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ABSTRACT: A rare metal-free nucleophilic nitrosoarene catalysis accompanied by highly hydrogen-bond-donor (HBD) solvent,
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP), organocatalytically converts arylmethyl halides to aromatic carbonyls. This protocol offers
an effective means to access a diverse array of aromatic carbonyls with good chemoselectivity under mild reaction conditions. The
activation of arylmethyl halides by HFIP to generate stable carbocation and autoxidation of in situ generated hydroxylamine to
nitrosoarene in the presence of atmospheric O, are the keys to success.

Aromatic aldehydes and ketones are vastly abundant, oxidative transformation of arylmethyl halides to carbonyl
readily found in several natural products, and usually compounds have also been documented in the past few
recognized for their pleasant fragrances. These organic decades (Scheme 1a)'"~*° Recently, in 2018, Lambert and co-
compounds are very much cherished not only for their workers have come up with a newly modeled benzo[c]-
ubiquity in nature, but also as valuable building blocks and cinnoline (BCC) catalyst for synthesizing aldehydes from alkyl
feedstock for organic synthesis.' The direct oxidation of halides (Scheme 1b).”' This unique invention organocatalyti-
oxygen-containing molecules can offer Corresponding alde- cally oxidizes primary alkyl halides involving nucleophilic
hydes or ketones using stoichiometric or catalytic processes.2 attack, prototropic shift and hydrolysis as key steps.

In this context, previously, several transition-metal-based O,- For the last couple of years, our laboratory has devoted
coupled oxidation routes have been documented.® The use of attention toward exploring nitrosoarene reactivity. Recently,
metal traces is necessary to carry out the redox process in order we displayed that aerobic O, (as a terminal oxidant) could
to inhibit the direct oxidation of organic molecules alone with oxidize in situ generated hydroxylamine derivatives to produce

analogous nitrosoarene and engage it in a catalytic process as a

22 . .
mentary methods, ie., organocatalytic oxidation of desired redox catalyst.”” This was our first thought process behind the
molecule and reduction of molecular oxygen, enormous effort documentation of exclusive and O,-coupled metal-free organo-
has been given from the scientific community 5—7 catalytic oxidation approach. It is to be noted that a

Apart from these direct oxidative techniques, another stoichiometric reaction involving an extension of Krohnke

) . . . ' T .

alternative method for synthesizing of aromatic carbonyls is oxuiiatlon 20{1 i)a—hydroxy -.4-ni;cr0be;1dzylllp }érldlnlum bromlclle IEO
from arylmethyl halides.® Along this line, in most of the cases, pro uc’e -y rox¥—4—n1tr9 enzaldehyde was reporte oy

1. . . o 9 Walker’s group using stoichiometric N,N-dimethyl-p-nitro-
stoichiometric oxidants and transition-metal-based catalysts o ; 23 -
have been used for this purpose. Several name reactions, for soaniline as a crucial reactant.” To develop a catalytic process,
example, Hass—Bender oxidation,'® Sommelet oxidation," we strategically hypothesized that the nucleophilic engagement
Kornblum oxidation.> Krihnke reaction.® and Ganem of nitrosoarene V with benzyl halides 1 (via Sy1 or Sy2) might

, , . . L . .

oxidation'* are well-known in the literature. These oxidation generate nitrosonium on intermediate VI (Scheme lc, this

processes suffered from many drawbacks and challenges: (1)
formation of unwanted byproducts, (2) harsh reaction Received: July 7, 2021 o s
conditions, and (3) functional group intolerance."® In pursuit Published: July 21, 2021 i

of a suitable, alternative, and metal-free organocatalytic
expedient decorum, transition-metal-free stoichiometric oxida-
tive approaches have been reported right through.'® Alongside,
few environmentally benign organocatalytic methodologies for

molecular oxygen.” Simultaneously, to achieve two comple-
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Scheme 1. (a) Transition-Metal-Free Oxidative Pathway of
Synthesizing Aromatic Aldehydes and Ketones; (b) BCC-
Catalyzed Oxidation Technique; (c) Proposed Work:
Nitrosoarene Catalysis
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work, mechanistic hypothesis). Deprotonation can then furnish
nitrone intermediate VII, which readily hydrolyzes to harness
aromatic carbonyl and hydroxylamine derivative VIII (reduced
form of V). In aerobic conditions, the autoxidation of
hydroxylamine helps to close the catalytic cycle by regenerating
nitrosoarene together with H,O, as a sole byproduct. This will
represent a transition-metal-free catalytic process for the
synthesis of aromatic carbonyls. Herein, we have presented a
nucleophilic nitrosoarene-catalyzed mild, efficient, and oxida-
tive transformation technique to deliver ready feedstock
aromatic carbonyls from corresponding arylmethyl halides
under aerobic conditions (Scheme 1c, this work).

To pursue our thought process, the oxidative transformation
of benzyl bromide (1a) was studied (Table 1; for full table see
SI) in an open atmosphere at 55 °C (in a preheated oil bath)
with nitrosobenzene (A, 10 mol %) as a catalyst in aprotic
solvent DCM. A gradual change from aprotic to protic
solvents, the yield of the desired product formation was
increased significantly and a moderate yield was obtained in
HFIP as a solvent (Table 1, entries 1—2). These significant
changes in the yield indicated that nitrosobenzene is not
nucleophilic enough to push the conversion in an Sy2 manner.
Strong hydrogen-bond-donor (HBD) solvent HFIP** rather
ionizes the C—X (X = halogen) bond and generates a reactive
carbocation intermediate, which turned out to be a crucial and
essential factor for the conversion.

This astonishing finding with HFIP is corroborated with the
literatures reported earlier.”> We screened several other
nitrosoarene as catalysts (entry 3), among them 1-methyl-4-
nitrosobenzene (F) proved to be the best catalyst with 52%
yield of benzaldehyde in HFIP (entry 4). Very pleasingly, with
the implementation of the cosolvent (entries S—8) explicitly
when DCM was mixed with HFIP (1:1), the desired oxidative
product 2a was isolated in 58% yield (entry 8). Use of H,O as
an additive did not give satisfactory conversion of 2a (entry 9).
The introduction of base as an additive in the reaction medium
guided us to achieve an adequate yield of 2a (entries 10—12).
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Table 1. Optimization Study and Reaction Set-up“

Br Nitrosoarene (10 mol%) i
©/\ Additive (1.0 equiv) ©)LH
1a Solvent (0.4 M), 55 °C, air, 12 h 2a
NO NO NO NO NO NO
@ CF3
Br CO,Et OMe Me
A B c D E F
entry catalyst solvent additive  yield (%)”
1 A DCM, MeOH, IPA, TFE - <10-15
2 A HFIP — 42
3 B, C D E HFIP - 40—4S
4¢ F HFIP - 52
S F HFIP:IPA (4:1) — 45
6 F HFIP:MeCN (4:1) - 48
7 F HFIP:DCM (4:1) - 50
8¢ F HFIP:DCM (1:1) - 58
95 F HFIP:DCM (1:1) H,0 45
10° F HFIP:DCM (1:1) Et;N 69
11° F HFIP:DCM (1:1) DIPEA <15
12¢ F HFIP:DCM (1:1) NaOAc 72
13 F DCM NaOAc <S5
14 F HFIP:DCM (1:1) NaOAc 25
15 F HFIP:DCM (1:1) NaOAc NR

“Reaction conditions: 1a (1.0 equiv, 0.2 mmol), nitrosoarene (10 mol
%, 0.02 mmol), base (1.0 equiv, 0.2 mmol), solvent (undistilled, 0.4
M), 55 °C, air, 12 h. bYields were determined using 1,3,5-
trimethoxybenzene as an internal "H NMR standard. “Isolated yield.
925% of PhCH,OH was isolated along with 2a. 1.0 mmol scale
reaction provided 64% (68 mg) isolated yield of 2a. fReaction
conducted at room temperature. NR = No Reaction.

NaOAc as a base gave the best result by furnishing 2a in 72%
isolated yield (entry 12). However, without HFIP as a solvent,
in the presence of NaOAc, only a trace amount of 2a was
formed (entry 13). A reduced yield (25%) of product 2a was
found at room temperature reaction conditions (entry 14).
The reaction was completely shut down in the absence of
catalyst F (entry 15).

During exploration of substrate scope, starting from simple
benzyl bromide to electron-rich arylmethyl halides such as Me,
‘Bu, SMe, OBn, OMe groups as substituents on the aromatic
ring, irrespective of their position, produced respective
aldehydes 2a—i in good to excellent yields (62—95%). Mesityl
benzyl bromide also responded to the reaction purveying 2j in
70% yield. Benzyl chloride and 1-(chloromethyl)-4-isopropyl-
benzene also produced benzaldehydes 2a’ and 2e’, respec-
tively, albeit in moderate to good yield (53% and 75%
respectively). Benzyl bromides bearing halogen atom (Cl, Br,
and F) at different positions of the aromatic ring (ortho, meta,
and para) reacted smoothly to furnish the resultant substituted
aryl aldehydes 2k—p in good yields (57—64%). Fluoride as
leaving group also provided corresponding aromatic aldehydes
21" and 2m’ in moderate yields. This methodology was also
effectively applied over electron-poor arylmethyl bromides to
convert them into aldehydes 2q,r in low to moderate yields.
The oxidation was also efficiently worked with polycyclic
arylmethyl bromides and 2s,t were isolated in good yields. The
present reaction etiquette can also be applied to allylic bromide
derivative to obtain cinnamaldehyde 2u in 50% yield.
Unfortunately, aliphatic and heterocyclic methyl halides did
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Scheme 2. Substrate Scope®
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15 mol % of catalyst F. “Reaction conditions: 1 (1.0 equiv, 0.2 mmol), F (10 mol %, 0.02 mmol), NaOAc (1.0 equiv, 0.2

mmol), HFIP/DCM (1:1) (0.5 mL), 55 °C, air, 12 h. Yields mentioned are isolated yields.

not respond to our optimized reaction conditions (for details,
see SI).

After compelling exploration of primary arylmethyl
bromides, we set our goal for synthesizing aromatic ketones
from secondary arylmethyl bromides (R' # H). In this regard,
acetophenone 2aa and 4-methylacetophenone 2ab were
afforded in moderate yields. When R' = aryl group, the
conversion went very smoothly to equip several substituted
benzophenone derivatives 2ac—ae in satisfactory outcome
(61—70%). Delightfully, some important classes of aromatic
ketones such as 9-fluorenone 2af, xanthone 2ag, S-
dibenzosuberenone 2ah, and anthraquinone 2ai (with 15
mol % of catalyst F) were synthesized in good yield (53—75%)
applying this current methodology (Scheme 2).

With our current oxidation decorum in hand, we were keen
to apply the methodology to synthesize drug molecules in a
transition-metal-free pathway. A pharmaceutlcal drug used for
breast cancer treatment, DMU-212 (5),*® was synthesized via
Wittig reaction with aldehyde 4 in excellent yield (see S,
section 8 for details). Prior to this conversion, one of the key
starting materials 3,4,5-trimethoxybenzaldehyde 4 was synthe-
sized from analogous benzyl bromide 3 using our standard
reaction condition with 63% yield.

To extend this current methodology’s applicability, we
performed chemoselective reactions taking advantage of the
higher reactivity of benzylic bromides (see SI, section 8 for
details). Marginally higher loading of catalyst (15 mol %)
selectively oxidized benzylic bromide to aromatic carbonyl
compounds leaving other aliphatic C-halogen bonds intact. For
example, substrates 6 and 8 were chemoselectively converted
to their carbonyl counterparts 7 and 9, respectively with
moderate yield.””

To have a clear picture of the mechanistic pathway, we
executed some control experiments (Scheme 3). At first, the
role of aerobic O, was investigated by setting up the standard
reaction with la at inert atmosphere (in Glove-Box, O, and
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Scheme 3. Control Experiments”

i) under Ar atmospherel®

Standard Condition ©Ao

2a, trace

ii) under Ar atmosphere

Standard Condition = ©/§o . @/\OH

2a, 40% 12%

@/\Br

1a

“Freshly distilled solvents were used in glovebox. PReaction
conditions: 1 (1.0 equiv, 0.2 mmol), F (10 mol %, 0.02 mmol),
NaOAc (1.0 equiv, 0.2 mmol), HFIP/DCM (1:1) (0.5 mL), 55 °C,
12 h. Yields mentioned are isolated yields.

H,O level >S5 ppm) using dry and freshly distilled solvent.
After the dedicated time, trace amount (<5%) of product 2a
was isolated (Scheme 3, part i), verifying that O, has an
unprecedented impact in this transformation. The trace
amount of yield also indicates the importance of water for
the hydrolysis of nitrone intermediate VIL*® As proposed,
terminal oxidation of arylhydroxylamine to nitrosoarene can be
achieved by molecular oxygen to yield H,O, as byproduct,
closing the nitroso-organocatalytic cycle.””* Beside this, the
terminal oxidation of arylhydroxylamme to nitrosoarene can
also be accomplished using H,O,. 2°® The role of H,0O, in this
terminal oxidation step was further proved when the optimized
reaction was conducted under inert atmosphere (without O,)
with 1 equiv of H,0, (35 wt % of H,O solution), producing 2a
and benzyl alcohol (formed due to the presence of water in
H,0,, 35 wt % of H,O solution) in 40% and 12% isolated
yield, respectively (Scheme 3, part ii). This result indicates that
H,0, is indeed a feasible oxidant for the reoxidation of
arylhydroxylamine to nitrosoarene.

On the basis of the control experiments and literature
evidence,”””*** a plausible O,-coupled nitroso-organocata-
lyzed reaction mechanism is proposed in Scheme 4. It is
evident that the use of HFIP, one of the most potent HBD
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Scheme 4. Proposed Mechanistic Pathway
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solvents (a = 1.96),” has an imperative role in our reaction.
According to our proposed pathway, strong hydrogen bonding
interaction between benzyl halide 1 and HFIP initiates the
process by forming complex IL. This complex is then
transformed into carbocationic intermediate IV via the
polarization of C-halogen bond (intermediate III) along with
hydrogen bonded halide species. The nucleophilic trapping of
IV with nitrosoarene V prompts the formation of nitrosonium
ion intermediate VI, which undergoes a-deprotonation to yield
nitrone intermediate VII (detected by NMR and HRMS; for
details see SI). The active nitrone intermediate VII is prone to
hydrolysis to give the desired aromatic carbonyl compound
along with hydroxylamine derivative VIIL. Finally, the
oxidation of hydroxylamine (either by O, or H,0,)*’
regenerates nitrosoarene catalyst by closing the catalytic cycle
(path a). Alternatively, the carbocationic intermediate IV can
be trapped by H,O to generate benzyl alcohol IX as an
intermediate which would have been further oxidized (either
under aerobic conditions or in the presence of nitrosoarene) to
provide the desired carbonyl compound. The control experi-
ment with benzyl alcohol IX indicates that IX cannot be an
intermediate (see SI, section 9a).

The proposal of arylhydroxylamine as an intermediate in our
suggested catalytic cycle was verified by running the reaction
with catalytic amount of 4-methylphenylhydroxylamine (see
SI, section 9b for details). Slight changes in the solvent
concentration (1.6 M, rest remained same, 0.8 mmol reaction
scale) gratifyingly provided the desired product 2a in 56% yield
using 10 mol % of 4-methylphenylhydroxylamine as a catalyst.
This experiment strongly supports the mechanism proposed by
us.

In conclusion, we have developed a novel and rare O,-
coupled transition-metal-free nitrosoarene-catalyzed method
under mild conditions. In this report, nitrosoarene has been
portrayed as an efficient organocatalyst to carry out oxidation
of arylmethyl halides to aromatic aldehydes and ketones. Using
the ability of nitrosoarene to undergo nucleophilic attack to the
engendered carbocation from arylmethyl halides assisted by
HFIP and hydrolysis of nitrone intermediate, a mechanistically
sound unique oxidative catalytic cycle has been outlined. The
autoxidation of hydroxylamine to nitrosoarene under aerobic
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conditions has exquisitely enabled the controlled oxidation
protocol.

B ASSOCIATED CONTENT
® Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02272.

Experimental procedures, mechanistic evidence, and
spectral data for the newly synthesized products
(PDF)

FAIR data, including the primary NMR FID files, for
compounds 2a—2ai, 4, 5, 7, 9, and VII (ZIP)

B AUTHOR INFORMATION
Corresponding Author

Indranil Chatterjee — Department of Chemistry, Indian
Institute of Technology Ropar, Rupnagar, Punjab 140001,
India; © orcid.org/0000-0001-8957-5182;

Email: indranil.chatterjee@iitrpr.ac.in

Authors

Suman Pradhan — Department of Chemistry, Indian Institute
of Technology Ropar, Rupnagar, Punjab 140001, India

Vishali Sharma — Department of Chemistry, Indian Institute of
Technology Ropar, Rupnagar, Punjab 140001, India

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.1c02272

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

I.C. wishes to acknowledge financial assistance from SERB,
DST, India (ECR/2018/000098), and IIT Ropar. S.P. thanks
IIT Ropar for his research fellowships. V.S. is a postgraduate
student at IIT Ropar.

B REFERENCES

(1) Cuquerella, M. C.; Lhiaubet-Vallet, V.; Cadet, J.; Miranda, M. A.
Benzophenone Photosensitized DNA Damage. Acc. Chem. Res. 2012,
4S, 1558—-1570.

(2) Zhang, X.; Rakesh, K. P.; Ravindar, L.; Qin, H.-L. Visible-light
initiated aerobic oxidations: a critical review. Green Chem. 2018, 20,
4790—4833 and reports cited therein.

(3) Wang, D.; Weinstein, A. B.; White, P. B,; Stahl, S. S. Ligand-
Promoted Palladium-Catalyzed Aerobic Oxidation Reactions. Chem.
Rev. 2018, 118, 2636—2679 and reports cited therein.

(4) Borden, W. T.; Hoffmann, R.; Stuyver, T.; Chen, B. Dioxygen:
What Makes This Triplet Diradical Kinetically Persistent? J. Am.
Chem. Soc. 2017, 139, 9010—9018.

(5) Cao, Q.; Dornan, L. M.; Rogan, L.; Hughes, N. L.; Muldoon, M.
J. Aerobic oxidation catalysis with stable radicals. Chem. Commun.
2014, 50, 4524—4543 and reports cited therein.

(6) Alemén, J; Cabrera, S. Applications of asymmetric organo-
catalysis in medicinal chemistry. Chem. Soc. Rev. 2013, 42, 774—793
and reports cited therein.

(7) Ishikawa, T.; Kimura, M.; Kumoi, T.; lida, H. Coupled Flavin-
Iodine Redox Organocatalysts: Aerobic Oxidative Transformation
from N-Tosylhydrazones to 1,2,3-Thiadiazoles. ACS Catal. 2017, 7,
4986—4989 and reports cited therein.

(8) Comprehensive Organic Transformations: A Guide to Functional
Group Preparations; Larock, R. C., Ed.; Wiley-VCH: New York, 1989.

https://doi.org/10.1021/acs.orglett.1c02272
Org. Lett. 2021, 23, 6148—6152


https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c02272/suppl_file/ol1c02272_si_002.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c02272/suppl_file/ol1c02272_si_002.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c02272/suppl_file/ol1c02272_si_002.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02272?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c02272/suppl_file/ol1c02272_si_002.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c02272/suppl_file/ol1c02272_si_001.zip
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Indranil+Chatterjee"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-8957-5182
mailto:indranil.chatterjee@iitrpr.ac.in
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Suman+Pradhan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Vishali+Sharma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02272?ref=pdf
https://doi.org/10.1021/ar300054e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C8GC02382D
https://doi.org/10.1039/C8GC02382D
https://doi.org/10.1021/acs.chemrev.7b00334?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.7b00334?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b04232?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b04232?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C3CC47081D
https://doi.org/10.1039/C2CS35380F
https://doi.org/10.1039/C2CS35380F
https://doi.org/10.1021/acscatal.7b01535?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b01535?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b01535?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02272?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02272?fig=sch4&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c02272?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organic Letters

pubs.acs.org/OrgLett

(9) Khumraksa, B.; Phakhodee, W.; Pattarawarapan, M. Rapid
oxidation of organic halides with N-methylmorpholine N-oxide in an
ionic liquid under microwave irradiation. Tetrahedron Lett. 2013, 54,
1983—-1986.

(10) Hass, H. B.; Bender, M. L. The Reaction of Benzyl Halides with
the Sodium Salt of 2-Nitropropane. A General Synthesis of
Substituted Benzaldehydes. J. Am. Chem. Soc. 1949, 71, 1767—1769.

(11) Angyal, S. J.; Morris, P. J.; Tetaz, J. R.; Wilson, J. G. 441. The
Sommelet reaction. Part III. The choice of solvent and the effect of
substituents. J. Chem. Soc. 1950, 2141—-2145.

(12) Tomita, R; Yasu, Y.; Koike, T.; Akita, M. Combining
Photoredox-Catalyzed Trifluoromethylation and Oxidation with
DMSO: Facile Synthesis of a-Trifluoromethylated Ketones from
Aromatic Alkenes. Angew. Chem., Int. Ed. 2014, $3, 7144—7148 and
reports cited therein.

(13) Li, X;; Wu, S; Chen, S; Lai, Z.; Luo, H. — B.; Sheng, C. One-
Pot Synthesis of Deuterated Aldehydes from Arylmethyl Halides. Org.
Lett. 2018, 20, 1712—171S and reports cited therein.

(14) Godfrey, A. G.; Ganem, B. Ready oxidation of halides to
aldehydes using trimethylamine N-oxide in dimethylsulfoxide.
Tetrahedron Lett. 1990, 31, 4825—4826 and reports cited therein.

(15) Liu, Q,; Lu, M;; Yang, F.; Wei, W,; Sun, F,; Yang, Z.; Huang, S.
Aerobic Oxidation of Benzylic Halides to Carbonyl Compounds with
Molecular Oxygen Catalyzed by TEMPO/KNO, in Aqueous Media.
Synth. Commun. 2010, 40, 1106—1114.

(16) Dai, C.; Zhang, J.; Huang, C.; Lei, Z. Ionic Liquids in Selective
Oxidation: Catalysts and Solvents. Chem. Rev. 2017, 117, 6929—6983
and reports cited therein.

(17) Chen, K.; Zhang, P.; Wang, Y.; Li, H. Metal-free allylic/benzylic
oxidation strategies with molecular oxygen: recent advances and
future prospects. Green Chem. 2014, 16, 2344—2374.

(18) Li, J; Wang, H.; Liu, L; Sun, J. Metal-free, visible-light
photoredox catalysis: transformation of arylmethyl bromides to
alcohols and aldehydes. RSC Adv. 2014, 4, 49974—49978.

(19) Su, Y,; Zhang, L.; Jiao, N. Utilization of Natural Sunlight and
Air in the Aerobic Oxidation of Benzyl Halides. Org. Lett. 2011, 13,
2168-2178.

(20) Jung, Y.; Hong, J. E.; Baek, S. T.; Hong, S.; Kwak, J. H.; Park, Y.
4-Dimethylaminopyridine-Catalyzed Metal-Free Aerobic Oxidation of
Aryl a-Halo Esters to Aryl a-Keto Esters. ACS Omega 2020, S,
22951-22957.

(21) Stone, L. B.; Jermaks, J.; MacMillan, S. N.; Lambert, T. H. The
Hydrazine-O, Redox Couple as a Platform for Organocatalytic
Oxidation: Benzo[c]cinnoline-Catalyzed Oxidation of Alkyl Halides
to Aldehydes. Angew. Chem., Int. Ed. 2018, 57, 12494—12498.

(22) Pradhan, S; Patel, S; Chatterjee, I. Nitrosoarene-catalyzed
regioselective aromatic C—H sulfinylation with thiols under aerobic
conditions. Chem. Commun. 2020, 56, 5054—5057.

(23) Goldberg, A. A; Walker, H. A. 4-Aminosalicylaldehyde. J.
Chem. Soc. 1954, 2540—2543.

(24) Colomer, I; Chamberlain, A. E. R.; Haughey, M. B.; Donohoe,
T. J. Hexafluoroisopropanol as a highly versatile solvent. Nat. Rev.
Chem. 2017, 1, 1—12 and reports cited therein.

(25) (a) Ratnikov, M. O.; Tumanov, V. V.; Smit, W. A. Elaboration
of a Lewis acid-free protocol for the alkylation of silicon-containing z-
donors by p-arylthioalkyl chlorides. Tetrahedron 2010, 66, 1832—
1836. (b) Champagne, P. A.; Benhassine, Y.; Desroches, J.; Paquin, J.-
F. Friedel-Crafts Reaction of Benzyl Fluorides: Selective Activation of
C-F Bonds as Enabled by Hydrogen Bonding. Angew. Chem., Int. Ed.
2014, 53, 13835—13839. () Yu, L Li, S.-S.; Li, W,; Yu, S; Liu, Q;
Xiao, J. Fluorinated Alcohol-Promoted Reaction of Chlorohydrocar-
bons with Diverse Nucleophiles for the Synthesis of Triarylmethanes
and Tetraarylmethanes. J. Org. Chem. 2018, 83, 15277—15283.

(26) Chen, L.-K; Qiang, P.-F; Xu, Q.- P; Zhao, Y.-H.; Dai, F;
Zhang, L. Trans-3,4,5,4'-tetramethoxystilbene, a resveratrol analog,
potently inhibits angiogenesis in vitro and in vivo. Acta Pharmacol. Sin.
2013, 34, 1174—1182.

(27) In case of substrate 6, the yield might be low due to the
presence of an electronegative nonbenzylic Br atom beside benzylic

6152

one. Nevertheless, we can still recover the starting materials in both
the cases.

(28) A stoichiometric reaction (with 1 equiv of F) using undistilled
and degassed solvent (also deoxygenated using three cycles of freeze—
pump—thaw) under argon atmosphere delivered the desired product
with 62% isolated yield, signifying the importance of the hydrolysis of
nitrone intermediate for the catalyst turnover.

(29) (a) Becker, A. R.; Sternson, L. A. Oxidation of phenylhydroxyl-
amine in aqueous solution: A model for study of the carcinogenic
effect of primary aromatic amines. Proc. Natl. Acad. Sci. U. S. A. 1981,
78, 2003—2007. (b) Chen, L,; Li, X.; Zhang, J.; Fang, J.; Huang, Y.;
Wang, P.; Ma, J. Production of Hydroxyl Radical via the Activation of
Hydrogen Peroxide by Hydroxylamine. Environ. Sci. Technol. 20185,
49, 10373—10379.

https://doi.org/10.1021/acs.orglett.1c02272
Org. Lett. 2021, 23, 6148—6152


https://doi.org/10.1016/j.tetlet.2013.01.131
https://doi.org/10.1016/j.tetlet.2013.01.131
https://doi.org/10.1016/j.tetlet.2013.01.131
https://doi.org/10.1021/ja01173a066?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01173a066?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01173a066?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/jr9500002141
https://doi.org/10.1039/jr9500002141
https://doi.org/10.1039/jr9500002141
https://doi.org/10.1002/anie.201403590
https://doi.org/10.1002/anie.201403590
https://doi.org/10.1002/anie.201403590
https://doi.org/10.1002/anie.201403590
https://doi.org/10.1021/acs.orglett.8b00016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0040-4039(00)97742-6
https://doi.org/10.1016/S0040-4039(00)97742-6
https://doi.org/10.1080/00397910903040245
https://doi.org/10.1080/00397910903040245
https://doi.org/10.1021/acs.chemrev.7b00030?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.7b00030?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c3gc42135j
https://doi.org/10.1039/c3gc42135j
https://doi.org/10.1039/c3gc42135j
https://doi.org/10.1039/C4RA09190F
https://doi.org/10.1039/C4RA09190F
https://doi.org/10.1039/C4RA09190F
https://doi.org/10.1021/ol2002013?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol2002013?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.0c02511?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.0c02511?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201807134
https://doi.org/10.1002/anie.201807134
https://doi.org/10.1002/anie.201807134
https://doi.org/10.1002/anie.201807134
https://doi.org/10.1039/D0CC01188F
https://doi.org/10.1039/D0CC01188F
https://doi.org/10.1039/D0CC01188F
https://doi.org/10.1039/jr9540002540
https://doi.org/10.1038/s41570-017-0088
https://doi.org/10.1016/j.tet.2010.01.045
https://doi.org/10.1016/j.tet.2010.01.045
https://doi.org/10.1016/j.tet.2010.01.045
https://doi.org/10.1002/anie.201406088
https://doi.org/10.1002/anie.201406088
https://doi.org/10.1021/acs.joc.8b02549?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.8b02549?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.8b02549?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/aps.2013.60
https://doi.org/10.1038/aps.2013.60
https://doi.org/10.1073/pnas.78.4.2003
https://doi.org/10.1073/pnas.78.4.2003
https://doi.org/10.1073/pnas.78.4.2003
https://doi.org/10.1021/acs.est.5b00483?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.5b00483?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c02272?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

