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A method for the synthesis of quinolines from cheap and readily available 2-nitrobenzyl alcohol
without a transition-metal catalyst in water has been developed, providing a convenient method
for accessing quinolines. The reaction features an intramolecular redox process, which generates
the key intermediate leading to product formation.
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Quinoline scaffold exists widely in natural products and drug
molecules.' Due to its importance, several name reactions, e.g.
Skraup,2 Doebner Miller,3 Conrad-Limpach,2 Gould-Jacobs,4
Knorr® and Friedlinder synthesis,” have been developed to access
quinoline compounds.® In the Friedlinder < synthesis, 2-
aminobenzaldehyde, which is unstable” and is generally formed
in-situ by the reduction of 2-nitrobenzaldehyde with
stoichiometric Fe/HCl,8 is used to react with ketones. Recent
development of Friedldnder synthesis has allowed the use of
relatively stable 2-aminobenzyl alcohol as a precursor, which
generates 2-aminobenzaldehyde through transition metal or base
catalysed hydrogen transfer to ketone substrates.” Very recently,
Jiang and co-workers reported the use of stable and easily
available 2-nitrobenzyl alcohol as a precursor via a Ru catalysed
hydrogen transfer strategy to synthesise quinolines at 150 °C.!0
Herein, we disclose our finding that 2-nitrobenzyl alcohol could
react with ketones to form quinolines without any transition
metal catalysts with water as solvent (Scheme 1).
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Scheme 1. Synthesis of quinolines via metal-catalysed and metal-free
reactions.

Our initial idea was to use a metal catalyst and an alcohol as
reductant to promote the reaction of 2-nitrobenzyl alcohol with a

ketone to form quinolines. The reaction between 2-nitrobenzyl
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of the quinoline product from them could be easily monitored by
'"H NMR with an internal standard.

Table 1 Screening of reaction conditions”
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Entry Base Solvent T (°C) Yield(%)"
1 NaOH Isopropanol 90 5
2 CH;COONa Isopropanol 90 0
3 KoCOs Isopropanol 90 0
4 N(Et)3 Isopropanol 90 0
5 t-BuOK Isopropanol 90 10
6 DBU Isopropanol 90 0
7 t-BuOK EtOH 90 15
8 t-BuOK Pentanol 90 7
9 t-BuOK 1,4-dioxane 90 0
10 t-BuOK DMF 90 0
11 t-BuOK DMSO 90 0
12 t-BuOK H,0 90 22
13 t-BuOK H,0 120 35
14¢ t-BuOK H,0 120 49
15 -BuOK H,0 120 13
16° t-BuOK H,0 120 54
17 KOH H,0 120 53
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* Reaction condition: 2-nitrobenzyl alcohol (0.5 mmol), 2a (1.0 mmol),
base (0.5 mmol), solvent (3 mL), 90 °C, 12 h, under Ar.
®The yields were determined by '"H NMR with 1,3,5-trimethoxylbenzene as
internal standard.

¢ Reaction performed using 2 equivalents of /-BuOK.

¢ The reaction was performed with the addition of 5 mol% of the phase
transfer catalyst tetrabutylammonium chloride.

¢ The reaction time was 24 h.

Various transition-metal catalysts, including iridicyles
developed in our group,'' was tested for the model substrates
with isopropanol as solvent and NaOH as base at 90 °C for 12 h.
The quinoline product was indeed observed, albeit with low yield
(ca. 5% for all the metal catalysts tested, see Table S1).
Surprisingly, running a background reaction revealed that the
formation of the quinoline product did not require any transition
metal catalysts (Table 1, entry 1). However, the addition of
NaOH (1 equivalent) is essential for the product formation. As
base promoted reduction reactions have been reported,' the
effect of different bases was then examined (Table 1, entries 1-6).
A strong base, +-BuOK, improved the yield to 10% (Table 1,
entry 5). Various solvents were then screened with -BuOK as
base (Table 1, entries 7-12), and the results showed that the
desired product was obtained only in alcohols and water, with
water giving the highest yield (Table 1, entry 12). By increasing
the reaction temperature to 120 °C, the yield could be further
improved to 35% in 12 h (Table 1, entry 13). With 2 equivalents
of -BuOK at 120 °C, the yield of desired product rose to 49%
(Table 1, entry 14). When the amount of propiophenone was
decreased to 1 equivalent, the reaction also took place, but the
yield was lower than that with 2 equivalents (Table 1, entry 15).
Prolonging the reaction time to 24 h led to full conversion of 2-
nitrobenzalcohol, with the quinoline product isolated in 54%
yield (Table 1, entry 16). Analysis of the reaction mixture
revealed that ca. 37% of 2-aminobenzoic acid was formed. As ¢-
BuOK will react with water to form KOH and r-BuOH, KOH
was tested as a base in water and a similar of 53% was obtained
(Table 1, entry 17).

Although the yield of the quinoline product was not high, the
by-product could be easily separated from the desired product via
simple extraction. Therefore we thought it was worth examining
the substrate scope of this protocol. The results are shown in
Table 2. The steric and electronic nature of substituents on the
aromatic ring of aryl ketones affects the activity of the reaction.
Aryl ketones with electron’ withdrawing para-substituents
generally showed higher activities than ones with electron
donating groups (Table 2, entries 2-9). Thus, over 60% of
isolated yields were obtained for 4-Br and 4-CF; substituted
substrates (Table 2; entries 8, 9). Substituents at meta-position to
the carbonyl group on the aromatic ring decrease the activity of
the reaction (Table 2, entries 10, 11) and only a trace amount of
product was formed with ortho-substituted substrates. Sulfur
containing substrates were tolerated (Table 2, entries 5 and 12).
These might be difficult for transition metal catalysed reactions
as the sulfur atom might poison the metal catalysts. The protocol
is also viable for the sterically bulky 2-naphthyl acetophenone,
albeit with low yield (Table 2, entry 13). However, the protocol
is not applicable to aliphatic ketones, as only trace yield was
obtained. Aromatic ketones other than methyl ketones also
reacted, but with lower yield than the corresponding methyl
ketones, probably due to their increased steric hindrance (Table 2,
entries 1, 14). The practical usefulness of this method is
demonstrated by a gram scale reaction of 2-nitrobenzyl alcohol
with 4-bromoacetophenone (Scheme 2).

The mechanism of the reaction was next studied. It was
reported that -BuOK could react with organic molecules to
generate radicals.”® Thus, experiments were carried out to check
the possibility of a radical pathway for the reaction. The addition

of radical scavengers, such as TEMPO and BHT, did not inhibit
the model reaction (Scheme 3), which suggests that the reaction
may not proceed via radical intermediates. The drop of yields
might stem from the disturbance of the physical mixture of
substrates by the additional reagents, as these compounds all
have small solubility in water. It was reported that nitro groups
could be reduced to amino groups with alcohols in the presence
Table 2 Synthesis of quinolines in water”
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*Reaction conditions: 2-nitrobenzyl alcohol (0.5 mmol), ketone (1.0 mmol),
t-BuOK (1.0 mmol), H>O (3 mL), 120 °C, 24 h, under Ar.
® Isolated yield.
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Scheme 2. Gram scale preparation of quinoline.
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Scheme 3. The effect of radical scavengers. Reaction conditions: 2-
nitrobenzyl alcohol (0.5 mmol), radical scavenger (0.5 mmol), 2a (1.0
mmol), -BuOK (1.0 mmol), H,O (3 mL), 120 °C, 24 h, under Ar.
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Scheme 4. Intramolecular vs intermolecular hydrogen transfer.
of bases.'® Thus, we carried out an experiment in the absence of
ketone substrate under standard conditions to see if the key
intermediate 2-aminobenzaldehyde could be isolated.< 2-
nitrobenzalcohol was converted to 2-aminobenzoic acid instead
of 2-aminobenzaldehyde in 56% yield with 2 equivalents of t-
BuOK in water at 120 °C for 24 h under Ar atmosphere (Scheme
4). The formation of 2-aminobenzoic acid might result from the
Cannizzaro reaction of 2-aminobenzaldehyde. intermediate,
which may be formed by intramolecular hydrogen transfer
mediated by the base (Scheme 5, from 1 to 5). Subjecting 5 to the
standard conditions, no reaction took place, indicating 5 is not an
intermediate for quinoline formation but rather a by-product.
Interestingly, little intermolecular reaction took place between
nitrobenzene and benzyl alcohol under standard conditions for 24
h (Scheme 4), indicating that the reduction process is initiated by
an intramolecular hydrogen transfer process. In the presence of a
ketone substrate, the 2-aminobenzaldehyde intermediate will
undergo an aldol reaction with the ketone substrate under basic
conditions followed by cyclisation to form the quinoline product
(Scheme 5)249kom14

In conclusion, a transition-metal-free protocol for the
synthesis' of quinolines starting from cheap and stable 2-
nitrobenzyl alcohol with water as solvent has been developed.
The reaction is initiated by an intramolecular hydrogen transfer
process promoted by a base. This protocol provides a simple

H,O, 120 °C 24 h

1 mmol

approach for the preparation of synthetically important
quinolines.
Acknowledgments

We are grateful for the financial support of the National
Natural Science Foundation of China (21473109), the Program
for Changjiang Scholars and Innovative Research Team in

O
OH
Ol
NH,
5 2

1, £BUOK

Con ok,
NO,

NR! NH,
Scheme 5. Proposed reaction mechanism.

University (IRT_14R33), the 111 project (B14041), Shaanxi
Provincial Natural® Science Foundation (2014JQ2048), the
Fundamental Research. Funds for the Central Universities
(GK261001316, GK261001329, GK261001095), the Program for
Key Science and Technology Innovative Team of Shaanxi
Province (2012KCT-21 and 2013KCT-17), and the Scientific
Research Foundation for the Returned Overseas Chinese
Scholars, State Education Ministry.

References and notes

1. (a) Michael, J. P. Natural Product Reports 2008, 25, 166; (b) Kaur,
K.; Jain, M.; Reddy, R. P.; Jain, R. Eur. J. Med. Chem. 2010, 45,
3245; (c) Vandekerckhove, S.; D’hooghe, M. Bioorg. Med. Chem.
2015, 23, 5098; (d) Fitch, C. D. Life Sci. 2004, 74, 1957.

2. Wang, Z. In Comprehensive Organic Name Reactions and
Reagents; John Wiley & Sons, Inc.: 2010.

3. Yamashkin, S.; Oreshkina, E. Chem. Heterocycl. Compd. 2006, 42,
701.

4. Li,J. In Name Reactions; Springer Berlin Heidelberg: 2009, p 263.

5. (a) Cheng, C. C.; Yan, S. J. In Organic Reactions; John Wiley &
Sons, Inc.: 2004; (b) Li, J. In Name Reactions; Springer Berlin
Heidelberg: 2009, p 238; (c) Wu, J.; Xia, H. G.; Gao, K. Org.
Biomol. Chem. 2006, 4, 126.

6.  (a) Barluenga, J.; Rodriguez, F.; Fafiands, F. J. Chem. Asian J.
2009, 4, 1036; (b) Prajapati, S. M.; Patel, K. D.; Vekariya, R. H.;
Panchal, S. N.; Patel, H. D. RSC Adv. 2014, 4, 24463.

7. Thummel, R. P. In Encyclopedia of Reagents for Organic
Synthesis; John Wiley & Sons: 2001.

8. (a)Li, A. H.; Ahmed, E.; Chen, X.; Cox, M.; Crew, A. P.; Dong,
H. Q.; Jin, M.; Ma, L.; Panicker, B.; Siu, K. W; Steinig, A. G.;
Stolz, K. M.; Tavares, P. A. R.; Volk, B.; Weng, Q.; Werner, D.;
Mulvihill, M. J. Org. Biomol. Chem. 2007, 5, 61; (b) Li, A. H.;
Beard, D. J.; Coate, H.; Honda, A.; Kadalbajoo, M.; Kleinberg, A.;
Laufer, R.; Mulvihill, K. M.; Nigro, A.; Rastogi, P.; Sherman, D.;
Siu, K. W_; Steinig, A. G.; Wang, T.; Werner, D.; Crew, A. P.;
Mulvihill, M. J. Synthesis 2010, 2010, 1678.

9. (a) Cho, C. S.; Kim, B. T.; Kim, T. J.; Shim, S. C. Chem. Commun.
2001, 2576; (b) Martinez, R.; Brand, G. J.; Ramoén, D. J.; Yus, M.
Tetrahedron Lett. 2005, 46, 3683; (c) Martinez, R.; Ramén, D. J.;
Yus, M. Tetrahedron 2006, 62, 8988; (d) Martinez, R.; Ramén, D.
J.; Yus, M. Eur. J. Org. Chem. 2007, 2007, 1599; (e) Vander
Mierde, H.; Van Der Voort, P.; De Vos, D.; Verpoort, F. Eur. J.
Org. Chem. 2008, 2008, 1625; (f) Cho, C. S.; Ren, W. X.; Shim, S.
C. Bull. Korean Chem.Soc 2005, 26, 1286; (g) Cho, C. S.; Ren, W.
X. J. Organomet. Chem. 2007, 692, 4182; (h) Taguchi, K.;
Sakaguchi, S.; Ishii, Y. Tetrahedron Lett. 2005, 46, 4539; (i) Cho,
C. S.; Ren, W. X.; Yoon, N. S. J. Mol. Catal. A: Chem. 2009, 299,



Tetrahedron

117; (j) Seok, H.J.; Shim, S. C.; J. Heterocyclic Chem. 2005, 42,
1219; (k) Mierde, H. V.; Voort, P. V. D.; Verpoort, F.
Tetrahedron Lett. 2008, 49, 6893; (1) Martinez, R.; Ramon, D. J.;
Yus, M. J. Org. Chem. 2008, 73, 9778; (m) Zhu, Y.; Cai, C. RSC
Adv. 2014, 4, 52911.

Xie, F.; Zhang, M.; Chen, M.; Lv, W.; Jiang, H. Chemcatchem
2015, 7, 349.

(a) Wei, Y. W.; Xue, D.; Lei, Q.; Wang, C.; Xiao, J. L. Green
Chem. 2013, 15, 629; (b) Wei, Y.; Wang, C.; Jiang, X.; Xue, D.;
Li, J.; Xiao, J. L. Chem. Commun. 2013, 49, 5408; (c) Lei, Q.;
Wei, Y. W.; Talwar, D.; Wang, C.; Xue, D.; Xiao, J. L. Chem. Eur.
J. 2013, 19, 4021; (d) Wang, C.; Pettman, A.; Bacsa, J.; Xiao, J. L.
Angew. Chem. Int. Ed. 2010, 49, 7548.

(a) Polshettiwar, V.; Varma, R. S. Green Chem. 2009, 11, 1313; (b)
Ouali, A.; Majoral, J.-P.; Caminade, A.-M.; Taillefer, M.
Chemcatchem 2009, 1, 504; (c) Srinivasan, S.; Manisankar, P.
Synth. Commun. 2011, 41, 1338; (d) Sabater, S.; Mata, J. A.; Peris,
E. ACS Catal. 2014, 4, 2038; (e) Wang, D.; Deraedt, C.; Ruiz, J.;
Astruc, D. J. Mol. Catal. A: Chem. 2015, 400, 14; (f) Lv, M. F.;
Lu, G. P.; Cai, C. Asian J. Org. Chem. 2015, 4, 141.

(a) Yanagisawa, S.; Ueda, K.; Taniguchi, T.; Itami, K. Org. Lett.
2008, 10, 4673; (b) Liu, W.; Cao, H.; Zhang, H.; Zhang, H.;
Chung, K. H.; He, C.; Wang, H.; Kwong, F. Y.; Lei, A. J. Am.
Chem. Soc. 2010, 132, 16737, (c) Sun, C. L.; Li, H.; Yu, D. G.;
Yu, M.; Zhou, X.; Lu, X. Y.; Huang, K.; Zheng, S. F.; Li, B. J.;
Shi, Z. J. Nat. Chem. 2010, 2, 1044; (d) Shirakawa, E.; Itoh, K.;
Higashino, T.; Hayashi, T. J. Am. Chem. Soc. 2010, 132, 15537;
(e) Studer, A.; Curran, D. P. Angew. Chem. Int. Ed. 2011, 50,
5018; (f) Studer, A.; Curran, D. P. Nat. Chem. 2014, 6, 765 (g) Yi,
H.; Jutand, A. Lei, A. Chem. Commun. 2015, 51, 545.

Bharate, J. B.; Vishwakarma, R. A.; Bharate, S. B. RSC. Adv.
2015, 42020.



