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An efficient L-leucinol catalysed asymmetric synthesis of 3-
substitued-3-hydroxyoxindoles was for the first time completed
under continuous flow, providing a safer route for accelerating
the reaction at higher temperatures without adversely affecting
enantioselectivity. Initial batch solvent screening of the isatin-
acetone aldol reaction revealed neat acetone as the media best
suited in flow as it dissolved isatin and afforded (S)-enantiomer
of the adduct in 84% ee. Solvents with Kamlet-Taft basicity
(β)>0.6 and proticity (α)�0 had a higher solubility of isatin but
poor reaction performance while solvents with β<0.2 and α<

0.6 performed excellently in the reaction albeit with poor isatin
solubility. The addition of 10 equivalents of water improved the
neat reaction to afford 94% yield in 93% ee at 20 °C after 48 h.
When transferred to continuous flow, complete conversion was
observed in 12 h residence time at 40 °C without loss in
enantioselectivity. Further substrate studies in flow were under-
taken with a 4-fold dilution and a 60 °C reaction temperature
required for some derivatives. Excellent yields and enantiose-
lectivities were obtained in most cases.

Introduction

The potential of continuous flow synthesis in providing an
efficient control of reaction variables presents tremendous
advantages toward enhanced reaction rates, reproducibility and
purity of products.[1–3] These methods are also amenable toward
integrated inline process analytical technology (PAT) and
automated synthesis and are likely to dominate future
processes.[4–6] Additionally, continuous flow processes have a
reduced footprint compared to batch. This makes them more
efficient in handling exothermic reactions and potentially
hazardous reagents thereby providing greener alternatives for
synthetic transformations.[7–9] As adopting environmentally
benign processes is increasingly becoming a central priority in
fine chemical production, more pharmaceutical companies and
researchers are becoming interested in second generation
research programmes targeted at improving existing processes
through the application of flow chemistry.[10–13]

The 3-substitued-3-hydroxyoxindole moiety is a well-known
core structure in several natural products and synthetic drug
candidates with interesting biological activities like convoluta-
mydine A,[14] SM-130686,[15] 3-hydroxy-3-(2-oxocyclohexyl)-2-
indolinones[16] and analogues of Efavirenz designed by scaffold-
hopping[17] (see Figure 1). The use of substoichiometric amounts
of enantiopure small organic molecules as catalysts for
asymmetric synthesis of these molecules has drawn consider-
able attention over the last 10 years.[14,16] Amongst the 3-

substituted-3-hydroxyoxindole members, synthesis of deriva-
tives with a 2-oxopropyl group at the stereogenic C-3 position
like convolutamydine A are the simplest and most studied.[18]

One of the most efficient ways for accessing this desirable
scaffold is via organocatalysed aldol condensation of a ketone
with an isatin derivative. While there have been several organo-
catalysts reported for this reaction, the leucinol catalysed cross
aldol reaction of isatin with acetone in CH2Cl2 solvent reported
by Malkov and co-workers[19–21] provided arguably one of the
most efficient route for accessing enantiopure 3-substituted-3-
hydroxyoxindole derivatives at ambient temperature. In their
work, they demonstrated leucinol to be a simple and cost-
effective organic catalyst. Additionally, amino alcohol organo-
catalysts tend to have a better solubility in a wider range of
organic solvents compared to amino acid catalysts like proline
and its analogues. This makes them suitable for homogenous
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Figure 1. General scheme for batch and continuous flow synthesis of 3-
substituted-3-hydroxyoxindoles and some bioactive examples.
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catalytic reactions which are less explored under continuous
flow in comparison to heterogeneous catalysis.[3,22,23]

Organocatalytic cross-aldol reactions of isatin with acetone
are generally slow and rate enhancement at higher temperature
is usually accompanied by a loss of enantioselectivity.[24–28]

Despite the wide use of 3-substitued-3-hydroxyoxindoles as
synthetic precursors, intermediates and as scaffolds with bio-
logical potentials,[29] there is no report in literature for their
homogeneous synthesis in continuous flow, including the
leucinol catalysed reaction to the best of our knowledge. One
possible reason could be the poor solubility of the isatin
reagent in a wide range of organic solvents.[30–33] It is estimated
that at least half of pharmaceutical reactions could be
significantly improved in terms of safety and kinetics if trans-
ferred to continuous flow. However, the presence of insoluble
materials in up to 60% of these reactions limits their transfer
from batch.[34,35] A change in solvent or dilution of reagents is
often required for some processes to achieve a solubility
transferable to continuous flow.[10,34,36] Changing of solvent
arbitrarily, however, could result to a decline in reaction
performance as solvents are more than mere spectators in a
chemical reaction.[37] Solvents vary in physicochemical proper-
ties like polarity, dipole moments, basicity, hydrogen-bonding
ability, coordinating ability, etc.[37] An interplay of one or more
of these properties with the reagents has been known to
influence solubility of reagents, reaction rate, catalyst perform-
ance and the stereochemical outcome of a reaction.[38] A careful
selection of solvent is therefore crucial in achieving reagent
solubility and maintaining reactivity for catalytic processes in
continuous flow.

This work therefore aims at transferring the L-leucinol
organocatalysed reaction of isatin with acetone from batch to
continuous flow with the possibility of enhancing reaction rates
without compromising the enantio-integrity of the product. It
also broadens the scope of the reaction to a range of isatin
derivatives that had not been previously studied.

Results and Discussion

Solvent screening and batch optimisation

The L-leucinol catalysed reaction of isatin with acetone as
reported in literature was carried out in CH2Cl2 solvent to afford
an isolated yield of 87% and 94% ee of the (S)-enantiomer.[19]

From our preliminary studies, both isatin and the corresponding
adduct had a poor solubility in CH2Cl2 and CHCl3. Consequently,
a change in solvent was required for a successful transfer of this
reaction to continuous flow. To identify an ideal solvent for the
flow experiment, the catalytic performance of L-leucinol was
evaluated in a range of solvents which have been reported to
have a good solubility of isatin[31] using unsubstituted isatin and
acetone as the model. The reaction was carried out at room
temperature for 48 h in the presence of 20 mol% L-leucinol
catalyst. Yields were determined after isolation and enantiose-
lectivities determined by chiral HPLC. Absolute configuration

was assigned by comparison of both HPLC and optical rotation
data with literature and results obtained are shown in Table 1.

Reactions in moderately polar aprotic solvents such as
acetone, ethyl acetate and acetonitrile afforded moderate yields
and good enantioselectivities (Table 1, entry 3–5). Alcoholic
solvents screened (Table 1, entry 7–9) also gave moderate yields
and enantioselectivities, while highly polar aprotic solvents
tested (DMF, DMSO and pyridine, Table 1, entry 10–12) gave
poor yields. A literature review of the performance of various
organocatalysed cross aldol reactions of isatin with enolisable
ketones suggested that the choice of solvent is crucial to the
yield and enantioselectivity of the reaction.[29,32,39] In catalytic
processes, solvent properties such as hydrogen-bond donating
ability (proticity or acidity), hydrogen-bond accepting ability
(basicity) and dipolarity (polarity) have been reported to
strongly influence the rate and stereochemical outcome.[38,40,41]

These properties have been used by several researchers to
rationalise and identify ideal solvents for API solubilisation[42,43]

and asymmetric reactions[38,40] as bulk properties like dielectric
constant, dipole moments etc, often prove ineffective in under-
standing such correlations.[31,44] We therefore adopted the
Kamlet-Taft solvent parameters as obtained in literature[45] to
rationally understand the variation of enantiomeric excess in
different reaction media as observed in Table 1. By independ-
ently examining the enantioselectivity of the L-leucinol cata-
lysed reaction of isatin and acetone with the Kamlet-Taft
parameters of all polar solvents tested, the observed enantiose-
lectivity was found to be largely dependent on the basicity (β)
and proticity (α) of the solvent but almost independent to the
polarity (π*). With this understanding, we proceeded to
examine the enantioselectivity as a function of basicity (β) and
proticity (α) to understand the influence of these solvent
parameters on the reaction as shown in Figure 2.

Chlorinated solvents such as CH2Cl2 and CHCl3 which gave
enantioselectivities of over 90% were observed to also have α

Table 1. L-leucinol catalysed reaction of isatin and acetone in a variety of
polar solvents.

Entry Solventa [%] Yieldb [%] eec Isomerd

1 CH2Cl2 83 97 S
2 CHCl3 78 96 S
3 Acetone 45 84 S
4 Ethyl acetate 55 85 S
5 Acetonitrile 47 89 S
6 Dioxane 21 81 S
7 Methanol 44 36 S
8 Ethanol 41 64 S
9 IPA 52 40 S
10 DMF 18 73 S
11 DMSO 13 33 S
12 Pyridine 18 78 S

[a] Solvents used as obtained. [b] Yields determined after purification by
flash column chromatography. [c] % ee determined by chiral HPLC with
AD� H column. [d] Configuration determined from literature.[19]
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values lower than 0.6 and β values less than 0.2. Interestingly,
the non-polar CCl4, xylene and benzene which gave enantiose-
lectivities of over 90% also have α and β values within this
range (see Table S1 in the supporting information). Solvents
with 0.2<β<0.6 and α<0.6 such as acetone, ethyl acetate,
dioxane and acetonitrile gave good enantioselectivities (80–
89% ee) (Table 1, entry 3–6). Alcoholic solvents of IPA, ethanol
and methanol were observed to have higher α (>0.6) and β
(>0.6) values and poor to moderate enantioselectivities were
obtained in these solvents. Polar aprotic solvents with β values
greater than 0.6 and zero α values like pyridine, DMF and
DMSO were found to have poor yields and moderate
enantioselectivities. To summarise, it appeared that highest
yields and enantioselectivities were obtained in solvents with
β<0.2 and α<0.6 while lower yields and poorer enantioselec-
tivities were observed in solvents with β>0.6

Next, we extended the use of Kamlet-Taft parameters to
also gain insight into the solubility behaviour of isatin. The
estimated solubility of isatin in the solvents tested (see
supporting information) was observed to follow the order of
DMSO>DMF>pyridine>1,4-dioxane>acetone>methanol>
acetonitrile>ethyl acetate>ethanol> IPA>CH2Cl2>CHCl3. Liu
et al who previously adopted a thermodynamic approach to
explain the solubility of isatin in various solvents, also noted
that the dipole moments, dielectric constants and polarity of
solvents failed to independently explain their observed trend.[31]

By utilising Kamlet-Taft parameters however, we found that the
solubility of isatin was largely dependent on the basicity (β) and
proticity (α) values of the solvent while polarity (π*) was
observed to have no significant influence. Polar aprotic solvents
with highest solubility like DMSO, DMF and pyridine were also
found to have high basicity (β>0.6) and low proticity (α�0)
values. Moderate solubilities were observed in solvents such as
acetonitrile, acetone and 1,4-dioxane with 0.2<β<0.6 and α<
0.6 values, while lowest solubilities were observed in solvents
with β-values <0.2 like CH2Cl2 and CHCl3. Interestingly, even
though all the polar protic alcoholic solvents examined also
have >0.6 β-values, solubility of isatin was found to be
significantly lower in them compared to DMSO, DMF and

pyridine as they also have significantly higher α-values. This
indicated that a contribution of both the α and β solvent
parameters could be crucial to the solubility behaviour of isatin.

Since a good solubility of isatin is required for the
continuous flow synthesis of 3-substituted-3-hydroxyoxindoles,
only solvents with up to 0.1 mmol/mL solubility of isatin[31]

could be considered. However, it was established earlier that
solvents with β>0.6 tend to afford low enantioselectivities and
product yields for L-leucinol catalysed reaction of isatin with
acetone (see Figure 2). It was also considered that from a green
chemistry perspective, the most suitable solvent would be not
to use added solvent.[46–48] Carrying out a reaction under neat
conditions circumvents the use of hazardous solvents and
minimises waste which is in agreement with the 12 principles of
green chemistry.[48–50] Acetone therefore became our medium of
interest using it both as a reagent and solvent since it met the
solubility requirement, having α and β values within the desired
limits. The observed yield and enantioselectivity in neat acetone
were however low (Table 1, entry 3) compared to those
obtained in chlorinated solvents. We therefore turned our focus
toward optimising reaction conditions in acetone to enhance
yields and enantioselectivity.

It was found that neat reaction performed in dry acetone
had significantly lower yields compared to that carried out in
wet acetone (Table 1, entry 3 and Table 2, entry 1). The
presence of water in organocatalysed reactions of isatin with
acetone has been reported to significantly influence the
product yield and enantioselectivity.[20,51] By adding 10 equiv-
alents of water to the L-leucinol catalysed isatin reaction in
anhydrous acetone, dramatic improvements (93% yield and

Figure 2. Enantioselectivity of isatin-acetone aldol reaction as a function of
the Kamlet-Taft basicity (β) and proticity (α) of solvents.

Table 2. Effect of additive, temperature and catalyst loading on yield and
enantioselectivity in batch.

Entry Additive
[equiv.]

Catalyst
[mol %]

Temp
[°C]

Time
[h]

[%]
Yieldd

[%]
eee

1a – 20 20 48 21 84
2 H2O (5) 20 20 48 81 84
3 H2O (10) 20 20 48 94 93
4 H2O (20) 20 20 48 87 90
5 H2O (100) 20 20 48 75 63
6b H2O (10) 20 20 48 20 71
7c H2O (10) 20 20 48 15 33
8 MeOH (10) 20 20 48 42 83
9 TFA (1) 20 20 48 12 47
10 H2O (10) 20 40 18 90 90
11 H2O (10) 20 4 72 88 94
12 H2O (10) 20 � 20 120 27 93
13 H2O (10) 5 20 120 95 93
14 H2O (10) 2 20 120 48 91

[a] Reaction carried out in dry acetone without additive. [b] 30 equiv. of
acetone and 3 mL of dry DMF solvent used. [c] 30 equiv. of acetone and
3 mL of dry DMSO solvent used. [d] Yield determined after purification by
flash column chromatography. [e] Enantioselectivity determined on chiral
HPLC using AD� H column. Absolute configuration was determined by
comparison with literature to be (S) in all cases.
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94% ee, see Table 2, entry 3) were observed. This translates to a
productivity of 0.0059 mmol/h and compares favourably with
values reported in literature.[19] Above 10 equivalents of water
however, a progressive decline in yields and enantioselectivity
was observed and this is consistent with the report of
Tomasini.[51] Addition of water to reactions in solvents with a
higher solubility of isatin like DMF and DMSO (Table 2, entry 6
and 7) had no significant effect in enhancing the yield and
stereochemical outcome of the reaction, thus suggesting that
the nature of solvent is also crucial to the effect of water in
enhancing the leucinol catalysed reaction of isatin with acetone.
The use of methanol (Table 2, entry 8) as an additive to the
leucinol catalysed reaction did not have a profound effect on
the reaction, hence indicating not all polar protic solvents could
be used as additive for this reaction.[51] Addition of TFA as
additive on the other hand was found to be detrimental to the
reaction yield and enantioselectivity (Table 2, entry 12).

Next, the effect of temperature on yield and enantioselectiv-
ity was investigated. The isatin-acetone reaction was generally
observed to proceed faster at higher temperatures with a
decline in enantioselectivity. Higher enantioselectivities were
observed at low temperatures, however, reaction rates were
slow. At 40 °C for example, the reaction was observed to
complete in 18 h (Table 2, entry 10). Enantioselectivity however,
deteriorated to 90% ee at this temperature when compared to
the reaction at 20 °C (Table 2, entry 3). At a temperature of 4 °C,
3 days were required to afford the adduct in 88% yield and
94% ee (Table 2, entry 11) while at � 20 °C, only 27% isolated
yields were obtained after 5 days (Table 2, entry 12). The effect
of catalyst loading was also investigated. Reactions at lower
catalyst loadings were observed to proceed at a slower rate.
While it was possible to obtain 95% yields at 5 mol% catalyst
loading without compromising enantioselectivity (Table 2, en-
try 13), the reaction required 5 days to proceed to completion.
When catalyst loading was further reduced to 2 mol%, only
48% yields were obtained in 91% ee after 5 days (Table 2,
entry 14).

Flow optimisation

Following the successful batch synthesis under neat conditions,
we proceeded to transfer the model reaction to continuous
flow using the optimised neat conditions identified in batch (as
shown in Table 2, entry 3). A simple in-house reactor was
fabricated as follows: A 2 mL coiled polytetrafluoroethylene
(PTFE) tubing (0.58 mm ID, 747 cm length), immersed in a
temperature-controlled oil bath was connected to a Tee-mixer,
two gastight syringes, and a 20-psi back-pressure regulator for
the continuous flow experiment. Isatin was dissolved in a
portion of a mixture of dry acetone and 10 equivalents of water
and transferred to a 10 mL gastight syringe. L-leucinol was also
dissolved in equal volumes of the remaining portion of the
solvent mixture and transferred to the second 10 mL gastight
syringe. The reagents were pumped through the temperature
controlled coiled reactor by a dual syringe pump at identical
flow rates to deliver an effective isatin/acetone mole ratio of

1 : 150. This ratio compared favourably with the reagent
concentration utilised in batch. The residence time of the
reactor was controlled by changing the flow rate of the dual
syringe pump. Under steady-state conditions[9,11,13,52] (see Fig-
ure S2 in the supporting information), the product was
collected in a vial continuously purged with nitrogen to
evaporate the acetone as shown in Scheme 1.

The optimal batch conditions required a 48 h reaction time
at 20 °C to give 94% yield of (S)-(� )-3a in 93% ee. For a
continuous flow process at the same temperature however,
99% isolated yield in 93% ee of the product were obtained in a
24 h residence time. With this confidence, we proceeded to
further probe the influence of temperature and residence time
on yield and enantioselectivity. Temperature ranges from 20–
60 °C were investigated. The residence time was adjusted at
every temperature setting until complete conversion of the
isatin starting material was obtained. Relative 1H NMR
quantification[19,53] was employed for screening of the conditions
for this model reaction at each residence time using the
normalised integrals of the clearly resolved and pure aromatic
protons of 1a at 7.46–7.57 ppm and 3a at 6.74 ppm as shown
in Table S2 of the supporting information.

At all residence times tested, it can be seen that the rate of
reaction improved steadily as the temperature increases while
enantioselectivity increased steadily at initial temperatures but
decreased marginally at higher temperatures as shown graphi-
cally in Figure 3a and Figure 3b. At 20 °C for example, up to
20% of the product was formed at a residence time of 1 h. As
the residence time increased, the product formation was also
observed to increase until it attained maximum conversion at a
residence time of 24 h. Similarly, improvements in enantiose-
lectivity were observed at the same temperature as the
residence time increased (Figure 3b). Highest enantioselectiv-
ities were observed at 20 °C of the 18 h and 24 h residence
times. While complete conversion of the isatin starting material
was observed at 20 °C for the 24 h residence time run, the 18 h
run required a temperature of 30 °C to attain quantitative yields.
When the residence time was decreased to 6 h, a temperature
of 60 °C was required for complete conversion of the isatin
starting material to the desired adduct (see Figure 3a).
Enantioselectivity at the 6 h residence time was found to
increase steadily as the temperature increased to a maximum at
40 °C. Above this temperature, a marginal drop in enantiose-
lectivity was observed, while conversions continued to increase

Scheme 1. L-leucinol catalysed reaction of isatin and acetone under
continuous flow.
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steadily to afford quantitative yields at 60 °C. Generally, shorter
residence times were required at higher temperatures to attain
full conversions while longer residence times were required at
lower temperatures.

From the continuous flow optimisation experiments, reac-
tions at 12 h residence time and 40 °C appeared to be the best
compromise between the energy requirement, reaction time,
yield and enantioselectivity, affording a productivity of
0.0150 mmol/h in 93% ee (Table 3, entry 2) which is above a
twofold improvement in comparison with the batch process.
Utilising these conditions, we demonstrated the scalability of
this process with a 4 mL (0.58 mm ID, 1494 cm length) reactor.
Gratifyingly, complete conversions were obtained in a 10 h
residence time, affording a productivity of 0.0360 mmol/h
(Table 3, entry 3). The ability of the 4 mL reactor to attain full
conversion in a shorter residence time may be attributed to
improved diffusional mixing as higher flow rates were required
with the longer PTFE reactor coil. A stratified flow regime,
resulting to poor mixing and reactor performance would be
prevalent in the 0.5 mL reactor due to the very low flow rate
requirement (Table 3, entry1).[54,55]

Acetone is a highly flammable and volatile liquid whose
vapours can be ignited to explosion even by static discharge

when mixed with air.[56–58] While fire hazards associated with
acetone are more likely to occur at higher temperatures in
batch conditions, our continuous flow setup provided an
enclosed system void of air as a means for handling the isatin-
acetone reaction at elevated temperatures with minimal safety
concerns. It is noteworthy to mention that in the absence of the
back-pressure regulator, irregular flow rates at higher temper-
atures were observed. The advantages of being able to achieve
temperatures above boiling point of solvents during a reaction
has been utilised by several researchers to accelerate reaction
rates under continuous flow.[59–61]

Substrate scope expansion

Following the success with the improved performance of the
model reaction under neat conditions in flow, the reaction
scope was next extended to a wide range of isatin derivatives
not previously investigated by Malkov et al.[19] Isatin derivatives
with electron withdrawing and electron donating substituents
at varying positions were selected to evaluate the effect of
these substituents on the catalytic performance of L-leucinol
under flow conditions as shown in Scheme 2. The 2 mL reactor
and 12 h residence time was maintained for all substrate
variants, and it was possible to achieve an effective isatin/
acetone mole ratio of up to 1 :150 with the 7-(trifluoromethyl)
isatin (1e), 5-methyl isatin (1h) and the N-substituted isatin (1k
and1 l) derivatives. Similar to our findings with the unsubsti-
tuted isatin (1a), these derivatives also proceeded smoothly at
40 °C under a residence time of 12 h to afford excellent isolated
yields. The N-substituted derivatives gave adducts with enantio-
selectivities up to 94% ee. The 3e adduct was obtained in 84%
ee while 3h was obtained in 90% ee.

Other variants of isatin required a 1 :600 isatin/acetone
mole ratio to achieve a solubility transferrable to continuous
flow. Consequently, higher temperatures were required under
dilute conditions to drive the reaction to completion at the 12 h
residence time and lower productivities were obtained. Under

Figure 3. (a) Effect of temperature on yields (determined by NMR) at various
residence times (b) Effect of temperature on enantioselectivity (determined
by chiral HPLC on AD� H column) at various residence times.

Table 3. Productivity of the L-leucinol catalysed reaction of isatin with
acetone in reactors of various sizes.

Entry Reactor
volume
[mL][a]

Flow rate [μL/
min]b

tR
[h][c]

[%]
Yield[d]

[%]
ee[e]

Productivity
[mmol/h]

1 0.5 0.694 12 97 93 0.0037
2 2.0 2.778 12 99 93 0.0150
3 4.0 6.667 10 99 93 0.0360

[a] All reactors had an Internal diameter of 0.58 mm. [b] Effective flow rate
inside the reactor. [c] Residence time. [d] Yields determined after
purification of 1 reactor volume by flash column chromatography. [e]
Enantioselectivity determined by chiral HPLC with AD� H column.
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this concentration, it was possible to achieve above 90%
isolated yields at 60 °C for most isatin derivatives. The reactivity
of 1b and 1g however, were observed to be considerably
slower under the 1 :600 dilute conditions. Only 87% yield of 3b
and 46% yield of 3g were obtained. While higher temperatures
have been reported to be detrimental to enantioselectivity of
the isatin-acetone reaction under batch conditions,[24–28] it was
possible to accelerate our L-leucinol catalysed isatin-acetone
reaction at higher temperatures for all substrates tested without
a significant loss in enantioselectivity.

Conclusion

In conclusion, a highly efficient continuous flow synthesis of 3-
substitued-3-hydroxyoxindoles was carried out for the first time
using in-house fabricated PTFE coiled reactor. The Kamlet-Taft
parameters of solvents tested on the L-leucinol catalysed isatin-
acetone reaction in batch indicated that while solubility of isatin
was highest in solvents with β>0.6 and α�0, low yields and
enantioselectivities were observed. Although solvents with β<

0.2 and α <0.6 afforded high yields and enantioselectivities,
solubility of isatin was found to be low. As a compromise
toward achieving a solubility transferable to continuous flow
and consistent with the requirements of green chemistry, neat
conditions capable of achieving a homogeneous 1 :150 isatin-
acetone mole ratio and an enantioselectivity of 84% ee was
selected. It was found that addition of 10 equivalents of water
improved the neat reaction to 94% yields in 93% ee at room
temperature. These conditions were successfully transferred
from batch to the more efficient continuous flow process and
optimised to afford quantitative yields at 40 °C in 12 h residence
time without a loss in enantioselectivity. This was extended a
wide substrate scope of isatin derivatives previously not
studied. While a 4-fold dilution was required for some isatin
derivatives to achieve a homogeneity transferrable to flow,
shorter reaction times, improved yields and enantioselectivities
were observed even at 60 °C.

Scheme 2. Continuous flow aldol reactions of isatin derivatives with acetone. A 2 mL reactor was used, and yields reported were determined after column
purification of one reactor volume of the product. Enantioselectivities were determined by chiral HPLC on CHIRALPAK AD� H or OJ� H column. For a 12 h
residence time, the dual syringe pump was set to deliver a total output of 2.778 μL/min (i. e. 1.389 μL/min for each syringe). Isatin concentration for
1 :150=0.091 mmol/mL. Isatin concentration for 1 :600=0.023 mmol/mL.
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Experimental Section
General Methods: All glassware were washed and oven-dried
before use. Reactions were monitored to by thin-layer chromatog-
raphy (TLC) carried out on precoated aluminium-backed plates
(silica gel 60 A, 20×20 cm, F254). Visualisation of TLC plates was
performed by ultraviolet light at 254 nm in a UVP Model CC-10
Chromato-Vue Cabinet. Purification of crude product was carried
out by flash chromatography on silica-gel 60 with n-hexane and
ethyl acetate as eluent under gradient conditions. Melting points
were determined on a Stuart Scientific Melting Point Apparatus
SMP3 using a ramp rate of 0.5 degrees per minute and are
uncorrected. Optical rotations were recorded on PolAAr 20 AA
series polarimeter in MeOH at 20 °C and the [α]D values expressed
in 10� 1 degcm3g� 1. NMR spectra was recorded on a JEOL ECX-400
spectrometer (1H at 400 MHz and 13C at 101 MHz). Deuterated
solvents used include DMSO-d6 (δ 1H: DMSO=2.47, H2O=3.33;
13C=40.0). Coupling constants (J) are expressed in Hz and chemical
shift multiplicity are reported as: singlet (s), broad singlet (brs),
doublet (d), triplet (t), quartet (q), double doublet (dd), triple
doublet (td), multiplet (m). Infrared spectra were obtained on
Varian 660-IR spectrometer using the KBr disc method. Low-
resolution mass spectrometry was carried out on an Agilent 6300
Ion Trap LC/MS system. Enantioselectivity was determined by chiral
HPLC on the appropriate column (CHIRALPAK AD-H or CHIRALCEL
OJ-H) using Isopropyl alcohol and n-hexane as eluents.

General procedure for neat synthesis of 3-substituted-3-hydroxy-
2-oxindoles in batch: The desired isatin derivative (0.30 mmol) was
added to a mixture of dry acetone (45.0 mmol, 3.3 mL), water
(3.0 mmol, 54.05 μL) and L-leucinol (0.06 mmol, 7.03 mg). The
mixture was stirred at 20 °C and monitored to completion by TLC.
Excess acetone was evaporated in vacuo and the corresponding
crude adduct purified by flash column chromatography on silica gel
stationary phase using n-hexane and ethyl acetate as eluents under
gradient conditions.

General procedure for the continuous flow leucinol catalysed
reaction of isatins with acetone: A mixture of dry acetone (18 mL,
245.7 mmol) and water (295.1 μL, 16.38 mmol) was prepared. Half
of the solvent mixture was used to dissolve the isatin derivative
(1.64 mmol), while L-leucinol (38.39 mg, 0.33 mmol) was dissolved
in the remaining portion. The homogeneous isatin solution was
transferred to syinge A and the L-leucinol solution transferred to
syringe B. Both syringes were pumped at an identical flow rate
(1.39 μL/min for each syringe) to continuously deliver a uniform
mixture of isatin/acetone in a 1 :150 mole ratio through the 2 mL
temperature-controlled coiled reactor. Isatin derivatives with a
lower solubility in acetone were diluted in 4 folds to dispense a
homogenous mixture of isatin/acetone in a 1 :600 mole ratio
through the reactor. Steady-state was confirmed by HPLC (see
Figure S2 in the supporting information) and the product was
collected in a vial continually purged with a gentle stream of
nitrogen. Flash column chromatography of the collected product
on silica gel stationary phase using n-hexane and ethyl acetate
under gradient afforded the pure adduct. Enantioselectivity was
determined by chiral HPLC using AD� H or OJ� H column with n-
hexane and IPA as the mobile phase.
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