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Abstract : In the current manuscript demonstrates biodegradable deep eutectic solvent ([Ch][CI]-Urea) mediated Henry reaction
of a variety of isatins with nitroalkanes at room temperature to afford, 3-hydroxy-3-(nitroalkyl)-oxindoles in very good vyields.
The developed reaction is found general which tolerated variety of functional groups like alkyl, phenyl and halides. Furthermore
the developed method is column chromatography free protocol which has afforded sufficiently pure compounds just by filtration
process without employing aqueous work-up extraction step. Moreover the high diastereoselectivity can also be achieved without
using catalyst or chiral mediator. Wide scope of substrates with high yields and mild reaction condition are the notable features of
our protocol. The developed method may be useful in the synthesis of hew natural products and biologically important 3-hydroxy
oxindole analogues under mild reaction conditions.
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l. INTRODUCTION

The Henry reaction which is also known as nitroaldol reaction is a Carbon-Carbon bond formation reaction of nitroalkanes
and carbonyls under basic conditionl. Reactions of nitroalkanes with isatins under Henry/nitroaldol reaction are explored to
afford 3-Nitroalkyl substituted 3-hydroxy-oxindole framework. These frameworks not only have an interesting molecular
architecture, but also have a densely functionalized core and exhibit significant bioactivities2. Furthermore this framework also
has been explored as an key precursor in the preparation of natural products and biologically active molecules. Representative
examples include horsfiline, coerulescine, spirobrassinin, phytoalexins and 3-f3 amino-2-oxindoles (Figure 1).
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Figure 1: Representatives examples of compounds obtained from 3-nitroalkyl substituted 3-hydroxy-oxindole precursor

The Michael addition reaction of oxindole and nitro olefins also affords 3-nitroalkyl substituted 3-hydroxy-oxindole framework.
These frameworks are also successfully utilized for the preparation of naturally important hexahydropyrrolo[2,3-b]indole unit.
Due to such importance of 3-nitroalkyl substituted 3-hydroxy-oxindole framework in the synthesis of natural products and
biologically active compounds, it is attractive to develop a mild and efficient method to synthesize such a molecular framework.
Till now different approaches have been reported to synthesize 3-nitroalkyl substituted 3-hydroxy-oxindole framework. The direct
addition of nitroalkanes to isatins using Henry reaction is very. Straightforward and classical approach used to synthesize this
framework. These different methods used to synthesis 3-nitroalkyl substituted 3-hydroxy-oxindole frameworks are summarized
here. Lindwall et al® reported the first synthesis of 3-nitroalkane substituted 3-hydroxy oxindole by using Henry reaction of
nitromethane with N-alkyl isatin in the presence of diethylamine in ethanol at 0°. After this report, Chen et al*, Palmisano et al®,
Meshram et al®” also reported the Henry reaction of nitromethane with isatin to afford 3-nitroalkane substituted 3-hydroxy
oxindole. Michail et al® carried out Henry reaction using sodium iodide in methanol under electrochemical reaction set-up. Liu et
al® reported asymmetric version of Henry reaction of nitroalkane with isatin to synthesis enantioselective 3-nitroalkane substituted
3-hydroxy oxindole was reported by using cupreine catalyst in 2011. Later in the same year Li et al*® and Likhar et al'! also
reported the enantioselective Henry reaction to afford chiral 3-nitroalkane substituted 3-hydroxy oxindole under different reaction
conditions.
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The physical and solvent properties of Deep eutectic solvents have are matching with ionic liquids having discrete ions. Abbott et
al'? have done pioneering work on Deep eutectic solvents obtained from choline chloride. Choline or its deep eutectic mixture is
found to be environmental friendly biodegradable compound 3. Furthermore, Urea is important precursor of all animals. In the
context of the inexpensiveness of these two components, the processes that such ([Ch][CI]-Urea) based deep eutectic solvent will
be defiantly treated as economically viable method. lonic liquids no more treated as green solvents as they are equally toxic like
organic solvents!*%®, The best solution to overcome toxic effect is to use deep eutectic solvent. Yet, the many organic reactions
have not tested in deep eutectic solvent. In this context, we have explored the choline chloride ([Ch][CI])-Urea based DES for the
Henry reaction between isatin and nitroalkane to afford 3-nitroalkyl substituted 3-hydroxy-oxindole framework.

Il. GENERAL METHOD:

Preparation of ([Ch][CI])-Urea based Deep Eutectic Solvent:
The choline chloride -Urea based DES was prepared by mixing 1: 2 mol ratio of choline chloride and urea respectively. The mixture
was heated at 74 °C to get a clear solution of DES.

General procedure for ([Ch][CI])-Urea based DES mediated synthesis of 3-(nitroalkane) substituted, 3-hydroxy oxindole:
In the 10 ml choline chloride -Urea based DES, isatins (1a-f) (1.0 mmol) were added. To the above reaction mixture, nitroalkane
(2a-b) (2mmol) were added under nitrogen atmosphere. This reaction mixture was further stirred at desired time at RT. After the
reactin, the reaction mixture was filtered to obtain the crude solid products. The residue was dried, purified by column
chromatography and subjected for structure elucidation. The filtrate obtained was ([Ch][CI])-Urea based DES which was dried by
applying vacuum and reused in next reaction. The crude products were having good purity which were further purified by column
chromatography using ethyl acetate:hexane (1:3 to 1:1) as eluent.

I11. RESULTS AND DISCUSSION

As our interest and expertise in this area 6, we visualize that the Henry reaction of isatin with nitroalkane might be readily
proceed without use of additional catalyst under basic ([Ch][CI])-Urea based DES. This is because carbon atom of B-carbonyl
group of isatin is electron deficient and become soft target for nucleophiles. In literature, no method is described for the Henry
reaction of isatin with nitroalkane using ([Ch][CI])-Urea based DES. Hence, herein, we disclose results of the initial study of
([Ch][CI])-Urea based DES mediated Henry reaction of isatin and nitroalkane. (Scheme 1).
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Scheme 1 Synthesis of 3-hydroxy-3-(nitroalkyl)-oxindole derivative

We starts this study by reacting isatin with nitromethane using 10 ml ([Ch][CI])-Urea based DES. At the beginning, the
reaction mixture was red in colour. After 20 minutes, we observed the formation of buff white precipitate in the round bottom
flask. We have isolated the obtained buff white precipitate by filtration. The obtained solid was dried, purified and submitted for
structure elucidation. The filtrate obtained was (JCh][CI])-Urea based DES which was dried by applying vacuum and reused in
next reaction. After obtained characterization data and comparison of it with reported data, the formation of 3-hydroxy-3-
(nitromethyl) indolin-2-one was confirmed. This results shows that, choline chloride ([Ch][CI])-Urea based DES is sufficient for
Henry reaction between isatin and nitroalkane to afford 3-nitroalkyl substituted 3-hydroxy-oxindole framework under catalyst-
free condition. With these promising results in hand, we tested the substrate scope of different isatin and nitroalkanes Range of
isatin derivatives bearing halogen atom underwent smooth reaction with nitromethane and resulted into corresponding products in
very good yields. Encouraged by the above results we next reacted N-methyl/phenyl protected isatins with nitro methane and nitro
ethane which showed expected results (Table 1).

Table 1 Synthesis of 3-hydroxy-3-(nitroalkyl)-oxindole derivatives

Entry Isatin (1a-f) Nitroalkane (2a- Product (3a-i) Time Yield®
b) (min) (%)
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2 Reactions condition : All reactions were performed with isatins 1(a-f) (Immol), nitroalkane 2(a-b) (2 mmmol) in 10 ml
([Ch][CI])-Urea based DES at room temperature. ° Isolated yields of purified products. * Inseparable mixture of diasteromers,
threo:erythro ratio written in parentheses.

The tentative mechanistic pathway proposed for the ([Ch][CI])-Urea based DES mediated Henry reaction of isatins is shown
in Scheme 2. We reasoned that, ([Ch][CI])-Urea based DES works dually as a solvent and mild base to form nitroalkyl anion [A].
This nitroalkyl anion (azinate) attack on carbon atom of B-carbonyl group of isatin to provide desired product. We assume that,
due to the distinctive basicity and polarity associated with ([Ch][CI])-Urea based DES, it efficiently forms and stabilise nitroalkyl
anion and hence resulted in to the high yields of products.
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Scheme 4: Proposed mechanistic pathway of DES mediated Henry reaction of Isatin.

1VV. CONCLUSION

In conclusions, we demonstrated an efficient Henry reaction of a variety of isatins with nitroalkanes in ([Ch][CI])-Urea based
DES at room temperature. Desired products, 3-hydroxy-3-(nitroalkyl)-oxindoles, were obtained in very good yields with high
diastereo selectivity in some cases without using catalyst or chiral mediator. The developed reaction is found general which
tolerated variety of functional groups like alkyl, phenyl and halides. Furthermore the developed method is column
chromatography free protocol which has afforded sufficiently pure compounds just by filtration process without employing
aqueous work-up extraction step. Wide scope of substrates with high yields and mild reaction condition are the notable features of
our protocol. The developed method may be useful in the synthesis of new natural products and biologically important 3-hydroxy
oxindole analogues under mild reaction conditions.
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