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Abstract: Within the realm of drug discovery, high-
throughput experimentation techniques enable the rapid
optimization of reactions and expedited generation of
drug compound libraries for biological and pharmacoki-
netic evaluation. Herein we report the development of a
segmented flow mass spectrometry-based platform to
enable the rapid exploration of photoredox reactions for
early-stage drug discovery. Specifically, microwell plate-
based photochemical reaction screens were reformatted
to segmented flow format to enable delivery to nano-
electrospray ionization-mass spectrometry analysis. This
approach was demonstrated for the late-stage modifica-
tion of complex drug scaffolds, as well as the subsequent
structure—activity relationship evaluation of synthesized
analogs. This technology is anticipated to expand the
robust capabilities of photoredox catalysis in drug
discovery by enabling high-throughput library diversifi-

cation.
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Introduction

In the search for breakthrough medicines, materials, and
agrichemicals, the accelerated preparation of complex small
molecules in a miniaturized fashion can have a profound
impact on reducing chemical footprint while expanding
upon reaction space.'*! High-throughput experimentation
(HTE) technologies offer avenues for rapid data collection
and process automation, and their implementation in
organic synthesis have enabled the expedited discovery and
optimization of various reaction manifolds.” ™ From a
pharmaceutical standpoint, the rapid development and
application of novel synthetic methodology play a central
role in accelerating access to highly functionalized drug
leads. Given the short supply of substrate material at the
start of a drug discovery program, it is often necessary to
decrease the scale of experimentation to access broader
chemical space.'”'®?! The use of HTE techniques can
streamline approaches for the exploration of myriad cata-
lysts and reaction conditions in a time and resource-efficient
manner. Recent advances in miniaturized HTE have
supported the diversification of expansive pharmaceutical
libraries via palladium-catalyzed C—C, C—O, and C-N bond
forming reactions at nanomole scale, using both continuous
flow and plate-based approaches.'”-"*? Furthermore, plat-
forms that integrate high-throughput reaction optimization
with subsequent biological evaluation provide additional
opportunities for streamlining bioactive molecular
discovery.!"™

Critical to the application of HTE workflows is the
integration of high-throughput analytical instrumentation to
provide rapid analysis of reaction mixtures. Mass spectrom-
etry (MS) is an appealing tool for application in HTE, due
to the high degree of chemical information and specificity
imparted in its measurements.'”!) Application of rapid
liquid chromatography (LC) has enabled MS-based analysis
of reactions at a throughput of up to 0.05 samples/s.'”") A
major limitation in these systems is the use of a time-
consuming LC separation before detection. As such,
expediting sample introduction to MS analysis represents a
natural next step for improving such screening
approaches.®>"!

A proven approach for rapid sample introduction to
electrospray ionization-MS (ESI-MS) is the use of droplet
microfluidics. With the use of an immiscible carrier phase,
segmented droplet samples can be flowed sequentially to a
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mass spectrometer for rapid analysis. This approach has
seen application across areas such as enzyme evolution, drug
discovery, and organic synthesis. Electrospray of droplet
samples is achieved either by directly performing ESI on
individual droplets or by introduction of droplets to a
continuously spraying sheath liquid. Droplet-based ESI-MS
screening of enzymatic reactions contained in well plates has
been achieved at throughputs of up to 4.5 droplets/s.’**
Systems pairing ESI emitters directly to microfluidic devices
have shown capability of even higher throughputs, with one
example achieving analysis at up to 33 droplets/s.!! The use
of low flow nanoESI-MS (nESI-MS) has also been applied
in the analysis of droplet samples.***! Benefits of employing
nESI in place of standard ESI include heightened ionization
efficiency in the presence of sample matrices that suppress
analyte ionization, as well as the use of gentler conditions to
enable the observation of more labile molecular ions. Both
benefits complement a MS-based HTE platform, as they
increase the likelihood of observing molecular ions across a
range of different sample compositions and molecular
analytes.

As it stands, analytical platforms that combine droplet
microfluidics and MS for organic synthesis applications have
been significantly limited in scope.*** The development of
novel droplet microfluidic-MS approaches and application
to chemical transformations of rising interest could signifi-
cantly drive further innovations in HTE. Over the past
decade, photoredox catalysis has risen to the forefront of
organic synthesis by enabling rapid access to nontraditional
bond constructions and aiding in sustainability efforts
through the use of visible light.**! In particular, photo-
redox catalysis has gained meaningful traction in medicinal
chemistry applications by providing versatile access to
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scaffolds and building blocks that previously required a
significant number of operations.’™"! Nonetheless, one key
challenge to achieving widespread implementation of photo-
redox catalysis within medicinal chemistry stems from the
scalability and generality of existing reactor platforms. To
use these visible light-driven methods to their full potential,
development of a user-friendly benchtop photoreactor
featuring reaction screening and facile scale-up capabilities
is needed. In our previous report, we have demonstrated the
utility of droplet ESI-MS in enabling picomole-scale photo-
chemical reaction discovery in flow by performing in-droplet
reactions and analyzing at throughputs of up to 0.3 samples/
5.1l This work focuses on the development of a comple-
mentary platform to screen photoredox catalysis reactions in
a plate-based format. By transferring these samples to
segmented droplet flow, nESI-MS analysis (up to 2.9 drop-
let/s) could be performed for the rapid characterization of
late-stage functionalization libraries to enable subsequent
scale-up and biological evaluation (Figure 1).

Results and Discussion

Development of a plate-based photoreactor and preliminary
nESI-MS studies

Our studies into leveraging droplet microfluidics technology
for reaction discovery have been centered on the develop-
ment of a nESI-MS platform for the high-throughput
analysis of photochemical late-stage functionalization reac-
tions. We chose to employ a radical perfluoroalkylation
strategy developed by the Stephenson group®>! as a model
system for the diversification of pharmaceutical compound
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Figure 1. Highlights of droplet-based nESI-MS screening platform. A) Overview of droplet nESI-MS platform for screening plate-based
photochemical reactions. B) Development of a microwell plate photoreactor and integration into a nESI-MS analysis workflow.
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libraries. Namely, we have developed a platform that
interfaces a custom plate-based photoreactor with nESI-MS
analysis with to accommodate the rapid screening of
complex drug molecule libraries in nanoliter volume
droplets. We envisioned that this setup would be amenable
to applications including the late-stage functionalization of
drug scaffolds and rapid optimization of substrate-specific
reaction conditions.

We began our studies by identifying a photoreactor that
could accommodate well plate-based reaction screens. While
several commercially available photoreactors have been
designed for parallel synthesis applications (see Supporting
Information), there are significant limitations associated
with these systems, including incompatibility with standard
well plate dimensions as well as the use of low intensity
light-emitting diodes (LEDs). With the objective of max-
imizing photon flux while enhancing reproducibility, we
designed a modular benchtop photoreactor for irradiation of
microwell plate reactions using high-powered Cree Royal
Blue XTE LEDs (2 W per LED). We constructed a 25 LED
array (approx. 50 W total output) photoreactor to accom-
modate the dimensions of a standard 96, 384, or 1536 well
plate. Our workflow (Figure 1B) for droplet generation
involves loading a pre-mixed reaction solution onto a
microwell plate, followed by blue light irradiation. A small
fraction of each reaction was then withdrawn and diluted.
The dilution served to both quench the reaction and
facilitate MS analysis, as analytes of high concentration (>
1 mM) can lead to saturation of MS signal and contamina-
tion of the MS source. 8 uL of each diluted reaction mixture
was deposited into a separate well plate and covered with
perfluorodecalin (PFD) for subsequent droplet formation in
perfluoroalkoxy (PFA) tubing (150-360 um internal diameter
x outer diameter). Droplet samples (5-10 nL) were gener-
ated from microwell plates using equipment and methods
previously reported.*>¢

To demonstrate the general capabilities of our system,
we examined the photoredox trifluoromethylation of N-
Boc-5-bromo-7-azaindole and caffeine substrates (Fig-
ure 2).% Sample droplets (8 nL) were formed in a repeating
3.3 fashion. Droplet analysis was performed at a rate of
0.67 droplets/s by infusing the droplet train at 322 nLmin ™"
into the nESI source, allowing for triplicate sample analysis
to be performed in under 5s. Analysis throughput at this
stage was limited by the scanning rate of our mass
spectrometer, which required 170 ms per scan. By extracting
out the m/z values associated with our expected products
(m/z 263 for trifluoromethyl caffeine, m/z 365 for
trifluoromethyl N-Boc-5-bromo-7-azaindole), we were able
to successfully monitor product formation in both reactions.
As shown in Figure 3, two separate droplet populations can
be observed in the anticipated 3-3 fashion. Droplets that
show high response for product formation in one trace show
low response in the other, yielding an offset product signal
pattern across the two traces. These results not only validate
the capability of our system to detect product formation, but
also demonstrate the ability to perform rapid analysis while
maintaining the identity of the individual samples. Also of
note is the effect of nESI for product detection. Applying
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Figure 2. Droplet nESI-MS analysis of photoredox trifluoromethylation
reactions. A) Photoredox trifluoromethylation of caffeine and 5-Br-7-(N-
Boc)azaindole substrates. B) Droplet nESI-MS analysis of caffeine and
5-Br-7-(N-Boc)azaindole trifluoromethylation reactions. Droplet trains
of repeating 3-3 format were analyzed by nESI-MS at 0.67 droplets/s.
The two traces represent the extracted m/z for 3 (m/z=367, top) and 4
(m/z=263, bottom). Bars above traces represent droplets formed from
reactions of substrates 1 (grey) and 2 (blue).

low flow rates reduces the required temperatures and
electric potentials to perform electrospray and desolvate
analytes. These gentler conditions can lead to observation of
labile molecular ions that may be lost during standard ESI,
as we observed with trifluoromethyl N-Boc-5-bromo-7-
azaindole (see Supporting Information).

nESI-MS analysis of late-stage functionalization libraries

With the developed system, we aimed to achieve three goals:
(1) accomplish late-stage functionalization using diverse
radical coupling partners, (2) perform high-throughput opti-
mization of reaction conditions for individual drug scaffolds,
and (3) demonstrate the immediate benefit of using droplet
microfluidic nESI-MS for the late-stage diversification of
drug compound libraries and its integration into structure—
activity relationship (SAR) studies and biological assays in a
medicinal chemistry setting. To achieve our first objective of
performing the late-stage functionalization of complex drug
molecules, we carried out the fluoroalkylation (CF;, CF,H,
CF,Cl) of 17 drug and drug-like compounds provided by a
commercial library from Pfizer (Figure 3).5¥ Reactions were
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Figure 3. Screen for late-stage fluoroalkylation of pharmaceutical compounds by droplet nESI-MS. A) General Scheme for fluoroalkylation of 17-
compound library (top) and mass trace for predicted PF1 product (bottom). Displayed is the m/z=7523, which is the predicted MH* ion of mono-
trifluoromethylated verapamil HCl. Asterisks denote additional formation of regioisomers. B) Coloration on heat map describes increased response
for desired product MH* ion over control, while blue asterisks denote statistical significance in response increase.

irradiated with blue light for 1 h in a 384 polypropylene well
plate prior to dilution and subsequent droplet generation for
nESI-MS analysis. To enhance substrate solubility and
maintain homogeneity of reactions, substrate stock solutions
were prepared using a 10 % DMF/MeCN solvent system.
Excess trifluoroacetic anhydride (16 equiv) was added to
accommodate acylation by nucleophilic functionalities (e.g.
free amines and alcohols) on substrates within our targeted
library.

Upon generating reaction droplets in triplicate, nESI-MS
analysis was performed at a throughput of 0.67 droplets/s.
Control samples containing no added substrate were run to
differentiate between MS signals that derived from the
reaction of interest and signals that were simply artifacts of
our sample matrices. Shown in Figure 3A is the extracted
ion trace (523 m/z) for the trifluoromethylated product of
PF1, Verapamil HCL. Upon analysis of the droplets contain-
ing compound 1, a significant increase in signal intensity is
observed in comparison to the control samples, suggesting
successful product formation. This same approach was
applied to each of the tested substrates in our library. We
were able to identify several “hit” reactions for each
perfluoroalkylation reaction, in which desired product m/z
signals were significantly elevated relative to control signals.
With the aim of qualitatively assigning “hit”/“no hit”
responses to each reaction, we conducted analyses to assess
the statistical relevance of our product mi/z signals over
background noise. A two-sample t-test was performed, in
which each reaction of interest was compared against the
control samples to confirm the presence of newly generated
product m/z signals. Reactions were deemed a hit if they
achieved a P<0.01. Across 5 distinct substrates that yielded
“hit” responses, significant product m/z signal increases
were observed for all three fluoroalkylation conditions,
demonstrating the capability of our method to successfully
detect product formation across a diversity of complex small
molecules (Figure 3B). MS counts were also utilized to show
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the strength of “hit” responses. A log,(product response-
control response) test was used to gauge the magnitude of
signal increase and in turn, highlight promising reaction
conditions.

Three “hit” reactions were scaled up to 0.1 mmol scale
for subsequent purification and product isolation to further
validate our nESI-MS results. Successful isolation of bis-
trifluoromethylated (45% yield) varenicline tartrate was
achieved, validating our corresponding nESI-MS screen
data. Isolation of trifluoromethylated Verapamil HCl and
PF15 products was attempted to elucidate regioisomer
formation; however, desired products could not be success-
fully isolated due to low yields and product decomposition
upon column chromatography. The HTE data obtained
from our screen provided insight into several reactivity
trends that arose from varying substrates and perfluoroalkyl
radical reagents. Our screen revealed “hit” responses across
11 substrates (65% of 17 compound library), as well as
successful product formation across all three perfluoroalky-
lation conditions for 5 substrates (compounds PF 1, 11, 13,
14, and 15). Among our “hit” compounds, a variety of
heteroarene scaffolds were accessible, including quinoxa-
lines, furo[2,3]pyridines, quinazolinones, pyrrolopyrimidines,
and pyrrolopyridinones. We were gratified to see that
several of these “hit” response scaffolds expanded upon the
scope of structures formerly reported by the Stephenson
group.'” These results highlight the successful application of
this methodology for substrates of increased complexity and
diverse functionality. Among substrates that did not yield
any product formation (PF 2, 3, 6, 12, 16, 17), we noted that
the presence of electron rich alkyl amine motifs (PF 2, 12,
16) could be problematic, as these functionalities can be
prone to single electron oxidation and subsequent decom-
position. Additionally, the presence of sterically hindered
aromatic groups (PF12) could further hinder radical
functionalization.

© 2023 The Authors. Angewandte Chemie published by Wiley-VCH GmbH



GDCh
~~

High-throughput optimization of photoredox reactions

In addition to enabling the accelerated late-stage functional-
ization of diverse pharmaceuticals, our platform can also be
utilized for the high-throughput optimization of photoredox
reaction conditions. With the broader aim of obtaining
quantitative insight into product conversion and reaction
kinetics, as well as expanding upon screen parameters to
include various solvent systems, we have developed nESI-
MS methods for measuring product formation. To expand
upon our platform’s high-throughput reaction optimization
capabilities, we examined a broad set of parameters for the
radical trifluoromethylation of caffeine, including solvents,
photocatalysts, and heterocyclic N-oxide reagents (Figure 4).
Specifically, we set out to establish a robust analytical
method to quantitate product conversion. To lower back-
ground signals, MS-MS analysis was performed to target a
specific ~ fragmentation pattern arising from the
trifluoromethylated caffeine analyte (m/z =263—206)."! We
also needed to address challenges associated with ion
suppression, as changes in the sample matrix (e.g. solvent
environment) can drastically affect analyte ionization and
observed MS response. While this effect is typically resolved
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through sample cleanup methods (e.g. liquid chromatogra-
phy and chemical extractions), we pursued a methodology
allowing direct analysis of droplet samples to maximize
throughput.

By using the radical trifluoromethylation of caffeine as
our model reaction system, we have demonstrated successful
screening of co-solvent systems including 10 % co-solvent/
MeCN (co-solvents: DMF, DMA, CH,Cl,, MeNO,, DMSO).
In the presence of these co-solvents, analyte response saw as
much as a 4-fold drop, despite constant analyte concen-
trations (Supporting Information). Without correction, this
effect would confound direct comparison between condi-
tions. To overcome matrix effects, we explored three
methods: the use of standard addition, internal standard,
and higher dilution factor. Each of these methods demon-
strated capability in both normalizing matrix effects and
observing changes in analyte concentration. A breakdown of
the results and relative merits of each method can be found
in the Supporting Information. Moving forward, we chose to
use ethyltheophylline as an internal standard,® as it
provided excellent results with regards to signal normal-
ization and minimizing variability in measurement. A 72-
reaction screen was then performed to optimize the caffeine
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Figure 4. Condition screen for photoredox caffeine trifluoromethylation reaction. (Top) Scheme for trifluoromethylation of caffeine. Screen was
performed using ethyl theophylline as an internal standard to normalize signal from reaction product. A) Heat map results based on the analyte to
internal standard (1.S.) signal ratios. Each cell represents the average of 3 droplets. Darker shading represents a higher observed ratio, indicating
increased product formation. B) Photocatalysts and co-solvents evaluated across 72 reaction screen. C) Demonstration of reliability in scaling up
reactions. Droplet nESI-MS comparison (n=10 droplets) of samples run at screen scale (3 pmol) and 100x scale (300 pmol) showed similar
response for all 5 different reaction conditions. Normalization of results was performed within each pairing. The top 5 reaction conditions are

listed in order as conditions 1-5.
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trifluoromethylation reaction by screening parameters in-
cluding photocatalyst, N-oxide reagent, and co-solvent (Fig-
ure 4A). The triplicate analysis of all 72 reactions was
performed in 380s (0.67 droplets/s). Successful product
formation was observed over a wide range of conditions
(Figure 4B).

Solvent choice was found to have the largest influence
on product formation. The use of 10 % DMSO (6) yielded
poor turnover, while 10% DMF and DMA (4 and
5 respectively) gave the highest turnover across multiple
conditions. These results highlight the importance of
addressing matrix effects. DMF and DMA were both
observed to greatly suppress product signal, and as such,
would not likely have been viable co-solvents prior to
adjusting for variable ionization efficiencies. Five of our top
performing reactions were selected for subsequent scale-up
on 300 pmol scale and irradiated in a 96 well plate (Fig-
ure 4C). Gratifyingly, nESI-MS results suggested that the
yields obtained from the scale-up reaction show strong
correlation with that of our small-scale screens, which
further validates the scalability of our screening method and
the opportunity to quantitatively benchmark reaction per-
formance in a high-throughput manner.

Late-stage functionalization and biological evaluation of
compounds

With the goal of applying our HTE platform towards a
medicinal chemistry setting, we have employed our nESI-
MS system in screening a diverse library of pharmaceutical
intermediates, provided by Novartis, for late-stage modifica-
tion. Specifically, we set out to screen a library of
15 compounds, which have previously been investigated as
firefly luciferase (FLuc) inhibitors, for late-stage C-H
alkylation (CF;, CHj, cyclopropyl).”™ By providing high-
throughput access to photochemical C—H alkylation, we
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aimed to facilitate the diversification of structural libraries
and enable the rapid generation of drug analogs for
subsequent biological evaluation. In our initial library
screen, we irradiated a 15-3 array of reactions to screen
15 Novartis drug scaffolds using 3 radical precursors with
our microwell plate photoreactor. Following dilution and
droplet generation of each reaction sample in triplicate, we
performed nESI-MS analysis to identify hit responses using
statistical analysis. We were able to observe hit responses
(Figure 5A) from 2 parent compounds (NV1 and NV4) and
their corresponding daughter fragments (NV8 and NV9).
Our MS results suggested that in the absence of an
activating ester moiety, daughter fragments NV10 and NV11
did not undergo successful C—H alkylation. Additionally,
functionalization products were observed for daughter frag-
ments NV13 and NVI15, while their respective parent
compounds did not give rise to alkylated analogs (see
Supporting Information for details). To validate our nESI-
MS screen results, 6 of our top-performing substrates (NV1,
NV3, NV4, NV8, NV9, NV15) were selected for scale-up
and subjected to the same 3 photochemical alkylation
conditions at 0.1 mmol scale (Figure 6A). To generate
microgram amounts of material for subsequent biological
assays, mass-directed purification techniques were used to
perform product isolation. Notably, we were able to
successfully isolate 11 products (Figure 5B), all of which had
been labeled as “hits” in our initial nanomole scale screen.
Acylation of the nucleophilic amine group was observed in
the trifluoromethylation product of NV9, which could
explain its absence as a hit in our follow-up screen. While
product masses were detected upon UPLC-MS analysis of
methylated NV4, isolation was unsuccessful, most likely due
to low levels of product formation. NMR characterization of
NVI1-CH; and NV1-C;H; suggested the formation of off-
target products via de-ethylation and acylation of the
diethylamine group. Loss of the ethyl group was confirmed
by predictive NMR studies. Interestingly, these products

= Ru(bpy}:Clz
(A) o 5 (1 mol%) R (B)
N 4 Drug Fragment Analogs Isolated
IS T 5 W o MIRG o 2
P v
dru =
scaffold 8 equiv 16 equiv HecH R = CF3, CH;, C3Hs ‘v”@\ e
Log(Sample Average-Contral Average) HH 9 BN
| e YT
<5.00 |5.00-5.49 | 5.50-5.99 | 6.00-6.49 | 6.50-6.99 | 7.00-7.49 | 7.50-8.65 N/ " jzfs 4] cl
NV 1 NV 3
R = CF3 CHj, C3Hg R =CHs, CaHs
adica 4 6 g 9 0 G‘E "ﬁ/l\#e | Ne R Res i
L | < Sk 7 N _0 OFt I\/©/
CF w | . * HzNj = 07 "N
HH; H
CH * * * * NV 8 NV NV 15
F &= R=CH, R =CFy, CH; R = CF5, CHs, CaMs
C.H; % | & & *

* Product Isolated * Product observed but not isolated in sufficient quality or quantity

¥ Product not observed by ESI-MS upon scale-up

Figure 5. Late-stage functionalization of Novartis drug fragment library. A) Droplet nESI-MS screen of perfluoroalkylation conditions on 1 pmol
scale. Coloration on heat map describes increased response for desired product MH™ ion over that of the control. The star symbols denote the
outcome of product isolation upon 0.1 mmol scale-up. B) Drug fragment analogs isolated in 0.1 mmol scale-up.
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Figure 6. RLuc assay activity of select library compounds and microscale profiling assays. Green circles denote inactivity in R-Luc assay, while red
squares denote RLuc assay activity. AC50 represents the concentration (uM) of a compound at which 50% of the renilla luciferase enzyme is
inhibited. The CLint values measure the half-life of the compound divided by protein concentration in the assay. Papp (P apparent) measures the
ratio of the compound in the apical layer to compound in the basal layer of MDCK (canine epithelial) cells. See Supporting Information file for

assay details.

were originally designated as hits by nESI-MS analysis, as
they have the same masses as the desired C—H functional-
ized products. Subsequent isolation and characterization
revealed them to be separate isomers. Control experiments
suggest that loss of the ethyl group occurs under photo-
chemical conditions, likely driven by single-electron oxida-
tion of the amine. Five of our synthesized analogues (NV1-
CH,;, NVI1-C;H;, NV9-CF;, NV3-C;H;, NV15-CF;) were
isolated in sufficient quantity and determined to meet purity
criteria for subsequent biological assays upon NMR analysis.
These five compounds, along with our original 15 library
members (NV1-NV15), were run through an RLuc (renilla
luciferase) assay’®! to measure inhibition of the renilla
luciferase enzyme (Figure 6; see Supporting Information for
details of full screen). Assay results suggest that while parent
scaffolds NV1 and NVI15 showed RLuc activity, their
synthesized analogues (NV1-CH;, NV1-C;H;, NV15-CF;)
did not show any significant activity.

Compounds NV9-CF; and NV3-C;H; were observed to
be RLuc inactive, as was reported for their parent scaffolds
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(NV3 and NV5). Additionally, the five synthesized ana-
logues and NV1-NV15 were subjected to Novartis’ standard
microscale profiling assays for clearance, permeability, and
solubility (Figure 6, see Supporting Information for details).
While the examined hits from our screen did not exhibit
biological activity, these studies effectively demonstrate how
droplet nESI-MS can be used both to rapidly characterize
complex pharmaceutical libraries, as well as to identify
viable targets for SAR studies and biological profiling.

Increasing nESI-MS analytical throughput

Finally, we explored our platform’s potential for operating
at even higher throughputs. Throughout these studies, the
throughput established in our initial demonstration
(0.67 droplets/s) was used. Applying faster scanning instru-
mentation or a more focused m/z window would allow for
higher throughputs to be achieved in future studies. In
Supporting Information Figure S19, we showed that our

© 2023 The Authors. Angewandte Chemie published by Wiley-VCH GmbH
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nESI setup can process upwards of 2.9 droplets/s when
monitoring a single m/z value. This throughput would allow
for a 384 microwell plate to be analyzed in triplicate in
under 7 min. For reference, the aforementioned work
applying rapid LC-MS for screening synthetic reactions
would require 422 minutes to achieve this same task.!'”? With
this degree of improvement, larger screens (>1000 reac-
tions) could be accomplished in a matter of hours or even
minutes.

Conclusion

In summary, an HTE platform for screening visible light-
driven reactions was developed and successfully applied to
photochemical reaction discovery and optimization. Simulta-
neous irradiation of samples in microwell plates, followed by
translation into segmented droplets post-reaction facilitated
rapid reaction screening and delivery to downstream analy-
sis. The use of nESI-MS provided detection of a diverse
population of reaction products with minimal assay develop-
ment, as well as highly gentle ionization for the observation
of labile species. The implementation of methods to address
variable ionization efficiency in droplet nESI-MS analysis
enabled the screening across a variety of photoredox
reaction conditions. Screening of photoredox catalysis fluo-
roalkylation reactions was performed with the concerted
objectives of enabling reaction discovery and high through-
put optimization of “hit” reaction conditions. nESI-MS
analysis throughput as high as 2.9 samples/s was demon-
strated, which would drastically push forward the limits in
the high-throughput MS analysis of photoredox droplet
reaction samples. Successful translation of nanomole-scale
conditions to millimole-scale reactions was further demon-
strated, highlighting the ability to concertedly perform rapid
reaction discovery as well as subsequent scale-up for
application in biological assays and profiling. The systems
and methodologies presented show great promise for future
work in visible light-driven reaction design and rapid
diversification of pharmaceutical libraries to provide en-
hanced material and time efficiency in drug discovery.
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