View Article Online

View Journal

M) Cneck tor updates

Organic &
Biomolecular
Chemistry

Accepted Manuscript

This article can be cited before page numbers have been issued, to do this please use: H. Lv, R. D.
Laishram, Y. Yang, J. Li, D. Xu, Y. Zhan, Y. Luo, Z. Su, S. More and B. Fan, Org. Biomol. Chem., 2020, DOI:
10.1039/DOOB00103A.

; This is an Accepted Manuscript, which has been through the
Organic & o Royal Society of Chemistry peer review process and has been
Biomolecular accepted for publication.

Chemistry

Accepted Manuscripts are published online shortly after acceptance,
before technical editing, formatting and proof reading. Using this free
service, authors can make their results available to the community, in
citable form, before we publish the edited article. We will replace this
Accepted Manuscript with the edited and formatted Advance Article as
soon asitis available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes to the
text and/or graphics, which may alter content. The journal’s standard
Terms & Conditions and the Ethical guidelines still apply. In no event
~ oo shall the Royal Society of Chemistry be held responsible for any errors
Vo OF CHERIETRY or omissions in this Accepted Manuscript or any consequences arising
from the use of any information it contains.

#® LOYAL SOCIETY rsc.li/obc
ap OF CHEMISTRY


http://rsc.li/obc
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d0ob00103a
https://pubs.rsc.org/en/journals/journal/OB
http://crossmark.crossref.org/dialog/?doi=10.1039/D0OB00103A&domain=pdf&date_stamp=2020-04-15

Published on 15 April 2020. Downloaded on 4/16/2020 5:35:06 AM.

rganic & Biomolecular Chemist

COMMUNICATION

View Article Online

DOI: 10.1039/DOOB00103A

TEMPO Catalyzed Oxidative Dehydrogenation of
Hydrazobenzenes to Azobenzenes

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

A metal-free direct oxidative dehydrogenation approach for the
synthesis of azobenzenes from hydrazobenzenes has been
developed by using TEMPO as organocatalyst for the first time. The
reaction proceeded in open air under a mild reaction condition. A
wide range of hydrazobenzenes readily undergo the
dehydrogenation to give the corresponding azobenzenes in
excellent yields.

Compounds having N=N double bond are of great interest in
various fields. For instance, azobenzenes have profound
applications in agrochemical, chemical and pharmaceutical
industries as dyes and pigments, indicators, food additives,
radical reaction initiators and therapeutic agents.! Also,
azobenzenes have potential applications in areas of nonlinear
optics, optical storage media, chemosensors, liquid crystals,
molecular shuttles, nanotubes, and in the manufacture of
protective eye glasses and filters.2 Numerous methods have
been reported for the preparation of azobenzenes such as
oxidative coupling of anilines,3 reductive coupling of aromatic
nitro compounds,* azo coupling reaction,® Mills reaction,® the
Wallach reaction.” Direct dehydrogenation of hydrazobenzenes
is also one of the indispensable methods for the preparation of
azobenzenes. These dehydrogenations can be achieved
homogenously by using transition metal salts?®¢ and
heterogeneously by using rGO-1, RhNPS, Meso-Mn,0;.8¢8
Wang and co-workers reported the dehydrogenation of
hydrazobenzenes using potassium tert-butoxide in liquid
ammonia under air at room temperature (rt).8" Although the
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reaction provided efficient methodology, the use of liquid
ammonia as a medium limited the reaction applicability. Huang
and co-workers recently reported the electrochemical strategy
for the dehydrogenation of hydrazobenzenes to generate
azobenzenes.? Balaraman and co-workers reported the
dehydrogenation of hydrazobenzenes utilizing [Ru(bpy)s]Cl, as
photocatalyst and Co(dmgH),(py)Cl as the proton-reduction
catalyst.192  Recently, our group also reported the
dehydrogenation of hydrazobenzenes harnessing the visible
light using the organic photocatalyst Acr*-Me at ambient
temperature.1% Shortly after we reported, Wu and co-worker
also developed visible-light-promoted oxidative
dehydrogenation of hydrazobenzenes utilizing Eosin Y as a

photocatalyst.10¢
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Scheme 1 Oxidative dehydrogenation of hydrazobenzenes
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TEMPO ((2,2,6,6-Tetramethylpiperidin-1-yl)oxyl) is stable,
low weight radical that shows valuable redox behaviour.1 It has
been extensively used as a catalyst in the area of polymer
science, trapping radical processes, oxidation of alcohols to
carbonyl compounds, dehydrogenation of N-heterocycles,
cyclization reaction.1213 However, to the best of our knowledge,
there has been no reports on the application of TEMPO as
catalyst for the direct oxidative dehydrogenation of NH-NH.
These facts about TEMPO inspired us to explore new methods
for the preparation of azobenzenes through oxidative
dehydrogenation of hydrazobenzenes using TEMPO as catalyst
in open air. Herein, we describe a mild and efficient direct
oxidative dehydrogenation of hydrazobenzenes for the first
time utilizing the commercially available, and easy to handle
TEMPO as the catalyst.

A preliminary investigative study was carried out using
hydrazobenzene 1a as the model substrate under aerobic
condition (Table 1). Pleasingly, our plan to dehydrogenate
hydrazobenzene without metal was achieved by using 10 mol%
of TEMPO in acetonitrile (MeCN) at 40 °C affording the desired
product 2a in 95% vyield (entry 1). In order to maximize the yield
of the reaction, we screened different other organocatalysts
such as 4-Hydroxy-TEMPO, 4-Amino- TEMPO, 4-Oxo-TEMPO,
Pyridine-N-oxide but there was no improvement in the yield of
the desired product (entries 2-5). Next, we investigated the
effect of different polar and non-polar solvents on the reactivity
of the reaction (entries 6-11). Among them ethanol was found
as the best solvent giving the desired product in 97% yield in 30
h (entry 10). No improvement in the yield was observed when
the reaction

Table 1. Optimization of the reaction conditions for the oxidative
dehydrogenation of hydrazobenzene?

NH
i:: \ @ Organocatalyst (10 mol%) QN\;\‘@
ekt Al Shlitdd

HN
1a Solvent, Temp., air 2a
Entry Organocatalyst ~ Solvent Temp Time Yield
()] (h) (%)

1 TEMPO MeCN 40 30 95
2 4-Hydroxy- MeCN 40 48 94

TEMPO
3 4-Amino- MeCN 40 30 88

TEMPO
4 4-Oxo-TEMPO MeCN 40 60 89
5 Pyridine-N- MeCN 40 72 42

oxide
6 TEMPO DCE 40 24 92
7 TEMPO Toluene 40 24 91
8 TEMPO EtOAc 40 24 96
9 TEMPO 1,4- 40 48 94

dioxane

10 TEMPO EtOH 40 30 97
11 TEMPO THF 40 36 92
12 TEMPO EtOH 20 64 97
13 TEMPO EtOH 60 12 99
149 TEMPO EtOH 60 36 92
159 TEMPO EtOH 60 8 98
16°) TEMPO EtOH 60 4 92

a) Reaction conditions: 1a (0.3 mmol), organocatalyst (10 mol%), solvent (2
mL), Air. b) Isolated yield. c) Organocatalyst loading 5%. d) Organocatalyst
loading 20% . e) Under O,.

2| J. Name., 2012, 00, 1-3

temperature was lowered to 20 °C (entry 12). Gratifyingly, the
highest reaction yield (99%) was obtained -whe&rrvhe veaction
temperature was increased to 60 °C (entry 13). Lowering the
catalytic loading lowered the yield of reaction as well as slower
the reaction while increasing the catalytic loading to 20% has no
appreciable effect on the yield of the reaction (entries 14 and
15). Thus, we optimized the reaction at 10%. The reaction
proceeded smoothly under oxygen atmosphere in 4 h and
obtained the product in 92% vyield (entry 16). This study
indicates that the most optimal condition for dehydrogenation
of hydrazobenzene is by using TEMPO as organocatalyst in EtOH
under aerobic condition.

With the established optimal conditions, we sought to
evaluate the scope and the generality of the oxidative
dehydrogenation by subjecting a series of hydrazobenzenes
(Table 2). Various functional groups on the aromatic rings
exerted little influence and were well-tolerated in this TEMPO
promoted direct oxidative dehydrogenation. The reaction
proceeded in excellent yields with both electron activating and
electron deactivating substituted substrates. Position of the
substituents also has not much effect on the reactivity of the
reaction. Unsymmetrical hydrazobenzenes with electron-
donating substituents such as 4-CH3O, 4-NH,, 4-CHs, 4-'Bu, 2-
CH3, and 3-CH; were well-tolerated giving the desired products
in excellent yields (2b-2g). Electron-withdrawing halogen
substituents such as Cl, Br and | either at 2, 3 or 4-positions as
well as 4-CF3; or 4-CO,Me group on the phenyl ring were
smoothly converted to the desired products in excellent yields
(2g-2n). The symmetrical hydrazobenzenes with different
substituents such as CHs, CF; in the 4-position of the phenyl
rings were well tolerated giving the corresponding products in
excellent yields

Table 2. Scope of the TEMPO catalyzed oxidative dehydrogenation
of hydrazobenzenes?

R

4
O = REN
= HN@ TEMPO (10 mol%) v NG =
2 _TEMPO(Omol%)
R EtOH, 60 °C, air N@R.
1a-q 2a-q
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O

2c, 12h, 95% yield
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QL

29, 12h, 99% yield
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2d, 12h, 98% yield

\'S
o

2h, 15h, 99% yield

LN < N < N o

2i, 15h, 95% yield

QNQNQ 3

2m, 12h, 99% yield

2j, 15h, 93% yield

2n, 15h, 93% yield
1

2k, 15h, 96% yield

/©/N:N

2l, 15h, 92% yield

r

20, 12h, 98% yield

e

IO
o
By

2q, 15h, 95% yield

F3C

2p, 15h, 96% yield

Ny,
O

2r, 24h, NR

a) Reaction conditions: 1 (0.3 mmol), TEMPO (10 mol%), Air, EtOH (2 mL),
60 °C, Isolated yields.

(20 and 2p). Notably, the introduction of bulkier ‘Bu-group at
the 4-position was equally efficient, giving the desired product
in excellent yield 96% (2q). However, the hydrazine derivatives
with aliphatic substituent may not applicable, as no reaction
took place by using 2r.

To further extend the utility of the methodology, we carried
out the scale-up reaction as shown in Scheme 2. This method
can be easily scaled up to 3.68 g of the substrate giving the
desired product in excellent yield.

-N TEMPO (10 mol%) ©\N’N
A EtOH, 60 °C, air, 18h \©
1a 2a

20 mmol 3.57 g, 98%

Scheme 2. Scalable synthesis of 2a.

As control experiments, we carried out the reaction in Argon
atmosphere but unfortunately the yield of the desired product
was very low (10%) even after 72 h of reaction (Scheme 3a).
Next, the reaction was carried out in absence of TEMPO.
However, both of the reactions in the air or oxygen were
incomplete and the desired product was furnished only in trace
after 72 h (Scheme 3b). Thus, suggested that both the
components were necessary for the transformation.

A

23, Yield = 10%

TEMPO (10 mol%)
EtOH, 60 °C, Ar, 72 h

@””@

No organocatalyst
EtOH, 60 °C, air or Oy, 72 h

b)@m@ @\\@

2a, Trace

This journal is © The Royal Society of Chemistry 20xx

COMMUNICATION

View Article Online

DOI: 10.1039/DOOB00103A
Scheme 3. Control Experiments

Based on the literature'® and experimental results, we
proposed a mechanism for the oxidative dehydrogenation of
hydrazobenzenes (Scheme 4). The reaction was initiated by the
abstraction of a hydrogen atom from hydrazobenzene 1a by the
TEMPO with the generation of intermediate 1a’ and TEMPOH.
The generation of TEMPOH was confirmed by GCMS study (see
ESI). The TEMPOH is readily oxidized by air to regenerate
TEMPO which subsequently abstracts another hydrogen atom
from the intermediate 1a’ to give the final product 2a.

Hy 7}
H : TEMPO TEMPOH
N—-N —
o3 oY
1a . 2;
N-N @

TEMPOH H TEMPO
1a'
[ref. 15]

7} H,0

Scheme 4. Plausible mechanism for the dehydrogenation of
hydrazobenzene.

In summary, we have developed an efficient, metal-free
direct oxidative dehydrogenation for the preparation of
azobenzenes from hydrazobenzenes wusing TEMPO as
organocatalyst in open air for the first time. This methodology
provides a mild, simple, and environmentally benign approach
for the preparation of various azobenzenes. Furthermore, the
utility of the reaction on a gram scale is also demonstrated.

Conflicts of interest

There are no conflicts to declare.

Author Contributions

§ These authors contributed equally.

Acknowledgements

We are grateful to the National Natural Science Foundation of
China (21572198), the Chongging Science & Technology Bureau
(cstc2017zdcy-zdyfx0013), the Applied Basic Research Project
of Yunnan Province (2017FA004, 2018FB021) and Yunnan
Provincial Key Laboratory Construction Plan Funding of

Universities for their financial support.

References

J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins



https://doi.org/10.1039/d0ob00103a

Published on 15 April 2020. Downloaded on 4/16/2020 5:35:06 AM.

1

Organic-& Biomolecular Chemistry

a) K. Hunger, Industrial Dyes: Chemistry, Properties,
Applications; Wiley-VCH: Weinheim (Germany) 2003; b) H.
Zollinger, Color Chemistry: Syntheses, Properties and
Applications of Organic Dyes and Pigments. VCH: New York
1987, 85; c) P. N. D. Ashutosh, J. K. Mehrotra, Colourage,
1979, 26, 25; d) R. D. Athey, Eur. Coat. J., 1998, 3, 146; e) S. H.
Lee, E. Moroz, B. Castagner, J.-C. Leroux, J. Am. Chem. Soc.
2014, 136, 12868; f) A. K. Singh, J. Das, N. Majumdar, J. Am.
Chem. Soc. 1996, 118, 6185.

a) D. R. Kanis, M. A. Ratner, T. J. Marks, J. Chem. Rev. 1994, 94,
195; b) F. Qiu, Y. Cao, H. Xu, Y. Jiang, Y. Zhou, J. Liu, Dyes Pigm.
2007, 75, 454; c) H. Nakazumi, J. Soc. Dyers Colourists 1988,
104, 121; d) N. DiCesare, J. R. Lakowicz, Org. Lett. 2001, 3,
3891; e) K.-C. Chang, I.-H. Su, Y.-Y. Wang, W.-S. Chung, Eur. J.
Org. Chem. 2010, 2010, 4700; f) T. Ikeda, O. Tsutsumi, Science
1995, 268, 1873; g) H. Murakami, A. Kawabuchi, R.
Matsumoto, T. Ido, N. Nakashima, J. Am. Chem. Soc. 2005,
127, 15891; h) A. M. Kolpak, J. C. Grossman, Nano Lett. 2011,
11, 3156; i) I. A. Banerjee, L.-T. Yu, H. Matsui, J. Am. Chem.
Soc. 2003, 125, 9542; j) J. C. Crano, and R. Guglielmetti,
Organic Photochromic and Thermochromic Compounds,
Plenum Press, New York, 1999, pp. 1-9.

a) A. A. John, Q. Lin, J. Org. Chem. 2017, 82, 9873; b) S.
Okumura, C. H. Lin, Y. Takeda, S. Minakata, J. Org. Chem. 2013,
78, 12090-12105; c) Y. Takeda, S. Okumura, S. Minakata,
Angew. Chem. Int. Ed. 2012, 51, 7804-7808; d) C. Zhang, N.
Jiao, Angew. Chem. Int. Ed. 2010, 49, 6174-6177; e) A.
Grirrane, A. Corma, H. Garcia, Science 2008, 322, 1661-1664;
f) W. Lu, C. Xi, Tetrahedron Lett. 2008, 49, 4011-4015; g) S.
Farhadi, P. Zaringhadam, R. Z. Sahamieh, Acta Chim. Slov.
2007, 54, 647.

a) D. Combita, P. Concepciyn, A. Corma, J. Catal. 2014, 311,
339; b) L. Hu, X.-Q. Cao, L. Chen, J.-W. Zheng, J.-M. Lu, X.-H.
Sun, H.-W. Gu, Chem. Commun. 2012, 48, 3445; c) L. Hu, X.-Q.
Cao, L.-Y. Shi, F.-Q. Qi, Z.-Q. Guo, J.-M. Lu, H. Gu, Org. Lett.
2011, 13, 5640; d) H.-Y. Zhu, X.-B. Ke, X.-B. Yang, S. Sarina, H.-
W. Liu, Angew. Chem. Int. Ed. 2010, 49, 9657; e) A. Grirrane,
A. Corma, H. Nat. Protoc. 2010, 11, 429.

a) H. A. Dabbagh, A. Teimouri, A. N. Chermahini, Dyes Pigm.
2007, 73, 239; b) M. Barbero, S. Cadamuro, S. Dughera, C.
Giaveno, Eur. J. Org. Chem. 2006, 4884; c) B. W. Gung, R. T.
Taylor, J. Chem. Educ. 2004, 81, 1630; d) K. Haghbeen, E. W.
Tan, J. Org. Chem. 1998, 63, 4503; e) M. Barbero, I. Degani, S.
Dughera, R. Fochi, P. Perracino, Synthesis 1998, 1235.

a) M. H. Davey, V. T. Lee, R. D. Lee, and T. J. Marks, J. Org.
Chem. 1999, 64, 4976; b) |. D. Entwistle, T. Gilkerson, R. A. W.
Johnstone, R. P. Telford, Tetrahedron 1978, 34, 213; c) R. D.
Haworth, and A. Lapworth, J. Chem. Soc. 1921, 119, 768; d) K.
M. Ibne-Rasa, C. G. Lauro, J. O. Edwards, J. Am. Chem. Soc.
1963, 85, 1165; e) C. Bleasdale, M. K. Ellis, P. B. Farmer, B. T.
Golding, K. F. Handley, P. Jones, W. McFarlane, J. Labelled
Compd. Radiopharm. 1993, 33, 739; f) B. G. Gowenlock, G. B.
Richter-Addo, Chem. Rev. 2004, 104, 3315; g) D. A. Fletcher,
B. G. Gowenlock, K. G. Orrell, J. Chem. Soc. Perkin Trans. 2,
1997, 2201; h) D. J. Berry, I. Collins, S. M. Roberts, H.
Suschitzky, B. J. Wakefield, J. Chem. Soc. C. 1969, 1285; i) Z.-L.
Zhu, J. H. Espenson, J. Org. Chem. 1995, 60, 1326; j) A. Defoin,
Synthesis 2004, 706; k) M. D. Johnson, B. Hornstein, J. Inorg.
Chem. 2003, 42, 6923; 1) D. H. R. Barton, D. J. Lester, S. V. Ley,
J. Chem. Soc. Perkin Trans. 1, 1980, 1212; m) B. C. Yu, Y. Shirai,
J. M. Tour, Tetrahedron 2006, 62, 10303; n) K. Ueno, S.
Akiyoshi, J. Am. Chem. Soc. 1954, 76, 3670; o) C.-T. Tie, J. C.
Gallucci, J. R. Parquette, J. Am. Chem. Soc. 2006, 128, 1162.
a) E. S. Bacon, D. H. Richardson, J. Chem. Soc. 1932, 884; b) C.
O. Henke, O. W. Brown, J. Phys. Chem. 1922, 26, 324; c) H. S.
Fry, P.E. Bowman, J. Am. Chem. Soc. 1930, 52, 1531; d) |I.
Shimao, S. Oae, Bull. Chem. Soc. Jpn. 1983, 56, 643; e) I.

4| J. Name., 2012, 00, 1-3

11

12

13

14

15

Shimao, S. Matsumura, Bull. Chem. Soc. Jpn. 19]6% /ﬂgdezgn%-
f) S. Oae, T. Fukumoto, M. Yamagamj;Bull 168emoSaco et
1963, 36, 601; g) W. M. Cumming, G. S. Ferrier, J. Chem. Soc.
Trans. 1925, 127, 2374; h) H. J. Shine, W. Subotkowski, E.
Gruszecka, Can. J. Chem. 1986, 64, 1108; i) J. Yamamoto, Y.
Nishigaki, M Umezu, Tetrahedron 1980, 36, 3177;j) J. F. Vozza,
J. Org. Chem. 1969, 34, 3219.

a)L. Shi, F. Pan, X.- S. Jia, Y.-L. Wang, Synth. Commun. 2001,
31, 1691; b) E. Drug, M. Gozin, J. Am. Chem. Soc. 2007, 129,
13784; c) W.-M. Gao, Z.-Q. He, Y. Qian, J. Zhao, Y. Huang,
Chem. Sci. 2012, 3, 883; d) L.-S. Bai, X.-M. Gao, X. Zhang, F.-F.
Sun, N. Ma, Tetrahedron Lett. 2014, 55, 4545; e) S. Donck, E.
Gravel, A. Li, P. Prakash, N. Shah, J. Leroy, H.-Y. Li, I. N. N.
Namboothiri, E. Doris, Catal. Sci. Technol. 2015, 5, 4542; f) B.
Dutta, S. Biswas, V. Sharma, N. O. Savage, S. P. Alpay, S. L. Suib,
Angew. Chem. Int. Ed. 2016, 55, 2171; g) L. Wang, A. Ishida, Y.
Hashidoko, M. Hashimoto, Angew. Chem. Int. Ed. 2017, 56,
870.

K.-S. Du, J.-M. Huang, Green Chem. 2019, 21, 1680.

a) M. K. Sahoo, K. Saravanakumar, G. Jaiswal, E. Balaraman,
ACS Catal. 2018, 8, 7727; b) H.-P. Lv, R. D. Laishram, J.-Y. Li,
Y.-Y. Zhou, D.-D. Xu, S. More, Y.-Z. Dai, B.-M. Fan, Green
Chem. 2019, 21, 4055; c) X. Wang, X.-J. Wang, C.-G. Xia, L.-P.
Wu, Green Chem. 2019, 21, 4189.

a) D. Griller, K. U. Ingold, Acc. Chem. Res. 1976, 9, 13; b) L.
Tebben, A. Studer, Angew. Chem. Int. Ed. 2011, 50, 5034; c)
Stable Radicals, R. Hicks John Wiley & Sons, Ltd., Wiltshire,
2010.

a) G. I. Likhtenshtein, J. Yamauchi, S. Nakatsuji, A. I. Smirnov,
R. Tamura, Nitroxides: Applications in Chemistry,
Biomedicine, and Materials Science; Wiley-VCH: Weinheim,
2008; b) A. E. J. De Nooy, A. C. Besemer, H. van Bekkum,
Synthesis 1996, 10, 1153; c) Q. Cao, L. M. Dornan, L. Rogan, N.
L. Hughes, M. J. Muldoon, Chem. Commun. 2014, 50, 4524; d)
R. A. Sheldon, I. W. C. E. Arends, Adv. Synth. Catal. 2004, 346,
1051; e) R. A. Sheldon, I. W. C. E. Arends, G.-J. ten Brink, A.
Dijksman, Acc. Chem. Res. 2002, 35, 774; f) R. A. Sheldon,
Catal. Today 2015, 247, 4; g) L. Tebben, A. Studer, Angew.
Chemie Int. Ed. 2011, 50, 5034; h) T. Vogler, A. Studer,
Synthesis 2008, 1979; i) J. Nicolas, Y. Guillaneuf, C. Lefay, D.
Bertin, D. Gigmes, B. Charleux, Prog. Polym. Sci., 2013, 38, 63;
j) D. Yang, C. Feng, J. Hu, Polym. Chem. 2013, 4, 2384.

a) A. Rahimi, A. Azarpira, H. Kim, J. Ralph, S.S. Stahl, J. Am.
Chem. Soc. 2013, 135, 6415; b) Y.Wu, H. Yi, A.-W. Lei, ACS
Catalysis 2018, 8, 2, 1192; c) Y.-Xi. Chen, L.-F. Qian, W. Zhang,
B. Han, Angew. Chem. Int. Ed. 2008, 47, 9330; d) Z.-Z. Hu, F.
M. Kerton, Org. Biomol. Chem. 2012, 10, 1618; e) B. Han, C.
Wang, R.-F. Han, W. Yu, X.-Y. Duan, R. Fang, X.-L. Yang, Chem.
Commun. 2011, 47, 7818; f) H.-F. Zhuang, H. Li, S. Zhang, Y.-B.
Yin, F. Han, C. Sun, C.-X Miao, Chin. Chem. Lett. 2019,
doi.org/10.1016/j.cclet.2019.06.027 and the references
therein.

a) M. S. Maji, T. Pfeifer, A. Studer, Angew. Chem. Int. Ed. 2008,
47, 9547; b) Y.-X. Chen, L.-F. Qian, W. Zhang, B. Han, Angew.
Chem. Int. Ed. 2008, 47, 9330; c) M. Zhang, C.-L. Chen, W.-H.
Ma, J.-C. Zhao, Angew. Chem. Int. Ed. 2008, 47, 9730; d) B.
Han, C. Wang, R.-F. Han, W. Yu, X.-Y. Duan, R. Fang, X.-L. Yang,
Chem. Commun. 2011, 47,7818; e) S. Murarka, A. Studer, Adv.
Synth. Catal. 2011, 353, 2708; f) B. Zhang, Y.-X. Cui, N. Jiao,
Chem. Commun. 2012, 48, 4498; g) A. Wu, E. A. Mader, A.
Datta, D. A. Hrovat, W. T. Borden, J. M. Mayer, J. Am. Chem.
Soc. 2009, 131, 11985.

a) D. Xue, Y.-Q. Long, J. Org. Chem. 2014, 79, 4727; b) O. C.
Mancheno, T. Stopka, Synthesis 2013, 45, 1602 and the
reference therein.

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 5


https://doi.org/10.1039/d0ob00103a

Page 5 of 5

Published on 15 April 2020. Downloaded on 4/16/2020 5:35:06 AM.

Organic & Biomolecular Chemistry
View Article Online
DOI: 10.1039/DOOB0O0103A

TEMPO Catalyzed Oxidative Dehydrogenation of Hydrazobenzenes to
Azobenzenes

Haiping Lv,>$ Ronibala Devi Laishram,*$ Yong Yang*? Jiayan Li,* Dandan Xu,® Yong Zhan,* Yang
Luo,* Zhimin Su,* Sagar More,® and Baomin Fan*b<

Graphical Abstract:

TEMPO= ; N ;
r.
cat. TEMPO o
— _N * Metal-free
EtOH, Air N * Additives free
* Mild condition

* Environmently benign
* High yields
* 15 examples
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