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ABSTRACT: An organo-photocatalyzed approach for the chemoselective dealkylation and de-esterification of phenols is
developed by employing trimethyl silyl chloride as the C-O bond activator and 9-Mes-10-MeAcr*ClO4~ as the photoredox
catalyst. This method demonstrates an exceptional selectivity towards the cleavage of phenolic ethers and esters over
equivalent aliphatic scaffolds, presenting a broad range of functional group sustainability. This strategy also enables selective
debenzylation of phenols in the presence of reduction-sensitive functional groups. The photocatalytic efficiency was further
extrapolated in the fragmentation of lignin models and synthetic modification in manufacturing a FLAP inhibitor. Mechanistic
studies, photophysical experiments and computations provide evidence for the involvement of an oxonium intermediate,
generated through the photo-oxidation of the arene ring, which ultimately leads to the selective disintegration of C-0 bond,

facilitated by the oxophilicity of silicon.

Protection and deprotection strategies operate as an inevitable
tool to perform specific synthetic steps in the presence of
multiple mutually competitive functional groups in target-
oriented transformations.! Phenolic compounds are
considered as a primitive class of structural motifs to construct
the core backbone of numerous complex molecular
architectures amidst oxygen-based synthetic handles (Fig 1).2
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Figure 1: Phenolic-OH containing bioactive molecules.

From an obligatory synthetic perspective, masking phenolic-
OH with appropriate protecting groups is necessary to prevent
undesired side reactions.3 Among the wide variety of
protection strategies, anisole derivatives, aryl benzyl or other
aryl alkyl ethers and acetoxy arenes are most extensively
utilized in organic synthesis as the precursors of phenols owing
to their easy installation procedures and inherent
sustainability during the targeted conversion. Consequently,
different deprotection methods of the phenol functionality
have been reported in the literature depending on the
protecting groups. The most steadfast approaches for the
demethylation of anisole derivatives are commonly explored
with the involvement of strong hydrohalic acids (e.g., HBr and
HI)# at elevated temperature, Lewis acids (e.g., BCls, BBrs, AlCls,
Alls, TMSI etc),5 nucleophilic reagents (e.g, NaSEt,
NaN(SiMes)2, LiPPhz, L-Selectride),® and organic super bases?’
generally at low temperatures (Scheme 1a). However, the
employment of stoichiometric amount of highly reactive
reagents, specially designed catalysts, harsh reaction

conditions, cumbersome handling protocols, and unwanted
byproduct formations restrict the widespread applications of
these orthodox procedures. Often the above methods are
incompetent to be utilized as the general dealkylation process
for the phenolic ethers, consisting of alkyl groups other than
methyl. In addition, many of those display uncontrollable
reactivities, which might disrupt chemo- and regioselectivity
issues between aliphatic and aromatic ethers and esters.5b. 8
Alternatively, the most frequently applied process to remove
benzyl or other comparable protecting analogs is the
transition-metal catalyzed hydrogenation (Scheme 1b).% It is
noteworthy to mention that the existence of reduction-
sensitive functional groups like CN, NOz, CHO, alkene, alkyne
etc. are often sacrificed under this hydrogenation process at
high pressure. Strong oxidant-based C(sp3)-O cleavage of
benzyl and PMB (p-methoxy benzyl) groups is another widely
used strategy.10 However, the overall process produces copious
byproducts due to their unselective reactivity patterns and
generates a significant amount of noxious inorganic wastes.11
On the other hand, deacetylation of acetoxybenzene
derivatives requires acidic or basic hydrolysis with a high
concentration of inorganic acids or bases, which are found to
be indiscriminating towards other carboxylic acids.12

Over the last two decades, visible-light-mediated photoredox
catalysis has shown a new horizon and illustrates superior
ways for selective bond disconnections by virtue of specific
redox properties of the photocatalysts, which were elusive in
traditional synthetic procedures.!3 In the recent past, several
photoredox-catalyzed methods have been documented for the
deprotection of PMB-protected phenols and aliphatic alcohols
by Stephenson, Cheng, Pieber and others.1* However, all these
reports explored the undeniable participation of
stoichiometric amounts of terminal oxidants like BrCCls,
peroxides, per disulfates, DDQ etc.
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Scheme 1. Prior strategies on phenolic ether/ester cleavage, existing limitations, and planned solution.

Consequently, Xia developed an innovative route for the
intrinsic removal of the benzyl group from benzyloxy phenols,
which proceeds via arene radical anion species by means of the
super photo-reductive ability of an especially designed
organophotocatalyst.l> Nevertheless, the current photoredox-
catalyzed approaches are predominantly restricted only to the
removal of benzylated ethers!6 and protocols covering a
broader substrate class is extremely limited.1” Lei employed a
combination of 9-Mes-10-MeAcr*ClO4+~ and stoichiometric
selectfluor for the successive HAT and photo-oxidation to
demask corresponding phenols (Scheme 1c).17b This method
was confined only for demethylation and displayed narrow
substrate scope. In these circumstances, a general synthetic
route is highly desirable, which will enable chemoselective
fragmentation of phenolic esters over alkyl benzoates; between
aliphatic and aromatic ethers and will facilitate selective
debenzylation of phenols in the presence of reduction-sensitive
functional groups (Scheme 1d).

We observed that the fundamental working principle in
previously described photoredox-catalyzed dealkylation
approaches is rather general.18 Initially, the phenol-based
aromatic ring undergoes single electron oxidation to produce
an arene radical cationic intermediate through reductive
quenching of the photocatalyst and this crucial step is identical
in most cases.19 Comprehending these redox behaviours of the
photocatalyst and the substrate, we envisioned that the arene
radical cationic intermediate can undergo chemoselective
nucleophilic dealkylation or de-esterification giving rise to
phenoxy anionic species (Scheme 1e). The appropriate
selection of a masking group could efficiently bind with the
oxygen atom of this phenoxy anionic intermediate to prevent
the reverse alkylation process and effectively facilitate the

dealkylation or deacetylation process in a chemoselective
fashion. In line with our recent endeavours on sustainable
redox chemistry,20 herein, we report a versatile method for the
chemoselective deprotection of phenolic ethers and esters
through the fragmentation of C(sp3)-0 bond under visible-light
promoted photoredox catalysis (Scheme 1f).

The prime impediment in initiating our research was the
excerption of a scrupulous masking group that could
irreversibly bind with the phenoxy anion generated from
phenolic ether or ester and promote the chemoselective
deprotection process. We presumed that a mild reagent
(masking group) consisting of boron or silyl moiety might be
the benefitting predilection for the postulated transformation
as 0-B and O-Si bond formation are thermodynamically
favorable because of high bond energies (~536 KJ/mol and
~452 KJ/mol, respectively).21 Consequently, the selection of a
suitable photocatalyst is also important to oxidize the
protected phenol derivatives. Considering the reports in the
literature, 9-Mes-10-MeAcr+ClO4- was strategically elected as
the photocatalyst because it offers a high photo-oxidation
window of +2.18 V vs SCE.22 Accordingly, we commenced our
investigation with the demethylation reaction by choosing
4-methoxy acetophenone (1a) as the model substrate and
trimethyl silyl chloride (TMSCI) as the C-0 bond activator. An
equimolar mixture of 1a and TMSCI was treated with 3 mol%
of 9-Mes-10-MeAcr*ClOs~ (PC) and the mixture was irradiated
under 427 nm 40 W Kessil LED in MeCN under air. Gratifyingly,
this reaction resulted in the formation of 4-acetyl phenol (A-1)
in 72% isolated yield after 24 hours (Table 1, entry 1). We
examined the individual requirement of the photocatalyst, light
source, and TMSCI at this stage. As per our expectation, the
reaction hardly occurred without any of these (see SI for
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details). Other photocatalysts, like, Ir[(dF-CF3ppy)2dtbbpy]PFs,
4-CzIPN and triphenyl pyrilium salt (TPP) were employed
separately to carry out this transformation (entry 3).
Unfortunately, the demethylated product was obtained in poor
yield (18 to 40%). Next, we performed an experiment using
B2Pinz as the activating group and it was found to be less
impactful on the reaction outcome (entry 4). Among other silyl
chloride derivatives, Et3SiCl was effective, albeit at a much
inferior yield of 54% (entry 5), whereas other bulky silyl-
agents (TIPSCl, TBDMSCI, TBDPSCI) hardly produced A-1
(entry 6). Lowering the equivalent of TMSCl was inefficient
(entry 7). The yield of A-1 decreased significantly when a 1:1
mixture of MeCN and water was used as the reaction medium
(entry 8). Other polar, non-polar and chlorinated solvents were
also utilized as the solvent, but no improvement in productivity
was noticed (entry 9). Pleasingly, increasing the catalyst
loading to 5 mol% and prolonging the reaction time to 36 hours
was found to be more efficient and the demethylation process
was finished with 84% isolated yield (entries 10 and 11).
Notably, utilization of other Fukuzumi catalyst23 provided
slightly diminished yield (entry 12).

Table 1. Optimization of the reaction conditions®

MeOC MeOC

9-Mes-10-MeAcrClO,4 (3 mol%)
TMSCI (3 equiv)

MeCN, air, 24 h
40 W 427 nm LED

1 72%, A-1
entry deviation from standard conditionss yield®
(%)

1 none 72

2 no TMSCl/no PC/in dark trace
3 [Ir]/4-CZIPN/TPP as the photocatalyst ~ 18-40
4 B2Pin; as activating agent 23

5 EtsSiCl as activating agent 54

6 TIPSCl/TBDMSCl/TBDPSCI trace
7 2 equiv of TMSCl was used 60

8 MeCN : H20 (1:1) as the solvent 46

9 DCE/DMF/DMSO/toluene/1,4-dioxane  15-52

was used as the solvent
10¢ 5 mol% 9-Mes-10-MeAcrClOswasused 78
11¢ the reaction was continued for 36 h 84

12¢ 3,6-di-tBu-9-Mes-10-PhBF4swas used 70

aReaction conditions: 1 (0.5 mmol), TMSCl (1.5 mmol),
photocatalyst (3 mol%), MeCN (3 mL), irradiation under 427
nm Kessil LED (40 W), 24 h. bIsolated yield. nd = Not detected.
<5 mol% photocatalyst was used.

Once the optimum conditions were identified, we were
interested in exploring the scope of demethylation to check
the versatility and sustainability of this method (Table 2).
Accordingly,  para-substituted  anisole  derivatives
containing electron withdrawing groups like COMe, CHO,
CN, NO2 (1 to 4), electron neutral groups Ph, Me, tert-amyl,
and halogens (F, Cl, Br) were tested under the optimized
reaction conditions. To our delight, all of those were

successfully converted to the corresponding phenols with
good to excellent yield (62% to 94%). Subsequently, the
effect of meta- and ortho-substituent on this transformation
was scrutinized against electronically deficient COMe and
CHO groups (12, 13, 15 and 16), electron-rich OMe group
(14 and 17 to 19) and halogen (3-iodo, 11). The
demethylation of these substrates occurred smoothly to
produce the demasked phenols with moderate to excellent
yields (59 to 93%). Interestingly, anisole derivatives
bearing more than one methoxy group eventually
underwent demethylation twice to deliver resorcinol (from
14 and 18), catechol (from 17) and protocatechualdehyde
(from 19). Similarly, 1,3,5-trimethoxy benzene was also
smoothly transformed to phloroglucinol with 82% yield.
The efficiency of this protocol remained unaltered for
methoxy substituent attached to hetero aromatic (21) ring
and the desired hydroxylated product was obtained in 60%
yield. Pleasantly, the demethylation method was also found
to be benevolent in producing demethylated indomethacin
methyl ester (22) and estrone (23) from the corresponding
methylated modification in 44% and 68% yield,
respectively. Afterward, we concentrated on applying this
strategy to the phenols protected with alkyl groups other
than methyl. The newly developed protocol was found to be
general and displayed profound efficiency in the C(sp3)-O
bond cleavage of diverse aryl alkyl ethers. In this context,
catechol was obtained from 1,3-benzodioxole (24) with 80% of
isolated yield. Next, we carried out the experiments for both the
electron-deficient and electron-rich phenol analogs protected
with the primary or secondary alkyl group like ethyl (25),
cyanomethyl (26), acetyl (27), isobutyl (28), isopropyl (29) and
tert-butyl (30) groups. Delightfully, all these substrates
proficiently participated in the reaction to afford the
corresponding phenols with moderate to high yield.
Concomitantly, salicylaldehyde derivatives comprising allyl
and propargyl substituents (30 to 32) were also compatible
under the optimized reaction conditions to reconstruct the
mother phenol substrate. Trifluoromethylated
benzaldehyde derivative, 33, also underwent fruitful
dealkylation to afford 3-hydroxy benzaldehyde with 83%
yield. Subsequently, malono-anisole 34 experienced
simultaneous dealkylation of both the malonate protection
and demethylation to construct p-quinol in 39% yield. To
verify the potential ability of the photoredox-catalyzed
dealkylation procedure, we decided to employ it on several
benzyl-protected phenols comprising reduction-sensitive
substituents like, -CN, -NOz, -CHO, -COMe, -CO2Me, -1, azide,
alkyne, and alkene (35 to 45). We were pleased to
experience the irrevocability of this process. Accordingly,
the corresponding phenols were isolated in moderate to
high yield (55 to 90%) with the preservation of the
aforementioned functional groups (Table 2). In this regard,
2-naphthylmethyl (39) and PMB (45) protected phenols
were also subjected to the standard reaction conditions and
the consequent C(sp?)-O bond fragmentation manufactured
the 4-acetyl and 4-chloro phenol with 65% and 80% yields,
respectively. Thereafter, we shifted our attention to the
chemoselectivity issues which are often confronted during
the dealkylation process with common strong Lewis acid,
like BBrs. Simultaneous dealkylation and de-esterification
of alkyl alkoxy benzoates is a recurring problem.
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Table 2. Substrate Scope for demethylation, general dealkylation and selective debenzylation processesa?

R2
o 9-Mes-10-MeAcrCIO,
% Me, (5 mol%)
R'-— -4-OMe + Me— s| cl
\/ M MeCN, air, 36 h

40 W 427 nm LED, RT

R? = alkyl, benzyl, 1 to 45

Scope for demethylation

o ; PC*PC™™

2\ ; O X O =+218V
= :
o~ : @ vs SCE
R \/‘70“ ' '\\‘ © A =425 nm ‘
: Me ClOy4 max :
A-n

3 9-Mesityl-10-methylacridinium perchlorate 3

OMe
M M M OMe M M M M
OMe OMe OMe OMe OMe OMe OMe OMe OMe OMe OMe
i | f COMe i CHO f oM
COMe CHO CN NO, Ph Me MneAe; 3“"6 F cl €
1,84% 2,87% 3,80% 4,62% 5,94% 6,71% 7,73% 8,67% 9,72% 10, 76% 11, 59% 12, 82% 13, 84% 14, 93%°
COMe CHO Q cl
OMe OMe OMe oMe OMe N
COMe CHO OMe > N
N Y/ Me
— OMe OMe MeO
OMe OMe CO,Me MeO
15, 69% 16, 70% 17, 81%° 18, 65%° 19, 67%®, from vanilin 20, 82%¢ 21, 60% 22, 44%, from indomethacin 23, 68%, from estrone
S for dealkylati
cope for dealkylation OMe
COMe COMe COMe @[CHO CHO CHO
Q o (o}
00 Me Me>(0 Me / 9 OYCOZEt
NC.__ Et0,C._. iPr. Me zZ CF3
OEt ~° Me CO,Et
24,80% 25,85% 26, 62% 27,67% 28,71% 29, 74% 30, 95% 31,77% 32,75% 33,83% 34, 39%°
S deb ylation i reducti itive fi i lities
OBn OBn OBn o™ Ar OBn OBn Ph ‘ Me Cl
pZ
Ar = Ph, 38, 94% - o/©/
Ar = 2-Naph, 39, 65%
BnO BnO MeO
CN NO, CHO e CO,Me N
35, 82% 36, 55% 37,88% 40, 90% 41, 76% 42, 63% 43, 68% 44,72% 45, 80%°

aReaction conditions: Phenolic ether (0.5 mmol), TMSCI (3 equiv), 9-Mes-10-MeAcrClO4 (5 mol%), MeCN (3 mL), irradiation under
427 nm Kessil LED (40 W), 36 h. bIsolated yield. cTMSCI (6 equiv) and photocatalyst (10 mol%) were used. ¢TMSCI (9 equiv),

photocatalyst (15 mol%) were used.

We anticipated that the TMSCl-mediated photocatalyzed
dealkylation process could be adroit to circumvent this
abiding challenge. Therefore, reactions with different alkyl-
4-alkoxy benzoate derivatives, enclosed to the same alkyl
groups at both carboxyl and hydroxyl ends were performed
(Table 3). Accordingly, benzoate scaffolds bearing small to
long-chain primary alkyl substituents like, Me (46), Et (47),
propyl (48), n-butyl (49), n-hexyl (50), n-decyl (51), and n-
hexadecyl (53) and secondary alkyl groups like, isopropyl
(52), cyclopentyl (54), and cyclohexyl (55) were
advantageously transformed to the corresponding 4-
hydroxy benzoate frameworks (A-40 to A-60) in 58 to 85%
yield without cleaving the ester functionalities.
Consequently, benzyl (56), allyl (57, 58), propargyl (59)
and cinnamyl (60) containing alkyl-4-alkoxy benzoates
were engaged in the reaction under standard reaction
conditions to fabricate the corresponding 4-hydroxy
alkenylated esters with 57 to 86% yields. Finally, we carried
out this chemoselective dealkylation with the methyl 4-
hydroxybenzoate derivative, connected with a propyl chain
(61). The desired doubly dealkylated product A-40 was
accomplished with 40% yield.

Table 3. Scope for selective dealkylation of alkyl alkoxy
benzoate derivatives.ab

OO~ 0._O.
R 9-Mes-10-MeAcrCIO, R ~
Me (5 mol%) R= R
+  Me— s. o T R : sustained
MeCN, air, 36 h R : cleaved
mé 40 W 427 nm LED, RT
O-g 461061 O,  A-24 toA-60

COMe  CO,Et

NN

CO,"Bu CO, Hex CO,"Dec  CO,Pr

Q0 Q Q

A-40,85% A-47,83% A-48,79% A-49,82% A-50, 70% A-51,64% A-52,72%

é EO”Hexadec ? i Oé EO\ i Oé EO\/Ph Oé EO\/\

OH OH OH
A- 53, 57% A- 54, 78% A-55, 58% A-56, 86% A-57,61%
Me
o OA 007 Ox O~ Ph COMe COMe co,Me
[e] (0]
OH OH OH T OH
A-58, 57% A-59, 59% A-60, 65% 61 A-40, 40%"

aReaction conditions: Alkyl alkoxy benzoate (0.5 mmol), TMSCI
(3 equiv), 9-Mes-10-MeAcrClO4 (5 mol%), MeCN (3 mlL),
irradiation under 427 nm Kessil LED, 36 h. ’Isolated yield.
¢cTMSCI (6 equiv) and 9-Mes-10-MeAcrClO4+ (10 mol%) were
used.
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As discussed earlier, the regioselectivity between aliphatic
and aromatic ethers is typically sacrificed in the
conventional alkyl deprotection methods. Therefore, we
were interested in resolving the selectivity concerns of this
dealkylation process. An unorthodox reactivity pattern was
observed while 62, 63 and 64 were treated individually
under photocatalyzed dealkylation conditions (Table 4). 62,
containing only the aliphatic methoxy group, remained
unreacted during the course of the reaction, while 63
underwent a regioselective demethylation only at the
phenolic ether end to afford A-63 in 77% isolated yield.
Interestingly, 64 demonstrated a reactivity exclusively at
the anisole end and offered A-64 with 95% yield.

Table 4. Scope for selective dealkylation of phenolic ethers.b

(a) OMe OH
©A/ Standard condition ©/V
A-62, 0%

O/\/OMQ Standard condition OMe
HO' A-63,77%
0]
/©/ \© Standard condition /©/ \©
HO
A-64, 95%

aReaction conditions: Ether (0.5 mmol), TMSCI (3 equiv), 9-
Mes-10-MeAcrClO4 (5 mol%), MeCN (3 mL), irradiation under
427 nm Kessil LED (40 W), 36 h. bIsolated yield.

Encouraged by the fascinating proficiency of the
dealkylation process, we were enthusiastic to check the
credibility of this method on the de-esterification of the
phenolic esters (Table 5).2¢ The deacetylation of para-,
meta-, and ortho-substituted acetoxy benzenes attached to
electronically diverse functionalities such as n-pentyl (65),
isopropyl (66), tert-butyl (67), chloro (68), bromo (69),
iodo (72), and COMe (71) group was effectively carried out
to deliver the corresponding phenols in acceptable yields
(37 to 55%). A similar reactivity was noticed in the case of
4-phenoxy acetoxy benzene (70) with subsequent de-
esterification occurred on the phenolic ester with 60%

Table 6. Cleavage of lignin modelsa?

R

ST
Jon

OMe
(15 mol%)

/QA TMSCI (9 equiv)

(d) COMe
/©/ Standard condition
o 9-Mes-10-| MeAchIO,,
M90/©A82

(15 mol%)
OMe TMSCI (9 equiv)

Standard condition

9-Mes-10-MeAcrCIO,4
(20 mol%)
TMSCI (12 equiv)
A-19, 66%

B-1,24% A-17, 48%

OMe
Standard condition

9 Mes-10-MeAcrCIO4
(20 mol%)
TMSCI (12 equiv)

A-19,64%  B-1,30% A-73, 52%

Standard condition
9 Mes-10-MeAcrCIO4

A- 19 54% B1 32%

A (G

A19 50% B1 36%

HO CHO
OH OMe
N N OH OH
OH OMe N
OH

B-2, 44%

OMe

QG QD

OH

B-3, 46%

S G ¢

A- 81 88%

COMe
A-1,94%

yield. Notably, simultaneous dealkylation and deacetylation
occurred for 73, 75 and 76 to access the completely
unprotected quinol, catechol and vanillin, respectively, with
satisfactory yields (48 to 62%). Similarly, the standard
reaction conditions were competent to disrupt both the C—
0 bonds in 74 and lead to concurrent dealkylation and
debenzoylation to produce quinol. Next, we moved our
focus to investigate the chemoselectivity between phenolic
esters and alkyl benzoates. In this context, two methyl
benzoate derivatives comprising acetyloxy (77) and
benzoyloxy (78) functionalities were treated under
standard photochemical conditions. Pleasantly, the
chemoselective deprotection of the phenolic esters
occurred without disrupting the CO:Me group to deliver 4-
hydroxy derivatives in acceptable yields.

Table 5. Scope for selective de-esterification of phenolic
estersab

9-Mes-10-MeAcrCIO, HO,

o
- H
+ e—ol-
RS o Mé MeCN, air, 36 h RS
R 40 W 427 nm LED, RT R
65to 78 A-n

Substrate scope for deacetylation

Pent

@@@@@@m'm

65,51% 66,49% 67,48% 68 ,55% 69,54% 70,60% 71,46% 72,37%
Substrate scope for simultaneous Selective deprotection
deesterification and dealkylation of phenolic ester
Et O"Pr CHO | CO,Me CO,Me
i i MeO i
OAc OAc 0Bz
73,48%° 74,33%° 75,54%° 76, 62%° 77, 65% 78, 41%

aReaction conditions: Ester derivative (0.5 mmol), TMSCI (3
equiv), 9-Mes-10-MeAcrClOs+ (5 mol%), MeCN (3 mlL),
irradiation under 427 nm Kessil LED (40 W), 36 h. bIsolated
yield. cTMSCI (6 equiv), 9-MesAcrClOs (10 mol%) were used.

Standard condition

9-Mes-10-MeAcrCIO,4
(15 mol%)

Wepach: - Mealicy

TMSCI (9 equiv)

C-1,43% A-17, 45%
H
o [e]
Standard condition
OH +
9 Mes-10-MeAcrCIO,4
(15 mol%) MeO
TMSCI (9 equiv) OH
C-1,48% A-73,47%
:©)K/ ]@ Standard condition Ij)‘\ ©/
9-Mes-10-MeAcrCIO,
MeO (20 mol%) MSO
TMSCI (12 equiv) C-2,39% A-17, 44%
OH
o
Standard condition ~ MeO. OH +
9 Mes-10- MeAchIO4
(20 mol%) MeO OH
TMSCI (12 equiv)
C-2,45% A-73, 46%

aReaction conditions: Lignin model (0.5 mmol), TMSCI (3-12 equiv), 9-Mes-10-MeAcrClO4 (5-20 mol%), MeCN (3 mL), irradiation

under 427 nm Kessil LED (40 W), 36 h. bIsolated yield.

https://doi.org/10.26434/chemrxiv-2024-czccz ORCID: https://orcid.org/0000-0002-6342-4711 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-czccz
https://orcid.org/0000-0002-6342-4711
https://creativecommons.org/licenses/by-nc-nd/4.0/

Lignin is an important source of phenol derivatives and has
the potential to serve as a raw material for several valuable
moieties.?> After realizing the distinguishable reactivity
trend towards the chemo- and regioselective dealkylation
and de-esterification of the phenol derivatives by the
cooperative effect of TMSCI and photocatalyst, this strategy
was applied to the controlled fragmentation of lignin
models. In this regard, the disintegration of the lignin
models with a-0-4 linkage and the keto model of $-0-4
linkage (Table 6) were performed under the optimized
reaction conditions.?¢ The amounts of the photocatalyst and
TMSCl were determined according to the number of
fragmentable C(sp3)—O bonds. A satisfactory reactivity pattern
was observed for all the lignin models with a-0-4 linkage (79
to 82) and they were disrupted to the separable mixture of
corresponding phenols (A-17, A-73, A-81 and A-1), mono
methoxy phenols (B-2 and B-3 for 79 and 80, respectively),
veratraldehyde (A-19) and vanillin (B-1). The
transformation with the keto model (83 to 86) proceeded
with the cleavage of f-0-4 linkage and subsequent oxidation
produced the corresponding benzoic acid derivatives C-1
(for 83 and 84) and C-2 (for 85 and 86) along with
dihydroxy benzene derivatives (A-17 and A-73).

(b) /©/0Me
MeOC

1, 10 mmol

BCl, :
— > 88(0%) !
Giri et al .

OMe 87 (Ref. 8a)

9-Mes-10-MeAcrClO4 (5 mol%)
TMSCI (3 equiv), MeCN, air, 36 h
40 W 427 nm LED

uonipuod
piepuels

MeO.__0O
e K,CO3, DMF OH
Bu __RT.12h
\
OH _ C| A1,67%
N FLAP Inhibitor, 90, 85% in gram scale
88, 72% .HCI 89

Scheme 2. Synthetic application and scale-up experiment.

Next, the developed strategy was applied in the synthesis of
a FLAP inhibitor 90 (Scheme 2a, see SI for details). In this
target-oriented transformation, we envisioned resolving an
inescapable problem of activation of the ester over the
methoxy group in the presence of strong Lewis acid BCls,
which leads to the formation of an undesired product 91.82
In the current approach, the chemoselective demethylation
protocol was applied in the crucial step (from 87 to 88) to
access the potential 5-lipoxygenase activating protein
(FLAP) inhibitor 90. Furthermore, the practical viability of
this method was demonstrated in a gram-scale
demethylation of the model substrate 1 (1.5 g) to deliver 4-
hydroxy acetophenone in 67% yield (Scheme 2b).

Several control experiments were conducted to
authenticate the mechanistic pathway operating in this
photoredox-catalyzed C-0 bond cleavage (Scheme 3). To
investigate the possible involvement of in situ generated
HCI in the dealkylation and de-esterification process, an
experiment was performed using 6 (N) aq. HCl as an
additive instead of TMSCl, which did not deliver the
demethylated phenol A-1 (Scheme 3a). Additionally, the
presence of stoichiometric inorganic or organic base

additive did not restrict the productivity of this
transformation and A-1 was isolated in high yield (Scheme
3b). These sets of experiments evidently invalidate any
influence of HCI during the dealkylation or de-esterification
process. Thereafter, the standard model reaction was
executed in the presence of radical quenchers like TEMPO
and BHT, independently (Scheme 3c). Both the reactions
were completely shut down, indicating the possible
involvement of any radical intermediate(s). Next, the
reaction outcome of the alkyl fragment was investigated in
detail (Schemes 3d and 3e). Accordingly, 39 and 60 were
subjected under the standard conditions separately and
naphthyl chloride (92, 57%) and cinnamyl chloride (93,
59%) were isolated, respectively. This conclusively proves
the important role of chloride anion during the final
removal of the alkyl group in the form of alkyl chloride. We
also performed the reaction in the presence of TMSBr and
TMSOTf in individual cases (Scheme 3f). Surprisingly,
dibromination occurred at the side chain and 94 was
obtained in 60% yield along with trace amount of A-1. On
the contrary, only 45% of A-1 was produced in case of
TMSOTf and the rest of the starting material was
decomposed (Scheme 3h). In addition, when 40 was treated
under standard reaction conditions using TMSOTf (instead
of TMSCI), the chemoselectivity issues were sacrificed in the
presence of this strong Lewis acid and both dealkylation
and de-esterification delivered salicylic acid 94 in 65%
yield. Notably, trapping the TMS group using a fluoride salt
significantly lowers the efficacy and results in undesired
chlorination (Scheme 3i). Similar chlorinated byproduct 96
was isolated using super stoichiometric chloride reagent in
the absence of silyl source (Scheme 3j), proving the vital
part of the oxophilic Si-atom?7 for selective deprotection. To
discard the probability of HAT during the dealkylation
process, the difluoroalkyl substrate 95 was smoothly
transformed to phenol A-1 in 51% yield (Scheme 3Kk).
Furthermore, to shed light on the inevitable role of TMSCI, a
cross-over experiment was performed by mixing equimolar
ratio of 1 and 40 (Scheme 31). The mixture was irradiated
under standard conditions in presence of 50 mol% of TMSCI
for 16 hours. Interestingly, significant amounts of cross-
products 38 and 46 were detected (by 'H NMR study). This
experiment suggests the formation of the phenoxide
intermediate which reacts with the oxidized radical cationic
intermediate of the other ether and generate the cross
product. In contrast, the same experiment was replicated
using 3 equiv of TMSCI under standard reaction conditions
and we obtained the mixture of deprotected phenols A-1
and A-40 along with some amount of unreacted starting
materials after 16 hours of photoexcitation. Notably, no
cross-over alkylated product 38 and 46 was detected in this
case (Scheme 3m). These findings suggest the formation of
phenoxide intermediate (D, vide infra) which immediately
binds with the TMSCI due to the high oxophilicity of silicon.
This oxophilicity of silicon and strong O-Si bond formation
triggers the transformation to proceed in the forward
direction by restricting the re-alkylation of the phenoxide.
Rather, the catalytically generated chloride abstracts the
alkyl counter-part from the photo-oxidized aryl alkyl ether
and facilitates the reaction in the desired direction. .
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Scheme 3. Control experiments.

The luminescence quenching experiment of the
photocatalyst was performed against phenol derivatives (1,
46 and 66) and TMSCI (Figure 2a). It was observed that
quenching of emission intensity of the photocatalyst
occurred more effectively with the phenol derivatives
compared to TMSCI, upon the gradual increase in the
concentration of the quenchers and the Stern-Volmer plot
was portrayed accordingly. Furthermore, cyclic
voltammograms of the different phenol derivatives?s
(Figure 2b) indicated the feasible oxidation by the excited
acridinium catalyst (PC"/PC*- = +2.18 V vs SCE).22a

MeOOCOMe MeO—@—COQMe Aco@—rPr

1 46 66

Stern-Volmer Plot

0 5 10 15 20
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(b

03
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Figure 2: (a) Stern-Volmer studies and (b) Cyclic
voltammograms of phenol derivatives.

Based on the previous reports,?° control experiments,
photophysical studies, and computational investigations, a
plausible mechanistic route is depicted in Scheme 4.
Mechanistic studies with the density functional theory
(DFT) at B3LYP-D3(B])/SMD(Acetonitrile)/6-311+G(d,p)
and computations of molecular excitation energies with
time dependent density functional theory (TD-DFT) at
MO6L/SMD(Acetonitrile)/6-311+G(d,p) level of theory in
Figure 3 and SI.3° TDDFT calculations predict that the
photocatalyst (PC, 9-Mes-10-MeAcrClO4) demonstrates a
maximum absorption wavelength at Acac = 425 nm with a
highest oscillator strength f = 0.0445, in line with
experimental observations (See SI for further details).

Initially, the photocatalyst (PC) oxidizes the protected
phenol 1a to generate arene radical cation intermediate A
(Ef/"z(cﬂlc.) = 1.96 V), or the resonance hybrid B, together
with an anionic radical PC*-ata SET barrier of 15.8 kcal/mol
from the excited species PC* (see Figure S1). The SET
barrier (TS1ser) has been estimated using the Marcus
theory.3! From the spin density plots in the inset of Figure 3
itis observed that the radical is delocalized over the n-cloud
of the phenyl group (see Figure S3 in SI for the total atomic
spin densities and total atomic Mulliken charge distribution
of the species). Subsequently, we hypothesize
demethylation from the cationic radical species A through
2TS2, with explicit involvement of a catalytically generated
chloride anion from TMS-CI (Figure 3, black pathway), at an
energetic expense of 18.5 kcal/mol with regard to the
reference reactant complex, 2RC. Nucleophilic attack of CI-
on the C-centered oc.o*-orbital of —OMe group releases the
radical species 4-Oxo-acetophenone (3C) and concomitantly
produces the alkyl chloride, CH3CI. The photoredox cycle is
predicted to complete by the reductive electron transfer to
the phenoxy radical and give rise to phenoxy anionic
intermediate D. Hence, a spontaneous single electron
transfer from in situ generated PC*-to 2Cleads to the anionic
species D, with the simultaneous formation of a neutral
photosensitizer PC. The phenoxide is immediately arrested
by the TMSCI due to high oxophilicity of Si and constructs
strong O-Si bond to produce TMS-protected phenolic
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intermediate E by making the overall process
thermodynamically favorable as well as kinetically feasible
(energy barrier of 4.5 kcal/mol), with liberation of chloride.
This oxophilicity of silicon and thereby strong and
irreversible Si—-O bond formation drives the reaction
towards the forward direction by preventing the reverse
alkylation process. Subsequent in situ hydrolysis of E
delivers the unprotected phenol.

o
‘ ' l/\ MeoC”
) / Selective placement
~ /L

Catalytically generated
Chloride anion

'

TMS-(\

oo e Lo 07
D MeOC

Scheme 4: Plausible mechanism. PC = photocatalyst, 9-Mes-10-MeAcr+ClO4-~.

of TMS

*Tms Detected
by HRMS

Alternatively, we have explored the ipso-attack of Cl- on
intermediate A. As shown by the grey lines in Figure 3, it
takes a relatively higher energy pathway with an effective
barrier of 41.0 kcal/mol to form an alternative 4-chloro-
acetophenone Xipso. Moreover, with the neutral 4-methoxy
acetophenone 1a, the demethylation process is
comparatively difficult (1TS2’ with AG = 31.0 kcal/mol,
Figure S1) with respect to its reactant complex !RC’.31a 32

Hence, these alternative pathways are discarded due to
predominantly high energy requirements.

e o,
Meos™ o ¢ /30 N\~ H
;! . "OMe
T 2 /2TS2 20.8 \(S\EL,’PC
/o p— )
’ \ N
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Figure 3: Relative Gibbs Free Energy Profile at B3LYP-D3(BJ)/SMD(Acetonitrile)/6-311 + G (d, p) in kcal/mol for the
reaction mechanism from A to E. Color code: C(black), O(red), Cl(green), Si(golden) and H(white). Superscripts denote the
spin multiplicity of the respective species. Inset: Spin density plots of 2A and 2RC. Interatomic distances shown are in A.
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In conclusion, a photoredox-catalyzed general deprotection
strategy for phenolic ethers and esters is developed. This
method is effective for the deprotection of diverse aryl-alkyl
ethers through C(sp3)-0 bond cleavage and demonstrates
remarkable selectivity towards phenolic ethers/esters over
chemically equivalent aliphatic frameworks. This protocol
also describes a superior versatility and sustainability
towards diverse functional groups attached to the arene
ring. Thus, the overall process unfolds a unique
photocatalytic process and resolves the inevitable
shortcomings of the traditional Lewis acid-promoted,
oxidant-mediated and hydrogenation-based deprotection
techniques. The practical utility of the developed method
was demonstrated in the degradation of multiple lignin
models and in the efficient production of a FLAP inhibitor.
The mechanism of this chemoselective transformation is
established through control studies and photophysical
experiments which is further supported by computational
studies.
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