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Continuous Flow Telescopic Oxidation of Alcohols via Generation of Chlorine
and Hypochlorite

Y. Sharma®b, S. Moolya®, R. A. Joshi¢ and A. A. Kulkarni*ab

S1: Continuous synthesis of Sodium hypochlorite: The commercially available bleach requires storage
temperature of 2 to 8 °C, and its strength decrease over the time as it slowly evolves Cl, gas. NaOCl
decomposes to NaCl and NaClO; because of its highly unstable nature. So each time before using it, one
has to check the strength of this commercially available hypochlorite, which changes over the time and
results will be non-reproducible. To overcome this reapeatative titration at each stage and for
reproducibility of results, insitu generated hypochlorite is the best alternative. For a fixed flow rate of
chlorine, the flow rate of NaOH and its concentration in water was varied to obtain hypochlorite of
various strengths. Homogeneous oxidations needed low strength hypochlorite however for bi-phasic
oxidation reactions solution of relatively higher strength was needed to reduce the diffusion limitations.
Initially NaOH of different concentrations (5 — 20%) was used, of which 10% solution resulted in gives
maximum strength of NaOClI for a fixed residence time. It required pH of 13 for the stability.

Table 1: Effect of NaOH % on pH and strength of hypochlorite at 2 °C at a fixed residence time

NaOH % pH strength %
5 5.11 5.83
10 13.04 7.20
15 13.05 2.06
20 13.47 0.75

In another set of experiments, in order to maintain identical flow regime during these experiments, flow
rates of chlorine and NaOH solution were maintained constant while the residence time was varied by
changing reactor volume.
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Figure 1: Effect of residence time on hypochlorite strength: (A) For a fixed reactor volume (12 mL) NaOH flow rate
was varied in range of 4 to 20 mL/min, (B) Reactor volume was changed from 4 ml to 38 mL at a constant flow rate
of NaOH 4mL/min. (flow rate of Cl, was 51 mL/min, ice cold condition for both cases),



Longer residence time was seen to result in higher strength hypochlorite as it helped reduce the extent
in rise in local temperature due to this exothermic reaction. A 4 ml reactor resulted in only 2% strength
solution of hypochlorite in 5 s while in a 38 ml reactor that the solution strength is 11.52% with a
residence time of 36 s. Thus longer residence time can help to achieve high strength hypochlorite.
However the stability of the solution also depends on pH. It was observed that while one can use higher
strengths of NaOH solutions for this reaction depending upon pH the strength of solution may decrease
rapidly. In our experiments we had observed that for TEMPO mediated oxidation of alcohols pH of the
solution should be in range of 9 to 9.8. For acidic pH, over-oxidation happens and acid forms as major
product while at higher pH no reaction takes place. For pH adjustment, saturated sodium-bicarbonate
solution was used which decreases hypochlorite

S2: IR spectra, NMR and GCMS spectra for various substrates and products are reported here.

1) Octanal (2a)

2) Decanal (2b)

3) Undecanal (2¢)

4) 3-octanone (2d)

5) P-methoxy benzeldehyde (2e)

6) Citral ( geranial 2f and neral 2f”)
7) Benzeldehyde (2g)

8) 2-bromobenzeldehyde (2h)
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GCMS of Impurity:

Impurity formed during octanol oxidation
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