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Abstract: The Group 16 elements of the periodic table have a characteristic valence shell
configuration instrumental to their chemical properties and reactivities. The electrostatic
potentials of these so-called chalcogens have been exploited in the design of materials that
require the efficient passage of electrons including supermagnets, photocatalytic dyes, and
solar panels. Likewise, the incorporation of the heavy chalcogen selenium into organic
frameworks has been shown to increase the reactivities of double bonds and heterocyclic
rings, while its interactions with aromatic side chains in the hydrophobic core of proteins
via selenomethionine impart a stabilizing effect. Typically present in the active site, the
hypervalence of selenocysteine enables it to further stabilize the folded protein and mediate
electron transfer. Selenium’s native occurrence in bacterial tRNA maintains base pair
fidelity, most notably during oxidative stress, through its electronic and steric effects. Such
native modifications at the positions 2 and 5 of uridine render these sites relevant in the
design of RNA-based therapeutics. Innocuous selenium substitution for oxygen in the
former and the standard methods of selenium-derivatized oligonucleotide synthesis and
detection have led to the establishment of a novel class of therapeutics. In this review, we
summarize some progress in this area.
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1. Chemical Properties of Chalcogens as Sources of Innovation
Chalcogens belong to Group 16 of the periodic table and include oxygen, sulfur,

selenium, tellurium, and polonium. Common among these elements is their need for
two additional electrons to satisfy their electronic shell closure. However, the coulomb
repulsion of added electrons prevents heavier chalcogens below oxygen in Group 16 from
retaining the second electron, thus imparting these elements with unique properties [1]. A
flowchart of these atomic characteristics and related applications is presented in Figure 1.
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Figure 1. Flow diagram of chalcogen properties and applications. Unfilled valence shells of heavy 
chalcogens impart these elements with unique properties conducive to various applications. 
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resulting in greater polarities and consequent reactivities than highly electronegative 
oxygen [2]. These heavy chalcogens have been exploited in the rational design of super-
atoms, i.e., clusters of homo- or hetero-atoms, to enhance the properties of materials and 
even customize nanoscale assemblies [3]. Advances have been made in mitigating the 
formation of oxychalcogenide mixtures and oxygen-containing byproducts [4] to create 
lattices displaying superconductivity and the fractional quantum Hall effect [5]. 

The same electrostatic potentials have been exploited in organic frameworks to 
enhance the electrical conductivity of light harvested from the sun [6] and facilitate the 
passage of electrons across stacked aromatic rings in dye-based photocatalysis [7]. 
Fluorescence dyes, in particular, are capable of phototuning by interchanging chalcogen 
atoms, and such one-atom differences allow the resulting probes to conform to 
physiological sites of interest [8]. 

Likewise, the superior interparticle charge transfer dynamics of surface-passivating 
phenyl chalcogenol ligands from cadmium selenide quantum dots have led to an 
improved performance of nanocrystalline thin-film devices [9]. Thiophene, dithiophene, 
and thienothiophene diboronic acids have already been reported to engage in unique 
charge transfer interactions with electron acceptors. Substituting sulfur with selenium or 
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2. Chalcogen Electrostatics Improve Material Design
One property of chalcogens is their magnitudes of negative electrostatic potentials,

resulting in greater polarities and consequent reactivities than highly electronegative
oxygen [2]. These heavy chalcogens have been exploited in the rational design of super-
atoms, i.e., clusters of homo- or hetero-atoms, to enhance the properties of materials and
even customize nanoscale assemblies [3]. Advances have been made in mitigating the
formation of oxychalcogenide mixtures and oxygen-containing byproducts [4] to create
lattices displaying superconductivity and the fractional quantum Hall effect [5].

The same electrostatic potentials have been exploited in organic frameworks to en-
hance the electrical conductivity of light harvested from the sun [6] and facilitate the
passage of electrons across stacked aromatic rings in dye-based photocatalysis [7]. Fluores-
cence dyes, in particular, are capable of phototuning by interchanging chalcogen atoms,
and such one-atom differences allow the resulting probes to conform to physiological sites
of interest [8].

Likewise, the superior interparticle charge transfer dynamics of surface-passivating
phenyl chalcogenol ligands from cadmium selenide quantum dots have led to an improved
performance of nanocrystalline thin-film devices [9]. Thiophene, dithiophene, and thienoth-
iophene diboronic acids have already been reported to engage in unique charge transfer
interactions with electron acceptors. Substituting sulfur with selenium or tellurium in
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exciton diffusion materials should amplify charge mobility due to their 3p- or 4p-orbital
overlap, respectively, or their inflated spin–orbit coupling effects [6].

3. Metallo-Heterocyclic Rings Exhibit Greater Stability
This overlap among lone pairs with the pi orbitals of triple bonds also enables heavy

chalcogens to modulate the properties of hydrocarbon rings. Further, given the energy
difference between orbitals, selenium and polonium are known to decrease ring strain,
even in three-membered acetylene units [10]. For instance, the ring architecture of met-
allacyclopropabenzenes contains much less strain than their non-metallic counterparts
owing to the longer and softer metal–carbon bonds than carbon–carbon bonds. In fact,
a three-membered ring containing a heavy metal such as selenium or tellurium is more
readily able to anneal with benzene to form a stable product [11].

Another means of influencing ring structure is in the form of carbon cages, in which
heavy chalcogens are incorporated at the epicenter of various membered rings [12]. As
endohedral atoms, they are capable of storing energy to later enthalpically drive forward
reactions [13]. Encapsulated fullerene rings, in particular, are the speculated origins of
novel molecules and materials [14].

1,2-dichalcogen heterocycles have many pharmaceutical uses including chemotherapy
and antioxidant and radiation protection, and they can be used as chemopreventive,
choleretic, and sialagogue agents. Wu et al. (2020) used a [3+2] cycloaddition to insert
elemental selenium into the heterocycle in a similar reaction that incorporated elemental
sulfurs into 1,2-diathiole-3-thiones, which is a template for the known therapeutics oltipraz,
S-Danshensu, and NOSH-1 [15].

4. Heavy Chalcogen Incorporation Primes Organic Reactivity
Chalcogens’ high nucleophilicities also enable them to be easily incorporated into

synthetic compounds [16]. Once assimilated into molecules, consistent with their role in
carbon cages, chalcogens’ reactivities are in turn enhanced [17]. Similarly, the incorporation
of heavy chalcogens to generate heteroallenes enhances the reactivity of double bonds [18].

Further contributing to this group’s reactivity is their hypervalence, sometimes termed
metavalence to emphasize their deviation from ordinary covalent, ionic, and metallic
bonding [19], which has been used to investigate the bonding nature of tetravalent chalco-
gens [20]. Heavy chalcogens also serve as donor atoms to dihalogens and interhalogens to
form complexes with broad structural diversity [21].

Chalcogen bond donors facilitate non-covalent organocatalysis though σ-hole interac-
tions, in which a half-filled p-orbital creates a positive electrostatic potential [22], thereby
decreasing the HOMO-LUMO gap of the reactants [23]. The term chalcogen bond has
been coined to describe donors such as Lewis acids [24,25], thus in a fashion analogous to
hydrogen bonds [26,27].

Selenium is capable of forming hydrogen bonds when incorporated into the molec-
ular framework of therapeutics. For instance, the selenium atom of an analog of anti-
hypertensive captopril was shown to hydrogen bond with angiotensen-1-converting en-
zyme at the backbone of histidine-367 [28].

5. Chalcogen-Derivatized Therapeutics and Dietary Selenium Are
Anticancerous

Replacing oxygen, and even sulfur, with heavier chalcogens provides a means of
tuning the photocatalysis of porphyrin-based drugs, experimentally improving their ef-
ficacy against certain cancers [29]. Such a substitution into photosensitizers increases
their excitation wavelengths to a tissue-appropriate range, enabling their transcutaneous
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induction at the tumor site [30]. Selenium- and tellurium-containing genopyrylium dyes
have demonstrated in vitro phototoxicity against mammary adenocarcinoma cells and the
inhibition of mitochondrial cytochrome c oxidase [31].

The anticancer properties of organoselenium compounds ingested from cruciferous
vegetables suggests that synthetic isoselenocyanates could be administered therapeuti-
cally [32]. Moreover, polysulfide [33] and organoselenium substitutions [34] within hydrox-
ytyrosol 2-(3,4-dihydroxyphenyl)ethanol, the component of extra virgin olive oil linked
to lower risks of cardiovascular disease and certain cancers [35], further improve this
polyphenolic’s antioxidant and anticancer capabilities [36].

Selenium-enriched polysaccharide extracts from Ganoderma mushrooms proved to
be superior free radical scavengers [37], and these trace minerals [38] enter the food chain
through the uptake of selenate and selenite by plants and the subsequent conversion to
organic forms [39,40].

6. Geologic Source and Biologic Nature of Chalcogens in Proteins and
Nucleic Acids

The chalcogens sulfur, selenium, and tellurium have been sampled from nebular con-
densates as components of chondrules [41], though delivery to Earth by meteors is unlikely
the sole source of them given the low atmospheric estimates of these elements [42]. The es-
tablishment of volatile chalcogens in the crust following protoplanetary differentiation [43]
and the separation of liquid sulfide from sulfur-saturated magmas provide alternate sources
of chalcogens that have fractionated within the mantle [44]. The subsequent uptake of these
chalcogens by plants in the forms of sulfate and selenate and the trophic transfer of their
organic forms [45] imbue higher organisms with their unique biochemical properties.

7. Sulfated Amino Acids Stabilize Molecular Interactions
The lower electronegativity of sulfur than oxygen makes for unstable hydrogen bond-

ing, rendering the side chain of methionine hydrophobic in nature [46]. One caveat of this
hydrophobicity is the versatility with which the sulfur atoms of methionine engage the face
of the planar aromatic rings of certain side chains [47], thereby stabilizing the hydrophobic
core and also making an enthalpic contribution to this folding process [48].

Rosenfield’s (1977) re-examination of published crystal structures touted the divalent
sulfur of methionine as pivotal in engaging both aromatic residues in a fixed orientation
and polar oxygen atoms [49]. In fact, these weak, nonbonded sulfur–oxygen interactions
are another stabilizing force in the protein structure [50] and can lead to the formation of a
chalcogen bond.

Surveys of the Protein Data Bank have highlighted the stabilizing potential of in-
tramolecular chalcogen bonding, which is assumed when the distance between oxygen and
sulfur is too short for van der Waals contact [51]. The main chain carbonyl oxygen, side
chain carboxyl oxygen, and the histidine side chain nitrogen all partake in nucleophilic
attack with the divalent sulfur of methionine [52]. This process’s directional selectivity is
influenced by a cooperativity involving peripheral, weak interactions [53], with an overall
geometry unique to biopolymers [54].

The typical four- or five-bond separation of sulfur from oxygen in organic compounds
demands a backside approach of nucleophilic oxygen toward sulfur in what is termed
the σS* direction [55], drawn in Figure 2A. By contrast, the sulfurs of methionine and
cysteine approach the main chain carbonyl oxygen perpendicular to the amide plane,
illustrated in Figure 2B, in the so-called πO direction, a feature afforded by the larger
distance between interacting moieties [55]. The resultant electrostatic surface, characteristic
of sulfur-mediated heterocycles, governs the biologic properties of these proteins [56].
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Figure 2. The orientation of the nucleophilic attack of oxygen on sulfur. The relatively close proximity
of nucleophilic oxygen to sulfur in organic compounds demands a backside attack known as one
oriented in the σS* direction (A). By contrast, the larger distance separating these two atoms in
proteins allows for a perpendicular orientation of attack termed the πO direction (B). Adapted with
permission from [57]. Copyright 2002. American Chemical Society.

Intermolecular chalcogen bonding has been shown to facilitate catalysis [58] and
mediate anion transport [59]. The relatively strong chalcogen bond of a sulfonium cation
bound to oxygen permits the lysine methyltransferase SET7/9 to recognize its AdoMet
substrates [60]. It is believed that the substitution of sulfur with selenium retains these
binding interfaces [61], and the native presence of selenium can, in fact, augment biologic
activity [62,63].

8. Selenoproteins Facilitate Cellular Redox Reactions
Many bacterial enzymes involved in electron transfer [64] contain selenocysteine

in their active sites [65], such that selenium serves to coordinate iron–nickel metal cen-
ters [66]. The advantages of this are illustrated by [NiFeSe] hydrogenase: the acidity of
the selenogroup makes the nickel–hydride bond more labile and protects the active site
from inactivation via oxygen [67]. Further, selenium-containing hydrogenases are readily
activated under reductive conditions [68], enabling selenoenzymes such as thioredoxin
reductase [69], glycine reductase [70], and glutathione peroxidase [71] to scavenge free
radicals released from the respiratory chain [72].

Vital to the synthesis of these antioxidative proteins, selenoprotein P can also delete-
riously release excess selenium into the cell [73], causing glucose intolerance and insulin
resistance [74]. In addition, selenoprotein P is a biomarker [75] in pulmonary hyperten-
sion [76] and has been proposed as a multifaceted therapeutic target [77].

Previewing their diverse roles in human endocrinology [78], another selenoprotein
containing an FAD prosthetic group was discovered from human lung adenocarcinoma
by Tamura et al. (1996) that catalyzes the NADPH-dependent reduction of 5,5′-dithiobis(2-
nitrobenzoic acid) and the reduction of insulin [79]. Likewise, a highly reactive selenocys-
teine is required for the catalysis of type I iodothyronine 5′-deiodinase to produce thyroid
hormone in Rana catesbeiana tissues [80], involving a selenenyl iodide intermediate [81].

The nucleophilicity of selenium in the active site supports a 1000-fold greater catalysis
than its cysteine replacement [82], and, unlike thiyl radicals, selanyl radicals do not oxidize
aromatic amino acids [83]. Further contributing to protein stability is selenium’s ability
to hydrogen bond [84]: the hydrogen bond donors cysteine and selenocysteine exert a
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stabilizing effect through interactions with main chain amino groups [85,86]. Main chain
carbonyl groups are also capable of hydrogen bonding with nucleic acids [87], and hydrogen
bonding among the latter is attributed to their base pair specificity [88,89].

9. Mnm Enzymes Catalyze Sulfur and Selenium Substitution Within
Nucleic Acids

Selenium-substituted nucleic acids have comparable base pairing ability to their canon-
ical counterparts [90], a feature influenced by base stacking and solvent interactions [91].
Selenium’s broad-based stabilizing effects on stacking interactions [92], as well as reports of
this atom’s large size hampering this stacking interaction [90], leave the former mechanism
unresolved. The latter is curbed by selenium’s weak hydrogen bonding ability, while the
electronic and steric effects of selenium enhance base pair discrimination [93].

These very properties are used in nature at the 2-exo position of uridine, replacing the
2-exo oxygen with selenium, in order to destabilize the promiscuous U/G wobble pair in
favor of the canonical U/A [94]. Such substitutions are common among bacterial tRNAs,
namely tRNALys, tRNAGlu, and tRNAGln [95], and selenium’s strong nucleophilicity
along with the dipole character of the Se+-O bond [96] allows seleno-tRNAs to maintain
translational fidelity under oxidative stress [97].

Lighter sulfur also offers redox capability to tRNA [98], and its substitution at the 2-exo
position of uridine, in conjunction with a methylaminomethyl substitution at the 5-position,
is an alternate tool nature uses to stabilize the anticodon stem loop [99]. The consequent
substitution-specific rigidity at the wobble position enables the accurate translation of
degenerate codons, namely, those coding for the amino acids glutamate, glutamine, lysine,
arginine, and glycine [57,100]. Such post-translational hypermodifications employ the
activity of several enzymes [101], some of which are mapped to their respective biosynthetic
pathways in Figure 3.

Intermediates and products along these tRNA hypermodification pathways are present
in humans and bacteria along with analogous enzymes. For instance, bacterial MnmA and
eukaryotic cytosolic Ncs6 synthesize s2U34, without which translational fidelity would
be lost among otherwise thermophilic bacteria, and human frameshift mutations would
result in myoclonus epilepsy [102]. Mechanistically, MnmA is a thiouridylase that transfers
sulfur from L-cysteine to its own catalytic cysteine and ultimately onto the 2-uridine of
tRNA [103].

Further catalysis with MnmE is thought to catalyze one of the steps involved in the
synthesis of cmnm5s2U34 [104], with the carboxy methylamino group originating from
glycine and the carbon appended to the 5-position borrowed from tetrahydrofolate [105].
The subsequent FAD-dependent oxidative cleavage of the carboxymethyl group followed
by an SAM-dependent methylation, both catalyzed by MnmC, yields mnm5s2U34 [106].
The dependence of 5-uridine derivatization on MnmD and MnmG, which act in concert
with MnmC and MnmE, respectively, can also be observed in Figure 3.

MnmH is unique to bacteria and believed to be instrumental in both the 2-uridine S-
geranylation and selenation steps [107], each offering unique attributes in base pairing and
redox chemistry. The latter can be tailored to the environmental conditions by swapping
sulfur for selenium [108], as illustrated in Figure 4. Perhaps a more descriptive name for
the MnmH protein tasked with this conversion is tRNA-2-selenouridine synthase (SelU),
which through a two-step mechanism replaces 2-sulfur with selenium [109].
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The catalytic intermediate contains an S-geranyl group at this 2-position [110], confer-
ring an enhanced recognition of the codons ending in the nucleobase guanine [111]. The
further stability of the duplex arises from the insertion of the 2-terpene group into the
minor groove [112]. The subsequent selenation at this position diminishes the hydrogen
bond network with guanine owing to selenium’s steric interference and 2-selenouridine’s
preferential hydrogen bonding with adenine [94].

We recently found this mechanism of catalysis to involve a cooperativity among SelU’s
N- and C-terminal domains, containing respective binding sites for 2-thiouridine-tRNA and
geranyl pyrophosphate. The binding of the latter is required for the transfer of its geranyl
group to 2-thiouridine-tRNA, thereby allowing S-geranyl-modified tRNA to form a stable
complex with the N-terminal domain of SelU. Thus, a plausible inhibitor may include a
nucleobase or nucleoside scaffold containing moieties from each of these ligands. Further
competition for the tRNA-binding site can be achieved by substituting the 2-exo-sulfur of
this mimetic’s uridine base with a heavier chalcogen.

10. Chalcogens in Nucleic Acid Mimicry and Their Detection via
Analytical Methods

Replacing the oxygen of nucleic acids with a heavier chalcogen, be it sulfur, selenium,
or even tellurium, offers a means of tuning the aforementioned bonding and redox proper-
ties for therapeutic applications [113,114]. A variety of selenium-derivatized nucleic acids
have already been shown to be chemically stable and biologically active [115]. For instance,
neither synthetic 2′-methylseleno guanosine nor selenium-derivatized cytidine exhibit any
effects on RNA packing or A-form DNA duplex formation, respectively [116,117]. More-
over, the native C3′-endo conformation of A-form DNA and RNA molecules is retained
following substitution with selenium at the 2′-α-position [118].

Positioning selenium at the 4′-position has been proposed for third-generation nucle-
osides displaying antiviral and antitumor properties [119], and Lee et al. (2019) replaced
the nucleoside furanose ring oxygen with selenium to generate the novel anti-HCV agent
2′-C-methyl-4′-selenopyrimidine [120]. The strategic placement of selenium within such
frameworks has been proposed to guard against a number of tropical diseases [121] and
leishmaniasis-causing parasites [122].

A geranyl group, shown as part of an MnmH catalytic intermediate in Figure 3, offers a
dual moiety that can be exploited to further advance nucleoside-based therapeutics. Deriva-
tization at the nucleoside sugar or base may be sufficient to mimic the 2-S-geranyluridine
intermediate while retaining the signature selenium. In fact, assigning this atom to the 2-exo
position would offer a novel nucleoside scaffold to serve as a broad-spectrum antibiotic.

11. Native Uridine Modifications Customize Small Molecule Mimetics
The 5-position of the uridine nucleobase presents an alternate site of modification

owing to the influence of native substitutions at this position over translation and iso-
form selectivity [123,124]. These heterocycles commonly contain 5-methylcarboxymethyl
(mcm5U) and 5-methylaminomethyl (mnm5U) moieties [125,126], which nature has had
billions of years to evolve [127]. However, provided the de novo synthesis of functional
macromolecules [128,129], the activity of selenated nucleosides can be steered by incorpo-
rating native and semi-native moieties at the 2- and 5-nucleobase positions.

Starting from the standard nucleoside uridine, a small library of nucleoside-based
pharmacophores can be devised through unique combinations of six total native 2- and
5-uridine modifications, illustrated in Figure 3. One set of nucleosides leaves the 5-position
singly protonated, while another contains the native 2-carbonyl oxygen. A rationally
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designed antibiotic may entail repositioning these native moieties among the sugar and
base, illustrated in Figure 5, or adding de novo functional groups.
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Using SelU as a drug target, this proposed library can be screened for a derivatized
uridine with sufficient potency to disrupt bacterial translation at the wobble position. Thus,
four ways to design a therapeutic that mimics tRNA at the wobble position in certain
bacteria involve placing at the 2-uridine either oxygen, sulfur, S-isoprenoid, or selenium.
Though reports also seem to implicate the native geranyl group in base pair discrimination
and receptor recognition, a novel analog might exploit the properties of both selenium and
terpene at 2-uridine. This de novo 2-selenogeranyl-uridine, unlike the native 2-uridine
substituents, contains attributes of both steps of SelU catalysis, theoretically bolstering its
affinity to this enzyme.

Likewise, a carboxymethylaminomethyl (cmnm), aminomethyl (nm), methylaminomethyl
(mnm), or a single proton substituted at the 5-uridine position provide further variabil-
ity while imitating the native substituents. The broad-spectrum antiviral activities of
2-thiouridine analogs have already been reported [130], while the efficacy of 6-thioguanine
against inflammatory disease and cancer suggests the utility of other nucleobases as phar-
macophores [131].

Yielding the desired product is not a trivial task, as it involves the precise positioning
of functional groups and reactive chalcogens. The canonical nucleoside template can be
synthesized or commercially purchased, to which a selenium atom is substituted at oxygen
in order to best mimic the native counterpart [118].

12. Selenium-Derivatized Phosphoramidites in Synthetic Oligomers
Drive Crystal Growth

Positioning this selenium, whether on the nucleoside sugar [132] or base, requires
protecting and activating groups under optimized conditions [133]. Upon deprotection,
using selenide or methylselenide is a common means of selenium incorporation into the
now primed position [134]. As the side products may consist of an enantiomeric mix, the
separation of the desired diastereomer can be achieved via anion-exchange HPLC [135]
with the subsequent molecular weights of these derivatized nucleosides obtained via
MALDI-TOF mass spectrometry [136].
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The conversion of this selenium-derivatized nucleoside to a stable phosphoramidite [137]
lays the foundation for the production of selenium-containing DNA and RNA oligonu-
cleotides through solid-phase synthesis [138]. Though a synthetic approach limits the size
of a given oligonucleotide strand, enzymatic ligation methods are available to conjoin
selenium-enriched strands [139], as in the production of antisense oligonucleotides [116].
The higher melting temperature of these RNA duplexes connotes the stability conferred by
the selenium modification [140], which also allows such DNA and RNA to better withstand
X-ray irradiation during crystallization [141].

The presence of the heavy atom selenium not only promotes crystal packing and
growth across a range of buffer conditions [142] but also serves as a remedy for the phasing
problem [143]. Standard diffraction measurements yield an amplitude for each of the
thousands of diffracted waves [144], leaving the phase information to be computationally
derived or experimentally determined [145].

The phasing method of choice is multi-wavelength anomalous diffraction (MAD)
owing to its collection of a data set encompassing the full array of wavelengths, thereby
yielding a more accurate phase calculation [146,147]. This approach requires so-called
phase atoms exhibiting an X-ray absorption edge within the experimentally defined energy
range [148]. Moreover, these phase atoms must be present in both a sufficient quantity and
at regularly spaced intervals within the polymer [149].

The selenium K absorption edge is conducive to obtaining readily interpretable elec-
tron density maps [150], and unlike halogens, it is amenable to all four RNA nucleo-
sides [151]. Thus, the derivatization of DNA and RNA with selenium is a promising
strategy for detecting oligonucleotides and elucidating their structures using X-ray crystal-
lography [152].

13. Conclusions
Heavy chalcogens have been investigated for their use in commercial products that

bring comfort and convenience, as well as in organic frameworks that drive chemical
reactions and exhibit pharmaceutical efficacy. These attributes are mirrored by their native
presence as selenomethionine, selenocysteine, and selenouridine in certain macromolecules,
by which they serve vital roles in cellular redox and translational fidelity. The latter has
been well documented in bacteria, highlighting the enzyme involved in selenating uridine
as a plausible drug target.

The catalysis of MnmH, better known as SelU, can serve as a case study for biologically
pertinent moieties that can be exploited in the optimization of nucleoside mimetics. Already,
third-class nucleosides containing selenium have been developed as antimicrobial agents.
Equipping a uridine scaffold at various positions with either the moieties of biosynthetically
mapped intermediates or de novo functional groups is a promising strategy in the rational
design of such a pharmacophore. Although synthetic modifications to nucleoside sugars
have been documented, the conjoining base presents additional sites worth exploring.

Natively substituted positions are ideal for derivatization owing to their physiological
relevance, and our laboratory is exploring various combinations of substituents at the
2- and 5-nucleobase positions of uridine. Of particular interest is the incorporation of
selenium, as occurs in the final step of the SelU-catalyzed reaction, to create either a small
molecule or RNA therapeutic.

The conversion of the former to a phosphoramidite and subsequent oligonucleotide
has become standard protocol, as the presence of selenium improves the macromolecule’s
stability and detection via X-ray crystallography. Moreover, the transposition of selenium
for oxygen abides by native structural and physiological constraints while allowing for the
design of therapeutics with enhanced properties.
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