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ABSTRACT: Modulating the basicity of alkylamines is a crucial factor in drug design. Consequently, alkylamines with a proximal amide, ester

or ketone have become privileged features in many pharmaceutical candidates. The impact of ai-amino carbonyls has made the development
of new methods for their preparation a continuous challenge in synthesis. Here, we describe a practical strategy that provides a modular and

programmable synthesis of a wide range of a-amino carbonyls. The generality of this process is made possible by an extremely mild method to
generate carbamoyl radicals, proceeding via a Lewis acid-visible-light mediated Norrish type-I fragmentation of a tailored carboxamide reagent,
and intercepted through addition to in situ generated unbiased imines. Aside from the reaction’s broad scope in each component, its capacity
to draw on plentiful and diversely populated amine and carbonyl feedstocks is showcased through a two-dimensional array synthesis that is used

to construct a library of novel, assay-ready, o-amino amides.

INTRODUCTION

Tuning the basicity of alkylamines is an important aspect in the
design of biologically active molecules as it regulates their ionization
state under physiological conditions and influences factors such as
lipophilicity, solubility, metabolism, and interference with the hERG
ion channel and targeted receptors, amongst others. As a result, an
alkylamines bioavailability and cell permeability can be enhanced
while off-target interactions can often be perturbed'”. One way to
reduce an alkylamine’s basicity is through the incorporation of a car-
bonyl group adjacent to the nitrogen atom. Accordingly, alkylamines
with a proximal amide, ester or ketones have become privileged fea-
tures in pharmaceutical candidates*® and new methods for their
preparation represent a constant goal for chemical synthesis7'8, par-
ticularly when applied to the assembly of diverse libraries of o-amino
carbonyl-derived pharmaceutical candidates®"".

A substantial research effort has been directed towards the syn-
thesis of pharmaceutically relevant c-amino carbonyls (Figure.
1a)”®, Beyond strategies that manipulate a-amino acids'>, methods
exploiting the functionalization of enolates, enols and enamines with
appropriate electrophiles have also become commonplace®'*'.
Most of these processes, however, require multiple steps, use of be-
spoke electrophiles or are limited by the type of carbonyl compound,
meaning that a general platform for a-amino carbonyls remains elu-
sive. Through an alternative approach involving acyl anion equiva-
lents, multi-component transformations have become established
via the addition of cyanide (Strecker reaction) and isonitriles (Ugi
reaction) to imines to form a-cyano amines and a-amido amides, re-
spectively'>'® Accordingly, the Strecker and Ugi reactions received
extensive attention in the synthetic community, resulting in 1000’s
of primary research articles on the topics. Their extensive investiga-
tion has also meant that such multicomponent transformations have
become attractive platforms for the preparation of libraries of poten-
tial pharmaceutical hit compounds via array synthesis'” - a reaction
matrix where discrete products are prepared in a spatially encoded

fashion, ready for assay'®". Despite both the Strecker and Ugi reac-
tions enjoying broad utility and uptake, they display several limita-
tions. The Strecker reaction must navigate the use of toxic cyanide
salts and the a-cyano amine products require further synthetic ma-
nipulations to access the target a-amino carbonyl. The Ugi reaction
requires the use of toxic isonitriles, which are often unstable, fre-
quently difficult to synthesize and not widely available, and the pro-
cess is restricted to the synthesis of a-amino secondary amide deriv-
atives. The realization of a new multicomponent reaction for the
synthesis of (Csp?)-rich a-amino carbonyls that displays all the pos-
itive attributes of the Ugi and Strecker reactions but few of their dis-
advantages remains an important challenge to chemical synthesis.
We reasoned that a new process should assemble the a-amino amide
framework in a single step and draw from readily available and sub-
stantially populated classes of C(sp®)-rich feedstocks; not contain
any residual activating or protecting groups in the products; proceed
with near equimolar stoichiometry of reagents; and be amenable to
array-type library synthesis. Recently, our laboratory established a
versatile tertiary alkylamine synthesis platform called carbonyl alkyl-
ative amination wherein a visible-light and silane-mediated activa-
tion mode can generate alkyl radicals under mild conditions and or-
chestrate their addition to in-situ generated all-alkyl substituted
iminium ions.”””' Set against the challenges of a modular, practical
and general strategy for the synthesis of a-amino amides, we specu-
lated that visible-light mediated addition of a carbamoyl radical to an
in-situ generated iminium ion, unbiased by its substituents, might of-
fer a comparably broad reactivity to the venerable Ugi multicompo-
nent coupling.

Carbamoyl radicals are moderately nucleophilic open shell inter-
mediates whose polarity would be matched to the electrophilic imin-
ium ion acceptor, providing the basis for an effective coupling”. The
generation of carbamoyl radicals has, though, frequently involved
the use highly functionalized and poorly tractable precursors under
non-ideal reaction conditions®?*, which has precluded their wider
use. The advent of visible-light photochemistry has rendered several
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Figure 1. Reaction design and background. (A) the a-amino carbonyl motif and its prevalence in biologically active molecules. (B) design plan for a

carbonyl acylative amination reaction.

more convenient carbamoyl-radical precursors”* and expanded

the scope of accessible chemistries of this generally underexplored
species. We speculated that an activation mode for carbamoyl radical
formation based solely on excitation by visible-light would lay the
foundation for an operationally straightforward and modular syn-
thesis of a-amino amides. Accordingly, this ideal could be realized
through visible-light driven formation of carbamoyl radical and 1,2-
addition to an all-alkyl iminium ion, which is formed in situ from an
aldehyde or ketone and primary or secondary amine (Figure. 1B).
Such a transformation could overcome the limitations of other
methods for a-amino amide synthesis, presenting a convenient and
modular method to prepare highly desirable class of C(sp*)-rich
amine scaffold that is present in many pharmaceutical agents and -
could be of great utility in the discovery of new pharmaceutical
agents.”¥

RESULTS AND DISCUSSION

In considering a convenient source of carbamoyl radical, our at-
tention focused on 4-carboxamide-1,4-dihydropyridines (DHPs)
because they can be accessed by amide bond formation from the cor-
responding 4-carboxy-DHP*, which exploits the modularity offered
by the diverse amine feedstock pool. While 4-carboxamide-DHPs
have been used as precursors to carbamoyl radicals*, the action of
a visible-light mediated photocatalyst or formation of an electron-
donor acceptor complex with a reagent® is generally required for
their activation. On the basis that selective homolytic bond scission
to the carbamoyl radical would occur via Norrish type-I fragmenta-
9% wherein a symmetry-allowed excitation between the Txomo
of the DHP unit and 6*c co orbital would be driven by visible-light
irradiation (Figure. 2A). To drive an unbiased activation of the 4-
carboxamide-1,4-DHPs solely under visible-light irradiation, we

tion

speculated that the energy of the 6*c co orbital in 4-carboxamide-
DHP reagents could be lowered by Lewis acid coordination to the
carbonyl motif of the amide, bringing it closer in energy to DHP-
mromo orbital, as well as polarizing the C-CO bond such that the co-
efficient of the 6*c co orbital is increased at the C-4 position. This
would lead to better overlap and enablement of visible-light excita-
tion to the electronic configuration required for Norrish type-I frag-
mentation to the carbamoyl radical.

A series of preliminary experiments were carried out to probe a
Lewis acid activation mode for visible-light mediated carbamoyl rad-
ical formation. Irradiating a dichloromethane solution of 4-carbox-
amide-1,4-DHP 1a in combination with aldehyde 2a, amine 3a and
4 A molecular sieves — the components required to form the iminium
ion acceptor in situ — showed no conversion to the desired a-amino
amide 4a (Figure. 2B, entry 1). As expected, the use of photocata-
lysts (Ir[dF(CFs)ppy]2(dtbpy) PFs and 4CzIPN) led to an intracta-
ble reaction mixture, underlining their incompatibility with the reac-
tion’s sensitive iminium and enamine intermediates. The impact of
Bronsted and Lewis acid additions was assessed and a significant in-
crease in reactivity was observed through the consumption of 1a and
the formation of a-amino amide 4a. The addition 1.2 equivalents of
TBS-OTfled to the most dramatic improvement and produced an
assay yield for 4a of 80% with 35% of 1a remaining (entries 2,3). No-
tably, these reaction conditions are effective at near equimolar stoi-
chiometries of the reaction components. Alongside its role in acti-
vating the 4-carboxamide-DHP, TBS-OTf facilitates a high concen-
tration of iminium ion and it is possible that the triflate counterion
may also enhance its electrophilic reactivity. A preliminary kinetic
assessment revealed a zero-order dependence on aldehyde, amine
and TBS-OTf, and a first-order dependence on 1a. This suggests
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Figure 2. reaction optimization and scope for Carbamoyl reagent. (A) Lewis acid activation of 4-carboxamide DHPs to facilitate visible-light excitation
and Norrish type-I fragmentation to a carbamoyl radical (B) Selected optimization data for the modular synthesis of a-amino amides. (C) UV /vis
spectra to evidence the activation of 4-carboxamide-DHPs via Lewis acid coordination. (D) Preliminary scope assessment of the a-amino amide syn-
thesis process with respect to amine, aldehyde and carbamoyl radical fragment. AY, assay yield; IY, yield of isolated product.

that the homolysis of 1a, is rate limiting; a rate constant for the reac-
tion was determined to approximately 1.8 x 10° S'. While the data

show a critical role of TBS-OTf in promoting the desired reaction
and supports its role as an activator for the carboxamide group, a



reaction in the presence of Sc(OTf); showed an almost four-fold ac-
celeration in reaction rate (see supplementary information, Figures.
$35-S36), which could be explained by its action as a more effective
Lewis acid for the activation of 1a. The reaction also worked well
with a preformed iminium ion and in the absence of 4 A molecular
sieves (not shown). Therefore, optimal reaction conditions involved
the use of 20mol% Sc(OTf); in combination with TBS-OTf, which
resulted in a quantitative assay yield of 4a (90% yield of isolated
product) and 1a was completely consumed (entry 4). Further sup-
port for the impact of Lewis acid additives was gained from-exami-
nation of the UV/vis spectra of 1a when complexed with TBS-OTf
or Sc(OTf)s. In both cases, a clear bathochromic shift is observed
when compared to the parent compound, which also supports the
energetic proximity of the 6*c_co and Taemo orbitals (Figure. 2C).
Analysis of the "H NMR spectrum of a 1:1 mixture 4-carboxamide-
DHP laand TBS-OTfshowed a clear downfield shift of both amide
N-H and the DHP N-H signals, although the shift was more sub-
stantial for the amide signal. While this suggests that coordination to
the amide is most likely the predominant interaction, we cannot rule
out that such a downfield shift in the amide N-H is not due to a co-
ordination to the esters of the DHP motif, which could also explain
the observed bathochromic shift in the UV/vis spectrum. No reac-
tion was observed in the absence of light or using a blue-LED fitted
with 455 nm filter, and almost all 1a was recovered; with a 420 nm
filter, 20% of 4a was formed and 70% of 1a remained (entries 5-7).
These experiments are consistent with the bathochromic shift of the
tail wavelength to 440 nm when 1a is coordinated to a Lewis acid.
We draw an important comparison to the seminal work of Melchi-
orre and co-workers, who elegantly showed that visible-light irradia-
tion alone could convert 4-benzoyl DHP $a, a related class of ke-
tone-containing precursors, to its corresponding acyl radical, which
was intercepted through an organocatalytic Stetter-type reaction
with cinnamaldehydes as well as other transformations*"*. With 4-
benzoyl DHP 5a, the inherently lower energy of the ketone 6*c co
orbital and the impact of a higher polarization in the C-COPh bond
would facilitate more facile visible-light mediated fragmentation.
Consequently, Sa was also adaptable for the synthesis of the corre-
sponding a-amino ketones; irradiation of dichloromethane solution
of 5a, 2a, amine 3a, TBS-OTfand 4 A molecular sieves led to quan-
titative and extremely rapid conversion (<2 minutes) to the desired
a-amino ketone 6a, substantially expanding the potential scope of
our general strategy to different classes of a-amino carbonyls and be-
yond the reach of classical Ugi and Strecker processes (entry 8).

A preliminary scope for the reaction was first explored by varying
the amine component in combination with 1a and aldehyde 2a (Fig-
ure. 2D). The reaction worked well with cyclic and acyclic secondary
amines (4a-f), and primary amines (4g, S1) to produce good yields
of the desired a-amino amide products. Several classes of substituted
aldehyde also worked well in the reaction with substrates containing
a-branched, heterocyclic and linear substituents successfully form-
ing the desired products (4h-k). Surprisingly, benzaldehydes per-
formed poorly in the reaction (see supporting information for fur-
ther details), although a reaction with 4-pyridaldehyde produced
synthetically useable! of 4j. However, cyclobutanone was a compe-
tent substrate and produced the fully substituted a,a’-disubstituted
amino amide 41 in synthetically usable yield. A series of 4-carbox-
amide-DHPs, formed in one step by coupling of the corresponding
acid with an amine, performed well on reaction with aldehyde 2a and
piperidine 3a; cyclic secondary amides, anilides and primary amides
derivatives were converted smoothly to the corresponding a-amino

amides (4m-p). 4-Carboxamide-DHP reagents derived from a-
amino acids derived could also be efficiently utilized providing direct
access to an unusual class of non-natural dipeptides (4q-s).

The synthesis of C(sp*)-rich a-amino amides, presented here, is
distinct from an insightful related transformation reported by von
Wagelin and co-workers that involved the photocatalyzed addition
of carbamoyl radicals to N-aryl benzaldimines®. While an important
demonstration of the utility of carbamoyl radicals, N-aryl benzal-
dimines are a class of imines whose reactivity towards radical addi-
tion is augmented by both its aniline and benzaldehyde components
through activation of the carbon-nitrogen double bond and stabili-
zation of the resulting aminyl radical adduct.* Importantly, no ex-
amples of reactions with the combination of alkylamines and alkyl-
substituted aldehydes or ketones were reported. Our process utilizes
unbiased amine and aldehyde components, the coupling of which
with the carbamoyl radical leads to the C(sp”)-rich a-amino carbon-
yls demanded by the quest for complex molecules with higher levels
of saturated carbon framework. Indeed, our own work in the field of
visible-light mediated amine synthesis clearly shows the challenges
associated with the synthesis of all-alkyl imines and iminiums and
the reactivity challenges associated with them compared to reactions
with bespoke N-aryl benzaldimines***"*.

The potential efficacy of this method lies in exploiting its opera-
tionally straightforward and modular nature to rapidly generate li-
braries of a-amino amides form extensive classes of abundant and di-
versely populated amine and carbonyl building blocks. When con-
ducted in a systematic and parallel fashion, the new process could be
amenable to array chemistry applications'. As a proof of concept, a
parallel two-dimensional array for the synthesis of a-library of a-
amino amides was designed, wherein each component could be sys-
tematically varied (Figure. 3A). To assess the reaction outcome, a
fluorine atom was included in each 4-carboxamide-DHPs so that a
quantitative assay yield of product could be calculated by ’'F NMR
analysis. Three arrays were designed based on a systematic variation
of the three components to produce 48 new a-amino amides. Ac-
cordingly, array 1 assessed four amines with four 4-carboxamide-
DHPs, while the same aldehyde was retained throughout; array 2 de-
ployed four aldehydes and four 4-carboxamide-DHPs while the
amine was kept constant; and array 3 utilized a single 4-carbox-
amide-DHP while implementing four amines and four aldehydes.
Each reaction array was irradiated with a blue LED light source (Lu-
midox® II, 445 nm 96-well LED Array), under the standard condi-
tions for 20 h; filtration and evaporation of solvent provided a crude
reaction mixture that could be quantified by 19F NMR using tri-
fluorotoluene as internal standard (Figure. 3B). Across all the reac-
tion arrays conducted, we observed the formation of product, in
most cases with high assay yields (see pie chart Figure. 3B, and sup-
plementary information, Figure. $39), which underlines the gener-
ality and robustness of the carbonyl acylative amination reaction.

Aswell as high yields, a successful reaction array also requires high
product purity such that libraries can be advanced directly to assay
without the need for the chromatographic purification of a large
numbers of compounds**. In addition to the a-amino amide prod-
uct, this process also generates a pyridine derivative formed from the
radical donor, as well as residual starting materials; interestingly,
other by-products were rarely observed. After assessing several
work-up and scavenging strategies, a successful workflow involved
the ‘in well” treatment of the reaction mixture with scavenging Am-
berlyst resins decorated with isocyanate (for amine)*” and hydrazine
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(for carbonyl)* functionalities and agitation for 4 h. Next, 2 M
NaOH was added to the crude mixture and stirred for 16 h, followed
by transfer to a filtration block to remove the resins (Figure. 3C).

After evaporation of the eluant (removing Methanol) followed by
reloading the sample onto the plate filled with silica and MgSO,, fil-
tration provided a-amino amides with a purity (determined by



LCMS, “F NMR and 'H NMR analysis) comparable to that ob-
tained from chromatography. With this protocol, one round of array
reactions was performed on a 24-well plate, which encompassed var-
ious combinations of amines, aldehydes and reagents sampled from
across the original three arrays. The optimized work-up protocol was
applied to this reaction plate to generate a library of high-purity a--
amino amides (Figure. 3D and see supplementary information, Fig-
ure. S43).

To further expand the functional space accessible with this mod-
ular reaction, the synthetic utility of the 4-keto-DHPs were assessed
as reagents for the synthesis of a-amino ketones. Like a-amino am-
ides, the corresponding ketones are privileged structural features
and frequently appear in pharmaceutical agents*®. As expected, the
4-keto-DHP reagents were far more reactive than their correspond-
ing carboxamide derivatives and did not require the addition of
Sc(OTH)s to engineer good reactivity. The reaction displayed a re-
markably broad scope in each component and a selected set of ex-
amples is shown in Figure. 4 (see supplementary information, Fig-
ure. $44 for additional examples). Many classes of secondary amine
produced good yields of the desired a-amino ketone products (6a--
o) , whose structures are frequently encountered in the pharmaceu-
tical and agrochemical candidates®. Primary alkylamines were good
substrates in the reaction, with benzylamines, a-branched amines
and bulky alkylamines performing well (6p-s). The tolerance of the
reaction to a range of functional groups was exemplified by its suc-
cessful deployment using a several pharmaceutical agents, all of
which produced the corresponding complex amine products in good
yields (6t-w).

Several classes of substituted aldehyde also worked well in the re-
action with substrates containing linear, branched and saturated het-
erocyclic substituents all producing good yields of the a-amino ke-
tone products with either secondary or primary amine coupling part-
ners (6x-6ae). A reaction using formaldehyde produced the unsub-
stituted a-amino ketone product in excellent yield (6z). At the op-
posite end of the steric spectrum, ketones were also good substrates
when used in combination with anilines; cyclic and acyclic ketones
were equally effective (6af-6am). Although the yields are slightly
lower when using ketones compared to aldehydes, their deployment
provides a direct access to highly functional variants of fully substi-
tuted a-amino carbonyls that are not always straightforward to pre-
pare by other methods. A range aryl, heteroaryl and alkyl-substituted
4-keto-DHPs produced the corresponding a-amino ketones in good
yields (6an-a).

Given that the -amino carbonyl motif is present in several mar-
keted pharmaceuticals that treat disorders ranging from obesity and
fatigue to stroke and heart disease, we tested whether this multicom-
ponent reaction could generate these drug molecules in a single step.
Several a-amino ketone pharmaceuticals could be assembled in
good yield after very short reaction times (Figure. 4, 7a-d)****". The
modularity of the process means that changing one of the compo-
nents in the reaction leads directly to the synthesis of closely related

analogues, which we demonstrated through the synthesis of an ana-
logue of bupropion (7d)*%. Deployment of d>-formaldehyde in com-
bination with an appropriate 4-carboxamide-DHP and diethylamine
enabled the single step synthesis of a deuterated analogue of lido-
caine (7e)*.

CONCLUSIONS

These carbonyl carbamoylative amination and carbonyl acylative
amination reactions represent a practical and general alternative to
the venerable Ugi and Strecker reactions and a straightforward
means of producing a wide spectrum of functionally and structurally
diverse a-amino carbonyls. The development of robust modular
methods for the synthesis of complex C(sp’)-rich amines remain an
underappreciated challenge. Taken together with our work on the
related carbonyl alkylative amination process**”, the work pre-
sented here substantially adds to this broad amine synthesis platform
and streamlines the synthesis of these important structures, which is
likely to be a great utility in the quest for new bioactive molecule.
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Figure 4. reaction scope for the ketone reagent. (A) Scope of a-amino ketone synthesis in terms of amine, carbamoyl and carbonyl component. (B)
One step synthesis of a-amino amide and a-amino ketone pharmaceuticals and selected analogues. AY, assay yield; IY, yield of isolated product.



22 Rokach, J. & Elad, D. (1966). Photoamidation. IV.1 The Light

- L ) Induced Amidation of “hsaturated Estess.Org. Chefd1, 42104215

1 Afanasyev, O. ., Kuchuk, E., Usanov, D. L. & Chusov, D. (201983 Forbes, J. E., Saicic, R. N. & Zard, S. Z. (1999). New radical reac-
Reductive Amination in the Synthesis of Pharmacéuigalskek19 tions of @lkoxycarbonyl xanthates. Total synthesiscofr{ainolide and
1185711911 (x)-methylenolactocifetrahedrobs, 37913802

2 Campos, K. R., Coleman, P. J., Alvarez, J. C., Dreher, S. D., G-  Jackson, L. V. & Walton, J. C. (2000). Generation of aminoacyl
baccio, R. M., Terrett, N. K.; Tillyer, R. D., Truppo, M. D., Parmee, Eagicals fromdarbamoyl-methylcyclohex35 dienes: a new-firee ho-
(2019). The importance of synthetic chemistry in the pharmaceutical inguglytic route to-#nd HactamsChem. Commu23272328
try. Scienc@63 eaat0805 25 Grainger, R. S. & Welsh, E. J. (2007). Formal Synthesis of ($)
3 Morgenthaler, M.; Schweizer, E.; HoffiR&dar, A.; Benini,  Aphanorphine Using Sequential Photomediated Radical Reactions of Dithi-
F.; Martin, R. E.; Jaeschke, G.; Wagner, B.; Fischer, H.; Bendels, S9@rhamatedngew. Chem. Int. B8, 53775380
merli, Det a{2007). Predicting and Tuning Physicochemical Properties in 26 Elad, D. & Rokach, J. (1965). Photoamidation. Ill. 1 The Light

Lead Optimization: Amine Basicit#émmMedChe; 11001115 Induced Amidation of Nonterminal Olefin®rg. Che0, 33613364
4 Michalson, E. T. & SzmuszkovicPgness in Drug Research 27 Barrett, A. G. M., Kwon, H. & Wallace, E. M. (1993). The con-
(ed Ernst Jucker) 1359 (BirkhSuser Basel, 1989). version of carboxylic acids into isonitriles via sgleenyhselenocarba-

5 Gounder, M.; Ratan, R.; Alcindor, T.; Schsffski, P.; Graaf, WmatesJ. Chem. Soc., Chem. Comyiid6e1761
v. d.; Wilky, B. A.; Riedel, R. F.; Lim, A.; Smith, L. M.; Mepay, S. 28 Bencivenni, G.; Lanza, T.; Leardini, R.; Minozzi, M.; Nanni, D.;
(2023). Nirogacestat, sédcretase inhibitor for desmoid tunies:, Spagnolo, P.; Zanardi(ZB08). Iminyl Radicals fromzido elodoan-

Engl. J. Me888 898912 ilides via 1;8 Transfer Reactions of Aryl Radicals: New Transformation of

6 Meltzer, P. C., Butler, D., Deschamps, J. R. & Madras, B'-Kzido Acids to Decarboxylated NittlleSrg. Cheff8, 47234724
(2006).  Y4-Methylphenykp-pyrrolidinl-yl-pentarl-one  (Pyro- 29 Raviola, C., Protti, S., Ravelli, D. & Fagnoni, M. (2019). Photo-
valerone) Analoguls:Promising Class of Monoamine Uptake Inhibitorsgenerated acyl/alkoxycarbonyl/carbamoyl radicals for sustainable synthesis.
J. Med. ChedS, 14201432 Green Cherl, 748764

7 Wu, P., Givskov, M. & Nielsen, T. E. (2019). Reactivity and Syn30 Petersen, W. F., Taylor, R. J. K. & Donald, J. R. (2017). Photore-
thetic Applications of Multicomponent Petasis ReaCtiens.Rek19 doxcatalyzed procedure for carbamoyl radical generadibyd8p4juin-
1124511290 olin-2-one and quinoli2one synthesi®rg. Biomol. ChetB, 58315845

8 Allen, L. A. T., RacleaCR.Natho, P. & Parsons, P. J. (2021). 31 Jatoi, A. H., Pawar, G. G., Robert, F. & Landais, Y. (2019). Visi-
Recent advances in the synthesantint ketone€rg. Biomol. Chem  blelight mediated carbamoyl radical addition to heterc@temesCom-
19 498513 munSS, 466469

9 Eastgate, M. D., Schmidt, M. A. & Fandrick, K. R. (2017). Onthéd2  Lovering, F., Bikker, J. & Humblet, C. (2009). Escape from Flat-
design of complex drug candidate syntheses in the pharmaceutical ind@gglyIncreasing Saturation as an Approach to Improving Clinical Success.
Nat. Rev. Chem.0016 Med. Chend2, 67526756

10 Bostrdm, J., Brown, D. G., Young, R. J. & KeserY, G. M. (201833 Silvestri, I. P. & Colbon, P. J. (2021). The growing importance of
Expanding the medicinal chemistry synthetic tdé#tioRev. Drug. Disc. ~ chirality in 3D chemical space exploration and modern drug discovery ap-

17, 709727 proaches for HiD: topical innovationdCS. Med. Chem. La2, 1220
11 Blass, B. Basic principles of drug discovery and developme29
(Elsevier, 2015). 34 Alandini, N.; Buzzetti, L.; Favi, G.; Schulte, T.; Candish, L.; Col-

12 Gao, Y. & Baran, P. S. (2023). Nizkelyzed Enantioselective lins, K. D.; Melchiorre, P. (2020). Amide Synthesis by Nickel/Photoredox
Decarboxylative Acylation: Rapid, Modular Accessind’ Ketones*.  Catalyzed Direct Carbamoylation of (Hetero)Aryl Brordidgew.
Angew. Chem. Int. 62 e202315203 Chem. Int. EB9, 5248253

13 Evans, R. W., Zbieg, J. R., Zhu, S., Li, W. & MacMillan, D. W. €5 Cardinale, L., SchmotzzQ4W. S., Konev, M. O. & Jacobi von
(2013). Simple Catalytic Mechanism for the Direct CoupiDarbbi- Wangelin, A. (2022). Photore@Gatalyzed Synthesis &mino Acid
yls with Functionalized Amines: A-8&ep Synthesis of Plavix4m. Amides by Imine Carbamoylatiom. Let24, 506510.

Chem. S35 1607416077 36 Wang, S., Zhou, Q., Zhang, X. & Wang, P. (20Z53)leSttee

14  Feng, M., Fernandes, A. J., Meyrelles, R. & Maulide, N. (20#@gonation of Complex Peptides by Photoredox Catalysig. Chem.
Direct enantioselectivarhination of amides guided by DFT prediction of/7. £a61, 202111388
E/Z selectivity in a sulfonium intermedizites9, 15381548 37 Pissinati, E. F.; Delgado, J. A. C.; Moro, P. A. M,; Correia, J. T.

15  Kouznetsov, V. V. & Galvis, C. E. P. (2018). Strecker reactin Berlinck, R. G. S.; Paix<o, M2023). Expanding the Chemical Space
and “amino nitriles: Recent advances in their chemistry, synthesis, andbidlorProteinogenic N8ubstituted Asparagine: Racemic, Enantioen-
logical propertiegetrahedroid, 773810 riched, and Deuterated Derivaties.J. Org. Che2B, e202300274

16 Fouad, M. A., Abdeamid, H. & Ayoup, M. S. (2020). Two 38 Cardinale, L., Konev, M. O. & Jacobi von Wangelin, A. (2020).
decades of recent advances of Ugi reactions: synthetic and pharmac&ataredoxCatalyzed Addition of Carbamoyl Radicals to OlefiABi-A 1,4

applications?SC Adid0, 426442681 hydropyridine ApproadBhemistrnPA European Jour@8( 82398243
17 Houghten, R. A. (2000). Parallel array and rixsece syn- 39 Katagi, T. (1991). Theoretical studies on the-friedorear-
thetic combinatorial chemistry: Tools for the next milleAnium Rev. rangement of-@ryl Nmethylcarbamates.Pestic. StB, 5762
Pharmacol. ToxicéD, 273282 40 Gilbert, A. & Baggott, J. E. (1991). Essentials of molecular pho-
18 Hulme, C. & Gore, V. (2003). " Mudthponent reactions: tochemistry.(Blackwell Scientific Publications Editorial Offices, CRC
emerging chemistry in drug discovery"from xylocain to Cixivared. press)
Chem10, 5180 41 Goti, G., Bieszczad, B., YRegaloza, A. & Melchiorre, P.
19 AkritopoulosZanze, 1. (2008). Isocyaridsed multicompo-  (2019). Stereocontrolled Synthesis @i¢atbonyl Compounds by Pho-
nent reactions in drug discov@wyr. Opin. Chem. Bib2, 324331 tochemical Organocatalytic Acyl Radical Addition toAEgals. Chem.

20 Kumar, R., FlodZn, N. J., Whitehurst, W. G. & Gaunt, M./¥ Ed58 12131217
(2020). A general carbonyl alkylative amination for tertiary amine synthesf®. ~ Bieszczad, B., Perego, L. A. & Melchiorre, P. (2019). Photo-

Naturés81, 415420. chemical C$H Hydroxyalkylation of Quinolines and Isoquiroliyes.
21  Phelps, J. M.; Kumar, R.; Robinson, J. D.; Chu, J. C. K.; Flo&Aem. Int. £88, 16878.6883.
N. J.; Beaton, S.; Gaunt, NRQP4). Multicomponent Synthesis -of " 43 Zhong, Z.; Wu, H.; Chen, X.; Luo, Y.; Yang, L.; Feng, X.; Liu, X.,

Branched Amines via a Zinc Mediated Carbonyl Alkylative AminatigaibleLightPromoted Enantioselective Acylation and Alkylation of
ReactionJ. Am. Chem, Sot6 9045062



Aldimines Enabled byFliorenone Electreéshuttle Catalysis (2024). 49 Blakemore, D. C.; Castro, L.; Churcher, |.; Rees, D. C.; Thomas,

Am. Chem, Sab46, 2040220413 A. W.; Wilson, D. M.; Wood, A. (2018). Organic synthesis provides oppor-
4 Trowbridge, A., Reich, D. & Gaunt, M. J. (2018). Multicompaunities to transform drug discovéay. Cheml0, 383394

nent synthesis of tertiary alkylamines by photocatalytiyadide&imino- 50 Cameron, K., Kolanos, R., Verkariya, R., De Felice, L. & Glen-

alkylationNVaturés61, 522527 non, R. A. (2013). Mephedrone and methylenedioxypyrovalerone

45 Wang, W. & @nling, A. (2009). Efficient synthesis of arrays ofMDPV), major constituents of Obath salts,0 produce opposite effects at the
amino acid derived Ugi products with subsequent amitiatiomb. human dopamine transposy.chopharmacol@pi, 493499

Chem11, 403409 51 Dobesh, P. P. (2009). Pharmacokinetics and pharmacodynamics
46 Mahjour, B.; Zhang, R.; Shen, Y.; McGrath, A.; Zhao, R.; Méprasugrel, a thienopyridine P2Y12 inh®avnacotherapy: The Jour-

hamed, O. G,; Lin, Y.; Zhang, Z.; Douthwaite, J. L.; Tripas{R@23). nal of Human Pharmacology and Drug TR&&H)891102

Rapid planning and analysis ofthighghput experiment arrays for reac- 52 Foley, K. F., DeSanty, K. P. & Kast, R. E. (2006). Bupropion:

tion discoveryat. Commuh4, 3924 pharmacology and therapeutic applicafixpet. Rev. NeurotBet249

47 Ley, S. V.; Baxendale, I. R.; Bream, R. N.; Jackson, P. S.; e,
A. G.; Longbottom, D. A.; Nesi, M.; Scott, J. S.; Storer, R. |.; Taylor, S53. Collinsworth, K. A., Kalman, S. M. & Harrison, D. C. (1974).
(2000). Multistep organic synthesis using-saghigorted reagents and The clinical pharmacology of lidocaine as an antiarrhythy@icodvag.
scavengers: a new paradigm in chébmexy generatiod. Chem. Soc.,  tionS0, 12171230
Perkin Trans, 38154195

48 Hu, Y., Baudart, S. & Porco Jr, J. A. (1999). Parallel Synthesis of
1, 2, 3rhiadiazoles EmployindGatch and Release" Stratégyorg.
Chem64, 10491051



O CO,Et

carbonyl
Me @ 9 carbamoylative @
BnHN = Bn. )b amination
\
H

EtO,C N N‘H @

Me
broad scope in each reaction component
] primary & secondary amines
[ ] aldehydes & ketones

] carbamoyl & acyl radicals

amenable to array synthesis

(0]
Bn\N N

1
H
Bn

! -amino amide

10



