of the carbazol-3-olates
were investigated. Absorption spectroscopy revealed that PS1
absorbed only UV-region light in the absence of a base (Fig. 1c).
Unsurprisingly, the absorption spectrum of PS2 was almost
identical to that of PS1, as the electronic states of the carbazole
chromophore cores of PS1 and PS2 were similar. Therefore, in
subsequent experiments, PS2 was used as a substitute for non-
deprotonated PS1 when comparing with deprotonated PS1,
because PS2 was not affected by the inadvertent hydrogen
bonding that might have occurred in the case of PS1. In the
presence of Cs,CO3, PS1 exhibited visible light absorption with
a long-wavelength absorption maximum of 440 nm, indicating
that the deprotonation of the hydroxy group formed a carbazol-
3-olate structure that was electronically distinct from the
carbazol-3-ol structure. The 'H nuclear magnetic resonance
(NMR) spectroscopic analysis of the solution of PS1 in the
presence of Cs,CO; also suggested the deprotonation of the
hydroxyl group (Fig. S2). The red shift in absorption resulting
from the deprotonation can be explained by an increase in the
HOMO energy level caused by the interaction between the

This journal is © The Royal Society of Chemistry 20xx
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HOMO and the electron-donating oxide substituent, leading to
a decrease in the HOMO-LUMO gap (Fig. S9). The results of
time-dependent density-functional theory calculations well-
matched the experimental absorption spectra (Fig. S10).
Furthermore, carbazol-3-olate species derived from PS1 were
emissive (Fig. 1d), indicating that the excited state of the anionic
carbazol-3-olate could relax to the ground state via a radiative
pathway. Note that the carbazol-3,6-diol PS3, when in the
presence of Cs,COs, exhibited absorption and fluorescence
spectra similar to those of deprotonated PS1 (Fig.s S4 and S5),
which indicates that only one hydroxy group of the two in PS3
was deprotonated by Cs,COs; (see Supporting Information
Section S4 for details). The absorption and emission spectra of
PS4 and PS5 in the presence and absence of Cs,CO; are shown
in the Supporting Information (Fig.s S6-S8).

The oxidation potential of deprotonated PS1 shifted by
approximately 1V in the negative direction upon deprotonation
(Fig. 1e), indicating that it became more electron-rich and, thus,
more susceptible to oxidation compared to its state prior to
deprotonation. The oxidation potentials of PS2 and
deprotonated PS3, PS4, and PS5 are shown in the Supporting
Information (Fig. S12).

The measured fluorescence quantum vyields and fluorescence
lifetimes as well as the aforementioned optoelectronic data are
shown in Fig. 1f. The oxidation potential of deprotonated PS1 at
its excited state (Eo* = —2.92 V vs SCE), which was calculated
from its ground state oxidation potential and excitation
energy,! was notably lower by 0.54 V than that of PS2 (E,* = —
2.38 V vs SCE), demonstrating that the deprotonation of the
hydroxy group of the PS significantly enhanced its electron-
donating ability (Section S6). Furthermore, the fluorescence
lifetime of deprotonated PS1 was 4 times longer (7 = 24.3 ns)
than that of non-deprotonated PS2 (7 = 6.4 ns) (Section S7).
Both the radiative (k;) and non-radiative (k, ) decay rates were
lower for deprotonated PS1, with the radiative decay rate, in
particular, decreasing by an order of magnitude. The k, values
calculated with the harmonic approximation were 1.4 x 107 s7*
for deprotonated PS1 and 5.7 x 107 s7! for PS2, which are in
reasonable agreement with the experimental values (0.5 x 107
s! for deprotonated PS1 and 5.5 x 107 s for PS2). The
difference in calculated rates mainly originated from the
difference in fluorescence energy. The overestimation of the k,
of deprotonated PS1 could be due to the anharmonicity from
the strong interaction between the PS1 anion and DMSO
solvent (see Section S5 for details). The small k,, (3.6 x 107 s7%)
for deprotonated PS1 also contributed to the elongation of the
fluorescence lifetime. Considering the k,, as dominated by the
intersystem crossing (ISC) in carbazole, this suggests that the ISC
rate from the S; of deprotonated PS1 decreased because of a
significant reduction in the S;—T; energy gap, hindering the spin-
orbit coupling between the S; and T, states prior to the T,—T;
internal conversion.

J. Name., 2013, 00, 1-3 | 3
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a. Structure of PSs

b. Hydrodefluorination
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Fig. 1 (a) Structures of the employed carbazole-based PSs. (b) Hydrodefluorination using the carbazol-3-olate PSs. (c} Absorption spectra of PS1, PS1 with Cs,COs, and

PS2 in DMSO. (d) Florescence spectra of PS1 with Cs,CO; and PS2 in DMSO. Excitation wavelength: 350 nm. (e) Cyc
Summary of optoelectronic data of PS1 with Cs,CO; and PS2. E,,: Oxidation potentials of ground-state molecules obtained from cyclic

Cs,CO; and PS2 in DMSO. (f)

ic voltammograms (oxidation waves) of PS1 with

voltammetry analysis (Fig. lel). Es: Singlet excited state energies approximated from the fluorescence spectra (Fig. 1d). E*: Oxidation potential of the singlet excited

states of the molecules, as calculated usin%)the equation E,* = E,, — E,. k,: Radiative decay rate constant calculate

calculated using k,, = (1-@)/z. See also: Table S1 in the Supporting Information.

using k, = @/ z. k,,: Nonradiative decay rate constant

Next, we investigated the scope of substrates for
hydrodefluorination (Fig. 2). Electronically neutral or electron-
donating group-substituted aryl fluorides 1b—f provided the
hydrodefluorinated products in high yields upon using 2 mol%
of PS1. The reaction with substrate 1g proceeded sluggishly
even with 5 mol% of PS1, affording the product in moderate
yield along with unidentified byproducts. The substrate 1h,
which had two methyl groups at the ortho positions to a fluorine
atom, achieved an excellent yield of 90% upon using 5 mol% of
PS1. The aryl fluorides 1i and 1j that possess electron-
withdrawing groups, as well as the electron-deficient aromatics
1k and 1l, afforded the products in moderate yields. In general,
the photochemical hydrodefluorination of electron-deficient
substrates proceeds more slowly than that of electron-rich
ones, likely due to the slow C—F bond cleavage following the
electron transfer event.® Benzotrifluoride was used as a
substrate under the established reaction conditions; however,

compounds in which one or more fluorine atoms were simply
replaced by hydrogen were scarcely obtained.

Please do not adjust margins




oNOYTULT D WN =

ocouuuuuuuuuuud,DdDDDBDDAMDMDMNDAEDANEDNWWWWWWWWWWNNNNNNNNNDN=S =2 @2 a@Qaaa0
VWO NOOCULLhAWN-_rOCVONOOCTULDWN—_,rOCVOONOOCULDDWN=—_,rOUOVUONOOCULPMNWN—_ODOVUONOUVPSD WN =0

~Organic:Chem

Journal Name

LED (Amax = 440 nm), PS1 (2 mol%)

R\/ E Cs,CO;5 (3.0 eq.), HCOOK (4.0 eq.) R\/ H
N l DMSO, 24 h N l
1 2
F
94 e
OMe ©/ Me
OMe
1b: 55% 1c: 75% 1d: 95% 1e: 98%°
Me
F F F
. O e O
Me Ph MeOOC
Me
1. 74%? 1g: 45%° 1h: 90%P 1i: 28%?
F
o & ¢
—
NC O N
1j: 40%? 1k: 10% 11: 36%

Fig. 2 Substrate scope for the hydrodefluorination reaction. Conditions: LED
irradiation (Aa, = 440 nm), PS1 (2 mol%) HCOOK (4.0 equiv), Cs,CO;3 (3.0 equw)
aryl fluoride 1 ?1 0 equw% in DMSO (0.1 M), argon atmosphere, 24 h. The NMR
yields are shown. 2 GC yield. ® 5 mol% PSl

We then investigated the application of the carbazol-3-olate PSs
for photochemical Birch-type reduction reactions. Recently,
elegant photochemical Birch-type reduction reactions have
been developed; however, they require either short-
wavelength light or transition metal-based photocatalysts.* 18
We expected that the developed transition metal-free carbazol-
3-olate PSs could catalyze Birch-type reduction reactions with
longer wavelength light. In our study, the Birch-type reduction
of naphthalene (3a) successfully proceeded upon using PS1
under 440-nm irradiation in the presence of 1 equiv of Cs,CO3
and 6 equiv of iPr,NEt, affording 1,4-dihydronaphthalene (4a) in
74% yield (Table 1, entry 1). The reaction also proceeded under
visible light irradiation with A . = 480 nm, with only a marginal
decrease in yield (Table 1, entry 2). Control experiments
demonstrated that light, iPr,NEt, PS, and Cs,CO3; were essential
for Birch-type reduction (Table 1, entries 3—-5). Replacing iPr,NEt
with potassium formate, the choice of electron donor for the
hydrodefluorination reaction, decreased the product vyield
(Table 1, entry 6). Notably, adding up to 10 equiv of water did
not alter the product yield (Table 1, entry 7), suggesting that this
catalytic system using PS1 exhibits tolerance toward aqueous
environments, which is in sharp contrast to the standard Birch

This journal is © The Royal Society of Chemistry 20xx
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reactions conducted using zero-valent alkali metals. Among the
tested PSs, PS1 provided the highest product yield (Table 1,
entry 1 vs entries 8—12).

We then investigated the substrate scope for the developed
Birch-type reduction reaction (Fig. 3). The mono-substituted
naphthalene derivatives 3b—3g were subjected to the
established reaction conditions: the 1-substituted naphthalene
derivatives (3b, 3d, 3f, and 3g) afforded di-hydro products with
aromaticity remaining on the ring side with a substituent, while,
in contrast, the 2-substituted naphthalene derivatives (3¢ and
3e) afforded a mixture of products favoring di-hydro products,
with the aromaticity remaining on the non-substituted ring side.
When 1-fluoronaphthalene (3g) was used as a substrate, the
formation of product 4a was also observed, likely generated
through hydrodefluorination either before or after the Birch-
type reduction process. The reduction of phenanthrene (3h)
resulted in hydrogenation at the 9- and 10-positions, affording
the biphenyl derivative 4h in 74% yield. The heteroaromatics
benzofuran (3i) and benzo[b]thiophene (3j) also underwent
Birch-type reduction, leading to the formation of 4i and 4j,
respectively; the products were dehydrogenated at the 2- and
3-positions. A list of low-reactive substrates is provided in Fig.
S15.

Table 1 Reaction conditions and yields for the Birch-type reduction of naphthalene

LED (Amax = 440 nm), PS1 (5 mol%)
Cs,CO;3 (1.0 eq.), iProNEt (6.0 eq.)

DMSO, 12 h

3a 4a
Entry Deviation from Reaction Conditions  Yield /%2
1 None 74
2 440 nm — 480 nm 62
3 No light or no iPr,NEt 0
4 No PS 11
5 No Cs,CO; 8
6 iPr,NEt - HCOOK 39
7 H,0 (10 eq.) added 74
8 PS1 — PS2 34
9 PS1 — PS3 <5
10 PS1 — PS4 <5
11 PS1 — PS5 9
12 PS1 — PS6 54

2 NMR yield.

J. Name., 2013, 00, 1-3 | 5
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Fig. 3 Substrate scope for Birch-type reduction. The NMR yields are shown.
To elucidate the mechanisms underlying the a b
hydrodefluorination and Birch-type reduction reactions, we 300 15
performed  fluorescence-quenching  experiments  on g 250 14 N
deprotonated PS1, utilizing 4-fluoroanisole 1a and naphthalene > 200 <13 ’
3a as the quenchers. In both cases, the fluorescence of the e 150 T e
. . £ 100 : y
excited deprotonated PS1 was quenched; the quenching rate f %
constants (k,) obtained upon using 1a and 3a were 3.4 x 107 and - 0 1 &
5.9 x 10° L mol= s, respectively (Fig. 4 and Section S9). The 450 550 650 0 200 400
possibility of the formation of an electron donor—acceptor Wavelength (nm) Conc. of 1a (mM)
complex or an exciplex between the deprotonated PS1 and c

either substrate 1a or 3a was ruled out (Sections S10 and S11).
The proposed reaction mechanism for hydrodefluorination is
delineated in Fig. 5a. In this reaction, the carbazole PS1 loses a
proton from its hydroxy group in the presence of Cs,COg,
resulting in the formation of carbazol-3-olate 5, an active PS.
Upon excitation with visible light, the excited carbazol-3-olate
5% (E*,=—2.92 V vs SCE) is generated, which undergoes ET with

FL intensity (a.u.)

d
1000
800
600 3
400
200
0
450 550 650

Wavelength (nm)

0 5 10 15 20
Conc. of 3a (mM)

Fig. 4 (a,c) Fluorescence quenching of deprotonated PS1 (generated in situ from
PS1 and Cs,COs) in the presence of (a) 1a and (c) 3a. (b,d) The ratios of
fluorescence intensities at 524 nm (lo/l) in the presence (/) and absence (/) of the
quenchers (b) 1a and (d) 3a as functions of the quencher concentrations. Solvent:
DMSO, concentration of PS1: 20 uM, concentration of Cs,COs;: saturated,
excitation wavelength: 440 nm.
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Fig. 5 Proposed reaction mechanisms for photochemical (a) hydrodefluorination and (b) Birch-type reduction. Compounds 1a and 3a are shown as the representative

substrates in each reaction.

the fluoroarene 1a (E;eq= ca.—3.1 V vs SCE),? 18 3435 followed by
the dissociation of fluoride,® ° 18 to afford the aryl radical
species 7 along with the carbazolyl oxyl radical 6. Because the
ET process from 5* to 1a is slightly uphill in energy, the
coordination of a cesium cation to the fluoride atom of 1a may
play a role in enhancing the electron-accepting ability of 1a.33
The aryl radical 7 (anisole C(sp?)—H bond dissociation energy
(BDE) > 100 kcal mol™)3® then undergoes hydrogen atom

transfer (HAT) with formate (C(sp?)—H BDE = 86 kcal mol)37 to
yield the hydrodefluorinated product 2a along with a CO,
radical anion (C0O,*7).37-3% This HAT process was supported by a
deuterium labelling experiment using deuterated formate
(Section S12). Alternatively, the aryl radical 74°4! can be
converted to 2a through ET and a protonation (PT) process,
wherein CO,* (Eo =—2.2 V vs SCE)?7, the dimsyl anion 8 (Eox = —
0.8 or—0.5 V vs SCE),*? and/or its excited state 8*43 are potential
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electron donors, and DMSO, water,32 and/or HCO5™ are proton
donors; the formation of 8 from DMSO and Cs,CO; was
experimentally confirmed (See Section S13). The carbazol-3-
olate 5 (E;eq = —0.31 V vs SCE) is regenerated from 6 through ET
from CO,* generated in the aforementioned HAT process.
Alternatively, 6 may be converted to PS1 via the HAT, for which
formate is a potential hydrogen atom donor. While this HAT
process is thermodynamically unfavorable (O—H of PS1 BDE
(calculated)** = 80.7 kcal mol?), the subsequent deprotonation
of PS1 may provide the driving force needed to make the overall
process feasible. The reaction quantum vyield for the
hydrodefluorination of 1a was determined to be 0.91 (Section
S15), which implies a chain propagation mechanism may also be
operative (Section S16).

The proposed reaction mechanism for Birch-type reduction
reaction is shown in Fig. 5b. Naphthalene (3a) (Eieq = —2.71 V vs
SCE)*> undergoes ET with 5* to form the radical anion 10 and
radical 6. Due to the low reduction potential of 6, ET from
iPr,NEt to 6 is not plausible. Instead, dimsyl anion 8 and/or its
excited state 8* can serve as electron donors to regenerate 5.
Alternatively, 5 is regenerated through HAT between the amine
11 (C,—H BDE (calculated)** = 90.9 kcal mol™') and radical 6 to
afford PS1 and radical 12, followed by deprotonation of the
resultant PS1. As in the case of hydrodefluorination, the
thermodynamic disadvantage of the HAT process may also be
compensated by subsequent deprotonation, thereby enabling
the reaction to proceed. The radical anion 10 is converted to the
product 4a via either HAT followed by the PT pathway or a
sequence of PT, ET, and PT. In these processes, the radical 12
functions as the hydrogen atom donor, while 8 and/or 8* act as
the electron donors, and DMSO, water,32 46 and/or HCO3™ serve
as the proton donors.*” The product formation observed in the
absence of PS (11% yield, Table 1, entry 4) is likely attributable
to the dimsyl anion, acting as a photo-activated electron donor.
The reaction quantum yield for the Birch-type reduction of 3a
was determined to be 0.15 (Section S15), suggesting that the
involvement of a chain propagation mechanism need not be
considered.

Conclusions

In this study, carbazol-3-olate, generated in situ from carbazol-
3-ol via deprotonation, was developed as a novel PS capable of
catalyzing challenging photochemical reduction reactions. The
carbazol-3-olate PS is distinguished by its transition-metal-free
nature, broad visible-light absorption, high reducing ability, and
prolonged excited-state lifetime. Using this newly developed
PS, both hydrodefluorination and Birch-type reduction
reactions were successfully achieved under 480-nm visible light
irradiation.*®%° Ongoing research in our laboratory aims to
explore further applications of carbazol-3-olates as PSs, as well
as to extend this concept toward the development of new PSs
with enhanced properties.
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