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Asymmetric Reaction Screening with a Click Chemistry Sensor

Nat. Commun. 2018, 9, 5323

The pace of scientific discoveries and developments in
academic and industrial laboratories has reached staggering
dimensions with the introduction and widespread use of
generally available automated high-throughput experimen-
tation equipment. “The full utilization of high-throughput
screening (HTS) methodologies in asymmetric reaction devel-
opment efforts, however, has been lagging behind for some
time,” noted Professor Christian Wolf from Georgetown Uni-
versity (USA). “While hundreds of reactions can easily be
conducted on the microscale using microwell plate technol-
ogy, it is still quite a challenge to determine both yield and
enantiomeric excess (ee) without product isolation or at least
partial work-up”.! He added: “Recent advances with optical
techniques that are compatible with parallel data generation
from minute sample amounts are about to expand the tool-
box of synthetic chemists. In the last few years, the chiroptical
sensing field has left its ‘Mauerbliimchen’ (‘wallflower’) image
behind by shifting the focus to real-world applications.>* As a
result, increasingly practical molecular sensors that allow HTS
of crude asymmetric reaction mixtures via UV, fluorescence
or circular dichroism analysis have been developed and put
to the test.”

Direct yield and ee determination of asymmetric reactions
requires a rugged assay that generates accurate data in the
presence of possibly interfering chemicals, including starting
materials, catalysts, reagents and by-products. To accomplish
this challenging task, the group of Professor Wolf has now in-
troduced an optical method with broadly applicable coumarin
sensors exhibiting attractive click chemistry features.

Professor Wolf said: “In our search for a chromophoric
sensor that is capable of direct asymmetric reaction screen-
ing, several 4-halocoumarins that can covalently bind a varie-
ty of nucleophilic target compounds were investigated. Proton
NMR and UV studies performed with 4-chloro-3-nitrocou-
marin and 1-phenylethylamine as analyte showed that this
can be accomplished quantitatively in less than 15 minutes
at millimolar concentrations and without by-product forma-
tion.” The group studied the performance of the sensor un-
der various conditions to confirm broad solvent compatibility
and tolerance of air and moisture. “Importantly, the substrate
binding does not generate an additional stereogenic center,”
explained Professor Wolf. He continued: “This facilitates the
chiroptical analysis because it avoids complications that could
arise from the formation of diastereomeric mixtures. The
sensing event coincides with a colorimetric change and the
formation of characteristic UV and CD signals allows concen-
tration and ee analysis of the target compound. The optical
click sensing assay is applicable to a wide variety of substrates
including amines, amino alcohols, amino acids and alcohols
(Scheme 2). We can use chloroform, dichloromethane, meth-
anol or toluene as solvents and the sensing of amino acids can
be performed in aqueous acetonitrile, which is attractive with
regard to biological applications.”

With a rugged sensing assay in hand, the group attempted
simultaneous ee and concentration analysis of nine scalemic
samples of 1-(2-naphthyl)ethylamine by comparing the in-
duced CD and UV spectra with calibration curves (Scheme 3).
Professor Wolf said: “The absolute configuration of the major
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Scheme 1 Irreversible substrate binding with a click chemistry sensor
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Scheme 2 Target scope and selected examples of the distinct CD signals obtained at high wavelengths using 4-chloro-3-nitrocou-

marin as sensor

enantiomer was assigned by comparison of the sign of the in-
duced Cotton effect to a reference sample. Our click sensing
gave accurate results in all cases. For example, the sensing of
a sample containing (R)-1-(2-naphthyl)ethylamine in 4.00 uM
and 25.0% ee gave 4.34 uM and 24.0% ee (Scheme 3, entry 1).”

Professor Wolf continued: “To determine the usefulness
of our optical sensor in asymmetric reaction analysis, we

selected the iridium-catalyzed asymmetric hydrogenation of
N-methyl-1-phenylethan-1-imine using several ligands with
various catalyst loadings.”” The sensing was carried out with
200 pL aliquots of crude reaction mixtures and the calculated
conversion and ee obtained by chiroptical sensing were com-
pared to traditional NMR and chiral HPLC analysis. The results
were within a 5% error margin, which is generally considered
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Scheme 3 UV and CD sensing of samples containing 1-(2-naphthyl)ethylamine in varying concentrations and ee’s

acceptable for HTS applications. “Our optical assay is signifi-
cantly faster and produces less waste than the traditional re-
action analysis,” remarked Professor Wolf, continuing: “The
sensing assay generated approximately 6 mL of solvent waste
per analyte and was complete within 1 hour while the tradi-
tional approach produced 540 mL and required more than 7
hours (Scheme 4).”

Professor Wolf concluded: “We have developed an effi-
cient, robust optical method for quantitative chirality sensing
of a wide range of substrates. Our coumarin sensor possesses
attractive click chemistry features and was successfully ap-
plied to asymmetric reaction analysis utilizing only milligram
quantities of the crude material. We have demonstrated that
optical reaction analysis can be fast, and that it eliminates
cumbersome purification steps and reduces chemical waste,
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Catalytic asymmetric imine hydrogenation Reaction analysis
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Scheme 4 Analysis of the asymmetric hydrogenation of N-methyl-1-phenylethan-1-imine
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