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Abstract: Noncovalent organocatalysed epoxidation of ylideneoxindoles is experimentally,
theortically and technologically importance. Stereoselective epoxidation for ylideneoxindole
cyclohexane-1,3-diones have been successfully designed. Spiro compounds have been formed with
two adjacent new stereocentres. The transition state created by H-bonding between bifunctional
catalyst and substrate. This procedure is permit to synthesize wide variety of functional groups and
gives excellent yields. Furthermore, the bifunctional catalyst could be reused and recovered.
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Introduction

One of the most functional group in organic chemistry is the epoxy'. The epoxy group is
highly reactive and has ability to react with nucleophiles to make this function a unique tool
for the induction for two adjacent stereogenic centers”. Excellent diastereo-, regio-, chemo-
and enantioselectivity products have been developed’. Oxirane has high ring strain and
valuable precursors for scope of small molecules and polymers®. Spiro-epoxyoxindoles
derivatives have been reported to have different kind of skeleton with important biological
activities®. Isatin (1H-indole-2,3-dione) derivatives are highly used in the field of medicinal
chemistry. There is more demand for new agents associated with mycobacterium
tuberculosis (MTB), the causative bacterium of tuberculosis’. Some examples of substituted
oxiranes have been examined as antitubercular agent’. We have focused on the potential of
tert-butylhydroperoxide (TBHP)® as an excellent reagent in epoxydation. TBHP is a milder
oxidant and a less explosive9 than H,0,.

Experimental

Melting points were taken in open capillaries tubes. Formation of the compounds were
monitored by TLC using silica gel ‘G’ and the spots were exposed to iodine vapours and UV
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chamber for visualization. The purification of the synthesized compounds was done by column
chromatography. The FT-IR spectra were recorded on KBr discs in the range of 400-4000 cm™
with scan rate of 20 per spectrum on a Shimadzu FT-IR 8400 S instrument. The 'H NMR
spectra were recorded on 400 MHz and C NMR spectra were recorded on 100 MHz on
Bruker Advance-1I-400 in DMSO-dg using TMS as an internal standard on & scale. The
enantioselectivities were determined by HPLC analysis on chiral stationary phase (TSP spectra
series P200, UV detector at A =254 nm, using Daicel Chiralpack IC column and Daicel
Chiralpack IA column). GCMS data with scan rate 709 using C:\GCMS data\instrument
method\DIPMS in methanol. The reagent grade chemicals were purchased from the
commercial sources and purified by either distillation or recrystallization before use.

General method for the synthesis of compounds (entries 1-13)

We describe herein the organocatalytic epoxidation of ylideneoxindoles (A), which are
olefins bearing three electron withdrawing groups at vicinity of the double bond. We have
investigated successfully the oxidation to form the spiro (oxirane-oxindole) derivatives (B)
and (C) promoted by (S)-diphenyl(pyrrolidin-2-yl)methanol derivatives as bifunctional
catalysts. (Table 1, entries 1-13, Scheme 1).
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Scheme 1. Synthesis of compounds

Table 1. Epoxidation reactions affect by organocatalyst and solvent

Entry Catalyst Solvent mL Time, h Yield, %" ee, %"

1 P Hexane 1.0 15 92 80
2 P CH;CN 0.5 180 72 62
3 P CHCI; 0.5 175 70 60
4 P DMSO 1.5 230 65 65
5 P EtOH 1.5 172 62 55
6 P Hexane 0.5 12 88 71
7 P Hexane 2.5 32 92 82
8 P Hexane 3.5 72 85 77
9 P Hexane 2.0 24 90 80
10 Q Hexane 2.0 38 82 65
11 R Hexane 2.0 72 93 42
12 S Hexane 2.0 98 88 55
13 T Hexane 2.0 130 75 70

Bifunctional organocatalyst has chirality which exhibit different outcomes when
employed as catalysts P-V (Figure 1 & Table 2) and initially employed as organocatalysts
(25 mol%) to promote the epoxidation of an olefin, ylideneoxindole (A). We selected tert-
butylhydroperoxide (TBHP) to act an oxidant using hexane as a solvent (Figure 1).
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Table 2. Bifunctional organocatalyst
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Figure 1. Bifunctional catalyst
examined with different groups

We have used catalyst (S)-diphenyl(pyrrolidin-2-yl)methanol to get the spiro-epoxide
with H-bonding (good enantioselectivity 80% ee, entry 1), if we use CH;CN as solvent the
to produce the spiro-epoxide with less enantioselectivity (62% ee, entry 2) because of the
solvent polarity. By using more hindered ‘Bu (S)-diphenyl(pyrrolidin-2-yl)methanol ® (entry
11) it produced decrease enantiomeric excess (ee). Such results provide strong support to
take free OH group in the catalyst which confirm H-bond framework with both the substrate
and the reagent. Further evidence, if CF; group (EWGs) is introducted both aromatic ring of
the catalyst which should have to encourage H-bond formation. On this basis different
subsequent reaction condition was performed with an inexpensive (S)-
diphenyl(pyrrolidin-2-yl)methanol (P), if more hexane was added, the results were
unexpected to stipulate the most favourable enantioselectivity'® (entry 7).

Developed reaction conditions were obtained by using the parallel ylideneoxindoles
1(a-j), which were different substitutions at R1, R2 and R3 on the (S)-diphenyl(pyrrolidin-2-
yl)methanol (Scheme 2). These outcomes are concise in Table 3.
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Table 3. Substrate scope reaction parameters

Entry Reagents X Y Z Time, h  Yield, %° ee, %°
1 1a H H H 16 93 85
2 1b CH; H H 76 85 80
3 1c CHs H H 42 82 72
4 1d CH; H F 20 90 75
5 1le H F H 10 85 65
6 1f H Cl H 11 87 72
7 1g H Br H 14 90 73
8 1h H CF; H 6 71 65
9 1i H H CF; 13 81 73
10 1j H H CH;0 22 91 75

The experimental evidences, theoretical calculations and the product obtained could be
explained in the Scheme 3 (Reaction mechanism).
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Product (C)

Product (D)

Scheme 3. Reaction mechanism (Postulate mechanism)

Results and Discussion

We have proposed the following steps of the scheme: (i) the reaction between the catalyst
and TBHP and form the tight ion pair 2; (ii) the first nucleophilic attack of 2 on
ylideneoxindoles substrate is promoted by both the formation of a stabilizing H-bond
between the OH catalyst and intermediate aromatization; (iii) thus, the substrate and reagent
interaction is preferentially toward the less-hindered double bond side, resulting
intermediate form and (iv) two products were obtained in the form of oxirane, one is more
stable due to H-bonding.

Effect of sodium salt

We have also used sodium chloride in this reaction. We have observed that sodium salt has
to be broken by the H-bonding between the substrate 3',3'-dichloro-1-methylspiro(indoline-
3,2'-oxiran)-2-one and catalyst (S)-diphenyl(pyrrolidin-2-yl (0.02 mmol) methanol but not
observed in the substrate 3',3'-dichlorospiro(indole-3,2'-oxiran)-2-ol substrate (Figure 2).
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Figure 2. Effect of Na salt on the reaction

Computational details

Now a days DFT calculation has more importance in getting refined results on molecular
geometry, electronic properties and optical behavior of systems, in the absence of single
crystal XRD data. Possible structure of ®-3’,3’-dichlorospiro(indole-3,2’-oxiran)-2-ol (with
H-bonding) molecule is investigated with B3LYP/6-31""G level''. The geometry
optimization of these methods yields a 3-D structure as the stable form (Figure 3).
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Figure 3. Optimized molecular structural parameters by B3LYP methods with 6-317G
basis set
Conclusion

The present investigation shows a facile access to highly reactive spiro compounds as potent
scaffolds for drug design and it is crucial to understand the geometry or action of the target
compound. These compounds have been characterized by FT-IR, 'H NMR, “C NMR and
HRMS. The DFT theory has been successfully employed using B3LYP/6-31*"G basis sets.
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