Synthesis T. Liu et al.

Coupling of N-Nosylhydrazones with Nitrosoarenes: Transition-
Metal-Free Approach to (Z)-N-Arylnitrones

Tingting Liu?
Zhaohong Liu¢
Zhenhua Liu®
Donghua Hu?
Yeming Wang®

3 School of Pharmaceutical Sciences, Changchun University of Chinese Medicine,
1035 Shuobo Road, 130117 Changchun, P. R. of China
hudonghua8888@gmail.com

b Key Laboratory of Preparation and Applications of Environmental Friendly Materials
(Jilin Normal University), Ministry of Education, 399 Zhuoyue Street, 130103
Changchun, P. R. of China
wangyeming2011@163.com

< College of Chemistry, Chemical Engineering and Materials Science, Shandong
Normal University, 88 Wenhuadong Road 250014 Jinan, P. R. of China

dJilin Province Key Laboratory of Organic Functional Molecular Design & Synthesis
Department of Chemistry, Northeast Normal University, 5268 Renmin Street,
130024 Changchun, P. R. of China

Received: 27.11.2017

Accepted after revision: 03.01.2018

Published online: 05.02.2018

DOI: 10.1055/5-0036-1591757; Art ID: ss-2017-h0755-0p

Abstract An efficient and transition-metal-free protocol for the syn-
thesis of (2)-N-arylnitrones from the direct coupling of N-nosylhydra-
zones with nitrosoarenes under mild conditions is described. The proto-
col is compatible with a wide range of functional groups placed on both
the reagents and provided the corresponding nitrones in good to excel-
lent yields by simple recrystallization process. The use of these 1,3-di-
poles for the synthesis of substituted indoles is elaborated for 2,3-di-
phenyl-1H-indole.
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N-Arylnitrones are valuable chemicals' that are em-
ployed as important intermediates in organic synthesis,
acting as electrophile to organometallic compounds and are
also used as versatile 1,3-dipoles, which can undergo a vari-
ety of organic transformations to give a diverse array of
heterocyclic compounds.?? In the past few decades, synthe-
sis of nitrones has received much attention by chemists, be-
cause of their diversified applications as building blocks in
the synthesis of bioactive compounds, natural products,
and stable nitroxyl radicals.!# In addition, some nitrones
like 5,5-dimethylpyrroline N-oxide (DMPO) and 1,1,3-
trimethylisoindole N-oxide (TMINO) have served as free
radical spin traps in biological systems” and are also used as
drugs in age-related diseases.® There are plenty of methods
available for the preparation of nitrones, including the di-
rect oxidation of arylamines/imines (Scheme 1, a),” oxida-
tion of hydroxylamines (Scheme 1, b),® condensation of
hydroxylamines with carbonyl compounds (Scheme 1, c),°
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and N-alkylation/arylation of oximes (Scheme 1, d).!° How-
ever, there are only very few reports available for the one-
pot syntheses of nitrones from nitro compounds.!' More-

Table 1 Optimization of Reaction Conditions®
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~ ‘ X-ray crystal structure
N of 3a
2a
Entry Base Yield (%)°
1 NaH 98
2 NaH 80°¢
3 NaH 674
4 NaH 54¢
5 K;COs 58
6 K5PO, 46
7 Cs,CO4 trace
8 KOt-Bu 90
9 LiOMe 88
10 NaOMe 94

2 Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), base (0.75 mmol),
and solvent (10 mL) at 40 °C in a sealed tube for 16 h under N, atmosphere.
b Determined by 'H NMR analysis using CH,Br, (0.5 mmol) as an internal
standard. Isolated yield of 3a from experiment of entry 1 is 90%.

¢ The reaction was run at 40 °C for 4 h under N, atmosphere.

4 AgOTf (20 mol%) was used as the catalyst.

€ Cu(QOTf), (20 mol%) was used as the catalyst.
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Scheme 1 General strategies for nitrone synthesis

over, a number of protocols have appeared in the literature
for the synthesis of aza-heterocycles via in situ generated
N-arylnitrones from diazo compounds and nitrosoarenes
with various dipolarophiles.'? Huang et al. isolated the E-
configured oxindole-nitrones from diazooxindoles and ni-

NaH (1.5 equiv)

trosoarenes using silica gel as catalyst under solvent-free
conditions.'? However, the aforementioned strategies were
associated with one or more shortcomings such as harsh re-
action conditions, tedious workup procedures, lack of
gram-scale preparation, limited substrate scope, and func-
tional group tolerance. In addition, most of the reported
methods required transition metal catalysts (Cu, Au/Ag, Ry,
or Rh).1?*-¢ Therefore, the exploration of an efficient and
transition-metal-free protocol to generate Z-configured ni-
trones are highly attractive and most challenging.

Very recently, we studied the low-temperature decom-
position of sulfonylhydrazone chemistry, in which N-nosyl-
hydrazones were found to be a faster decomposable diazo
surrogate than the traditional N-tosylhydrazones and suc-
cessfully utilized them as an alternative diazo precursor in
organic transformations.'® In light of this easy decomposi-
tion of N-nosylhydrazones under mild conditions to release
donor diazo compounds, herein, we wish to establish an ef-
ficient and transition-metal-free protocol for the prepara-
tion of (Z)-N-arylnitrones from the one-pot coupling reac-
tion of nitrosoarenes with N-nosylhydrazones under mild
conditions (Scheme 1, e).

In order to determine the reaction conditions, first a
model reaction of N-nosylhydrazone 1a with nitroso-
benzene (2a) was conducted in the presence of NaH (1.5
equiv) in dichloromethane (10 mL) at 40 °C in a sealed tube
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Scheme 2 Scope of N-nosylhydrazones. Reagents and conditions: 1b-w (0.5 mmol), 2a (0.5 mmol), NaH (1.5 equiv), CH,Cl, (10 mL) at 40 °Ciin a sealed
tube for 16 h under N, atmosphere. Isolated yields are shown. @ Reaction was carried out at 50 °C for 16 h.
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for 16 hours under nitrogen atmosphere. The correspond-
ing nitrone 3a was formed in 98% NMR yield (Table 1, entry
1) and the structure was confirmed by its single crystal X-
ray crystallographic analysis as Z-configuration. In addition,
when the same reaction was stopped after 4 hours the
nitrone 3a was formed in 80% yield (entry 2). On the other
hand, when we introduced 20 mol% of a transition metal
catalyst [AgOTf or Cu(OTf),] into the reaction mixture, the
product yield was diminished to 67% and 54%, respectively
(entries 3 and 4), implying that the transition metal salts
are not suitable for this coupling reaction. Other inorganic
bases (K,CO;, K;P0O,, and Cs,CO;) were tested in this reac-
tion, which provided moderate yields of nitrone 3a (entries
5-7). Some other strong bases like KOt-Bu, MeOLi, and
MeONa also showed a better efficiency, securing very good
yields of final product 3a (entries 8-10). Based on our mod-
el studies, we concluded that NaH (1.5 equiv) and dichloro-
methane at 40 °C were optimum for this coupling reaction.
Then, the above optimized reaction conditions were
used to assess the substrate scope of N-nosylhydrazones
and the results are shown in Scheme 2. In this regard, N-no-
sylhydrazones with both electron-rich and electron-defi-
cient functional groups located at any position on the aro-
matic ring reacted efficiently with nitrosobenzene (2a) and
the corresponding nitrones 3b-f and 3h-1 were isolated in
good to excellent yields (77-93%) without any column puri-
fications; a single exception was the nitrone 3g where the
yield was slightly lower (58%). As evidenced from the re-
ported results, we assumed that the reaction was not af-
fected by electronic effects. Then, the reaction was further
extended to polysubstituted aromatic N-nosylhydrazones.
In all cases, the desired products were obtained in excellent
yields (3m, 3n, and 30: 89%, 95% and 66%, respectively). It is
worth mentioning that the naphthyl- and heterocyclic-
functionalized N-nosylhydrazones were also excellent can-
didates for this reaction, yielding the desired nitrones 3p-r
in very good yields (70-82%). The presence of unsaturation
within the N-nosylhydrazone structure was not detrimen-
tal for the reaction, thus the cinnamyl-substituted com-
pound 1s also tolerated the reaction at 50 °C to provide the
nitrone 3s in 61% yield. Finally, ketone derived N-nosyl-
hydrazones, where the N-nosylhydrazones derived from both
symmetrical and unsymmetrical ketones were also com-
patible with the optimized reaction conditions at 50 °C and
furnished the corresponding nitrones 3t, 3v, and 3w in 81%,
80% and 77% yield, respectively. More interestingly, N-no-
sylhydrazone derived from fused cyclic ketone 2u was also
nicely tolerated and provided the nitrone 3u in 84% yield.
Subsequently, the substrate scope was further expanded
to various substituted nitrosobenzenes 2b-m and the re-
sults are summarized in Scheme 3. As shown in Scheme 3,
nitrosobenzenes having different functional groups (elec-
tro- donating, electron-withdrawing, and halogens) in dif-
ferent positions of the benzene ring reacted very well with
1a, thus providing the desired nitrones 4a-1 in good to ex-

cellent yields (72-96%). Not surprisingly, 3,4-dimethoxy-,
3-chloro-4-methoxy-, and 3,5-dimethyl-substituted nitro-
sobenzenes also reacted well with N-nosylhydrazone 1a,
giving the desired nitrones 4j-1 in 84-85% yields. From the
nitrosobenzene side, the results also suggested that no elec-
tronic factors were involved in the outcome of this protocol.
The presence of halogens such as F, Cl, and Br in the nitrone
structures deserves much attention because they are signif-
icant precursors for a wide variety of transition-metal-
catalyzed organic transformations.'*
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Scheme 3 Scope of nitrosobenzenes. Reagents and conditions: 1a (0.5
mmol), 2b-m (0.5 mmol), NaH (1.5 equiv) in CH,Cl, (10 mL) at 40 °Cin a
sealed tube for 16 h under N, atmosphere. Isolated yields are shown.

In order to verify the suitability of this protocol to or-
ganic preparations, a gram scale reaction of 1a (2.37 g) with
nitrosobenzene 2a (0.75 g) was conducted by using the
standardized conditions, afforded the corresponding
nitrone 3a in 96% yield (1.55 g, Scheme 4). To evaluate the
synthetic utility of the synthesized nitrones, we successful-
ly synthesized 2,3-diphenyl-1H-indole (6) in good yield
(80%) via the domino 1,3-dipolar cycloaddition and hetero-
Cope rearrangement reaction of nitrone 3b with 1,2-bi-
phenylacetylene 5. These multi-functionalized indoles are
quite relevant intermediates in the synthesis of natural
products and biologically interesting compounds.'>
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(a) Gram Scale Synthesis of 3a
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(b) Synthetic application of the protocol
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Scheme 4 Gram-scale synthesis and synthetic application

Based on the above experimental and previously report-
ed results,'?'13 3 tentative reaction mechanism for the for-
mation of nitrones is proposed as shown in Scheme 5. Ini-
tially, the N-nosylhydrazone 1 is decomposed by NaH to
generate diazo species'® A, which then reacts with nitroso-
benzene 2 to form the intermediate B. Later, this intermedi-
ate B undergoes denitrogenation by electron-pushing from
the nitrogen lone pair, providing the desired nitrone 3.

Ph
B
N2
NZ/\F’B
N
R‘ﬂ\nz o ) R?
X+ .Ph
A R‘J\N
I -
o
3
NaH NNHNs
R'" TR2

Scheme 5 Plausible mechanism

In summary, we have disclosed an efficient and
straightforward approach for the preparation of (Z)-N-aryl-
nitrones from readily available N-nosylhydrazones and
nitrosoarenes without the aid of any transition-metal re-
agent/catalyst. A series of (Z)-N-arylnitrones have been
synthesized in good to excellent yields by simple recrystal-
lization process. The key features of this methodology are
mild reaction conditions, simple operation, broad substrate
scope, excellent functional group tolerance, and scalability
(upto 2.37 g). Thus, this gives an alternative way to access
Z-configured nitrones.

All reagents were purchased from commercial sources and used with-
out purification, unless otherwise mentioned. The products were pu-
rified by recrystallization or column chromatography over silica gel
(100-200 size). 'H and *C NMR spectra were recorded at 25 °C on
Varian 600 MHz and 150 MHz or on Bruker 400 MHz and 100 MHz
spectrometers and TMS was used as the internal standard. Mass spec-
tra were recorded on Bruker AutoflexIlISmartbeam MS mass spec-
trometer. High-resolution mass spectra (HRMS) were recorded on
Bruker micrOTOF mass spectrometer by using ESI method.

For the preparation of N-nosylhydrazones 1a-w and nitrosobenzenes
2b-m, see the Supporting Information.

Details of the X-ray crystal data for 3a'® are provided in the Support-
ing Information.

(Z)-N-(4-Chlorobenzylidene)aniline Oxide (3a); Typical Procedure
A flame-dried sealed tube was charged with N-nosylhydrazone 1a
(169.5 mg, 0.5 mmol, 1.0 equiv), NaH (30.0 mg, 60% wt, 0.75 mmol,
1.5 equiv), and nitrosobenzene (2a; 53.5 mg, 0.5 mmol, 1.0 equiv). Af-
ter degassing and refilling with N,, the tube was charged with anhyd
CH,Cl, (10.0 mL, 0.05 M) via syringe. Then the resulting mixture was
stirred at 40 °C for 16 h. When the reaction was complete, the crude
reaction mixture was cooled to r.t., filtered through a short pad of sil-
ica gel with EtOAc as an eluent, and evaporated under vacuum. The
crude product was recrystallized from EtOAc/PE to afford pure 3a as a
yellow solid; yield: 103.9 mg (90%); mp 150-151 °C.

'H NMR (600 MHz, CDCl;): 6 = 8.34 (d, J=8.4 Hz, 2 H), 7.90 (s, 1 H),
7.75-7.74 (m, 2 H), 7.47-7.41 (m, 5 H).

13C NMR (150 MHz, CDCl,): 8 = 148.8, 136.2, 133.3, 130.08, 130.03,
129.14, 129.10, 128.8, 121.6.

HRMS (ESI*): m/z [M + H]* calcd for C;3H;;CINO: 232.0524; found:
232.0533.

(Z)-N-Benzylideneaniline Oxide (3b)

Yield: 88.7 mg (90%); white solid; mp 104-105 °C.

H NMR (600 MHz, CDCl,): & = 8.41-8.39 (m, 2 H), 7.92 (s, 1 H), 7.79-
7.77 (m, 2 H), 7.49-7.46 (m, 6 H).

13C NMR (150 MHz, CDCl;): & = 149.1, 134.6, 130.9, 130.7, 129.9,
129.1,129.0, 128.6, 121.7.

HRMS (ESI*): m/z [M + HJ]* calcd for C;3H;,NO: 198.0913; found:
198.0920.

(Z)-N-(4-Cyanobenzylidene)aniline Oxide (3c)

Yield: 103.2 mg (93%); white solid; mp 135-136 °C.

H NMR (600 MHz, CDCl,): & = 8.48 (d, J = 8.4 Hz, 2 H), 8.00 (s, 1 H),
7.78-7.74 (m, 4 H), 7.52-7.51 (m, 3 H).

13C NMR (150 MHz, CDCl3): & = 148.9, 134.4, 132.7, 132.4, 130.6,
129.4,128.8,121.7,118.5,113 4.

HRMS (ESI*): m/z [M + HJ* calcd for C;4H,;N,0: 223.0866; found:
223.0873.

(Z)-N-([1,1"-Biphenyl]-4-ylmethylene)aniline Oxide (3d)

Yield: 124.2 mg (91%); yellow solid; mp 183-184 °C.

H NMR (600 MHz, CDCl;): & = 8.48 (d, J=8.4 Hz, 2 H), 7.97 (s, 1
H),7.80(d, ] = 7.2 Hz, 2 H), 7.73 (d, ] = 8.4 Hz, 2 H), 7.66 (d, ] = 7.2 Hz, 2
H), 7.50-7.45 (m, 5 H), 7.39 (t,] = 7.2 Hz, 1 H).

13C NMR (150 MHz, CDCl;): 8 = 149.1, 143.2, 140.1, 134.1, 129.9,
129.6,129.5,129.1, 128.9, 127.9, 127.14, 127.05, 121.7.
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HRMS (ESI*): m/z [M + H|* calcd for CigH;gNO: 274.1226; found:
274.1222.

(Z)-N-(4-Methylbenzylidene)aniline Oxide (3e)

Yield: 92.8 mg (88%); white solid; mp 90-91 °C.

'H NMR (600 MHz, CDCl;): § = 8.30 (d, J=7.8 Hz, 2 H), 7.89 (s, 1 H),
7.77 (d, J= 7.2 Hz, 2 H), 7.49-7.45 (m, 3 H), 7.29 (d, J = 7.8 Hz, 2 H),
2.42 (s, 3 H).

13C NMR (150 MHz, CDCl3): & = 149.1, 141.6, 134.6, 129.7, 1294,
129.1,128.1,121.7, 21.8.

HRMS (ESI*): m/z [M + Na]* calcd for C,4,H;3NONa: 234.0891; found:
234.0892.

(Z)-N-(2-Chlorobenzylidene)aniline Oxide (3f)

Yield: 101.6 mg (88%); white solid; mp 96-97 °C.

H NMR (600 MHz, CDCl,): 6 =9.52 (dd, J= 7.8, 1.8 Hz, 1 H), 8.41 (s, 1
H), 7.78-7.77 (m,1 H), 7.49-7.43 (m, 4 H), 7.39 (t, ] = 7.8 Hz, 1 H), 7.34
(td,J=7.8,1.8 Hz, 1 H).

13C NMR (150 MHz, CDCl;): & = 149.3, 133.5, 131.4, 130.2, 130.1,
129.4,129.1,129.0, 128.2, 127.1, 121.7.

HRMS (ESI*): m/z [M + Na]* calcd for C;3H;,CINONa: 254.0343; found:
254.0344.

(Z)-N-(2-lodobenzylidene)aniline Oxide (3g)

Yield: 93.6 mg (58%); white solid; mp 94-95 °C.

H NMR (600 MHz, CDCl;): & = 9.43 (dd, J = 8.4, 1.2 Hz, 1 H), 8.31 (s, 1
H), 7.80 (d, J= 7.8 Hz, 1 H), 7.81-7.80 (m, 2 H), 7.52-7.47 (m, 4 H),
7.12 (td,J = 8.4, 1.2 Hz, 1 H).

13C NMR (150 MHz, CDCl;): & = 149.1, 139.6, 137.9, 132.3, 131.8,
130.0, 129.13, 129.08, 128.3, 121.6, 100.1.

HRMS (ESI*): m/z [M + Na]* calcd for C;3H;,INONa: 345.9699; found:
345.9705.

(Z)-N-(2-Bromobenzylidene)aniline Oxide (3h)
Yield: 116.5 mg (85%); yellow solid; mp 97-98 °C.
H NMR (600 MHz, CDCl5): & = 9.50 (dd, J = 8.4, 1.2 Hz, 1 H), 8.41 (s, 1

H), 7.78 (dd, J = 8.4, 1.2 Hz, 2 H), 7.63 (dd, J = 8.4, 1.2 Hz, 1 H), 7.50-
7.46 (m, 3 H), 7.43 (t, ] = 7.8 Hz, 1 H), 7.26 (td, J = 7.8, 1.8 Hz, 1 H).

13C NMR (150 MHz, CDCly): & = 149.3, 132.9, 132.8, 131.6, 130.1,
129.6,129.3, 129.1, 127.6, 124.0, 121.6.

HRMS (ESI*): m/z [M + H]* calcd for C;3H,;BrNO: 276.0019; found:
276.0025.

(Z)-N-(2-Methoxybenzylidene)aniline Oxide (3i)

Yield: 91.9 mg (81%); white solid; mp 89-90 °C.

TH NMR (600 MHz, CDCl,): & = 9.48 (dd, J = 7.8, 1.2 Hz, 1 H), 8.37 (s, 1
H), 7.75 (d,J = 7.2 Hz, 2 H), 7.44-7.37 (m, 4 H), 7.06 (t,] = 7.2 Hz, 1 H),
6.88 (d,J=7.8 Hz, 1 H), 3.83 (s, 3 H).

13C NMR (150 MHz, CDCly): § = 157.3, 1494, 132.0, 129.4, 129.1,
128.9,128.5, 121.6, 120.6, 119.7, 109.7, 55.4.

HRMS (ESI*): m/z [M + Na]* calcd for C;4H;3NO,Na: 250.0838; found:
250.0844.

(Z)-N-(3-Nitrobenzylidene)aniline Oxide (3j)
Yield: 95.6 mg (79%); white solid; mp 138-139 °C.

H NMR (600 MHz, CDCl,): 8 = 9.20 (s, 1 H), 8.79 (d, J = 8.4 Hz, 1 H),
8.28 (dd, J = 8.4, 1.2 Hz, 1 H), 8.08 (s, 1 H), 7.79-7.78 (m, 2 H), 7.65 (t,
J=8.4Hz,1H),7.51-7.50 (m, 3 H).

13C NMR (150 MHz, CDCl,): & = 148.7, 148.3, 133.8, 132.05, 132.03,
130.6,129.7, 129.3, 124.9, 123.4, 121.6.

HRMS (ESI*): m/z [M + NaJ* calcd for C,3H;¢N,0;Na: 265.0584; found:
265.0596.

(Z)-N-(3-Methylbenzylidene)aniline Oxide (3k)

Yield: 89.7 mg (85%); white solid; mp 91-92 °C.

'H NMR (600 MHz, CDCl,): & = 8.32 (s, 1 H), 8.11 (d, J = 7.8 Hz, 1 H),
7.88 (s, 1 H), 7.75 (dd, J= 7.8, 1.2 Hz, 2 H), 7.47-7.44 (m, 3 H), 7.36 (t,
J=7.8Hz,1H),7.27 (d,J = 7.8 Hz, 1 H), 2.41 (s, 3 H).

13C NMR (150 MHz, CDCl;): & = 149.0, 138.2, 134.7, 131.8, 130.5,
129.8,129.3,129.0, 128.4, 126.4, 121.6, 21.4.

HRMS (ESI*): m/z [M + Na]* calcd for C;4,H;3NONa: 234.0889; found:
234.0891.

(Z)-N-(3-Methoxybenzylidene)aniline Oxide (31)

Yield: 87.4 mg (77%); white solid; mp 91-92 °C.

'H NMR (600 MHz, CDCl;): § = 8.37-8.36 (m, 1 H), 7.90 (s, 1 H), 7.76-
7.74 (m, 2 H), 7.65 (d, J=7.8 Hz, 1 H), 7.46-7.43 (m, 3 H), 7.34 (t,
J=7.8Hz,1H),7.01(dd,J=8.4,2.4Hz, 1H),3.86(s,3H).

13C NMR (150 MHz, CDCl;): § = 159.5, 148.9, 134.5, 131.8, 129.8,
129.3,129.0,122.1,121.6, 117.8, 112.5, 55.2.

HRMS (ESI*): m/z [M + Na]* calcd for C;4H;3NO,Na: 250.0838; found:
250.0847.

(Z)-N-(2-Bromo-5-fluorobenzylidene)aniline Oxide (3m)

Yield: 130.4 mg (89%); yellow solid; mp 144-145 °C.

'H NMR (600 MHz, CDCl;): § = 9.34 (dd, J=10.8, 3.0 Hz, 1 H), 8.39-
8.38 (m, 1 H), 7.78-7.76 (m, 2 H), 7.60-7.57 (m, 1 H), 7.50-7.47 (m, 3
H), 7.03-7.00 (m, 1 H).

13C NMR (150 MHz, CDCl;): 8 = 161.5 (d, J = 244.5 Hz), 149.2, 133.7 (d,

J=7.5Hz), 132.2, 131.0 (d, J = 10.5 Hz), 130.4, 129.2, 121.6, 118.6 (d,
J=24.0Hz),118.0(d,J = 3.0 Hz), 116.2 (d, ] = 28.5 Hz).

HRMS (ESI*): m/z [M + NaJ* caled for C;3HoBrFNONa: 315.9744;
found: 315.9752.

(Z)-N-(3,5-Dibromobenzylidene)aniline Oxide (3n)

Yield: 168.6 mg (95%); white solid; mp 90-91 °C.

H NMR (600 MHz, CDCl,): & = 8.51-8.50 (m, 2 H), 7.85 (s, 1 H), 7.74-
7.73 (m, 3 H), 7.50-7.49 (m, 3 H).

13C NMR (150 MHz, CDCl;): & = 148.8, 135.8, 133.7, 131.6, 130.5,
129.8,129.3,123.1, 121.6.

HRMS (ESI*): m/z [M + Na]* calcd for C;3HoBr,NONa: 375.8943; found:
375.8935.

(Z)-N-(2,4,5-Trimethoxybenzylidene)aniline Oxide (30)

Yield: 94.7 mg (66%); white solid; mp 134-135 °C.

H NMR (600 MHz, CDCl;): & = 9.30 (s, 1 H), 8.31 (s, 1 H), 7.77 (d,
J=7.2Hz, 2 H), 746-7.41 (m, 3 H), 6.51 (s, 1 H), 3.948 (s, 3 H), 3.942
(s,3H),3.87 (s, 3 H).

13C NMR (150 MHz, CDCl;): & = 153.7, 152.0, 149.2, 142.2, 129.4,
129.3,129.0,121.5, 112.0, 111.2, 95.6, 56.3, 56.1, 55.9.
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HRMS (ESI*): m/z [M + Na]*calcd for C;sH;;NO4Na: 310.1050; found:
310.1058.

(Z)-N-(Naphthalen-2-ylmethylene)aniline Oxide (3p)

Yield: 101.3 mg (82%); white solid; mp 118-119 °C.

'H NMR (600 MHz, CDCl;): § = 9.44 (s, 1 H), 8.07 (s, 1 H), 8.01 (dd,
J=8.4,12Hz, 1H),7.97 (d,J=7.8 Hz, 1 H), 7.87 (d, J=8.4 Hz, 1 H),
7.84-7.82 (m, 3 H), 7.55-7.47 (m, 5 H).

13C NMR (150 MHz, CDCl3): & = 149.0, 134.5, 134.3, 133.1, 129.9,
129.3,129.12, 129.06, 128.0, 127.8, 127.6, 127.5, 126.5, 126.1, 121.7.

HRMS(ESI*): m/z [M + Na]* calcd for C;;H;3NONa: 270.0889; found:
270.0898.

(Z)-N-(Furan-3-ylmethylene)aniline Oxide (3q)

Yield: 65.5 mg (70%); white solid; mp 92-93 °C.

H NMR (600 MHz, CDCl;): § = 9.12 (s, 1 H), 7.94 (s, 1 H), 7.78-7.76
(m, 2 H), 7.51 (t,] = 1.8 Hz, 1 H), 7.49-7.45 (m, 3 H), 6.66 (d, ] = 1.8 Hz,
1H).

13C NMR (150 MHz, CDCl;): & = 147.4, 146.8, 143.0, 129.8, 129.2,
127.3,121.3,117.3,109.6.

HRMS (ESI*): m/z [M + Na]* calcd for C;;HgNO,Na: 210.0525; found:
210.0530.

(Z)-N-(Thiophen-3-ylmethylene)aniline Oxide (3r)

Yield: 72.1 mg (71%); white solid; mp 96-97 °C.

H NMR (600 MHz, CDCl,): & = 9.16 (d, J = 3.0 Hz, 1 H), 8.06 (s, 1 H),
7.79-7.78 (m, 2 H), 7.50-7.45 (m, 4 H), 7.39-7.38 (m, 1 H).

13C NMR (150 MHz, CDCl3): & = 148.2, 131.6, 129.9, 129.8, 129.2,
129.0,128.1,125.4,121.5.

HRMS (ESI): m/z [M + NaJ* calcd for C;;H,SNONa: 226.0297; found:
226.0301.

(Z)-N-[(E)-4-Phenylbut-3-en-1-ylidene]aniline Oxide (3s)

Yield: 68.0 mg (61%); yellow solid; mp 144-145 °C.

H NMR (600 MHz, CDCl,): 8 =7.84 (d,J = 9.6 Hz, 1 H), 7.75-7.74 (m, 2
H), 7.70 (dd, J = 16.2, 9.6 Hz, 1 H), 7.55 (d, ] = 7.2 Hz, 2 H), 7.44-7.43
(m, 3 H), 7.37-7.31 (m, 3 H), 7.15 (d,J = 16.2 Hz, 1 H).

13C NMR (150 MHz, CDCl;): & = 147.3, 139.8, 136.1, 136.0, 129.9,
129.4,129.0, 128.8, 127.4,121.3, 119.0.

HRMS (ESI*): m/z [M + Na]* calcd for C;5H;3NONa: 246.0889; found:
246.0880.

N-(Diphenylmethylene)aniline Oxide (3t)

Yield: 110.6 mg (81%); yellow solid; mp 199-200 °C.

H NMR (600 MHz, CDCl;): & = 8.06-8.05 (m, 2 H), 7.41-7.40 (m, 3 H),
7.31-7.29 (m, 2 H), 7.24-7.19 (m, 6 H), 7.11-7.10 (m, 2 H).

13C NMR (150 MHz, CDCl3): & = 148.5, 135.7, 134.1, 131.1, 130.5,
130.1,128.7, 128.6, 128.5, 128.2, 127.9, 124.6.

HRMS (ESI*): m/z [M + Na]* calcd for C,qH;sNONa: 296.1046; found:
296.1050.

N-(9H-Fluoren-9-ylidene)aniline Oxide (3u)
Yield: 114.2 mg (84%); yellow solid; mp 166-167 °C.

H NMR (600 MHz, CDCl;): & = 8.93 (d, J = 7.8 Hz, 1 H), 7.71 (d, J= 7.8
Hz, 1 H), 7.65 (d,J = 7.2 Hz, 1 H), 7.62-7.60 (m, 3 H), 7.54-7.51 (m, 2
H), 7.50 (td, J=7.2, 1.2 Hz, 1 H), 7.44 (td, J=7.2, 1.2 Hz, 1 H), 7.26-
7.25(m, 1H), 6.91-6.88 (m, 1 H), 5.90 (d, ] = 7.8 Hz, 1 H).

13C NMR (150 MHz, CDCl3): & = 147.1, 145.5, 139.3, 139.1, 1324,
131.2, 130.8, 130.3, 130.2, 129.2, 128.9, 127.3, 127.1, 123.8, 120.2,
119.6.

HRMS (ESI*): m/z [M + NaJ* calcd for C;oH;3NONa: 294.0889; found:
294.0893.

N-[Bis(4-chlorophenyl)methylene]aniline Oxide (3v)

Yield: 136.4 mg (80%); yellow solid; mp 199-200 °C.

H NMR (600 MHz, CDCL;): & = 8.00 (d, J = 9.0 Hz, 2 H), 7.38 (d, J = 8.4
Hz, 2 H), 7.27-7.25 (m, 5 H), 7.20 (d, ] = 8.4 Hz, 2 H), 7.03(d, ] = 8.4 Hz,
2 H).

13C NMR (150 MHz, CDCl;): & = 148.1, 145.3, 135.9, 135.1, 133.6,
132.4,132.2,131.7,129.0, 128.9, 128.8, 128.3, 124 4.

HRMS (ESI*): m/z [M + H]* calcd for C;oH;4CI,NO: 342.0452; found:
342.0446.

(Z)-N-[Cyclopropyl(phenyl)methylene]aniline Oxide (3w)

Yield: 91.2 mg (77%); yellow oil.

H NMR (600 MHz, CDCl5): & = 7.21-7.20 (m, 2 H), 7.18-7.11 (m, 6 H),
7.00-6.97 (m, 2 H), 3.15-3.11 (m, 1 H), 1.13-1.10 (m, 2 H), 0.60-0.58
(m, 2 H).

13C NMR (150 MHz, CDCl;): § = 147.0, 131.0, 130.0, 128.8, 128.6,
128.3,128.1,124.5,123.8, 13.6, 6.5.

HRMS (ESI*): m/z [M + HJ* calcd for C;gH;NO: 238.1226; found:
238.1235.

(Z)-4-Bromo-N-(4-chlorobenzylidene)aniline Oxide (4a)

Yield: 133.3 mg (86%); yellow solid; mp 144-145 °C.

H NMR (600 MHz, CDCl,): & = 8.32 (d, J = 9.0 Hz, 2 H), 7.87 (s, 1 H),
7.63 (d, J=9.0 Hz, 2 H), 7.58 (d, J= 9.6 Hz, 2 H), 7.42 (d, J=9.0 Hz, 2
H).

13C NMR (150 MHz, CDCl3): & = 147.6, 136.6, 133.2, 132.2, 130.1,
128.9, 128.8, 124.0, 123.1.

HRMS (ESI): m/z [M + H]* calcd for C;3H;,BrCINO: 309.9629; found:
309.9618.

(Z)-N-(4-Chlorobenzylidene)-4-(ethoxycarbonyl)aniline Oxide
(4b)

Yield: 145.4 mg (96%); yellow solid; mp 117-118 °C.

H NMR (600 MHz, CDCl,): & = 8.37 (d, J = 8.4 Hz, 2 H), 8.17 (d, J = 9.0
Hz, 2 H), 7.96 (s, 1 H), 7.85 (d, ] = 8.4 Hz, 2 H), 7.46 (d, ] = 9.0 Hz, 2 H),
441(q,J=7.2Hz,2 H),1.42(t,J=7.2 Hz, 3 H).

13C NMR(150 MHz, CDCl;): 6 = 165.2, 151.6, 136.8, 133.9, 132.0,
130.6, 130.3, 129.0, 128.8, 121.6, 61.5, 14.2.

HRMS (ESI): m/z [M + HJ* calcd for C;gH;5CINO5: 304.0735; found:
304.0730.

(Z)-N-(4-Chlorobenzylidene)-4-methylaniline Oxide (4c)

Yield: 107.8 mg (88%); yellow solid; mp 166-167 °C.

H NMR (600 MHz, CDCl,): & = 8.35 (d, J = 8.4 Hz, 2 H), 7.89 (s, 1 H),
7.65 (d, J=8.4 Hz, 2 H), 7.44 (d, J = 8.4 Hz, 2 H), 7.27 (d, = 7.8 Hz, 2
H), 2.42 (s, 3 H).
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13C NMR (150 MHz, CDCl;): & = 146.7, 140.4, 136.2, 132.8, 130.1,
129.7,129.3,128.9,121.4, 21.2.

HRMS (ESI): m/z [M + HJ* calcd for C,4H;5CINO: 246.0680; found:
246.0685.

(Z)-N-(4-Chlorobenzylidene)-4-isopropylaniline Oxide (4d)

Yield: 120.1 mg (88%); yellow oil.

H NMR (600 MHz, CDCl,): & = 8.36 (d, J = 9.0 Hz, 2 H), 7.89 (s, 1 H),
7.65 (s, 1 H), 7.51 (d, J= 7.8 Hz, 1 H), 7.43 (d, J = 9.0 Hz, 2 H), 7.38 (t,
J=7.8 Hz, 1 H), 7.32 (d, J=7.8 Hz, 1 H), 3.01-2.97 (m, 1 H), 1.28 (d,
J=6.6Hz, 6 H).

13C NMR (150 MHz, CDCl;): § = 150.5, 149.0, 136.2, 133.3, 130.1,
129.2,129.0,128.9, 128.3, 119.9, 118.9, 34.1, 23.8.

HRMS (ESI): m/z [M]* caled for C;gH;CINO: 274.0993; found:
274.0983.

(Z)-N-(4-Chlorobenzylidene)-3-fluoroaniline Oxide (4e)

Yield: 94.6 mg (76%); white solid; mp 100-101 °C.

'H NMR (600 MHz, CDCl,): & = 8.35 (d, J = 9.0 Hz, 2 H), 7.91 (s, 1 H),
7.57-7.54 (m, 2 H), 7.47-7.443 (m, 3 H), 7.19-7.17 (m, 1 H).

13C NMR (150 MHz, CDCl,): & = 162.6 (d, J = 247.5 Hz), 150.0(d,J=7.5
Hz), 136.7, 133.5, 130.4 (d, J = 8.6 Hz), 130.2, 128.9, 128.8, 117.1 (d,
J=21.4Hz),117.0(d,J = 3.6 Hz), 109.8 (d, J = 27.0 Hz).

HRMS (ESI): m/z [M + HJ* calcd for C;3H;,CIFNO: 250.0429; found:
250.0432.

(Z)-3-Chloro-N-(4-chlorobenzylidene)aniline Oxide (4f)

Yield: 107.3 mg (81%); yellow solid; mp 96-97 °C.

'H NMR (600 MHz, CDCl;): 6 = 8.33 (d, J=8.4 Hz, 2 H), 7.88 (s, 1 H),
7.79 (t,J=1.8 Hz, 1 H), 7.65-7.63 (m, 1 H), 7.44-7.41 (m, 3 H), 7.39 (t,
J=8.4Hz,1H).

13C NMR (150 MHz, CDCl;): § = 149.6, 136.6, 135.0, 133.5, 130.20,
130.16, 128.9,128.8,122.2,119.7.

HRMS (ESI*): m/z [M + H]J* calcd for C;5H;,CLLNO: 266.0134; found:
266.0131.

(Z)-N-(4-Chlorobenzylidene)-3-isopropoxyaniline Oxide (4g)
Yield: 117.0 mg (81%); yellow solid; mp 117-118 °C.

'H NMR (600 MHz, CDCl;): § = 8.34 (d, J = 8.4 Hz, 2 H), 7.90 (s, 1 H),
7.44 (d, ] =8.4 Hz, 2 H), 7.35-7.32 (m, 2 H), 7.25-7.24 (m, 1 H), 6.99-
6.97 (m, 1 H), 4.64-4.60 (m, 1 H), 1.36 (d,J = 6.0 Hz, 6 H).

13C NMR (150 MHz, CDCl3): & = 158.6, 150.1, 136.3, 133.3, 130.2,
129.8,129.1,128.9,117.9, 113.2,109.2, 70.5, 21.9.

HRMS (ESI*): m/z [M + H]* calcd for C,¢H;;CINO: 290.0942; found:
290.0948.

(Z)-2-Bromo-N-(4-chlorobenzylidene)aniline Oxide (4h)

Yield: 140.0 mg (90%); yellow oil.

H NMR (600 MHz, CDCl;): & = 8.32 (d, J=8.4 Hz, 2 H), 7.68 (dd,
J=8.4,12Hz, 1H),7.58 (dd, J=7.8, 1.8 Hz, 1 H), 7.54 (s, 1 H), 7.46~
7.42 (m, 3 H), 7.33 (td,J= 7.8, 1.8 Hz, 1 H).

13C NMR (150 MHz, CDCl;): & = 148.1, 137.6, 136.8, 133.9, 130.8,
130.2,129.0, 128.5, 128.4, 125.6, 116.4.

HRMS (ESI*): m/z [M + H]* calcd for C;3H;,BrCINO: 309.9629; found:
309.9604.

(Z)-N-(4-Chlorobenzylidene)-2-methylaniline Oxide (4i)
Yield: 88.2 mg (72%); white solid; mp 137-138 °C.

H NMR (600 MHz, CDCl,): & = 8.32 (d, J = 7.8 Hz, 2 H), 7.55 (s, 1 H),
7.44(d,] = 8.4 Hz, 2 H), 7.39-7.26 (m, 4 H), 2.42 (s, 3 H).

13C NMR (150 MHz, CDCl): § = 148.6, 136.33, 136.29, 131.7, 131.5,
129.9,129.5,128.91, 128.87,126.7,123.3, 17.0.

HRMS (ESI*): m/z [M + H]* calcd for C,4,H,3CINO: 246.0680; found:
246.0688.

(Z)-N-(4-Chlorobenzylidene)-3,4-dimethoxyaniline Oxide (4j)
Yield: 123.6 mg (85%); white solid; mp 130-131 °C.

H NMR (600 MHz, CDCl,): & = 8.35 (d, J = 9.0 Hz, 1 H), 7.88 (s, 1 H),
7.44-7.42 (m, 3 H), 7.23 (dd, J = 9.0, 2.4 Hz, 1 H), 6.86 (d, J = 8.4 Hz, 1
H),3.94 (s, 3 H), 3.93 (s, 3 H).

13C NMR (150 MHz, CDCl;): & = 150.4, 149.3, 1424, 136.2, 132.6,
130.1,129.3,128.9, 113.1, 110.1, 105.7, 56.18, 56.16.

HRMS (ESI*): mfz [M + Na]* calcd for C;5H;4,CINOs;Na: 314.0554;
found: 314.0554.

(Z)-3-Chloro-N-(4-chlorobenzylidene)-4-methoxyaniline Oxide
(4Kk)

Yield: 125.4 mg (85%); white solid; mp 141-142 °C.

H NMR (600 MHz, CDCl,): 8 = 8.33 (d,J = 8.4 Hz, 2 H), 7.84-7.83 (m, 2
H),7.68 (dd, ] = 8.4, 2.4 Hz, 1 H), 7.44 (d, ] = 8.4 Hz, 2 H), 6.98 (d, ] = 8.4
Hz, 1 H), 3.96 (s, 3 H).

13C NMR (150 MHz, CDCl;): § = 156.3, 142.1, 1364, 132.7, 130.1,
129.0,128.9,123.7,122.9,121.0, 111.5, 56.5.

HRMS (ESI*): m/z [M + H]* calcd for C;4H;,Cl,NO,: 296.0290; found:
296.0286.

(Z)-N-(4-Chlorobenzylidene)-3,5-dimethylaniline Oxide (41)
Yield: 108.8 mg (84%); yellow oil.

TH NMR (600 MHz, CDCl,): & = 8.34 (d, J = 9.0 Hz, 2 H), 7.86 (s, 1 H),
7.42(d,J=8.4Hz, 2 H), 7.35 (s, 2 H), 7.08 (s, 1 H), 2.38 (s, 6 H).

13C NMR (150 MHz, CDCl;): 8 = 149.0, 139.1, 136.1, 133.2, 131.6,
130.1,129.3,128.8,119.4, 21.2.

HRMS (ESI*): m/z [M + H]* calcd for C;5H;5;CINO: 260.0837; found:
260.0843.

Gram-Scale Synthesis of 3a

The typical procedure was followed, but the reaction was conducted
on a 7 mmol scale. N-Nosylhydrazone 1a (2.37 g, 7.0 mmol, 1.0
equiv), 60% NaH (420 mg, 12 mmol, 1.5 equiv), nitrosobenzene (2a;
0.75 g, 7.0 mmol, 1.0 equiv) and CH,Cl, (120 mL) were mixed under
N, atmosphere in a flame-dried sealed tube in a glovebox. Then the
reaction mixture was stirred at 40 °C for 24 h. After completion, the
mixture was filtered and evaporated under reduced pressure to give
the crude product. Finally, the crude product was recrystallized from
petroleum ether to afford the pure 3a as a yellow solid; yield: 1.55 g
(96%).

2,3-Diphenyl-1H-indole (6)

The indole 6 was prepared according to the literature procedure.!”
[Cp*RhCl,], (3.9 mg, 0.00625 mmol, 2.5 mol %), AgSbFg (8.6 mg, 0.025
mmol, 10 mol %), and Cu(OAc), (45.4 mg, 0.25 mmol, 1.0 equiv) were
weighed in a glove-box and placed in a dried Schlenk tube. Then, the
solvent mixture DCE/EDE (EDE=1,2-diethoxyethane) (2 mL, 1:4, v/v)
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was added and the mixture was stirred at r.t. for 30 min. Then nitrone
3b (59 mg, 0.3 mmol, 1.2 equiv) was added followed by tolane (5; 45
mg, 0.25 mmol, 1.0 equiv). The resulting mixture was stirred at 100 °C
for 12 h. After cooling to r.t., the solvent was removed under reduced
pressure and the residue was purified by silica gel chromatography
using PE/EtOAc to afford the desired product 6 as a fluorescent yellow
liquid; yield: 53.8 mg (80%).

H NMR (600 MHz, CDCI3): 8 = 8.12 (s, 1 H), 7.60 (d, ] = 7.8 Hz, 1 H),
7.37-7.33 (m, 5 H), 7.27 (t, ] = 7.8 Hz, 2 H), 7.25-7.19 (m, 4 H), 7.18-
7.15(m, 1 H), 7.07 (t,] = 7.2 Hz, 1 H).

13C NMR (150 MHz, CDCI3): § = 135.9, 135.0, 134.1, 132.7, 130.1,
128.75,128.67,128.51,128.2,127.7,126.2,122.7,120.4, 119.7, 115.1,
110.9.

HRMS (ESI*): m/z [M + HJ" caled for CyH;gN: 270.3490; found:
270.3495.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0036-1591757.
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