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ABSTRACT: Phenoxazines, in particular N-arylated phenoxazines, represent an increasingly important scaffold in the material
sciences. Moreover, the oxygen-gas-mediated dehydrogenative phenochalcogenazination concept of phenols has been developed and
exemplified for X = sulfur and recently for X = selenium and tellurium. The smallest chalcogen, X = oxygen, is herein exemplified
with various functional groups under a likewise trivial oxygen atmosphere.

Phenoxazines are promising therapeutic agents and
scaffolds in medicinal chemistry.1 Moreover, due to their

photophysical and electronic properties2 phenoxazines have
been applied in organic battery cathode materials,3 as dyes in
dye-sensitized solar cells,4 and as chemosensors.5 A number of
phenoxazine derivatives have also been developed as visible-
light-absorbing organic photoredox catalysts (PCs) with
excited-state reduction potentials rivalling those of highly
reducing transition metal PCs (Scheme 1).6 The sulfur- and
oxygen-bridged diarylamines phenothiazine (PTZ) and
phenoxazine (POZ) are among the most reactive radical
transfer agents known.

Meanwhile, the dehydrogenative phenochalcogenazination
of arenes is now a well-understood oxidative click reaction
concept.7 Indeed, phenochalcogenazines are known to possess
relatively low oxidation potentials associated with N-centered
radical persistency that allow their N−C bonds to be
intercepted by certain classes of electron-rich arenes such as
phenols, usually under mild oxidative conditions.8

The concept is known to operate well with all four
chalcogens: sulfur, selenium, tellurium, and oxygen.9 However,
considerably fewer examples are known for phenoxazines (X =
O, Scheme 2)10 compared to phenothiazines (X = S).11

Impressively, MacMillan and coauthors recently demonstrated
that a phenoxazine derivative could be utilized to oxidatively
click on tyrosine units within peptides scaffolds in view of their
late-stage functionalization (Scheme 2).10b In this report, we
show that the simple and highly sustainable oxygen gas-
mediated12 dehydrogenative phenochalcogenazination of
phenols that we previously developed8c can also be applied
to variously substituted electron-poor and electron-rich
phenoxazines; moreover, it can be applied with a broad
range of phenols (Scheme 2). This should facilitate the
synthesis of some of the phenoxazine cores utilized in the
above-mentioned technologies. Interestingly, relatively few
phenoxazines are currently available at commercial suppliers,
partly explaining why these have been less investigated
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Scheme 1. Selected Important Phenoxazines

Notepubs.acs.org/joc

© 2022 The Authors. Published by
American Chemical Society

4926
https://doi.org/10.1021/acs.joc.1c02827

J. Org. Chem. 2022, 87, 4926−4935

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rajaa+Benchouaia"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shiny+Nandi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Clemens+Maurer"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Frederic+W.+Patureau"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.joc.1c02827&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?fig=&ref=pdf
https://pubs.acs.org/toc/joceah/87/7?ref=pdf
https://pubs.acs.org/toc/joceah/87/7?ref=pdf
https://pubs.acs.org/toc/joceah/87/7?ref=pdf
https://pubs.acs.org/toc/joceah/87/7?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?fig=sch1&ref=pdf
pubs.acs.org/joc?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.joc.1c02827?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/joc?ref=pdf
https://pubs.acs.org/joc?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/


compared to phenothiazines. The method notably developed
by Bolm and coauthors was therefore selected,13 in
combination with a Buchwald−Hartwig intramolecular C−N
bond formation step,14 as a robust route to access diversely
functionalized phenoxazines (Scheme 3).

Once we had a representative series of electron-poor and
electron-rich phenoxazines in our hands, we proceeded to
investigate their performance in the O2-mediated dehydrogen-
ative15 phenoxazination of some diverse phenols under
reactions conditions that were recently reported by us.8c The
results are depicted in Scheme 4. As hoped for, a good
functional group tolerance was observed on the phenoxazines
as well as on the phenols. Indeed, electron-withdrawing (CF3,
OCF3, Br, CN, and CO2Me) were tolerated as well as electron-
donating groups (MeO, MeS, Me, and tBu) on both
phenoxazines and phenols. Interestingly, 2-phenylindole also
provided the C3−N phenoxazinated product in a high yield.
Overall, it can be said that the scope width is similar to that
observed for phenothiazines (X = S), likewise under oxygen

atmosphere.8 It is even broader than the scope for
phenoselenazines (X = Se) and especially phenotellurazines
(X = Te). Indeed, the latter tolerate only the most electron-
rich phenols.9 This finding is consistent with earlier initial rate
investigations, which showed that phenoxazine (X = O) is the
fastest azine substrate of the series compared to the other
chalcogen congeners (X = S, Se, and Te).8c The proposed
reaction mechanism is depicted in Scheme 58b and is based on
the EPR characterization of the persistent and neutral N-
centered radical, which is produced upon the exposure of
phenoxazine to O2.

8c

In conclusion, although phenoxazines are somewhat less
available than phenothiazines, the increasing number and
diversity of important applications associated with the former
make them scaffolds of interest for organic chemistry and
synthesis. We demonstrated herein that phenoxazines have a
scope equally as broad as phenothiazines in the O2-mediated
dehydrogenative phenochalcogenazination of phenols, which
should greatly facilitate the development of new technologies
based on these structures.

Scheme 2. Dehydrogenative Phenoxazination

Scheme 3. Access to Functionalized Phenoxazines

Scheme 4. Substrate Scope and Isolated Yields

a0.25 mmol scale. b0.5 mmol scale. cK2HPO4 was utilized instead of
K2CO3. ODCB = ortho-dichlorobenzene.
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■ EXPERIMENTAL SECTION
All reactions were carried out in 20 mL reaction vials with sealed
aluminous headspace caps under an atmosphere of O2 unless
otherwise specified. Aluminum blocks equipped with slots that
accommodated the glass vial reactors, which were utilized for all
experiments described herein that required heating. NMR spectra
were recorded on a VNMRS 300, VNMRS 400, VNMRS 600, or
Bruker Avance 400 or 600 system at 298 K. Chemical shifts are given
in parts per million (ppm), and coupling constants (J) are given in
hertz (Hz). Flash chromatography was performed on silica gel (60 M,
0.04−0.063 mm) using the standard technique. All the chemicals used
for the synthesis were purchased from Sigma-Aldrich-Merck, ABCR,
Alfa Aesar, TCI, Fisher Scientific, or chemPUR and were used
directly. High-resolution mass spectra (HRMS) were recorded on a
Thermo Scientific LTQ Orbitrap XL spectrometer. IR spectra were
recorded on a PerkinElmer 100 FT-IR spectrometer with an UATR
Diamond KRS-5 unit.
Important Safety Note. The sustainable synthetic method

reported herein operates under an atmosphere of O2. Standard
laboratory protection should therefore be utilized. We recommend
not exceeding a 2 mmol scale in a single batch.
Synthesis of 2-(2-Iodophenoxy)anilines. General Procedure

GP1 by Bolm13 and Satoh.16 4-Substituted 2-iodophenol (1 equiv),
2-substituted 2-halo-nitrobenzene (1 equiv), and potassium carbonate
(2 equiv) were weighed in a 20 mL vial and dissolved in 1.5 mL/
mmol DMSO. The mixture was stirred for 18 h at 100 °C. After full
consumption, the reaction was quenched with water. The aqueous
layer was extracted three times with ethyl acetate. The combined
organic layers were extracted three times with water and one time
using a saturated sodium chloride solution and dried over magnesium
sulfate. The solvent was removed under reduced pressure to obtain
the resultant crude product. Iron powder (4 equiv) and ammonium
chloride (0.5 equiv) were added to the crude product, and the mixture
was dissolved in a 10 mL/mmol 1:3 water/ethanol mixture. The
mixture was refluxed for 1 h. After full consumption, the solution was
filtrated, and the filtrate was concentrated. To the mixture was added
a saturated sodium bicarbonate solution, and the aqueous layer was
extracted three times with ethyl acetate. The combined organic layers
were extracted three times with water and one time with saturated
sodium chloride solution and dried over magnesium sulfate. The
solvent was removed under reduced pressure, and the residue was
purified by flash chromatography on silica gel with a mixture of n-
hexane and ethyl acetate as the eluent to afford the corresponding
product.
Synthesis of 2-Substituted Phenoxazines. General procedure

GP2 by Patureau.9 2-(2-Iodophenoxy)aniline (1 equiv), NaOtBu
(1.4 equiv), Pd2(dba)3 (5 mol %), and DPPF (10 mol %) were
weighed in a 20 mL vial and dissolved in toluene (2 mL/mmol). The
reaction mixture was heated at 130 °C and stirred for 20 h. After
cooling at RT, the mixture was filtrated over silica and washed with
DCM and ethyl acetate. The crude product was concentrated on silica
under reduced pressure, and the residue was purified by flash
chromatography on silica gel with a mixture of n-hexane and ethyl
acetate as the eluent to afford the corresponding product.
O2-Mediated Dehydrogenative Phenoxazination of Phe-

nols. General procedure GP3. Unless otherwise stated, phenoxazine

(0.2 mmol), phenol (0.6 mmol, 3 equiv), and K2CO3 (28 mg, 0.2
mmol, 1 equiv) were dissolved in ODCB (0.6 mL) in a closed 20 mL
vial, and O2 was bubbled through the solution for about 2 min. The
reaction mixture was stirred for 3 h (unless otherwise stated) at 130
°C. The crude product was purified directly by flash column
chromatography to yield the title compound.

2-(2-Iodophenoxy)aniline (1). The title compound was synthe-
sized according to the general procedure GP1 using 2-iodophenol
(220.0 mg, 1.00 mmol) and 1-fluoro-2-nitrobenzene (141,1 mg, 1.00
mmol), providing 155.7 mg (0.50 mmol, 50% yield) of the product as
a brown oil after purification by flash chromatography (ethyl acetate/
n-hexane 3:7). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.85 (s, 1H),
7.26 (s, 1H), 7.00, (s, 2H), 6.83 (m, 4H), 6.74 (s,1H), 3.84 (s, 2H).
13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 156.5, 143.0, 139.9,
138.6, 129.8, 125.4, 124.8, 120.0, 118.9, 117.0, 116.7, 87.3.
Characterization data are in accordance with those from the
literature.17

2-(2-Iodophenoxy)-5-(trifluoromethyl)aniline (2). The title com-
pound was synthesized according to the general procedure GP1 using
using 2-iodophenol (1.30 g, 6.22 mmol) and 1-fluoro-2-nitro-4-
(trifluoromethyl)benzene (1.36 g, 6.5 mmol), providing 1.83 g (4.82
mmol, 78% yield) of the product as a yellow solid after purification by
flash chromatography (ethyl acetate/n-hexane 3:7). 1H NMR (400
MHz, CDCl3) δ (ppm) 7.88, (m, 1H), 7.32 (m, 1H), 7.06 (d, J = 2.1
Hz, 1H), 6.92 (m, 3H), 6.72 (d, J = 8.4 Hz, 1H), 4.08 (s, 2H).
13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 155.2 (s, Cquat) 145.4
(s, Cquat), 140.0 (s, Cquat), 139.7 (s, CH), 130.2 (s, CH), 126.2 (s,
CH), 124.6 (q, 2JCF = 30.7 Hz, Cquat), 124.5 (q, 1JCF = 271.4 Hz,
Cquat), 119.6 (s, CH), 117.1 (s, CH), 112.6 (q, 3JCF = 4.3 Hz, CH),
111.3 (q, 3JCF = 3.9 Hz, CH), 89.6 (s, Cquat). HRMS (ESI, m/z)
calculated for C13H10ONF3I [(M + H)+]: 379.9754. Found:
379.9750. IR (neat, cm−1) 3408, 3316, 3200, 3067, 2930, 2668,
2163, 2038, 1861, 1737, 1624, 1578, 1512, 1442, 1334, 1262, 1221,
1162, 1104, 1019, 924, 867, 810, 737. Characterization data are in
accordance with those from the literature.17

5-Bromo-2-(2-iodophenoxy)aniline (3). The title compound was
synthesized according to the general procedure GP1 using 2-
iodophenol (1.30 g, 5.91 mmol) and 4-bromo-1-fluoro-2-nitro-
benzene (1.30 g, 5.91 mmol), providing 1.82 g (4.67 mmol, 79%
yield) of the product as a yellow solid after purification by flash
chromatography (ethyl acetate/n-hexane 7:3). 1H NMR (400 MHz,
CDCl3) δ (ppm) 7.84 (dd, J = 7.9, 1.6 Hz, 1H), 7.26 (td, J = 7.5, 7.0,
1.6 Hz, 1H), 6.96 (d, J = 2.3 Hz, 1H), 6.82 (m, 3H), 6.63 (d, J = 8.5
Hz, 1H), 3.91 (s, 2H). 13C{1H} NMR (151 MHz, CDCl3) δ (ppm)
156.0 (s, Cquat), 142.3 (s, Cquat), 140.0 (s, CH), 139.80 (s, Cquat),
129.9 (s, CH), 125.3 (s, CH), 121.3 (s, CH), 120.8 (s, CH), 119.0 (s,
CH), 117.70 (s, Cquat), 117.4 (s, CH), 87.6 (s, Cquat). HRMS (ESI,
m/z) calculated for C12H10ONBrI [(M + H)+]: 389.8950. Found:
389.8984. IR (neat, cm−1) 3371, 2279, 3197, 3060, 2983, 2664, 2323,
2101, 1995, 1907, 1726, 1613, 1491, 1462, 1436, 1277, 1220, 1185,
1136, 1084, 1018, 935, 898, 843, 805, 747.

3-Amino-4-(2-iodophenoxy)benzonitrile (4). The title compound
was synthesized according to the general procedure GP1 using 2-
iodophenol (1.57 g, 7.14 mmol) and 4-chloro-3-nitrobenzonitrile
(1.30 g, 7.12 mmol), providing 604 mg (1.79 mmol, 25% yield) of the
product as a yellow solid after purification by flash chromatography
(ethyl acetate/n-hexane 1:1). 1H NMR (600 MHz, CDCl3) δ (ppm)
7.89 (dd, J = 7.8, 1.5 Hz, 1H), 7.36 (m, 1H), 7.06 (d, J = 1.9 Hz, 1H),
6.96 (m, 3H), 6.60 (d, J = 8.3 Hz, 1H), 4.15 (d, J = 8.2 Hz, 2H). 1H
NMR (400 MHz, DMSO-d6) δ (ppm) 7.93 (dd, J = 7.6, 1.7, 0.8 Hz,
1H), 7.43 (t, 1H), 7.10 (d, J = 2.0 Hz, 1H), 7.02 (m, 2H), 6.89 (dd, J
= 8.2, 2.1 Hz, 1H), 6.50 (d, J = 8.3 Hz, 1H), 5.55 (s, 2H). 13C{1H}
NMR (151 MHz, CDCl3) δ (ppm) 154.7 (s, Cquat), 147.4 (s, Cquat),
140.4 (s, CH), 138.3 (s, Cquat), 130.2 (s, CH), 126.8 (s, CH), 123.0
(s, CH), 120.3 (s, CH), 119.2 (s, Cquat), 118.7 (s, CH), 116.9 (s,
CH), 107.4 (s, Cquat), 89.2 (s, Cquat).

13C{1H} NMR (151 MHz,
DMSO-d6) δ (ppm) 154.7 (s, Cquat), 146.6 (s, Cquat), 140.1 (s, Cquat),
139.8 (s, CH), 130.3 (s, CH), 126.7 (s, CH), 120.4 (s, CH), 120.2 (s,
CH), 119.3 (s, Cquat), 117.2 (s, CH), 116.7 (s, CH), 105.9 (s, Cquat),
90.0 (s, Cquat). HRMS (ESI, m/z) calculated for C13H9O N2INa [(M

Scheme 5. Proposed Mechanism
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+ Na)+]: 358.9652. Found: 385. 9645. IR (neat, cm−1) 3453, 3360,
3204, 3062, 2922, 2655, 2321, 2221, 2167, 2109, 2035, 1987, 1918,
1856, 1728, 1614, 1574, 1541, 1505, 1460, 1432, 1357, 1300, 1257,
1222, 1150, 1086, 1019, 953, 861, 810, 776, 750, 697. Character-
ization data are in accordance with those from the literature.17

Methyl 4-(2-Aminophenoxy)-3-iodobenzoate (5). The title
compound was synthesized according to the general procedure GP1
using methyl 3-hydroxy-4-iodobenzoate (1.95 g, 7.0 mmol) and 1-
fluoro-2-nitrobenzene (1.00 g, 7.1 mmol), providing 1.63 g (4.41
mmol, 63% yield) of the product as a yellow solid after purification by
flash chromatography (ethyl acetate/n-hexane 2:8). 1H NMR (400
MHz, DMSO-d6) δ (ppm) 8.37 (d, J = 2.1 Hz, 1H), 7.88 (dd, J = 8.6,
2.1 Hz, 1H), 7.00 (td, J = 8.2, 7.3, 1.4 Hz, 1H), 6.85 (td, J = 7.9, 1.5
Hz, 2H), 6.61 (m, 2H), 4.94 (s, 2H), 3.82 (s, 3H). 13C{1H} NMR
(151 MHz, DMSO-d6) δ (ppm) 164.6 (s, Cquat), 160.6 (s, Cquat),
140.4 (s, Cquat), 140.2 (s, CH), 131.2 (s, CH), 126.3 (s, CH), 125.1
(s, Cquat), 121.0 (s, CH), 116.6 (s, CH), 116.3 (s, CH), 114.7 (s,
CH), 86.8 (s, Cquat), 52.2 (s, CH3). HRMS (ESI, m/z) calculated for
C14H13O3NI [(M + H)+]: 369.9935. Found: 369.9948. IR (neat,
cm−1) 3456, 3367, 3209, 3065, 2950, 2841, 2476, 2221, 2066, 1921,
1713, 1620, 1584, 1499, 1476, 1433, 1387, 1280,1238, 1183, 1111,
1033, 968, 888, 839, 745, 668. Characterization data are in accordance
with those from the literature.17

2-(2-Iodo-4-methylphenoxy)aniline (6). The title compound was
synthesized according to the general procedure GP1 using 2-iodo-4-
methylphenol (1.47 g, 6.28 mmol) and 1-fluoro-2-nitrobenzene (886
mg, 6.28 mmol), providing 1.35 g (4.15 mmol, 66% yield) of the
product as a brown oil. 1H NMR (400 MHz, DMSO-d6) δ (ppm)
7.69 (m, 1H), 7.11 (dd, J = 8.5, 2.4 Hz, 1H), 6.85 (m, 2H), 6.57 (m,
3H), 4.85 (d, J = 2.5 Hz, 2H), 2.24 (d, J = 2.6 Hz, 3H). 13C{1H}
NMR (151 MHz, DMSO-d6) δ (ppm) 154.1 (s, Cquat), 142.4 (s,
Cquat), 139.7 (s, Cquat), 139.4 (s, CH), 134.2 (s, Cquat), 130.3 (s, CH),
124.7 (s, CH), 118.8 (s, CH), 117.1 (s, CH), 116.4 (s, CH), 115.8 (s,
CH), 88.0 (s, Cquat), 19.6 (s, CH3). HRMS (APCI, m/z) calculated
for C13H12ONI [(M + H)+]: 326.0036. Found: 326.0043. IR (neat,
cm−1) 3911, 3463, 3373, 3200, 3031, 2919, 2734, 2329, 2088, 1995,
1888, 1617, 1477, 1388, 1302, 1268, 1228, 1186, 1138, 1035, 926,
887, 815, 768, 741, 697, 662.
2-(Trifluoromethyl)-10H-phenoxazine (7). The title compound

was synthesized according to the general procedure GP2 using 2 (1.24
g, 3.27 mmol), providing 655 mg (2.61 mmol, 80% yield) of the
product as a yellow solid after purification by flash chromatography
(ethyl acetate/n-hexane 1:9). 1H NMR (600 MHz, DMSO-d6) δ
(ppm) 8.50 (s, 1H), 6.89 (m, 1H), 6.76 (m, 2H), 6.63 (m, 3H), 6.46
(dd, J = 7.7, 1.4 Hz, 1H). 13C{1H} NMR (151 MHz, DMSO-d6) δ
(ppm) 145.8 (s, Cquat), 142.2 (s, Cquat), 133.4 (s, Cquat), 131.2 (s,
Cquat), 124.6 (s, CH), 124.5 (q,

2JCF = 31.9 Hz, Cquat), 124.0 (q,
1JCF =

271.4 Hz, Cquat), 121.3 (s, CH), 117.5 (q, 3JCF = 4.2 Hz, CH), 115.4
(s, CH), 115.3 (s, CH), 113.6 (s, CH), 109.3 (q, 3JCF = 3.7 Hz, CH).
19F NMR (565 MH DMSO-d6) δ (ppm) −61.22 (s, CF3). HRMS
(ESI, m/z) calculated for C13H9ONF3 [(M + H)+]: 252.0631. Found:
252.0624. IR (neat, cm−1) 3399, 3088, 2665, 2323, 2191, 2086, 1936,
1883, 1716, 1590, 1502, 1454, 1319, 1253, 1230, 1195, 1157, 1101,
1066, 928, 867, 827 750, 696. Characterization data are in accordance
with those from the literature.18

2-(Bromo)-10H-phenoxazine (8). The title compound was
synthesized according to the general procedure GP2 using 3 (1.65
g, 4.23 mmol), providing 333 mg (1.27 mmol, 30% yield) of the
product as a yellow solid after purification by flash chromatography
(ethyl acetate/n-hexane 1:9). 1H NMR (600 MHz, DMSO-d6) δ
(ppm) 8.37 (s, 1H), 6.74 (ddd, J = 7.8, 6.4, 2.4 Hz, 1H), 6.69 (dd, J =
8.4, 2.3 Hz, 1H), 6.60 (m, 2H), 6.55 (m, 2H), 6.45 (dd, J = 7.7, 1.3
Hz, 1H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 142.5 (s,
Cquat), 142.2 (s, Cquat), 134.2 (s, Cquat), 131.3 (s, Cquat), 124.2 (s,
CH), 122.5 (s, CH), 121.0 (s, CH), 116.8 (s, CH), 115.3 (s, CH),
115.2 (s, CH), 115.1 (s, Cquat), 113.4 (s, CH). HRMS (ESI, m/z)
calculated for C12H9ONBr [(M + H)+]: 261.9862. Found: 261.9857.
IR (neat, cm−1) 3369, 3041, 2863, 2734, 2060, 2543, 2472, 2325,
2195, 2161, 2082, 2033, 1988, 1925, 1848, 1786, 1715, 1628, 1582,

1483, 1447, 1373, 1288, 1233, 1192, 1121, 1071, 1032, 986, 950, 910,
829, 800, 740.

10H-Phenoxazine-2-carbonitrile (9). The title compound was
synthesized according to the general procedure GP2 using 4 (1.44g,
4.28 mmol), providing 429 mg (2.06 mmol, 48% yield) of the product
as a yellow solid after purification by flash chromatography (ethyl
acetate/n-hexane 2:8). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 7.01
(dd, J = 8.2, 2.0 Hz, 1H), 6.76 (td, J = 7.4, 1.7 Hz, 1H), 6.71 (d, J =
8.2 Hz, 1H), 6.68 (d, J = 2.0 Hz, 1H), 6.62 (m, 2H), 6.47 (dd, J = 7.7,
1.4 Hz, 1H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 146.8
(s, Cquat), 142.0 (s, Cquat), 133.6 (s, Cquat), 131.0 (s, Cquat), 125.6 (s,
CH), 124.8 (s, CH), 121.2 (s, CH), 118.7 (s, Cquat), 116.0 (s, CH),
115.4 (s, CH), 115.2 (s, CH), 113.7 (s, CH), 106.2 (s, Cquat). HRMS
(ESI, m/z) calculated for C13 H8 O N2 Na [(M+Na)+]: 231.0529.
Found: 231.0525. IR (neat, cm−1) 3829, 3350, 3035, 2970, 2896,
2761, 2623, 2577, 2428, 2288, 2216, 2124, 2053, 1851, 1748, 1630,
1579, 1491, 1450, 1382, 1307, 1242, 1212, 1186, 1126, 1095, 1028,
956, 909, 859, 835, 807, 728, 657. Characterization data are in
accordance with those from the literature.19

Methyl 10H-Phenoxazine-2-carboxylate (10). The title com-
pound was synthesized according to the general procedure GP2 using
5 (1.63 g, 4.41 mmol), providing 368 mg (1.53 mmol, 35% yield) of
the product as a yellow solid after purification by flash
chromatography (ethyl acetate/n-hexane 3:7). 1H NMR (400 MHz,
DMSO-d6) δ (ppm) 8.40 (s, 1H), 7.19 (dd, J = 8.2, 2.0 Hz, 1H), 7.01
(d, J = 2.0 Hz, 1H), 6.76 (t, J = 7.5, 1.7 Hz, 1H), 6.62 (m, 3H), 6.44
(dd, J = 7.7, 1.5 Hz, 1H), 3.78 (s, 3H). 13C{1H} NMR (151 MHz,
DMSO-d6) δ (ppm) 165.5 (s, Cquat), 146.9 (s, Cquat), 142.2 (s, Cquat),
132.6 (s, Cquat), 131.6 (s, Cquat), 125.2 (s, Cquat), 124.6 (s, CH), 122.4
(s, CH), 120.7 (s, CH), 115.3 (s, CH), 115.1 (s, CH), 113.4 (s, CH),
113.4 (s, CH), 51.9 (s, CH3). HRMS (ESI, m/z) calculated for C14
H12 O3 N [(M + H)+]: 242.0812. Found: 242.0813. IR (neat, cm−1)
3785, 3701, 3577, 3365, 3188, 3030, 2989, 2943, 2901, 2843, 2645,
2322, 2213, 2183, 2088, 2044, 1986, 1907, 1873, 1698, 1631, 1582,
1498, 1448, 1313, 1205, 1104, 1030, 992, 920, 875, 832, 738.
Characterization data are in accordance with those from the
literature.20

2-(Methyl)-10H-phenoxazine (11). The title compound was
synthesized according to the general procedure GP2 using 6 (1.35
g, 4.15 mmol), providing 459 mg (2.33 mmol, 56% yield) of the
product as a brown solid after purification by flash chromatography
(ethyl acetate/n-hexane 1:9). 1H NMR (600 MHz, DMSO-d6) δ
(ppm) 8.09 (s, 1H), 6.70 (td, J = 7.4, 1.7 Hz, 1H), 6.56 (dtd, J = 15.0,
7.9, 1.6 Hz, 2H), 6.45 (m, 2H), 6.35 (m, 1H), 6.25 (d, J = 2.0 Hz,
1H), 2.09 (s, 3H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm)
142.9 (s, Cquat), 140.6 (s, Cquat), 132.8 (s, Cquat), 132.4 (s, Cquat),
132.0 (s, Cquat), 123.7 (s, CH), 120.5 (s, CH), 120.2 (s, CH), 115.0
(s, CH), 114.7 (s, CH), 113.8 (s, CH), 113.3 (s, CH), 20.4 (s, CH3).
HRMS (ESI, m/z) calculated for C13H12ON [(M + H)+]: 198.0913.
Found: 198.0908. IR (neat, cm−1) 3876, 3372, 3035, 2912, 2858,
2726, 2616, 2393, 2082, 995, 1859, 1777, 1732, 1629, 1585, 1495,
1451, 1382, 1303, 1270, 1202, 1152, 1123, 1099, 1034, 922, 871, 834,
805, 785, 664.

4-(tert-Butyl)-2-(10H-phenoxazin-10-yl)phenol (12). The title
compound was synthesized according to the general procedure GP3
using 10H-phenoxazine (37 mg, 0.2 mmol) and 4-(tert- butyl)phenol
(90 mg, 0.6 mmol, 3 equiv). The crude product was purified by flash
column chromatography (pentane/DCM 6:4), yielding the title
compound as a white solid (46 mg, 69%). 1H NMR (600 MHz,
DMSO-d6) δ (ppm) 9.61 (bs, 1H), 7.36 (dd, J = 2.5, 8.6 Hz, 1H),
7.18 (d, J = 2.4 Hz, 1H), 7.03 (d, J = 8.6 Hz, 1H), 6.68 (dd, J = 1.9,
7.2 Hz, 1H), 6.65−6.59 (m, 4H), 5.81 (dd, J = 2.0, 7.5 Hz, 2H), 1.26
(s, 9H). HRMS (ESI, m/z) calculated for C22H22NO2 [(M + H)+]:
332.1645. Found: 332.1641. Characterization data are in accordance
with those from the literature.8

Methyl-10-(5-(tert-Butyl)-2-hydroxyphenyl)-10H-phenoxazine-2-
carboxylate (13). The title compound was synthesized according to
the general procedure GP3 using methyl 10H-phenoxazine-2-
carboxylate 10 (48 mg, 0.2 mmol) and 4-(tert-butyl)phenol (90 mg,
0.6 mmol, 3 equiv). The crude product was purified by flash column
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chromatography (pentane/DCM 8:2), yielding the title compound as
a yellow solid (59 mg, 76%). 1H NMR (600 MHz, CDCl3) δ (ppm)
7.42 (dt, J = 2.4, 8.7 Hz, 2H), 7.24 (d, J = 2.4 Hz, 1H), 7.10 (d, J =
8.7 Hz, 1H), 6.76−6.66 (m, 5H), 6.00 (dd, J = 1.3, 7.7 Hz, 1H), 5.58
(s, 1H), 3.74 (s, 3H), 1.31 (s, 9H). 13C{1H} NMR (151 MHz,
CDCl3) δ (ppm) 166.5 (s, Cquat), 151.6 (s, Cquat), 148.4 (s, Cquat),
146.2 (s, Cquat), 143.8 (s, Cquat), 133.5 (s, Cquat), 132.9 (s, Cquat),
127.8 (s, CH), 126.9 (s, CH), 125.8 (s, Cquat), 124.7 (s, CH), 124.5
(s, CH), 123.5 (s, Cquat), 122.5 (s, CH), 116.9 (s, CH), 116.0 (s,
CH), 115.6 (s, CH), 114.7 (s, CH), 113.9 (s, CH), 52.1 (s, CH3),
34.6 (s, Cquat), 31.6 (s, CH3). IR (neat, cm−1) 3380, 3063, 2957, 2868,
2635, 2320, 2194, 2069, 1885, 1695, 1626, 1586, 1487, 1437, 1325,
1273, 1242, 1198, 1108, 1039, 998, 965, 885, 822, 742. HRMS (ESI,
m/z) calculated for C24H23O4NNa ([M + Na]+): 412.1519. Found:
412.1510.
2-(2-Bromo-10H-phenoxazin-10-yl)-4-(tert-butyl)phenol (14).

The title compound was synthesized according to the general
procedure GP3 using 2-(bromo)-10H-Phenoxazine 8 (66 mg, 0.25
mmol) and 4-(tert-butyl)phenol (113 mg, 0.75 mmol, 3 equiv). The
crude product was purified by flash column chromatography (n-
hexane/DCM 1:1), yielding the title compound as a white solid (73
mg, 71%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 9.73 (s, 1H),
7.39 (dd, J = 8.6, 2.5 Hz, 1H), 7.22 (d, J = 2.4 Hz, 1H), 7.05 (d, J =
8.6 Hz, 1H), 6.77 (dd, J = 8.4, 2.3 Hz, 1H), 6.67 (m, 4H), 5.82 (m,
2H), 1.26 (s, 9H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm)
152.3 (s, Cquat), 143.7 (s, Cquat), 143.1 (s, Cquat), 142.8 (s, Cquat),
135.3 (s, Cquat), 132.7 (s, Cquat), 127.7 (s, CH), 127.2 (s, CH), 123.9
(s, CH), 123.1 (s, CH), 122.2 (s, Cquat), 121.6 (s, CH), 117.4 (s,
CH), 116.7 (s, CH), 115.1 (s, CH), 114.9 (s, Cquat), 114.7 (s, CH),
113.0 (s, CH), 33.9 (s, Cquat), 31.3 (s, CH3). IR (neat, cm−1) 3823,
3467, 3054, 2962, 2870, 2611, 2286, 2060, 1971, 1829, 1753, 1679,
1624, 1588, 1483, 1418, 1363, 1321, 1270, 1206, 1181, 1133, 1039,
943, 917, 835, 792, 727. HRMS (ESI, m/z) calculated for
C22H21O2NBr [(M + H)+]: 410.0750. Found: 410.0743.
10-(5-(tert-Butyl)-2-hydroxyphenyl)-10H-phenoxazine-2-carbon-

itrile (15). The title compound was synthesized according to the
general procedure GP3 using 10H-phenoxazine-2-carbonitrile 9 (42
mg, 0.2 mmol), 4-(tert-butyl)phenol (90 mg, 0.6 mmol, 3 equiv), and
K2HPO4 (35 mg, 0.2 mmol). The crude product was purified by flash
column chromatography (pentane/DCM 6:4), yielding the title
compound as a yellow solid (70 mg, 98%). 1H NMR (600 MHz,
CDCl3) δ (ppm) 7.46 (dd, J = 2.2, 8.7 Hz, 1H), 7.20 (d, J = 2.2 Hz,
1H), 7.11 (d, J = 8.6 Hz, 1H), 7.00 (dd, J = 1.5, 8.3 Hz, 1H), 6.78−
6.68 (m, 4H), 6.16 (d, J = 1.6 Hz, 1H), 6.00 (d, J = 7.8 Hz, 1H), 5.41
(bs, 1H), 1.31 (s, 9H). 13C{1H} NMR (151 MHz, CDCl3) δ (ppm)
151.4 (s, Cquat), 148.2 (s, Cquat), 146.7 (s, Cquat), 143.5 (s, Cquat),
134.5 (s, Cquat), 132.3 (s, Cquat), 128.3 (s, CH), 127.2 (s, CH), 126.7
(s, CH), 124.8 (s, CH), 123.0 (s, CH), 122.8 (s, Cquat), 118.9 (s,
Cquat), 117.2 (s, CH), 116.4 (s, CH), 116.3 (s, CH), 116.1 (s, CH),
114.0 (s, CH), 107.2 (s, Cquat), 34.6 (s, Cquat), 31.6 (s, CH3). IR
(neat, cm−1) 3693, 3352, 3061, 2957, 2924, 2861, 2628, 2542, 2321,
2230, 2170, 2114, 2070, 1987, 1961, 1902, 1736, 1582, 1487, 1421,
1367, 1328, 1268, 1215, 1170, 1124, 1095, 1036, 989, 960, 921, 861,
820, 744, 672. HRMS (ESI, m/z) calculated for C23H20O2N2Na [(M
+ Na)+]: 379.1417. Found: 379.1411.
4-(tert-Butyl)-2-(2-(trifluoromethyl)-10H-phenoxazin-10-yl)-

phenol (16). The title compound was synthesized according to the
general procedure GP3 using 2-(trifluoromethyl)-10H-phenoxazine 7
(126 mg, 0.5 mmol) and 4-(tert-butyl)phenol (225 mg, 1.5 mmol, 3
equiv). The crude product was purified by flash column
chromatography (n-hexane/DCM 1:1), yielding the title compound
as a white solid (180 mg, 90%). 1H NMR (600 MHz, DMSO-d6) δ
(ppm) 9.76 (s, 1H), 7.39 (dd, J = 8.6, 2.5 Hz, 1H), 7.26 (d, J = 2.4
Hz, 1H), 7.06 (d, J = 8.6 Hz, 1H), 6.96 (m, 1H), 6.84 (d, J = 8.2 Hz,
1H), 6.70 (m, 3H), 5.95 (d, J = 2.1 Hz, 1H), 5.84 (m, 1H), 1.25 (s,
9H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 152.3 (s, Cquat),
146.5 (s, Cquat), 143.8 (s, Cquat), 142.9 (s, Cquat), 134.5 (s, Cquat),
132.6 (s, Cquat), 127.7 (s, CH), 127.2 (s, CH), 124.3 (s, CH), 124.2
(q, 2JCF = 31.8 Hz, Cquat) 123.9 (q, 1JCF = 271.5 Hz, Cquat), 122.1 (s,
Cquat), 121.7 (s, CH), 118.2 (q, 3JCF = 4.1 Hz, CH), 117.4 (s, CH),

115.5 (s, CH), 115.2 (s, CH), 113.1 (s, CH), 108.5 (q, 3JCF = 3.8 Hz,
CH), 33.9 (s, Cquat), 31.2 (s, CH3). IR (neat, cm−1) 3482, 3060, 2963,
2872, 2625, 2321, 2202, 2149, 2075, 2030, 1986, 1945, 1889, 1844,
1728, 1593, 1495, 1437, 1348, 1327, 1274, 1252, 1201, 1169, 1110,
1073, 1040, 959, 923, 863, 814, 745, 690. HRMS (ESI, m/z)
calculated for C23H21O2NF3 [(M + H)+]: 400.1519. Found:
400.1511.

4-(tert-Butyl)-2-(2-methyl-10H-phenoxazin-10-yl)phenol (17).
The title compound was synthesized according to the general
procedure GP3 using 2-methyl-10H-phenoxazine 11 (39 mg, 0.2
mmol) and 4-(tert-butyl)phenol (90 mg, 0.6 mmol, 3 equiv). The
crude product was purified by flash column chromatography
(pentane/DCM 6:4), yielding the title compound as a white solid
(63 mg, 91%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 9.59 (bs,
1H), 7.36 (dd, J = 2.4, 8.5 Hz, 1H), 7.17 (d, J = 2.5 Hz, 1H), 7.03 (d,
J = 8.6 Hz, 1H), 6.66 (dd, J = 2.8, 6.7 Hz, 1H), 6.63−6.60 (m, 2H),
6.57 (d, J = 7.9 Hz, 1H), 6.42 (d, J = 8.1 Hz, 1H), 5.78 (dd, J = 2.3,
7.1 Hz, 1H), 5.63 (d, J = 1.4 Hz, 1H), 1.96 (s, 3H), 1.26 (s, 9H).
13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 151.9 (s, Cquat), 145.9 (s,
Cquat), 144.6 (s, Cquat), 142.2 (s, Cquat), 133.4 (s, Cquat), 133.2 (s,
Cquat), 132.9 (s, Cquat), 127.4 (s, CH), 127.1 (s, CH), 124.3 (s, Cquat),
123.7 (s, CH), 122.6 (s, CH), 122.3 (s, CH), 116.3 (s, CH), 115.8 (s,
CH), 115.6 (s, CH), 114.4 (s, CH), 113.8 (s, CH), 34.5 (s, Cquat),
31.6 (s, tBu), 21.0 (s, CH3). IR (neat, cm−1) 3862, 3430, 3042, 2957,
2867, 2700, 2541, 2468, 2391, 2301, 2210, 2171, 2101, 2060, 2027,
1991, 1928, 1859, 1753, 1709, 1589, 1492, 1420, 1326, 1270, 1216,
1167, 1041, 1013, 958, 920, 890, 857, 826, 803, 742, 675. HRMS
(ESI, m/z) calculated for C23H24O2N [(M + H)+]: 346.1802. Found:
346.1810.

1-(4-Hydroxy-3-(2-methyl-10H-phenoxazin-10-yl)phenyl)-ethan-
1-one (18). The title compound was synthesized according to the
general procedure GP3 using 2-methyl-10H-phenoxazine 11 (39 mg,
0.2 mmol) and 1-(4-hydroxyphenyl)ethan-1-one (82 mg, 0.6 mmol).
The crude product was purified by flash column chromatography
(DCM/MeOH 98:2), yielding the title compound as an orange oil
(25 mg, 38%). 1H NMR (600 MHz, CDCl3) δ (ppm) 8.04 (dd, J =
2.1, 8.6 Hz, 1H), 7.94 (d, J = 2.1 Hz, 1H), 7.25 (d, J = 8.6 Hz, 1H),
6.75 (m, 2H), 6.66 (m, 2H), 6.55 (d, J = 7.9 Hz, 2H), 5.96 (d, J = 7.7
Hz, 1H), 5.77 (d, J = 1.3 Hz, 1H), 2.54 (s, 3H), 2.05 (s, 3H).
13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 196.1 (s, Cquat), 159.2 (s,
Cquat), 144.5 (s, Cquat), 142.2 (s, Cquat), 133.6 (s, Cquat), 132.8 (s,
Cquat), 132.5 (s, Cquat), 132.3 (s, Cquat), 132.1 (s, CH), 131.2 (s, CH),
125.8 (s, Cquat), 123.7 (s, CH), 123.2 (s, CH), 122.9 (s, CH), 117.1
(s, CH), 116.1 (s, CH), 115.9 (s, CH), 114.5 (s, CH), 113.9 (s, CH),
26.5 (s, CH3), 21.0 (s, CH3). IR (neat, cm−1) 3817, 3750, 3652, 3405,
3339, 3190, 3060, 2923, 2854, 2651, 2543, 2507, 2443, 2320, 2170,
2112, 2063, 2015, 1959, 1921, 1872, 1662, 1601, 1489, 1428, 1329,
1270, 1202, 1104, 1068, 1040, 991, 916, 808, 744, 670. HRMS (ESI,
m/z) calculated for C21H18O3N [(M + H)+]: 332.1281. Found:
332.1275.

Methyl-10-(5-bromo-2-hydroxyphenyl)-10H-phenoxazine-2-car-
boxylate (19). The title compound was synthesized according to the
general procedure GP3 using Methyl 10H-phenoxazine-2-carboxylate
10 (48 mg, 0.2 mmol) and 4-bromophenol (104 mg, 0.6 mmol, 3
equiv). The crude product was purified by flash column
chromatography (pentane/DCM 9:1), yielding the title compound
as a brown solid (34 mg, 41%). 1H NMR (600 MHz, CDCl3) δ
(ppm) 7.52 (dd, J = 1.8, 8.7 Hz, 1H), 7.44 (d, J = 8.3 Hz, 1H), 7.41
(d, J = 1.5 Hz, 1H), 7.09 (d, J = 8.8 Hz, 1H), 6.79−6.69 (m, 3H),
6.64 (s, 1H), 6.01 (d, J = 7.7 Hz, 1H), 5.92 (bs, 1H), 3.77 (s, 3H).
13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 166.4 (s, Cquat), 154.0 (s,
Cquat), 148.2 (s, Cquat), 143.6 (s, Cquat), 134.1 (s, CH), 133.2 (s, CH),
132.7 (s, Cquat), 132.2 (s, Cquat), 126.1 (s, Cquat), 125.9 (s, Cquat),
125.3 (s, CH), 124.5 (s, CH), 123.2 (s, CH), 119.1 (s, CH), 116.2 (s,
CH), 115.9 (s, CH), 114.8 (s, CH), 114.2 (s, CH), 113.6 (s, Cquat),
52.2 (s, CH3). IR (neat, cm−1) 3745, 3336, 3063, 2923, 2854, 2632,
2319, 2173, 2030, 2010, 1956, 1888, 1769, 1697, 1623, 1578, 1484,
1435, 1292,1 242, 1203, 1111, 1041, 992, 943, 881, 856, 820, 710,
681. HRMS (ESI, m/z) calculated for C20H15O4NBr [(M + H)+]:
412.0179. Found: 412.0180.
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4-Bromo-2-(2-bromo-10H-phenoxazin-10-yl)phenol (20). The
title compound was synthesized according to the general procedure
GP3 using 2-bromo-10H-phenoxazine 8 (52 mg, 0.2 mmol) and 4-
bromophenol (104 mg, 0.6 mmol, 3 equiv). The crude product was
purified by flash column chromatography (pentane/DCM 8:2),
yielding the title compound as a white solid (42 mg, 48%). 1H
NMR (600 MHz, CDCl3) δ (ppm) 7.52 (dd, J = 2.4, 8.9 Hz, 1H),
7.41 (d, J = 2.4 Hz, 1H), 7.09 (d, J = 8.8 Hz, 1H), 6.86 (dd, J = 2.3,
8.5 Hz, 1H), 6.76 (m, 2H), 6.71 (m, 1H), 6.62 (d, J = 8.5 Hz, 1H),
6.10 (d, J = 2.2 Hz, 1H), 6.01 (dd, J = 1.3, 8.0 Hz, 1H), 5.73 (s, 1H).
13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 153.8 (s, Cquat), 144.0 (s,
Cquat), 143.5 (s, Cquat), 134.2 (s, CH), 134.1 (s, Cquat), 133.2 (s, CH),
131.9 (s, Cquat), 125.9 (s, Cquat), 125.6 (s, CH), 124.2 (s, CH), 123.4
(s, CH), 119.0 (s, CH), 117.5 (s, CH), 116.6 (s, CH), 116.2 (s, CH),
116.1 (s, Cquat), 114.1 (s, CH), 113.6 (s, Cquat). IR (neat, cm−1) 3450,
3060, 2923, 2308, 2062, 1763, 1701, 1586, 1478, 1412, 1318, 1268,
1195, 1156, 1126, 1075, 1039, 945, 884, 808, 738. HRMS (ESI, m/z)
calculated for C18H12O2NBr2 [(M + H)+]: 431.9229. Found:
431.9233.
4-Bromo-2-(2-(trifluoromethyl)-10H-phenoxazin-10-yl)phenol

(21). The title compound was synthesized according to the general
procedure GP3 using 2-(trifluoromethyl)-10H-phenoxazine 7 (126
mg, 0.5 mmol) and 4-bromophenol (260 mg, 1.5 mmol, 3 equiv). The
crude product was purified by flash column chromatography (n-
hexane/DCM 6:4), yielding the title compound as a white solid (152
mg, 72%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 10.37 (s, 1H),
7.60 (d, J = 2.5 Hz, 1H), 7.57 (dd, J = 8.8, 2.5 Hz, 1H), 7.11 (d, J =
8.8 Hz, 1H), 7.01 (dd, J = 8.2, 2.2, 0.9 Hz, 1H), 6.88 (d, J = 0.9 Hz,
1H), 6.76 (m, 1H), 6.71 (m, 2H), 5.94 (d, J = 2.1 Hz, 1H), 5.88 (m,
1H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 154.8 (s, Cquat),
146.4 (s, Cquat), 142.7 (s, Cquat), 134.0 (s, CH), 133.9 (s, Cquat), 133.7
(s, CH), 132.2 (s, Cquat), 124.4 (s, CH), 124.2 (q, 2JCF = 32.2 Hz,
Cquat), 123.8 (q, 1JCF = 272 Hz, Cquat), 122.1 (s, CH), 120.0 (s, CH),
118.7 (q, 3JCF = 4.0 Hz, CH), 115.7 (s, CH), 115.4 (s, CH), 113.1 (s,
CH), 110.6 (s, Cquat), 108.4 (q, 3JCF = 4.0 Hz, CH). 19F NMR (565
MHz, DMSO-d6) δ (ppm) −61.17 (s, CF3). IR (neat, cm−1) 3455,
3065, 2321, 2203, 2171, 2141, 2032, 2000, 1946, 1878, 1735, 1627,
1587, 1489, 1435, 1348, 1318, 1278, 1255, 1165, 1120, 1071, 1041,
962, 865, 818, 740, 677. HRMS (ESI, m/z) calculated for
C19H12O2NBrF3 [(M + H)+]: 421.9998. Found: 421.9988.
4-Bromo-2-(2-methyl-10H-phenoxazin-10-yl)phenol (22). The

title compound was synthesized according to the general procedure
GP3 using 2-methyl-10H-phenoxazine 11 (39 mg, 0.2 mmol) and 4-
bromophenol (104 mg, 0.6 mmol, 3 equiv). The crude product was
purified by flash column chromatography (pentane/DCM 7:3),
yielding the title compound as an orange solid (55 mg, 74%). 1H
NMR (600 MHz, DMSO-d6) δ (ppm) 10.19 (s, 1H), 7.52 (dd, J =
2.5, 8.8 Hz, 1H), 7.47 (d, J = 2.5 Hz, 1H), 7.09 (d, J = 8.8 Hz, 1H),
6.68 (m, 1H), 6.64 (m, 2H), 6.59 (d, J = 8.0 Hz, 1H), 6.46 (d, J = 8.1
Hz, 1H), 5.83 (m, 1H), 5.66 (d, J = 1.4 Hz, 1H), 1.99 (s, 3H).
13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 155.0 (s, Cquat), 143.3
(s, Cquat), 141.1 (s, Cquat), 134.3 (s, CH), 133.0 (s, CH), 132.9 (s,
Cquat), 132.6 (s, Cquat), 132.5 (s, Cquat), 125.5 (s, Cquat),123.5 (s, CH),
121.4 (s, CH), 121.2 (s, CH), 119.8 (s, CH), 115.0 (s, CH), 114.9 (s,
CH), 113.2 (s, CH), 112.8 (s, CH), 110.4 (s, Cquat), 20.5 (s, CH3). IR
(neat, cm−1) 3394, 3059, 2922, 2860, 2610, 2320, 2176, 2068, 2027,
1875, 1699, 1623, 1585, 1483, 1421, 1324, 1269, 1219, 1181, 1126,
1070, 1038, 971, 939, 886, 848, 809, 737, 656. HRMS (ESI, m/z)
calculated for C19H14O2NBr [(M)+•]: 367.0202. Found: 367.0203.
2-(2-Bromo-10H-phenoxazin-10-yl)-4-(methylthio)phenol (23).

The title compound was synthesized according to the general
procedure GP3 using 2-(bromo)-10H-Phenoxazine 8 (66 mg, 0.25
mmol) and 4-(methylthio)-phenol (105 mg, 0.75 mmol, 3 equiv).
The crude product was purified by flash column chromatography (n-
hexane/DCM 6:4), yielding the title compound as a red solid (75 mg,
75%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 10.00 (s, 1H), 7.33
(dd, J = 8.7, 2.4 Hz, 1H), 7.23 (d, J = 2.4 Hz, 1H), 7.10 (d, J = 8.6 Hz,
1H), 6.79 (dd, J = 8.5, 2.3 Hz, 1H), 6.68 (m, 4H), 5.85 (dd, J = 6.0,
3.1 Hz, 2H), 2.44 (s, 3H). 13C{1H} NMR (151 MHz, DMSO-d6) δ
(ppm) 153.0 (s, Cquat), 143.0 (s, Cquat), 142.8 (s, Cquat), 134.9 (s,

Cquat), 132.4 (s, Cquat), 130.0 (s, CH), 129.9 (s, CH), 128.8 (s, Cquat),
123.9 (s, CH), 123.7 (s, Cquat), 123.3 (s, CH), 121.8 (s, CH), 118.7
(s, CH), 116.8 (s, CH), 115.2 (s, CH), 114.9 (s, Cquat), 114.7 (s,
CH), 113.1 (s, CH), 16.3 (s, CH3). IR (neat, cm−1) 3450, 3059,
2921, 2853, 2698, 2159, 2059, 1884, 1760, 1623, 1548, 1478, 1411,
1318, 1267, 1195, 1156, 1125, 1077, 1039, 947, 844, 802, 741, 689.
HRMS (APCI, m/z) calculated for C19H15O2NBrS [(M + H)+]:
400.0001. Found: 399.9997.

10-(2-Hydroxy-5-(methylthio)phenyl)-10H-phenoxazine-2-car-
bonitrile (24). The title compound was synthesized according to the
general procedure GP3 using 10H-phenoxazine-2-carbonitrile 9 (42
mg, 0.2 mmol), 4-(methylthio)phenol (84 mg, 0.6 mmol, 3 equiv),
and K2HPO4 (35 mg, 0.2 mmol). The crude product was purified by
flash column chromatography (pentane/DCM 1:9), yielding the title
compound as a yellow solid (27 mg, 39%). 1H NMR (600 MHz,
CDCl3) δ (ppm) 7.38 (dd, J = 2.0, 8.8 Hz, 1H), 7.16 (d, J = 2.0 Hz,
1H), 7.14 (d, J = 8.7 Hz, 1H), 7.01 (dd, J = 1.6, 8.3 Hz, 1H), 6.78−
6.69 (m, 4H), 6.18 (d, J = 1.5 Hz, 1H), 6.03 (d, J = 7.8 Hz, 1H), 5.61
(bs, 1H), 2.48 (s, 3H). 13C{1H} NMR (151 MHz, CDCl3) δ (ppm)
152.2 (s, Cquat), 148.1 (s, Cquat), 143.4 (s, Cquat), 134.1 (s, Cquat),
132.2 (s, Cquat), 131.9 (s, Cquat), 131.0 (s, CH), 129.3 (s, CH), 127.4
(s, CH), 124.8 (s, CH), 124.2 (s, Cquat), 123.3 (s, CH), 118.7 (s,
Cquat), 118.4 (s, CH), 116.6 (s, CH), 116.4 (s, CH), 116.2 (s, CH),
114.1 (s, CH), 107.2 (s, Cquat), 17.5 (s, CH3). IR (neat, cm−1) 3747,
3329, 3067, 2921, 2854, 2629, 2481, 2290, 2229, 2167, 2074, 2043,
2002, 1957, 1870, 1757, 1624, 1579, 1484, 1421, 1327, 1269, 1215,
1166, 1125, 1037, 954, 860, 815, 744, 662. HRMS (ESI, m/z)
calculated for C20H15O2N2S [(MH)+]: 347.0850. Found: 347.0849.

2-(2-Methyl-10H-phenoxazin-10-yl)-4-(methylthio)phenol (25).
The title compound was synthesized according to the general
procedure GP3 using 2-methyl-10H-phenoxazine 11 (39 mg, 0.2
mmol) and 4-(methylthio)phenol (84 mg, 0.6 mmol, 3 equiv). The
crude product was purified by flash column chromatography
(pentane/DCM 6:4), yielding the title compound as a white solid
(54 mg, 81%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 9.85 (s,
1H), 7.30 (dd, J = 2.3, 8.6 Hz, 1H), 7.16 (d, J = 2.2 Hz, 1H), 7.08 (d,
J = 8.6 Hz, 1H), 6.67 (m, 1H), 6.63 (m, 2H), 6.58 (d, J = 8.0 Hz,
1H), 6.44 (d, J = 7.9 Hz, 1H), 5.82 (m, 1H), 5.66 (s, 1H), 2.43 (s,
3H), 1.98 (3H). 13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 152.8
(s, Cquat), 144.4 (s, Cquat), 142.1 (s, Cquat), 133.5 (s, Cquat), 132.9 (s,
Cquat),132.4 (s, Cquat), 131.1 (s, Cquat), 130.4 (s, CH), 129.7 (s, CH),
125.8 (s, Cquat), 123.6 (s, CH), 122.8 (s, CH), 122.5 (s, CH), 117.6
(s, CH), 115.9 (s, CH), 115.7 (s, CH), 114.5 (s, CH), 113.9 (s, CH),
20.8 (s, CH3), 17.3 (s, CH3). IR (neat, cm−1) 3867, 3456, 3056, 2920,
2857, 2692, 2531, 2347, 2213, 2176, 2063, 2033, 1987, 1953, 1925,
1712, 1626, 1583, 1486, 1325, 1268, 1216, 1161, 1131, 1040, 975,
951, 924, 881, 854, 804, 742, 704, 663. HRMS (ESI, m/z) calculated
for C20H17O2NS [(M+•)]: 335.0975. Found: 335.0974.

4-Methoxy-2-(2-(trifluoromethyl)-10H-phenoxazin-10-yl)-phenol
(26). The title compound was synthesized according to the general
procedure GP3 using 2-(trifluoromethyl)-10H-phenoxazine 7 (63 mg,
0.25 mmol) and 4-methoxyphenol (93 mg, 0.75 mmol, 3 equiv). The
crude product was purified by flash column chromatography (n-
hexane/DCM 6:4), yielding the title compound as a white solid (59
mg, 63%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 9.50 (s, 1H),
7.07 (d, J = 9.0 Hz, 1H), 6.99 (m, 2H), 6.90 (d, J = 3.1 Hz, 1H), 6.86
(d, J = 8.2 Hz, 1H), 6.74 (m, 1H), 6.69 (hept, J = 5.4 Hz, 2H), 5.98
(d, J = 2.2 Hz, 1H), 5.89 (m, 1H), 3.70 (s, 3H). 13C{1H} NMR (151
MHz, DMSO-d6) δ (ppm) 153.4 (s, Cquat), 148.6 (s, Cquat), 146.4 (s,
Cquat), 142.8 (s, Cquat), 134.3 (s, Cquat), 132.5 (s, Cquat), 124.3 (s,
CH), 124.2 (q, 2JCF = 31.7 Hz, Cquat), 123.9 (q,

1JCF = 272 Hz, Cquat),
122.8 (s, Cquat), 121.8 (s, CH), 118.6 (s, CH), 118.4 (q,

3JCF = 3.7 Hz,
CH), 116.8 (s, CH), 115.5 (s, CH), 115.5 (s, CH), 115.3 (s, CH),
113.2 (s, CH), 108.5 (q, 3JCF = 3.7 Hz, CH), 55.6 (s, CH). 19F NMR
(565 MHz, DMSO-d6) δ (ppm) −61.20. IR (neat, cm−1) 3727, 3480,
3066, 2923, 2845, 2624, 2323, 2193, 2165, 2140, 2052, 2007, 1976,
1863, 1743, 1614, 1497, 1436, 1348, 1314, 1274, 1249, 1200, 1164,
1110, 1070, 1035, 956, 917, 867, 811, 741, 671. HRMS (ESI, m/z)
calculated for C20H15O3NF3 [(M + H)+]: 374.0999. Found:
374.0992.
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10-(6-Hydroxy-2,3,4-trimethylphenyl)-10H-phenoxazine-2-car-
bonitrile (27). The title compound was synthesized according to the
general procedure GP3 using 10H-phenoxazine-2-carbonitrile 9 (41
mg, 0.2 mmol) and 3,4,5-trimethylphenol (82 mg, 0.6 mmol, 3 equiv).
The crude product was purified by flash column chromatography
(pentane/DCM 6:4), yielding the title compound as a white solid (41
mg, 60%). 1H NMR (600 MHz, CDCl3) δ (ppm) 6.97 (dd, J = 1.9,
8.3 Hz, 1H), 6.83 (s, 1H), 6.72−6.5 (m, 4H), 6.08 (d, J = 1.9 Hz,
1H), 5.95 (d, J = 7.8 Hz, 1H), 2.34 (s, CH3), 2.18 (s, 3H), 2.09 (s,
3H). 13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 151.1 (s, Cquat),
148.1 (s, Cquat), 143.3 (s, Cquat), 139.7 (s, Cquat), 136.4 (s, Cquat),
133.9 (s, Cquat), 131.5 (s, Cquat), 129.5 (s, Cquat), 127.1 (s, CH), 124.9
(s, CH), 122.9 (s, CH), 119.3 (s, Cquat), 118.9 (s, Cquat), 116.4 (s,
CH), 116.1 (s, CH), 115.8 (s, CH), 115.8 (s, CH), 113.5 (s, CH),
107.3 (s, Cquat), 21.1 (s, CH3), 15.7 (s, CH3), 15.0 (s, CH3). IR (neat,
cm−1) 3498, 2922, 2624, 2215, 2166, 2069, 2010, 1979, 1917, 1846,
1742, 1624, 1581, 1486, 1424, 1329, 1294, 1270, 1235, 1197, 1165,
1101, 1039, 981, 919, 855, 812, 742. HRMS (ESI, m/z) calculated for
C22H18O2N2Na [(M + H)+]: 365.1261. Found: 365.1257.
3,4,5-Trimethyl-2-(2-methyl-10H-phenoxazin-10-yl)phenol (28).

The title compound was synthesized according to the general
procedure GP3 using 2-methyl-10H-phenoxazine 11 (39 mg, 0.2
mmol) and 3,4,5-trimethylphenol (82 mg, 0.6 mmol, 3 equiv). The
crude product was purified by flash column chromatography
(pentane/DCM 6:4), yielding the title compound as a white solid
(57 mg, 86%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 9.26 (s,
1H), 6.73 (s, 1H), 6.63 (m, 1H), 6.58 (m, 2H), 6.55 (d, J = 8.0 Hz,
1H), 6.39 (dd, J = 1.1, 7.8 Hz, 1H), 5.67 (m, 1H), 5.54 (d, J = 1.7 Hz,
1H), 2.24 (s, 3H), 2.10 (s, CH3), 2.02 (s, CH3), 1.95 (s, CH3).
13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 151.6 (s, Cquat), 144.3 (s,
Cquat), 142.0 (s, Cquat), 138.8 (s, Cquat), 136.8 (s, Cquat), 133.6 (s,
Cquat), 132.5 (s, Cquat), 132.0 (s, Cquat), 128.8 (s, Cquat), 123.7 (s,
CH), 122.5 (s, CH), 122.2 (s, CH), 120.65 (s, Cquat), 115.8 (s, CH),
115.6 (s, CH), 115.1 (s, CH), 113.8 (s, CH), 113.2 (s, CH), 21.1 (s,
CH3), 21.0 (s, CH3), 15.6 (s, CH3), 15.1 (s, CH3). IR (neat, cm−1)
3458, 2922, 2861, 2613, 2217, 2070, 2016, 1954, 1875, 1735, 1627,
1587, 1485, 1422, 1327, 1295, 1269, 1199, 1169, 1085, 1039, 1005,
970, 911, 861, 804, 743, 685. HRMS (ESI, m/z) calculated for
C22H21O2NNa [(M + H)+]: 354.1465. Found: 354.1470.
10-(2-Hydroxy-5-methylphenyl)-10H-phenoxazine-2-carbonitrile

(29). The title compound was synthesized according to the general
procedure GP3 using 10H-phenoxazine-2-carbonitrile 9 (42 mg, 0.2
mmol) and p-cresol (65 mg, 0.6 mmol, 3 equiv). The crude product
was purified by flash column chromatography (pentane/DCM 1:9),
yielding the title compound as a yellow solid (50 mg, 79%). 1H NMR
(600 MHz, CDCl3) δ (ppm) 7.23 (dd, J = 1.7, 8.4 Hz, 1H), 7.07 (d, J
= 8.4 Hz, 1H), 7.01 (d, J = 1.6 Hz, 1H), 6.98 (dd, J = 1.9, 8.3 Hz,
1H), 6.75−6.67 (m, 4H), 6.18 (d, J = 1.8 Hz, 1H), 6.02 (dd, J = 1.2,
7.8 Hz, 1H), 5.52 (s, 1H), 2.34 (s, 3H). 13C{1H} NMR (151 MHz,
CDCl3) δ (ppm) 151.7 (s, Cquat), 148.1 (s, Cquat), 143.4 (s, Cquat),
134.5 (s, Cquat), 132.8 (s, Cquat), 132.2 (s, Cquat), 132.0 (s, CH), 130.2
(s, CH), 127.2 (s, CH), 124.7 (s, CH), 123.3 (s, Cquat), 123.0 (s,
CH), 118.9 (s, Cquat), 117.5 (s, CH), 116.5 (s, CH), 116.4 (s, CH),
116.1 (s, CH), 114.1 (s, CH), 107.1 (s, Cquat), 20.7 (s, CH3). IR
(neat, cm−1) 3346, 3060, 2922, 2858, 2628, 2466, 2320, 2229, 2160,
2091, 2045, 1997, 1957, 1710, 1624, 1580, 1484, 1421, 1326, 1268,
1230, 1177, 1130, 1102, 1039, 986, 960, 920, 860, 815, 740. HRMS
(ESI, m/z) calculated for C20H14O2N2Na [(M + H)+]: 337.0942.
Found: 337.0948.
4-Methyl-2-(2-methyl-10H-phenoxazin-10-yl)phenol (30). The

title compound was synthesized according to the general procedure
GP3 using 2-methyl-10H-phenoxazine 11 (39 mg, 0.2 mmol) and p-
cresol (65 mg, 0.6 mmol, 3 equiv). The crude product was purified by
flash column chromatography (pentane/DCM 6:4), yielding the title
compound as a white solid (47 mg, 77%). 1H NMR (600 MHz,
DMSO-d6) δ (ppm) 9.54 (bs, 1H), 7.14 (dd, J = 2.0, 8.4 Hz, 1H),
7.02 (d, J = 1.6 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 6.65 (m, 1H), 6.60
(m, 2H), 6.57 (d, J = 7.9 Hz, 1H), 6.42 (dd, J = 1.1, 8.2 Hz, 1H), 5.80
(m, 1H), 5.64 (d, J = 1.5 Hz, 1H), 2.26 (s, 3H), 1.97 (s, 3H).
13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 152.2 (s, Cquat), 144.5 (s,

Cquat), 142.1 (s, Cquat), 133.4 (s, Cquat), 132.1 (s, Cquat), 131.2 (s,
CH), 130.5 (s, CH), 125.0 (s, Cquat), 123.6 (s, CH), 122.6 (s, CH),
122.4 (s, CH), 116.6 (s, CH), 115.8 (s, CH), 115.6 (s, CH), 114.6 (s,
CH), 114.0 (s, CH), 21.0 (s, CH3), 20.7 (s, CH3). IR (neat, cm−1)
3870, 3446, 3036, 2922, 2860, 2679, 2470, 2298, 2208, 2167, 2066,
2024, 1992, 1959, 1929, 1846, 1704, 1623, 1588, 1489, 1322, 1270,
1231, 1160, 1205, 1130, 1040, 1010, 957, 922, 858, 803, 738. HRMS
(ESI, m/z) calculated for C20H17O2N [(M)+•]: 303.1254. Found:
303.1254.

4-Methyl-2-(2-(trifluoromethyl)-10H-phenoxazin-10-yl)-phenol
(31). The title compound was synthesized according to the general
procedure GP3 using 2-(trifluoromethyl)-10H-phenoxazine 7 (63 mg,
0.25 mmol) and p-cresol (81 mg, 0.75 mmol, 3 equiv). The crude
product was purified by flash column chromatography (n-hexane/
DCM 6:4), yielding the title compound as a yellow solid (72 mg,
81%). 1H NMR (600 MHz, DMSO-d6) δ (ppm) 9.74 (s, 1H), 7.19
(dd, J = 8.3, 2.2 Hz, 1H), 7.09 (d, J = 2.2 Hz, 1H), 7.03 (d, J = 8.3 Hz,
1H), 6.97 (m, 1H), 6.85 (d, J = 8.2 Hz, 1H), 6.73 (m, 1H), 6.68
(hept, J = 5.1 Hz, 2H), 5.95 (d, J = 2.1 Hz, 1H), 5.85 (m, 1H), 2.26
(s, 3H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 152.5 (s,
Cquat), 146.5 (s, Cquat), 142.8 (s, Cquat), 134.4 (s, Cquat), 132.7 (s,
Cquat), 131.3 (s, CH), 131.1 (s, CH), 130.1 (s, Cquat), 124.3 (s, CH),
124.2 (q, 2JCF = 34.4 Hz, Cquat), 123.9 (q,

1JCF = 272 Hz, Cquat), 122.4
(s, Cquat), 121.7 (s, CH), 118.3 (q,

3JCF = 3.9 Hz, CH) 117.8 (s, CH),
115.5 (s, CH), 115.3 (s, CH), 113.2 (s, CH), 108.5 (q, 3JCF = 3.7 Hz,
CH), 19.9 (s, CH). 19F NMR (565 MHz, DMSO-d6) δ (ppm)
−61.20. IR (neat, cm−1) 3468, 3035, 2928, 2625, 2162, 2039, 1981,
1863, 1718, 1597, 1495, 1435, 1347, 1321, 1270, 1236, 1201, 1160,
1110, 1070, 1042, 958, 917, 860, 814, 738, 671. HRMS (ESI, m/z)
calculated for C20H15O2NF3 [(M + H)+]: 358.1049. Found:
358.1042.

5-(Dimethylamino)-2-(2-methyl-10H-phenoxazin-10-yl)phenol
(32). The title compound was synthesized according to the general
procedure GP3 using 2-methyl-10H-phenoxazine 11 (39 mg, 0.2
mmol) and 3-(dimethylamino)phenol (82 mg, 0.6 mmol, 3 equiv).
The crude product was purified by flash column chromatography
(pentane/DCM 6:4), yielding the title compound as a violet solid (10
mg, 15%). 1H NMR (600 MHz, CDCl3) δ (ppm) 7.05 (d, J = 8.6 Hz,
1H), 6.70 (m, 2H), 6.65 (d, J = 7.7 Hz, 1H), 6.62 (d, J = 8.5 Hz, 1H),
6.49 (d, J = 7.8 Hz, 1H), 6.46 (s, 1H), 6.44 (d, J = 8.9 Hz, 1H), 6.08
(d, J = 7.8 Hz, 1H), 5.91 (s, 1H), 5.57 (s, 1H), 3.03 (s, 6H), 2.06 (s,
3H). 13C{1H} NMR (151 MHz, CDCl3) δ (ppm) 154.9 (s, Cquat),
152.1 (s, Cquat), 144.6 (s, Cquat), 142.3 (s, Cquat), 134.0 (s, Cquat),
133.6 (s, Cquat), 133.4 (s, Cquat), 130.6 (s, CH), 123.6 (s, CH), 122.3
(s, CH), 122.1 (s, CH), 115.6 (s, CH), 115.4 (s, CH), 114.6 (s, CH),
114.0 (s, CH), 113.7 (s, Cquat), 106.8 (s, CH), 99.4 (s, CH), 40.6 (s,
CH3), 21.0 (s, CH3). IR (neat, cm−1) 3881, 3393, 3056, 2922, 2855,
2791, 2611, 2318, 2190, 2071, 1981, 1872, 1721, 1609, 1585, 1483,
1326, 1266, 1208, 1150, 1093, 1040, 992, 920, 887, 840, 801, 740.
HRMS (ESI, m/z) calculated for C21H21O2N2 [(M + H)+]: 333.1598.
Found: 333.1592.

N-(2-Hydroxy-5-phenylphenyl)-10H-phenoxazine (33). The title
compound was synthesized according to the general procedure GP3
using 10H-phenoxazine (37 mg, 0.2 mmol) and 4-phenylphenol (102
mg, 0.6 mmol, 3 equiv). The crude product was purified by flash
column chromatography (n-hexane/DCM 6:4), yielding the title
compound as a white solid (56 mg, 80%). 1H NMR (600 MHz,
DMSO-d6) δ (ppm) 10.03 (s, 1H), 7.68 (dd, J = 8.5, 2.3 Hz, 1H),
7.62 (d, J = 7.4 Hz, 2H), 7.55 (d, J = 2.3 Hz, 1H), 7.38 (t, J = 7.7 Hz,
2H), 7.27 (t, J = 7.3 Hz, 1H), 7.19 (d, J = 8.5 Hz, 1H), 6.70−6.67 (m,
2H), 6.64−6.59 (m, 4H), 5.92−5.87 (m, 2H). 13C{1H} NMR (151
MHz, DMSO-d6) δ 154.8 (s, Cquat), 143.4 (s, Cquat), 138.9 (s, Cquat),
133.4 (s, Cquat), 132.9 (s, Cquat), 129.6 (s, CH), 128.9 (s, CH), 128.2
(s, CH), 126.8 (s, CH), 126.0 (s, CH), 124.2 (s, Cquat), 123.7 (s,
CH), 121.0 (s, CH), 118.4 (s, CH), 115.0 (s, CH), 112.8 (s, CH). IR
(neat, cm−1) 3853, 3409, 3033, 2656, 2322, 2193, 2076, 1993, 1873,
1749, 1590, 1484, 1411, 1330, 1270, 1158, 1127, 1040, 953, 917, 888,
841,731, 695, 657. HRMS (ESI, m/z) calculated for C24H17O2NNa
[(M + Na)+]: 374.1152. Found: 374.1144.
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Methyl 4-Hydroxy-3-(10H-phenoxazin-10-yl)benzoate (34). The
title compound was synthesized according to the general procedure
GP3 using 10H-phenoxazine (37 mg, 0.2 mmol) and methyl 4-
hydroxybenzoate (91 mg, 0.6 mmol, 3 equiv). The crude product was
purified by flash column chromatography (n-hexane/DCM 1:1),
yielding the title compound as a white solid (23 mg, 35%). 1H NMR
(600 MHz, CDCl3) δ (ppm) 10.89 (s, 1H), 7.96 (dd, J = 8.6, 2.2 Hz,
1H), 7.80 (d, J = 2.2 Hz, 1H), 7.20 (d, J = 8.6 Hz, 1H), 6.70−6.69
(m, 2H), 6.65−6.61 (m, 4H), 5.81−5.80 (m, 2H), 3.78 (s, 3H).
13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 165.3 (s, Cquat), 160.1
(s, Cquat), 143.3 (s, Cquat), 133.7 (s, CH), 133.0 (s, Cquat), 131.8 (s,
CH), 124.0 (s, Cquat), 123.7 (s, CH), 122.3 (s, Cquat), 121.4 (s, CH),
118.1 (s, CH), 115.2 (s, CH), 112.7(s, CH), 51.9 (s, CH). IR (neat,
cm−1) 3846, 3408, 3063, 2951, 2851, 2655, 2320, 2183, 1994, 1882,
1709, 1613, 1586, 1485, 1439, 1328, 1270, 1207, 1771, 1120, 1085,
1043, 990, 937, 843, 806, 768, 733, 661. HRMS (ESI, m/z) calculated
for C20H16O4N [(M + H)+]: 334.1074. Found: 334.1067.
N-(2-Hydroxy-5-trifluoromethoxyphenyl)-10H-phenothiazine

(35). The title compound was synthesized according to the general
procedure GP3 using 10H-phenoxazine (37 mg, 0.2 mmol) and 4-
(trifluoromethoxy)phenol (107 mg, 0.6 mmol, 3 equiv). The crude
product was purified by flash column chromatography (n-hexane/
DCM 7:3), yielding the title compound as a white solid (32 mg,
45%). 1H NMR (300 MHz, DMSO-d6) δ (ppm) 10.32 (s, 1H), 7.42−
7.37 (m, 2H), 7.21−7.17 (m, 1H), 6.72−6.64 (m, 6H), 5.86−5.80
(m, 2H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 155.2 (s,
Cquat), 143.7 (s, Cquat), 141.5 (s, Cquat), 133.4 (s, Cquat), 125.6 (s,
CH), 124.7 (s, Cquat), 124.1 (s, CH), 124.0 (s, CH), 121.8 (s, CH),
120.6 (q, J = 255.2 Hz, Cquat), 119.0 (s, CH), 115.6 (s, CH), 113.1(s,
CH). 19F NMR (282 MHz, DMSO-d6) δ (ppm) −57.49. IR (neat,
cm−1) 3422, 3059, 2926, 2188, 1878, 1755, 1594, 1488, 1330, 1257,
1210, 1159, 1042, 989, 917, 889, 861, 824, 781, 660. HRMS (ESI, m/
z) calculated for C19H13O3NF3 [(M + H)+]: 360.0842. Found:
360.0834.
1-(10H-Phenoxazine-10-yl)naphthalen-2-ol (36). The title com-

pound was synthesized according to the general procedure GP3 using
10H-phenoxazine (37 mg, 0.2 mmol) and 2-naphthol (86 mg, 0.6
mmol, 3 equiv). The crude product was purified by flash column
chromatography (n-hexane/DCM 6:4), yielding the title compound
as a pinkish white solid (55 mg, 85%). 1H NMR (600 MHz, DMSO-
d6) δ (ppm) 10.24 (s, 1H), 7.97 (d, J = 9.0 Hz, 1H), 7.94 (d, J = 8.1
Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.44−7.42 (m, 1H), 7.39 (d, J =
9.0 Hz, 1H), 7.36−7.34 (m, 1H), 6.73 (dd, J = 7.9, 1.4 Hz, 2H),
6.62−6.59 (m, 2H), 6.53−6.51 (m, 2H), 5.61 (dd, J = 8.0, 1.3 Hz,
2H). 13C{1H} NMR (151 MHz, DMSO-d6) δ (ppm) 154.0 (s, Cquat),
144.0 (s, Cquat), 133.4 (s, Cquat), 132.17 (s, Cquat), 130.9 (s, CH),
129.6 (s, CH), 129.2 (s, CH), 128.0 (s, CH), 124.1 (s, CH), 123.9 (s,
CH), 121.5 (s, CH), 119.9 (s, CH), 115.5 (s, CH), 114.9 (s, Cquat),
113.0 (s, CH). IR (neat, cm−1) 3815, 3414, 3060, 2924, 2320, 2196,
1989, 1912, 1752, 1623, 1597, 1483, 1392, 1326, 1270, 1187, 1135,
1067, 1041, 967, 916, 864, 819, 776, 732, 663. HRMS (ESI, m/z)
calculated for C22H15O2NNa [(M + Na)+]: 348.0995. Found:
348.0989. For the scale-up experiment, 10H-phenoxazine (370 mg,
2 mmol), 2-naphthol (860 mg, 6 mmol, 3 equiv), and K2CO3 (280
mg, 2 mmol, 1 equiv) were dissolved in ODCB (6 mL) in a closed 20
mL vial. O2 was bubbled through the solution for about 5 min. The
reaction mixture was stirred for 3 h at 130 °C. The crude product is
purified directly by column chromatography (n-hexane/DCM 6:4),
yielding the title compound as a pinkish white solid (455 mg, 70%).
10-(6-Hydroxy-2,3,4-trimethoxyphenyl)-10H-phenoxazine (37).

The title compound was synthesized according to the general
procedure GP3 using 10H-phenoxazine (37 mg, 0.2 mmol) and 3,4,5-
trimethoxylphenol (110 mg, 0.6 mmol, 3 equiv). The crude product
was purified by flash column chromatography (n-hexane/DCM 1:1),
yielding the title compound as a white solid (60 mg, 82%). 1H NMR
(400 MHz, DMSO-d6) δ (ppm) 9.63 (s, 1H), 6.68−6.59 (m, 6H),
6.49 (s, 1H), 5.88 (dd, J = 7.1, 1.4 Hz, 2H), 3.82 (s, 3H), 3.70 (s,
3H), 3.68 (s, 3H). 13C{1H} NMR (101 MHz, DMSO-d6) δ (ppm)
153.9 (s, Cquat), 152.0 (s, Cquat), 151.8 (s, Cquat), 143.4 (s, Cquat),
135.1 (s, Cquat), 133.4 (s, Cquat), 123.5 (s, CH), 120.8 (s, CH), 114.8

(s, CH), 112.7 (s, CH), 109.2 (s, Cquat), 96.2 (s, CH), 60.7 (60.73)
(s, CH), 60.7 (60.68) (s, CH), 55.6 (s, CH). IR (neat, cm−1) 3424,
3061, 2939, 2849, 2611, 2323, 2167, 2040, 1978, 1868, 1742, 1593,
1483, 1381, 1329, 1294, 1268, 1237, 1191, 1117, 1047, 997, 951, 920,
831, 738. HRMS (ESI, m/z) calculated for C21H20O5N [(M + H)+]:
366.1336. Found: 366.1327.

10-(2-Phenyl-1H-indol-3-yl)-10H-phenoxazine (38). The title
compound was synthesized according to the general procedure GP3
using 10H-phenoxazine (37 mg, 0.2 mmol) and 2-phenylindole (116
mg, 0.6 mmol, 3 equiv). The crude product was purified by flash
column chromatography (n-hexane/DCM 7:3), yielding the title
compound as a white solid (65 mg, 87%). 1H NMR (400 MHz,
DMSO-d6) δ (ppm) 11.92 (s, 1H), 7.85 (d, J = 7.5 Hz, 2H), 7.55 (d, J
= 8.1 Hz, 1H), 7.46 (t, J = 7.8 Hz, 2H), 7.33 (t, J = 7.4 Hz, 1H),
7.27−7.20 (m, 2H), 7.01 (t, J = 7.4 Hz, 1H), 6.77 (dd, J = 7.8, 1.5 Hz,
2H), 6.67−6.63 (m, 2H), 6.60−6.55 (m, 2H), 5.96 (dd, J = 7.9, 1.6
Hz, 2H). 13C{1H} NMR (101 MHz, DMSO-d6) δ (ppm) 143.6 (s,
Cquat), 135.7 (s, Cquat), 134.7 (s, Cquat), 133.1 (s, Cquat), 130.5 (s,
Cquat), 129.1 (s, CH), 128.3 (s, CH), 126.0 (s, CH), 124.0 (s, Cquat),
123.9 (s, CH), 122.7 (s, CH), 121.5 (s, CH), 120.0 (s, CH), 117.6 (s,
CH), 115.3 (s, CH), 113.3 (s, CH), 112.3 (s, CH), 109.1 (s, Cquat).
IR (neat, cm−1) 3747, 3388, 3059, 2923, 2855, 2603, 2323, 2088,
1996, 1923, 1881, 1754, 1678, 1590, 1479, 1374, 1322, 1264, 1190,
1150, 1119, 1042, 1007, 963, 918, 857, 736, 690. HRMS (ESI, m/z)
calculated for C26H18ON2Na [(M + Na)+]: 397.1311. Found:
397.1302.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827.

Copies of spectra (PDF)

■ AUTHOR INFORMATION
Corresponding Author

Frederic W. Patureau − Institute of Organic Chemistry,
RWTH Aachen University, D-52074 Aachen, Germany;
orcid.org/0000-0002-4693-7240;

Email: frederic.patureau@rwth-aachen.de

Authors
Rajaa Benchouaia − Institute of Organic Chemistry, RWTH
Aachen University, D-52074 Aachen, Germany

Shiny Nandi − Institute of Organic Chemistry, RWTH Aachen
University, D-52074 Aachen, Germany

Clemens Maurer − Institute of Organic Chemistry, RWTH
Aachen University, D-52074 Aachen, Germany

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.joc.1c02827

Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
ERC project 716136 “2O2ACTIVATION” is acknowledged
for financial support. Christopher Cremer (RWTH Aachen
University) is acknowledged for initial discussions.

■ REFERENCES
(1) (a) Hendrich, A. B.; Stanczak, K.; Komorowska, M.; Motohashi,
N.; Kawase, M.; Michalak, K. A study on the perturbation of model
lipid membranes by phenoxazines. Bioorg. Med. Chem. 2006, 14, 5948
and references therein. (b) Prinz, H.; Chamasmani, B.; Vogel, K.;
Böhm, K. J.; Aicher, B.; Gerlach, M.; Günther, E. G.; Amon, P.;
Ivanov, I.; Müller, K. N-Benzoylated Phenoxazines and Phenothia-

The Journal of Organic Chemistry pubs.acs.org/joc Note

https://doi.org/10.1021/acs.joc.1c02827
J. Org. Chem. 2022, 87, 4926−4935

4933

https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.joc.1c02827/suppl_file/jo1c02827_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Frederic+W.+Patureau"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-4693-7240
https://orcid.org/0000-0002-4693-7240
mailto:frederic.patureau@rwth-aachen.de
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rajaa+Benchouaia"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shiny+Nandi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Clemens+Maurer"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c02827?ref=pdf
https://doi.org/10.1016/j.bmc.2006.05.021
https://doi.org/10.1016/j.bmc.2006.05.021
https://doi.org/10.1021/jm200436t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.1c02827?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


zines: Synthesis, Antiproliferative Activity, and Inhibition of Tubulin
Polymerization. J. Med. Chem. 2011, 54, 4247. (c) Moosmann, B.;
Skutella, T.; Beyer, K.; Behl, C. Protective Activity of Aromatic
Amines and Imines against Oxidative Nerve Cell Death. Biol. Chem.
2001, 382, 1601−1612.
(2) (a) Shelkovnikov, V.V.; Kolchina, E.F.; Gerasimova, T.N.;
Eroshkin, V.I.; Zinin, E.I. Luminescence time parameters of
fluorinated phenoxazines. Nucl. Instrum. Methods 1987, 261, 128−
130. (b) Dass, C.; Thimmaiah, K. N.; Jayashree, B. S.; Seshadri, R.;
Israel, M.; Houghton, P. J. Analysis of phenoxazine chemosensitizers:
An electron ionization and keV-ion beam bombardment mass
spectrometry study. Biol. Mass Spectrom. 1994, 23, 140. (c) Marinina,
L. E.; Alekseeva, V. I.; Sawina, L. P.; Luk’yanets, E. A. Synthesis and
spectral-luminescence properties of dibenzo[b,i]phenoxazine and its
derivatives. Chem Heterocycl Compd 1988, 24, 220. English
translation.
(3) Lee, K.; Serdiuk, I. E.; Kwon, G.; Min, D. J.; Kang, K.; Park, S.
Y.; Kwon, J. E. Phenoxazine as a high-voltage p-type redox center for
organic battery cathode materials: small structural reorganization for
faster charging and narrow operating voltage. Energy Environ. Sci.
2020, 13, 4142.
(4) (a) Tian, H.; Yang, X.; Cong, J.; Chen, R.; Liu, J.; Hao, Y.;
Hagfeldt, A.; Sun, L. Tuning of phenoxazinechromophores for
efficient organic dye-sensitized solar cells. Chem. Commun. 2009,
6288. (b) Karlsson, K. M.; Jiang, X.; Eriksson, S. K.; Gabrielsson, E.;
Rensmo, H.; Hagfeldt, A.; Sun, L. Phenoxazine Dyes for Dye-
Sensitized Solar Cells: Relationship Between Molecular Structure and
Electron Lifetime. Chem. Eur. J. 2011, 17, 6415 and references
therein.
(5) (a) Nowakowska-Oleksy, A.; Sołoducho, J.; Cabaj, J.
Phenoxazine Based Units- Synthesis, Photophysics and Electro-
chemistry. J. Fluoresc. 2011, 21, 169. (b) Yang, X.-B.; Yang, B.-X.;
Ge, J.-F.; Xu, Y.-J.; Xu, Q.-F.; Liang, J.; Lu, J.-M. Benzo[a]-
phenoxazinium-Based Red-Emitting Chemosensor for Zinc Ions in
Biological Media. Org. Lett. 2011, 13, 2710 and references therein.
(6) (a) Pearson, R. M.; Lim, C.-H.; McCarthy, B. G.; Musgrave, C.
B.; Miyake, G. M. Organocatalyzed Atom Transfer Radical Polymer-
ization Using N-Aryl Phenoxazines as Photoredox Catalysts. J. Am.
Chem. Soc. 2016, 138, 11399. (b) McCarthy, B. G.; Pearson, R. M.;
Lim, C.-H.; Sartor, S. M.; Damrauer, N. H.; Miyake, G. M. Structure−
Property Relationships for Tailoring Phenoxazines as Reducing
Photoredox Catalysts. J. Am. Chem. Soc. 2018, 140, 5088.
(c) Zhang, Y.; Jiang, D.; Fang, Z.; Zhu, N.; Sun, N.; He, W.; Liu,
C.; Zhao, L.; Guo, K. Photomediated core modification of organic
photoredox catalysts in radical addition: mechanism and applications.
Chem. Sci. 2021, 12, 9432. (d) Sneha, M.; Bhattacherjee, A.; Lewis-
Borrell, L.; Clark, I. P.; Orr-Ewing, A. J. Structure-Dependent Electron
Transfer Rates for Dihydrophenazine, Phenoxazine, and Phenothia-
zine Photoredox Catalysts Employed in Atom Transfer Radical
Polymerization. J. Phys. Chem. B 2021, 125, 7840. (e) Bhattacherjee,
A.; Sneha, M.; Lewis-Borrell, L.; Amoruso, G.; Oliver, T. A. A.; Tyler,
J.; Clark, I. P.; Orr-Ewing, A. J. Singlet and Triplet Contributions to
the Excited-State Activities of Dihydrophenazine, Phenoxazine, and
Phenothiazine Organocatalysts Used in Atom Transfer Radical
Polymerization. J. Am. Chem. Soc. 2021, 143, 3613. See also:
(f) Tlili, A.; Lakhdar, S. Acridinium Salts and Cyanoarenes as
Powerful Photocatalysts: Opportunities in Organic Synthesis. Angew.
Chem., Int. Ed. 2021, 60, 19526.
(7) Patureau, F. W. The Phenol-Phenothiazine Coupling: an
Oxidative Click Concept. ChemCatChem. 2019, 11, 5227.
(8) (a) Louillat-Habermeyer, M.-L.; Jin, R.; Patureau, F. W. O2-
mediated dehydrogenative amination of phenols. Angew. Chem., Int.
Ed. 2015, 54, 4102. (b) Goswami, M.; Konkel, A.; Rahimi, M.;
Louillat-Habermeyer, M.-L.; Kelm, H.; Jin, R.; de Bruin, B.; Patureau,
F. W. Mechanism of the dehydrogenative phenothiazination of
phenols. Chem. Eur. J. 2018, 24, 11936. (c) Cremer, C.; Goswami, M.;
Rank, C. K.; de Bruin, B.; Patureau, F. W. Tellurium(II)/
Tellurium(III)-Catalyzed Cross-Dehydrogenative CN Bond For-
mation. Angew. Chem., Int. Ed. 2021, 60, 6451−6456.

(9) Cremer, C.; Eltester, M. A.; Bourakhouadar, H.; Atodiresei, I. L.;
Patureau, F. W. Dehydrogenative CH Phenochalcogenazination.
Org. Lett. 2021, 23, 3243.
(10) Other selected references that contain at least one example of a
phenoxazine substrate: (a) Chen, S.; Li, Y.-N.; Xiang, S.-H.; Li, S.;
Tan, B. Electrochemical phenothiazination of naphthylamines and its
application in photocatalysis. Chem. Commun. 2021, 57, 8512. (b) Li,
B. X.; Kim, D. K.; Bloom, S.; Huang, R. Y.-C.; Qiao, J. X.; Ewing, W.
R.; Oblinsky, D. G.; Scholes, G. D.; MacMillan, D. W. C. Site-selective
tyrosine bioconjugation via photoredox catalysis for native-to-
bioorthogonal protein transformation. Nat. Chem. 2021, 13, 902.
(c) Bering, L.; D'Ottavio, L.; Sirvinskaite, G.; Antonchick, A. P.
Nitrosonium ion catalysis: Aerobic, metal-free cross-dehydrogenative
carbon−heteroatom bond formation. Chem. Commun. 2018, 54,
13022−13025. (d) Tang, S.; Wang, S.; Liu, Y.; Cong, H.; Lei, A.
Electrochemical Oxidative C−H Amination of Phenols: Access to
Triarylamine Derivatives. Angew. Chem., Int. Ed. 2018, 57, 4737.
(11) See also: (a) Zhao, Y.; Huang, B.; Yang, C.; Xia, W. Visible-
Light-Promoted Direct Amination of Phenols via Oxidative Cross-
Dehydrogenative Coupling Reaction. Org. Lett. 2016, 18, 3326.
(b) Zhao, Y.; Huang, B.; Yang, C.; Li, B.; Gou, B.; Xia, W.
Photocatalytic Cross-Dehydrogenative Amination Reactions between
Phenols and Diarylamines. ACS Catal. 2017, 7, 2446. (c) Tang, S.;
Zeng, L.; Lei, A. Oxidative R1−H/R2−H Cross-Coupling with
Hydrogen Evolution. J. Am. Chem. Soc. 2018, 140, 13128. (d) Liu,
K.; Tang, S.; Wu, T.; Wang, S.; Zou, M.; Cong, H.; Lei, A.
Electrooxidative para-selective C−H/N−H cross-coupling with
hydrogen evolution to synthesize triarylamine derivatives. Nature
Commun. 2019, 10, 639. (e) Wu, Y.-C.; Jiang, S.-S.; Song, R.-J.; Li, J.-
H. A metal- and oxidizing-reagent-free anodic para-selective
amination of anilines with phenothiazines. Chem. Commun. 2019,
55, 4371. (f) Song, C.; Liu, K.; Wang, Z.; Ding, B.; Wang, S.; Weng,
Y.; Chiang, C.-W.; Lei, A. Electrochemical oxidation induced selective
tyrosine bioconjugation for the modification of biomolecules. Chem.
Sci. 2019, 10, 7982.
(12) Gulzar, N.; Schweitzer-Chaput, B.; Klussmann, M. Oxidative
coupling reactions for the functionalisation of C−H bonds using
oxygen. Catal. Sci. Technol. 2014, 4, 2778.
(13) Thomé, I.; Bolm, C. Transition-Metal-Free Intramolecular N-
Arylations. Org. Lett. 2012, 14, 1892.
(14) Buchwald−Hartwig amination: (a) Surry, D. S.; Buchwald, S. L.
Biaryl Phosphane Ligands in Palladium-Catalyzed Amination. Angew.
Chem., Int. Ed. 2008, 47, 6338. (b) Hartwig, J. F. Evolution of a
Fourth Generation Catalyst for the Amination and Thioetherification
of Aryl Halides. Acc. Chem. Res. 2008, 41, 1534.
(15) (a) Li, C.-J. Cross-Dehydrogenative Coupling (CDC):
Exploring C−C Bond Formations beyond Functional Group
Transformations. Acc. Chem. Res. 2009, 42, 335. (b) Yeung, C. S.;
Dong, V. M. Catalytic Dehydrogenative Cross-Coupling: Forming
Carbon−Carbon Bonds by Oxidizing Two Carbon−Hydrogen Bonds.
Chem. Rev. 2011, 111, 1215. (c) Morofuji, T.; Shimizu, A.; Yoshida,
J.-i. Metal- and Chemical-Oxidant-Free C-H/C-H Cross-Coupling of
Aromatic Compounds: The Use of Radical-Cation Pools. Angew.
Chem., Int. Ed. 2012, 51, 7259. (d) Girard, S. A.; Knauber, T.; Li, C.-J.
The cross-dehydrogenative coupling of C(sp3)-H bonds: a versatile
strategy for C-C bond formations. Angew. Chem., Int. Ed. 2014, 53, 74.
(e) Yi, H.; Zhang, G.; Wang, H.; Huang, Z.; Wang, J.; Singh, A. K.;
Lei, A. Recent Advances in Radical C−H Activation/Radical Cross-
Coupling. Chem. Rev. 2017, 117, 9016. (f) Huang, C.-Y.; Kang, H.; Li,
J.; Li, C.-J. En Route to Intermolecular Cross-Dehydrogenative
Coupling Reactions. J. Org. Chem. 2019, 84, 12705.
(16) Satoh, T.; Okamoto, Y.; Asano, O.; Watanabe, N.; Nagakura,
T.; Saeki, T.; Inoue, A.; Sakurai, M. Amidino derivatives, and
anticoagulants and thrombosis therapeutic agents containing them.
EP 1312602 A1, 2003.
(17) Lu, S.-M.; Alper, H. Intramolecular Carbonylation Reactions
with Recyclable Palladium-Complexed Dendrimers on Silica: Syn-
thesis of Oxygen, Nitrogen, or Sulfur-Containing Medium Ring Fused
Heterocycles. J. Am. Chem. Soc. 2005, 127, 14776.

The Journal of Organic Chemistry pubs.acs.org/joc Note

https://doi.org/10.1021/acs.joc.1c02827
J. Org. Chem. 2022, 87, 4926−4935

4934

https://doi.org/10.1021/jm200436t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm200436t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1515/BC.2001.195
https://doi.org/10.1515/BC.2001.195
https://doi.org/10.1016/0168-9002(87)90579-1
https://doi.org/10.1016/0168-9002(87)90579-1
https://doi.org/10.1002/bms.1200230304
https://doi.org/10.1002/bms.1200230304
https://doi.org/10.1002/bms.1200230304
https://doi.org/10.1007/BF00473337
https://doi.org/10.1007/BF00473337
https://doi.org/10.1007/BF00473337
https://doi.org/10.1039/D0EE01003K
https://doi.org/10.1039/D0EE01003K
https://doi.org/10.1039/D0EE01003K
https://doi.org/10.1039/b912746a
https://doi.org/10.1039/b912746a
https://doi.org/10.1002/chem.201003730
https://doi.org/10.1002/chem.201003730
https://doi.org/10.1002/chem.201003730
https://doi.org/10.1007/s10895-010-0701-6
https://doi.org/10.1007/s10895-010-0701-6
https://doi.org/10.1021/ol2008022?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol2008022?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol2008022?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.6b08068?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.6b08068?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b12074?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b12074?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b12074?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1SC02258J
https://doi.org/10.1039/D1SC02258J
https://doi.org/10.1021/acs.jpcb.1c05069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jpcb.1c05069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jpcb.1c05069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jpcb.1c05069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c00279?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c00279?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c00279?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c00279?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.202102262
https://doi.org/10.1002/anie.202102262
https://doi.org/10.1002/cctc.201900152
https://doi.org/10.1002/cctc.201900152
https://doi.org/10.1002/anie.201500089
https://doi.org/10.1002/anie.201500089
https://doi.org/10.1002/chem.201800730
https://doi.org/10.1002/chem.201800730
https://doi.org/10.1002/anie.202015248
https://doi.org/10.1002/anie.202015248
https://doi.org/10.1002/anie.202015248
https://doi.org/10.1021/acs.orglett.1c00573?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1CC03276C
https://doi.org/10.1039/D1CC03276C
https://doi.org/10.1038/s41557-021-00733-y
https://doi.org/10.1038/s41557-021-00733-y
https://doi.org/10.1038/s41557-021-00733-y
https://doi.org/10.1039/C8CC08328B
https://doi.org/10.1039/C8CC08328B
https://doi.org/10.1002/anie.201800240
https://doi.org/10.1002/anie.201800240
https://doi.org/10.1021/acs.orglett.6b01371?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.6b01371?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.6b01371?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b00192?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b00192?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b07327?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b07327?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41467-019-08414-8
https://doi.org/10.1038/s41467-019-08414-8
https://doi.org/10.1039/C9CC01332F
https://doi.org/10.1039/C9CC01332F
https://doi.org/10.1039/C9SC02218J
https://doi.org/10.1039/C9SC02218J
https://doi.org/10.1039/C4CY00544A
https://doi.org/10.1039/C4CY00544A
https://doi.org/10.1039/C4CY00544A
https://doi.org/10.1021/ol3005134?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol3005134?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.200800497
https://doi.org/10.1021/ar800098p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar800098p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar800098p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar800164n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar800164n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar800164n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr100280d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr100280d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201202788
https://doi.org/10.1002/anie.201202788
https://doi.org/10.1002/anie.201304268
https://doi.org/10.1002/anie.201304268
https://doi.org/10.1021/acs.chemrev.6b00620?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.6b00620?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.9b01704?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.9b01704?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja053650h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja053650h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja053650h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja053650h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.1c02827?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(18) Farmer, L. A.; Haidasz, E. A.; Griesser, M.; Pratt, D. A.
Phenoxazine: A Privileged Scaffold for Radical-Trapping Antioxidants.
J. Org. Chem. 2017, 82, 10523.
(19) Moritomo, A.; Yamada, H.; Watanabe, T.; Itahana, H.;
Akuzawa, S.; Okada, M.; Ohta, M. Synthesis and structure−activity
relationships of new carbonyl guanidine derivatives as novel dual 5-
HT2B and 5-HT7 receptor antagonists. Bioorg. Med. Chem. 2013, 21,
7841.
(20) Anchan, K.; Puttappa, N. H.; Poongavanam, B.; Sarkar, S. K.
Microwave assisted rapid synthesis of phenoxazines and benzopyr-
idoxazines. Synth. Commun. 2021, 51, 635.

The Journal of Organic Chemistry pubs.acs.org/joc Note

https://doi.org/10.1021/acs.joc.1c02827
J. Org. Chem. 2022, 87, 4926−4935

4935

https://doi.org/10.1021/acs.joc.7b02025?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmc.2013.10.010
https://doi.org/10.1016/j.bmc.2013.10.010
https://doi.org/10.1016/j.bmc.2013.10.010
https://doi.org/10.1080/00397911.2020.1849723
https://doi.org/10.1080/00397911.2020.1849723
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.1c02827?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

