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Abstract

Fluorinated oxindoles are frequently used building blocks in asymmetric synthesis and represent
an important scaffold found in a variety of biologically relevant compounds. While it is
understood that incorporation of fluorine atoms into organic molecules can improve their
pharmacological properties, the impact on the configurational stability of chiral organofluorines is
still underexplored. In this study, semipreparative HPLC enantioseparations of five oxindoles were
carried out and the resulting enantiomerically enriched solutions were used to investigate base
promoted racemization kinetics at room temperature. It was found that incorporation of fluorine
at the chiral center increases the configurational stability, while substitutions on the aromatic ring,
and at the lactam moiety also have significant effects on the rate of racemization, which generally
follows reversible first-order reaction kinetics.
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Introduction

The general impact of fluorinated chiral compounds across the chemical and health
sciences has stimulated numerous drug development projects and directed increasing
attention toward investigating the unique and often advantageous pharmacological and
physicochemical properties that originate from the incorporation of carbon-fluorine bonds
into organic molecules.12 These tasks are greatly facilitated by the steadily increasing pool
of fluorinated chiral building blocks that are readily available for use in pharmaceutical
discovery programs or other applications.1:2:3:45.6.7.8.9 The stereochemical integrity of
organofluorines, however, is poorly understood and few studies that quantify the propensity
to racemization and the role of fluorine when positioned at an enolizable chiral carbon
center have been reported. To this end, we recently investigated the racemization Kinetics
of 2-aryl-2-fluoroacetonitriles and developed catalytic asymmetric allylic alkylation and
stereodivergent Mannich reactions with this emerging class of compounds.10:11:12 Following
our continuous interest in chiral organofluorines,13:14.15.16,17.18,19,20,21,22,23 24 \ye now
wish to disclose the results of a racemization study with 3-fluorooxindoles which are
frequently employed in catalytic asymmetric reaction developments and represent an
important pharmacophore encountered in the potassium channel modulator Maxipost and
other biologically active compounds.2:26

Semipreparative chiral HPLC enantioseparation of the oxindoles 1-5 shown in Figure 1
using a Whelk-O 1 or Chiralpak 1B column produced highly enantioenriched samples that
were subjected to catalytic or stoichiometric base amounts at room temperature. The change
in the enantiomeric composition was monitored by chiral HPLC to determine reversible
first-order racemization kinetics. Our analysis shows that the racemization rate of oxindoles
is not only affected by the substituent at the chirality center but also quite sensitive to
changes in the aromatic ring and at the nitrogen atom. Interestingly, the comparison of the
racemization kinetics of compounds 2 and 5 obtained under the same conditions revealed
that the fluorinated oxindole is configurationally more stable. In fact, we found that the
replacement of the methyl group at C-3 by a fluoride atom results in a 2.5-fold decrease in
the racemization rate.

Materials and Methods

Chiral HPLC

HPLC enantioseparations were carried out using an (S,5)-Whelk-O 1 or a Chiralpak 1B
column at room temperature with a flow rate of 1.0 mL/min. The chromatograms were
recorded at 205, 214, 240, 254, and 260 nm with a diode array detector. The composition of
the mobile phase was varied between 98:2 and 90:10 hexanes:isopropy! alcohol (IPA) ratios
to optimize peak separation and retention times.

Synthesis of N-Methyl-3-fluorooxindole

N-Methyl-3-fluorooxindole, 1, was synthesized from commercially available A-methyl
oxindole in 39% overall yield via trifluoroacetylation followed by fluorination using
Selectfluor and base promoted removal of the trifluoroacetyl group as previously described
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by our laboratory, Scheme 1.2 IH NMR (400 MHz, CDCls3) 6 7.44 — 7.30 (m, 2H), 7.07

(m, 1H), 6.79 (d, J= 7.9, 1H), 5.60 (d, J = 50.9, 1H), 3.13 (s, 3H). 13C NMR (100 MHz,
CDCl3) § 171.1 (d, Jo.g = 18.2 Hz), 144.7 (d, Jo.r = 5.1 Hz), 131.4 (d, Jc.r = 3.4 HZz), 126.0
(d, Jo-F = 1.3 Hz), 123.2 (d, Jo.F = 2.8 Hz), 122.8 (d, Jo-F = 16.3 Hz), 108.7 (d, Jc.r = 1.5
Hz), 85.5 (d, Jo.r = 188.2 Hz), 26.2. 19F NMR (376 MHz, CDCl3) 6 -193.36 (d, /= 51.1
Hz). The spectra were identical with previously published literature reports (Figures S2—S5).

Racemization Study

Semipreparative enantioseparation of compounds 1-5 was achieved by repetitive injections
on an (S,5)-Whelk-O 1 or Chiralpak IB column (250 x 4.6 mm) under optimized
conditions (see Figures S1 and S6-S10 in the Supporting Information for details). The
combined fractions containing 50% of the originally injected racemic compound amount
in highly enantioenriched form were dried under reduced vacuum and dissolved at the
desired concentration (e.g. 185 nM). The enantiomeric purity of the collected fractions was
verified by the same chiral HPLC method. To these solutions, 0.1-2 equivalents of either
diisopropylethylamine (DIPEA) or 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU) were added
using diluted stock solutions and the samples were stirred at room temperature in a sealed
vial. The decrasing enantiomeric excess (e¢) was monitored by the same HPLC method
using reaction aliquots without further dilution to determine the extent of racemization
versus time. All racemization studies were analyzed according to reversible first-order
reactions kinetics described in Equation 1, where [A], is the percentage of the starting
enantiomer att = 0 min, [A] is the percentage of the enantiomer at time t and [A],, iS 50% as
determined from the ratio of the areas under the peaks (Figures S11-S74 and Tables S1-S7
in the SI):

ln(—[A]r — [A]“’) =Ky Eq1l

[A], — [Al,

Results and Discussion

We expected that the presence of a hydrogen bond acceptor and an aromatic ring close

to the chirality center would allow semipreparative chiral HPLC enantioseparation of the
oxindoles 1-5 on the Whelk-O 1 column.28:29:30.31 while this was indeed the case with the
3-fluorooxindoles 1-4 the enantiomers of the 3-methyl analog 5 were best separated on a
cellulose column.32:33.34

Chiral oxindoles are configurationally stable under neutral conditions at room temperature.
Deprotonation, however, forms an achiral enolate and therefore results in racemization.
While the high electronegativity of fluorine may be expected to increase the oxindole
acidity, the deprotonation generates a negative charge in close proximity to the three lone
electron pairs at the halide atom which is expected to destabilize the enolate form. We
conducted racemization experiments with compounds 1-5 using 0.1-0.2 equivalents of DBU
or excess of DIPEA. As demonstrated with A~methyl-3-fluorooxindole, 1, the racemization
of the enantiomerically enriched sample was monitored using chiral HPLC analysis (Figure
2).

Chirality. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yuan et al.

Page 4

We found that 1 racemizes considerably more slowly than 2-5. We were surprised to
observe a profound effect on the rate of racemization when the lactam protecting group was
varied. The replacement of a methyl group with a phenyl ring resulted in more than a 5-fold
decrease in the half-life time from 427.8 minutes to 82.5 minutes (Table 1). The slower
racemization of the A-methyl derivative 1 can be attributed to the increased involvement

of the carbonyl group in the lactam resonance which reduces the oxindole acidity as

shown in Figure 3 while the A-phenyl ring more effectively favors enolate formation.

The Boc-protected fluorooxindole 3 is slightly more stable to racemization than 2 and we
obtained a half-life time of 96.3 minutes in the presence of 10 mol% of DBU.. These
measurements demonstrate the possibility of mild catalytic fluorooxindole racemization
and the considerable impact of N-protecting groups on the configurational stability at the
chiral center. A comparison of the half-lives of 1-3 obtained using 10 mol% of DBU

as base reveals that incorporation of electron-withdrawing phenyl or carbamoy! groups at
the oxindole nitrogen atom increases the racemization rate by approximately five times.
Interestingly, the presence of a fluorine atom in 2 results in an increase in the half-life from
33.0 to 82.5 min, a 2.5-fold change in the racemization rate compared to the methylated
analog 5.

Substitutions on the aromatic ring also affect the rate of racemization, as evidenced by the
introduction of a chlorine atom in compound 4. Under the same conditions used in the study
with compound 3, the chloride-substituted analog fully racemized ~10 times faster (Table

1). In the presence of two equivalents of DIPEA, the half-life time was determined as 303.9
minutes which highlights that these compounds may be configurationally stable for much
longer times when weaker bases are used. In fact, the racemization of compound 2 took over
a week when it was treated with one equivalent of DIPEA (see Supporting Information). The
change in the enantiomeric composition and the ee decline of 1-5 are shown in Figure 4.

Conclusion

In summary, we have examined the configurational stability of five 3-substituted chiral
oxindoles using HPLC with the widely available Whelk-O 1 and Chiralpak IB columns.
Semipreparative separations produced highly enantioenriched solutions that were employed
in racemization studies with catalytic or stoichiometric amounts of DBU or DIPEA at

room temperature. Reaction monitoring and data analysis according to reversible first-order
reaction kinetics showed that closely related oxindoles can have quite different half-life
times and that the presence of fluorine at the chiral center increases the configurational
stability relative to its 3-methyl analogue. It was found that the lactam protecting groups
have a large influence on the rate of racemization, with replacement of a methyl group by

a phenyl ring resulting in more than a 5-fold decrease in the half-life time. Substitutions

in the aromatic ring are also important and we observed almost complete racemization of
N-Boc-6-chloro-3-fluorooxindole in approximately 1 hour compared to over 7 hours for its
non-chlorinated analog in the presence of 10 mol% of DBU. It is expected that the results of
the racemization study with the chiral oxindoles 1-5 will become important considerations
in future pharmaceutical developments and asymmetric reaction optimization projects.
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Figure 2.

HPLC chromatograms of compound 1 at 0 (A), 60 (B), 180 (C), 300 (D), 420 (E), 540

(F), and 1582 minutes (G) following semipreparative enantioseparation and treatment of
the enantiopure solution with 0.1 equivalents of DBU in 90:10 hexanes:IPA (Whelk-O 1, 1
mL/min).
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Figure 3.
Base promoted racemization mechanism (black) and competing lactam resonance (red).
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Change in the enantiomeric composition of 1-5 during base promoted racemization of
samples at 185 nm in the presence of 109% DBU (% eeiis light blue, percentages of each
enantiomer are shown in green and dark blue). See Sl for experimental details.
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1. NaOEt, CF3CO,Et

THF =
o 2. Selectfluor
\ ACN . o
\ 3. Et3N N
DCM:H,0 (10:1) 1 \

Scheme 1. Synthesis of 1.
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Table 1.

Results of the racemization study with compounds 1-5.

Compound  Base (equiv.)  Krae (571 typ (Min)

1 DBU (0.1eq) 27x10° 42782

2 DBU (0.1eq) 1.4x10™ 82.54

3 DBU (0.1eq) 1.2x10* 9634
DBU (0.2eq.) 4.5x10™* 25.7

4 DBU (0.1eq) 1.1x1073 10.54
DIPEA (2eq.) 3.8x1075 303.9

5 DBU (0.1eq) 35x10™ 33.04

a. . . . . .
Oxindole concentration was 185 nM in hexanes:IPA mixtures. See SI for more details.
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