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MODIFIED NUCLEOSIDES, NUCLEOTIDES, 
AND NUCLEIC ACIDS, AND USES THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/644,072, filed Oct. 3, 2012, entitled 
Modified Nucleosides, Nucleotides, and Nucleic Acids, and 
Uses Thereof which claims priority to U.S. Provisional 
Patent Application No. 61/542,533, filed Oct. 3, 2011, 
entitled Modified Nucleosides, Nucleotides, and Nucleic 
Acids, and Uses Thereof, the contents of each are herein 
incorporated by reference in their entirety. 

REFERENCE TO THE SEQUENCE LISTING 
0002 The present application is being filed along with a 
Sequence Listing in electronic format. The Sequence Listing 
file, entitled M009SQLST.txt, was created on Jan. 17, 2013 
and is 9,970 bytes in size. The information in electronic 
format of the Sequence Listing is incorporated herein by 
reference in its entirety. 

TECHNICAL FIELD 

0003. The present disclosure provides compositions and 
methods using modified nucleic acids to modulate cellular 
function. The modified nucleic acids of the invention may 
encode peptides, polypeptides or multiple proteins. The 
encoded molecules may be used as therapeutics and/or 
diagnostics. 

BACKGROUND OF THE INVENTION 

0004 Naturally occurring RNAs are synthesized from 
four basic ribonucleotides: ATP, CTP, UTP and GTP, but 
may contain post-transcriptionally modified nucleotides. 
Further, approximately one hundred different nucleoside 
modifications have been identified in RNA (Rozenski, J. 
Crain, P. and McCloskey, J. (1999). The RNA Modification 
Database: 1999 update. Nucl Acids Res 27: 196-197). The 
role of nucleoside modifications on the immune-stimulatory 
potential and on the translation efficiency of RNA, however, 
is unclear. 
0005. There are multiple problems with prior methodolo 
gies of effecting protein expression. For example, heterolo 
gous DNA introduced into a cell can be inherited by daugh 
ter cells (whether or not the heterologous DNA has 
integrated into the chromosome) or by offspring. Introduced 
DNA can integrate into host cell genomic DNA at some 
frequency, resulting in alterations and/or damage to the host 
cell genomic DNA. In addition, multiple steps must occur 
before a protein is made. Once inside the cell, DNA must be 
transported into the nucleus where it is transcribed into 
RNA. The RNA transcribed from DNA must then enter the 
cytoplasm where it is translated into protein. This need for 
multiple processing steps creates lag times before the gen 
eration of a protein of interest. Further, it is difficult to obtain 
DNA expression in cells; frequently DNA enters cells but is 
not expressed or not expressed at reasonable rates or con 
centrations. This can be a particular problem when DNA is 
introduced into cells such as primary cells or modified cell 
lines. 
0006. There is a need in the art for biological modalities 
to address the modulation of intracellular translation of 
nucleic acids. 
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SUMMARY OF THE INVENTION 

0007. The present disclosure provides, inter alia, modi 
fied nucleosides, modified nucleotides, and modified nucleic 
acids which can exhibit a reduced innate immune response 
when introduced into a population of cells, both in vivo and 
ex vivo. 
0008. The present invention provides polynucleotides 
which may be isolated or purified. These polynucleotides 
may encode one or more polypeptides of interest and 
comprise a sequence ohm number of linked nucleosides or 
nucleotides comprising at least one modified nucleoside or 
nucleotide as compared to the chemical structure of an A, G, 
U or C nucleoside or nucleotide. The polynucleotides may 
also contain a 5' UTR comprising at least one Kozak 
sequence, a 3' UTR, and at least one 5' cap structure. The 
isolated polynucleotides may further contain a poly-A tail 
and may be purified. 
0009. The isolated polynucleotides of the invention also 
comprise at least one 5' cap structure selected from the group 
consisting of Cap0, Cap1, ARCA, inosine, N1-methyl 
guanosine, 2 fluoro-guanosine, 7-deaza-guanosine, 8-oxo 
guanosine, 2-amino-guanosine, LNA-guanosine, and 
2-azido-guanosine. 
0010 Modifications of the polynucleotides of the inven 
tion may be on the nucleoside base and/or Sugar portion of 
the nucleosides which comprise the polynucleotide. 
0011. In some embodiments, the modification is on the 
nucleobase and is selected from the group consisting of 
pseudouridine or N1-methylpseudouridine. 
0012. In some embodiments, the modified nucleoside is 
not pseudouridine (up) or 5-methyl-cytidine (mSC). 
0013. In some embodiments, multiple modifications are 
included in the modified nucleic acid or in one or more 
individual nucleoside or nucleotide. For example, modifi 
cations to a nucleoside may include one or more modifica 
tions to the nucleobase and the Sugar. 
0014. In some embodiments are provided novel building 
blocks, e.g., nucleosides and nucleotides for the preparation 
of modified polynucleotides and their method of synthesis 
and manufacture. 
0015 The present invention also provides for pharma 
ceutical compositions comprising the modified polynucle 
otides described herein. These may also further include one 
or more pharmaceutically acceptable excipients selected 
from a solvent, aqueous solvent, non-aqueous solvent, dis 
persion media, diluent, dispersion, Suspension aid, Surface 
active agent, isotonic agent, thickening or emulsifying 
agent, preservative, lipid, lipidoids liposome, lipid nanopar 
ticle, core-shell nanoparticles, polymer, lipoplexe peptide, 
protein, cell, hyaluronidase, and mixtures thereof. 
0016 Methods of using the polynucleotides and modified 
nucleic acids of the invention are also provided. In this 
instance, the polynucleotides may be formulated by any 
means known in the art or administered via any of several 
routes including injection by intradermal, Subcutaneous or 
intramuscular means. 
0017 Administration of the modified nucleic acids of the 
invention may be via two or more equal or unequal split 
doses. In some embodiments, the level of the polypeptide 
produced by the subject by administering split doses of the 
polynucleotide is greater than the levels produced by admin 
istering the same total daily dose of polynucleotide as a 
single administration. 
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0.018 Detection of the modified nucleic acids or the 
encoded polypeptides may be performed in the bodily fluid 
of the subject or patient where the bodily fluid is selected 
from the group consisting of peripheral blood, serum, 
plasma, ascites, urine, cerebrospinal fluid (CSF), sputum, 
saliva, bone marrow, synovial fluid, aqueous humor, amni 
otic fluid, cerumen, breast milk, broncheoalveolar lavage 
fluid, semen, prostatic fluid, cowper's fluid or pre-ejacula 
tory fluid, Sweat, fecal matter, hair, tears, cyst fluid, pleural 
and peritoneal fluid, pericardial fluid, lymph, chyme, chyle, 
bile, interstitial fluid, menses, pus, sebum, vomit, vaginal 
secretions, mucosal secretion, stool water, pancreatic juice, 
lavage fluids from sinus cavities, bronchopulmonary aspi 
rates, blastocyl cavity fluid, and umbilical cord blood. 
0019. In some embodiments, administration is according 
to a dosing regimen which occurs over the course of hours, 
days, weeks, months, or years and may be achieved by using 
one or more devices selected from multi-needle injection 
systems, catheter or lumen systems; and ultrasound, electri 
cal or radiation based systems. 
0020. Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Methods and materials are described 
herein for use in the present disclosure; other, suitable 
methods and materials known in the art can also be used. 
The materials, methods, and examples are illustrative only 
and not intended to be limiting. All publications, patent 
applications, patents, sequences, database entries, and other 
references mentioned herein are incorporated by reference in 
their entirety. In case of conflict, the present specification, 
including definitions, will control. 
0021. Other features and advantages of the present dis 
closure will be apparent from the following detailed descrip 
tion and figures, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The foregoing and other objects, features and 
advantages will be apparent from the following description 
of particular embodiments of the invention, as illustrated in 
the accompanying drawings in which like reference charac 
ters refer to the same parts throughout the different views. 
The drawings are not necessarily to Scale, emphasis instead 
being placed upon illustrating the principles of various 
embodiments of the invention. 
0023 FIGS. 1A-1D provide the spectrum and graphs of 
the analytical results for N4-Me-CTP (NTP of compound 1). 
FIG. 1A provides the nuclear magnetic resonance (NMR) 
spectrum in DMSO and FIG. 1B provides the NMR spec 
trum in D.O. FIG. 1 C provides the mass spectrometry (MS) 
results, and FIG. 1D is the high performance liquid chro 
matography (HPLC) results for N4-methylcytidine (N4-Me 
cytidine, compound 1). 
0024 FIG. 2 shows the HPLC results for N4-Me-CTP 
(NTP of compound 1). 
0025 FIGS. 3A-3C provide the analytical results for 
2'-OMe-N, N-di-Me-CTP (NTP of compound 2). FIG. 3A 
provides the NMR spectrum. FIG. 3B provides the MS 
results. FIG. 3C provides HPLC results for 2'-O-methyl-N, 
N-dimethylcytidine (2'-OMe-N,N-di-Me-cytidine, com 
pound 2). 
0026 FIG. 4 shows the HPLC results for 2'-OMe-N, 
N-di-Me-CTP (NTP of compound 2). 
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(0027 FIG. 5 provides the HPLC results for 5-methoxy 
carbonylmethoxy-UTP (NTP of compound 3). 
(0028 FIGS. 6A and 6B provide the analytical results of 
3-methyl pseudouridine (compound 4). FIG. 6A provides 
the NMR spectrum of 3-methyl pseudouridine (compound 
4) and FIG. 6B provides the HPLC results for 3-methyl 
pseudouridine (compound 4). 
(0029 FIGS. 7A-7C provide the analytical results of 
5-TEBDMS-OCH-cytidine pound 6). 
0030 FIG. 7A provide the NMR spectrum, FIG. 7B 
provides the MS results, and FIG. 7C provides the HPLC 
results for 5-TEBDMS-OCH-cytidine (compound 6). 
0031 FIGS. 8A-8C provide the analytical results of 
5-trifluoromethyl uridine (compound 8). FIG. 8A provides 
the NMR spectrum, FIG. 8B provides MS results, and FIG. 
8C provides HPLC results for 5-trifluoromethyl uridine 
(compound 8). 
0032 FIG. 9 provides the NMR spectrum results for of 
5-(methoxycarbonyl) methyl uridine (compound 9). 
0033 FIG. 10 provides a graph showing the variability of 
protein (GCSF; line B) and cytokine (interferon-alpha 
(IFNa); line A and tumor necrosis factor-alpha (INFa); line 
C) expression as function of percent modification. 

DETAILED DESCRIPTION 

0034. The present disclosure provides, inter Élise, 
modified nucleosides, modified nucleotides, and modified 
nucleic acids that exhibit improved therapeutic properties 
including, but not limited to, a reduced innate immune 
response when introduced into a population of cells. 
0035. As there remains a need in the art for therapeutic 
modalities to address the myriad of barriers surrounding the 
efficacious modulation of intracellular translation and pro 
cessing of nucleic acids encoding polypeptides or fragments 
thereof, the inventors have shown that certain modified 
mRNA sequences have the potential as therapeutics with 
benefits beyond just evading, avoiding or diminishing the 
immune response. 
0036. The present invention addresses this need by pro 
viding nucleic acid based compounds or polynucleotides 
which encode a polypeptide of interest (e.g., modified 
mRNA) and which have structural and/or chemical features 
that avoid one or more of the problems in the art, for 
example, features which are useful for optimizing nucleic 
acid-based therapeutics while retaining structural and func 
tional integrity, overcoming the threshold of expression, 
improving expression rates, half life and/or protein concen 
trations, optimizing protein localization, and avoiding del 
eterious bio-responses such as the immune response and/or 
degradation pathways. 
0037 Provided herein, in part, are polynucleotides 
encoding polypeptides of interest which have been chemi 
cally modified to improve one or more of the stability and/or 
clearance in tissues, receptor uptake and/or kinetics, cellular 
access by the compositions, engagement with translational 
machinery, mRNA half-life, translation efficiency, immune 
evasion, protein production capacity, secretion efficiency 
(when applicable), accessibility to circulation, protein half 
life and/or modulation of a cells status, function and/or 
activity. 
0038. The modified nucleosides, nucleotides and nucleic 
acids of the invention, including the combination of modi 
fications taught herein have Superior properties making them 
more suitable as therapeutic modalities. 
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0039. It has been determined that the “all or none model 
in the art is sorely insufficient to describe the biological 
phenomena associated with the therapeutic utility of modi 
fied mRNA. The present inventors have determined that to 
improve protein production, one may consider the nature of 
the modification, or combination of modifications, the per 
cent modification and Survey more than one cytokine or 
metric to determine the efficacy and risk profile of a par 
ticular modified. mRNA. 

0040. In one aspect of the invention, methods of deter 
mining the effectiveness of a modified mRNA as compared 
to unmodified involves the measure and analysis of one or 
more cytokines whose expression is triggered by the admin 
istration of the exogenous nucleic acid of the invention. 
These values are compared to administration of an unmodi 
fied nucleic acid or to a standard metric Such as cytokine 
response, PolyIC, R-848 or other standard known in the art. 
0041. One example of a standard metric developed herein 

is the measure of the ratio of the level or amount of encoded 
polypeptide (protein) produced in the cell, tissue or organ 
ism to the level or amount of one or more (or a panel) of 
cytokines whose expression is triggered in the cell, tissue or 
organism as a result of administration or contact with the 
modified nucleic acid. Such ratios are referred to herein as 
the Protein:Cytokine Ratio or “PC” Ratio. The higher the PC 
ratio, the more efficacioius the modified nucleic acid (poly 
nucleotide encoding the protein measured). Preferred PC 
Ratios, by cytokine, of the present invention may be greater 
than 1, greater than 10, greater than 100, greater than 1000, 
greater than 10,000 or more. Modified nucleic acids having 
higher PC Ratios than a modified nucleic acid of a different 
or unmodified construct are preferred. 
0042. The PC ratio may be further qualified by the 
percent modification present in the polynucleotide. For 
example, normalized to a 100% modified nucleic acid, the 
protein production as a function of cytokine (or risk) or 
cytokine profile can be determined. 
0043. In one embodiment, the present invention provides 
a method for determining, across chemistries, cytokines or 
percent modification, the relative efficacy of any particular 
modified polynucleotide by comparing the PC Ratio of the 
modified nucleic acid (polynucleotide). 
0044. In another embodiment, the chemically modified 
mRNA are Substantially non toxic and non mutagenic. 
0045. In one embodiment, the modified nucleosides, 
modified nucleotides, and modified nucleic acids can be 
chemically modified on the major groove face, thereby 
disrupting major groove binding partner interactions, which 
may cause innate immune responses. Further, these modified 
nucleosides, modified nucleotides, and modified nucleic 
acids can be used to deliver a payload, e.g., detectable or 
therapeutic agent, to a biological target. For example, the 
nucleic acids can be covalently linked to a payload, e.g. a 
detectable or therapeutic agent, through a linker attached to 
the nucleobase or the Sugar moiety. The compositions and 
methods described herein can be used, in vivo and in vitro, 
both extracellarly or intraceltularly, as well as in assays Such 
as cell free assays. 
0046. In some embodiments, the present disclosure pro 
vides compounds comprising a nucleotide that disrupts 
binding of a major groove interacting, e.g. binding, partner 
with a nucleic acid, wherein the nucleotide has decreased 
binding affinity to major groove interacting partners. 
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0047. In another aspect, the present disclosure provides 
nucleotides that contain chemical modifications, wherein the 
nucleotide has altered binding to major groove interacting 
partners. 
0048. In some embodiments, the chemical modifications 
are located on the major groove face of the nucleobase, and 
wherein the chemical modifications can include replacing or 
Substituting an atom of a pyrimidine nucleobase with an 
amine, an SH, an alkyl (e.g., methyl or ethyl), or a halo (e.g., 
chloro or fluoro). 
0049. In another aspect, the present disclosure provides 
chemical modifications located on the Sugar moiety of the 
nucleotide. 
0050. In another aspect, the present disclosure provides 
chemical modifications located on the phosphate backbone 
of the nucleic acid. 
0051. In some embodiments, the chemical modifications 
alter the electrochemistry on the major groove face of the 
nucleic acid. 
0052. In another aspect, the present disclosure provides 
nucleotides that contain chemical modifications, wherein the 
nucleotide reduces the cellular innate immune response, as 
compared to the cellular innate immune induced by a 
corresponding unmodified nucleic acid. 
0053. In another aspect, the present disclosure provides 
nucleic acid sequences comprising at least two nucleotides, 
the nucleic acid sequence comprising a nucleotide that 
disrupts binding of a major groove interacting partner with 
the nucleic acid sequence, wherein the nucleotide has 
decreased binding affinity to the major groove binding 
partner. 
0054. In another aspect, the present disclosure provides 
compositions comprising a compound as described herein. 
In some embodiments, the composition is a reaction mix 
ture. In some embodiments, the composition is a pharma 
ceutical composition. In some embodiments, the composi 
tion is a cell culture. In some embodiments, the composition 
further comprises an RNA polymerase and a cDNA tem 
plate. In some embodiments, the composition further com 
prises a nucleotide selected from the group consisting of 
adenosine, cytosine, guanosine, and uracil. 
0055. In a further aspect; the present disclosure provides 
methods of making a pharmaceutical formulation compris 
ing a physiologically active secreted protein, comprising 
transfecting a first population of human cells with the 
pharmaceutical nucleic acid made by the methods described 
herein, wherein the secreted protein is active upon a second 
population of human cells. 
0056. In some embodiments, the secreted protein is 
capable of interacting with a receptor on the Surface of at 
least one cell present in the second population. 
0057. In some embodiments, the secreted protein is 
Granulocyte-Colony Stimulating Factor (G-CSF). 
0058. In some embodiments, the second population con 
tains myeloblast cells that express the (G-CSF receptor. 
0059. In certain embodiments, provided herein are com 
bination therapeutics containing one or more modified 
nucleic acids containing translatable regions that encode for 
a protein or proteins that boost a mammalian Subjects 
immunity along with a protein that induces antibody-depen 
dent cellular toxitity. For example, provided are therapeutics 
containing one or more nucleic acids that encode trastu 
Zumab and granulocyte-colony Stimulating factor (G-CSF). 
In particular, Such combination therapeutics are useful in 
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Her2+ breast cancer patients who develop induced resis 
tance to trastuzumab. (See, e.g., Albrecht, Immunotherapy. 
2(6):795-8 (2010)). 
0060. In one embodiment, it is intended that the com 
pounds of the present disclosure are stable. It is further 
appreciated that certain features of the present disclosure, 
which are, for clarity, described in the context of separate 
embodiments, can also be provided in combination in a 
single embodiment. Conversely, various features of the 
present disclosure which are, for brevity, described in the 
context of a single embodiment, can also be provided 
separately or in any Suitable Subcombination. 

Modified Nucleotides, Nucleosides and Polynucleotides of 
the Invention 

0061 Herein, in a nucleotide, nucleoside or polynucle 
otide (Such as the nucleic acids of the invention, e.g., mRNA 
molecule), the terms “modification' or, as appropriate, 
“modified’ refer to modification with respect to A, G, U or 
C ribonucleotides. Generally, herein, these terms are not 
intended to refer to the ribonucleotide modifications in 
naturally occurring 5'-terminal mRNA cap moieties. In a 
polypeptide, the term “modification” refers to a modification 
as compared to the canonical set of 20 amino acids, moiety) 
0062. The modifications may be various distinct modifi 
cations. In some embodiments, where the nucleic acid is an 
mRNA, the coding region, the flanking regions and/or the 
terminal regions may contain one, two, or more (optionally 
different) nucleoside or nucleotide modifications. In some 
embodiments, a modified polynucleotide introduced to a cell 
may exhibit reduced degradation in the cell, as compared to 
an unmodified polynucleotide. 
0063. The polynucleotides can include any useful modi 
fication, such as to the Sugar, the nucleobase, or the inter 
nucleoside linkage (e.g. to a linking phosphate/to a phos 
phodiester linkage/to the phosphodiester backbone). For 
example, the major groove of a polynucleotide, or the major 
groove face of a nucleobase may comprise one or more 
modifications. One or more atoms of a pyrimidine nucle 
obase (e.g. on the major groove face) may be replaced or 
substituted with optionally substituted amino, optionally 
substituted thiol, optionally substituted alkyl (e.g., methyl or 
ethyl), or halo (e.g., chloro or fluoro). In certain embodi 
ments, modifications (e.g., one or more modifications) are 
present in each of the Sugar and the internucleoside linkage. 
Modifications according to the present invention may be 
modifications of ribonucleic acids (RNAs) to deoxyribo 
nucleic acids (DNAs), e.g., the substitution of the 2'OH of 
the ribofuranosyl ring to 2'H, threose nucleic acids (TNAS), 
glycol nucleic acids (GNAS), peptide nucleic acids (PNAS), 
locked nucleic acids (LNAs) or hybrids thereof). Additional 
modifications are described herein. 
0064. As described herein, the polynucleotides of the 
invention do not Substantially induce an innate immune 
response of a cell into which the polynucleotide (e.g., 
mRNA) is introduced. Features of an induced innate 
immune response include 1) increased expression of pro 
inflammatory cytokines, 2) activation of intracellular PRRs 
(RIG-I, MDA5, etc., and/or 3) termination or reduction in 
protein translation. 
0065. In certain embodiments, it may desirable for a 
modified nucleic acid molecule introduced into the cell to be 
degraded intracellularly. For example, degradation of a 
modified nucleic acid molecule may be preferable if precise 
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timing of protein production is desired. Thus, in some 
embodiments, the invention provides a modified nucleic 
acid molecule containing a degradation domain, which is 
capable of being acted on in a directed manner within a cell. 
In another aspect, the present disclosure provides polynucle 
otides comprising a nucleoside or nucleotide that can disrupt 
the binding of a major groove interacting, e.g. binding, 
partner with the polynucleotide (e.g., where the modified 
nucleotide has decreased binding affinity to major groove 
interacting partner, as compared to an unmodified nucleo 
tide). 
0066. The polynucleotides can optionally include other 
agents RNAi-inducing agents, RNAi agents, siRNAS, shR 
NAs, miRNAs, antisense RNAs, ribozymes, catalytic DNA, 
tRNA, RNAs that induce triple helix formation, aptamers, 
vectors, etc.). In some embodiments, the polynucleotides 
may include one or more messenger RNAs (mRNAs) having 
one or more modified nucleoside or nucleotides (i.e., modi 
fied mRNA molecules). Details for these polynucleotides 
follow. 

Polynucleotides 

0067. The polynucleotides of the invention includes a 
first region of linked nucleosides encoding a polypeptide of 
interest, a first flanking region located at the 5' terminus of 
the first region, and a second flanking region located at the 
3' terminus of the first region. 
0068. In some embodiments, the polynucleotide (e.g., the 

first region, first flanking region, or second flanking region) 
includes n number of linked nucleosides having Formula 
(Ia) or Formula (Ia-1): 

(Ia) 

(Ia-1) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein U is O, S, N(R), or C(R), wherein nu 
is an integer from 0 to 2 and each R is, independently, H. 
halo, or optionally substituted alkyl: 
0069 - - - is a single bond or absent; 
0070 each of R. R. R'", R", R', R, R, R, and R, 
if present, is, independently, H., halo, hydroxy, thiol, option 
ally Substituted alkyl, optionally Substituted alkoxy, option 
ally Substituted alkenyloxy, optionally substituted alkyny 

  

  

  



US 2017/0056528A1 

loxy, optionally Substituted aminoalkoxy, optionally 
substituted alkoxyalkoxy, optionally substituted hydroxy 
alkoxy, optionally Substituted amino, azido, optionally Sub 
stituted aryl, optionally Substituted aminoalkyl, optionally 
Substituted aminoalkenyl, optionally Substituted aminoalky 
nyl, or absent; wherein the combination of R with one or 
more of R', R", R. R", or R (e.g., the combination of R' 
and R, the combination of R" and R, the combination of 
R’ and R, the combination of R" and R, or the combi 
nation of R and R) can join together to form optionally 
substituted alkylene or optionally substituted heteroalkylene 
and, taken together with the carbons to which they are 
attached, provide an optionally substituted heterocyclyl 
(e.g., a bicyclic, tricyclic, or tetracyclic heterocyclyl); 
wherein the combination of R with one or more of R', R", 
R’, or R" (e.g., the combination of R'' and R, the com 
bination of R'' and R, the combination of RandR, or the 
combination of R" and R) can join together to form 
optionally substituted alkylene or optionally substituted het 
eroalkylene and, taken together with the carbons to which 
they are attached, provide an optionally substituted hetero 
cyclyl (e.g., a bicyclic, tricyclic, or tetracyclic heterocyclyl); 
and wherein the combination of R and one or more of R". 
R", R. R., or R can join together to form optionally 
substituted alkylene or optionally substituted heteroalkylene 
and, taken together with the carbons to which they are 
attached, provide an optionally substituted heterocyclyl 
(e.g., a bicyclic, tricyclic, or tetracyclic heterocyclyl); 
(0071 each of m' and m" is, independently, an integer 
from 0 to 3 (e.g., from 0 to 2, from 0 to 1, from 1 to 3, or 
from 1 to 2); 
0072 each of Y', Y, and Y, is, independently, O, S, Se, 
—NR'—, optionally substituted alkylene, or optionally 
substituted heteroalkylene, wherein R^' is H, optionally 
substituted optionally substituted alkenyl, optionally substi 
tuted alkynyl, optionally Substituted aryl, or absent; 
0073 each Y is, independently, H., hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally substituted alkoxyalkoxy, or optionally substituted 
amino; 
I0074 each Y is, independently, O, S, Se, optionally 
Substituted alkylene (e.g., methylene), or optionally Substi 
tuted heteroalkylene; 
0075) 
0076 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof), wherein the combination of B and R', 
the combination of Band R, the combination of B and R'". 
or the combination of Band R' can, taken together with the 
carbons to which they are attached, optionally form a 
bicyclic group (e.g., a bicyclic heterocyclyl) or wherein the 
combination of B. R'", and R or the combination of B, R", 
and R can optionally form a tricyclic or tetracyclic group 
(e.g., a tricyclic or tetracyclic heterocyclyl. Such as in 
Formula (IIo)-(IIp) herein). 
0077. In some embodiments, the polynucleotide includes 
a modified ribose. In some embodiments, the polynucleotide 
(e.g., the first region, the first flanking region, or the second 
flanking region) includes n number of linked nucleosides 
having Formula (Ia-2)-(Ia-5) or a pharmaceutically accept 
able salt or stereoisomer thereof. 

n is an integer from 1 to 100,000; and 

Mar. 2, 2017 

(Ia-2) 

(Ia-3) 

(Ia-4) 

(Ia-5) 

0078. In some embodiments, the polynucleotide (e.g., the 
first region, the first flanking region, or the second flanking 
region) includes n number of linked nucleosides having 
Formula (Ib) or Formula (Ib-1): 

(Ib) 
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-continued 
(Ib-1) 

0079 or a pharmaceutically acceptable salt or stereoiso 
mer thereof, wherein 

0080 U is O, S, N(R), or C(R) 
integer from 0 to 2 and each R is, independently, H, halo, 
or optionally substituted alkyl: 

0081 - - - is a single bond or absent; 
0082 each of R', R. R.", and R is, independently, H, 
halo, hydroxy, optionally Substituted alkyl, optionally Sub 
stituted alkoxy, optionally Substituted alkenyloxy, optionally 
Substituted alkynyloxy, optionally Substituted aminoalkoxy, 
optionally Substituted alkoxyalkoxy, optionally Substituted 
hydroxyalkoxy, optionally substituted amino, azido, option 
ally substituted aryl, optionally Substituted aminoalkyl, 
optionally Substituted aminoalkenyl, optionally Substituted 
aminoalkynyl, or absent; and wherein the combination of R' 
and R or the combination of R' and R' can be taken 
together to form optionally Substituted alkylene or option 
ally Substituted heteroalkylene (e.g., to produce a locked 
nucleic acid); 
I0083) each R is, independently, H, halo, hydroxy, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted 
alkynyloxy, optionally Substituted aminoalkoxy, optionally 
Substituted alkoxyalkoxy, or absent; 
I0084 each of Y', Y, and Y is, independently, O, S, Se, 
NR' , optionally substituted alkylene, or optionally sub 
stituted heteroalkylene, wherein R' is H, optionally sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, or optionally substituted aryl; 
I0085 each Y is, independently, H, hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally substituted alkoxyalkoxy, or 
optionally Substituted amino; 

wherein nu is an 

I0086) n is an integer from 1 to 100,000; and 
0087 B is a nucleobase. 
0088. In some embodiments, the polynucleotide (e.g. the 

first region, first flanking region, or second flanking region) 
includes n number of linked nucleosides having Formula 
(Ic): 
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(Ic) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
I0089 U is O, S, N(R), or C(R), wherein nu is an 
integer from 0 to 2 and each R is, independently, H, halo, 
or optionally substituted alkyl: 
0090 - - - is a single bond or absent; 
0091 each of B', B, and B is, independently, a nucle 
obase (e.g., a purine, a pyrimidine, or derivatives thereof, as 
described herein), H, halo, hydroxy, thiol, optionally sub 
stituted alkyl, optionally Substituted alkoxy, optionally Sub 
stituted alkenyloxy, optionally Substituted alkynyloxy, 
optionally Substituted aminoalkoxy, optionally Substituted 
alkoxyalkoxy, optionally substituted hydroxyalkoxy, option 
ally Substituted amino, azido, optionally Substituted aryl, 
optionally Substituted aminoalkyl, optionally Substituted 
aminoalkenyl, or optionally substituted aminoalkynyl, 
wherein one and only one of B', B, and B is a nucleobase: 
0092 each of R', R. R. R. and R is, independently, 
H. halo, hydroxy, thiol, optionally substituted alkyl, option 
ally Substituted alkoxy, optionally Substituted alkenyloxy, 
optionally substituted alkynyloxy, optionally Substituted 
aminoalkoxy, optionally Substituted alkoxyalkoxy, option 
ally substituted hydroxyalkoxy, optionally substituted 
amino, azido, optionally Substituted aryl, optionally Substi 
tuted aminoalkyl, optionally Substituted aminoalkenyl, or 
optionally Substituted aminoalkynyl; 
(0093 each of Y', Y, and Y, is, independently, O, S, Se, 
- N'-, optionally substituted alkylene, or optionally sub 
stituted heteroalkylene, wherein R^' is H, optionally sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, or optionally Substituted aryl, 
I0094) each Y is, independently, H, hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally substituted alkoxyalkoxy, or optionally substituted 
amino; 
(0095 each Y is, independently, O, S, Se, optionally 
Substituted alkylene (e.g., methylene), or optionally substi 
tuted heteroalkylene; 
(0096 n is an integer from 1 to 100,000; and 
0097 wherein the ring including U can include one or 
more double bonds. 
0098. In particular embodiments, the ring including U 
does not have a double bond between U-CBR' or between 
CB3Rb3 CA2Rb2. 
0099. In some embodiments, the polynucleotide (e.g., the 

first region, first flanking region, or second flanking region) 
includes n number of linked nucleosides having Formula 
(Id): 

aii 
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(Id) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein U is O, S, N(R), or C(R), wherein nu 
is an integer from 0 to 2 and each R is, independently, H. 
halo, or optionally substituted alkyl; 
0100 each R is, independently, H, halo, hydroxy, thiol, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted 
alkynyloxy, optionally Substituted aminoalkoxy, optionally 
substituted alkoxyalkoxy, optionally substituted hydroxy 
alkoxy, optionally Substituted amino, azido, optionally Sub 
stituted aryl, optionally Substituted aminoalkyl, optionally 
Substituted aminoalkenyl, or optionally Substituted amino 
alkynyl; 
0101 each of Y', Y, and Y, is, independently, O, S, Se, 
—NR'—, optionally substituted alkylene, or optionally 
substituted heteroalkylene, wherein R^' is H, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
substituted alkynyl, or optionally substituted aryl; 
0102 each Y is, independently, H., hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally substituted alkoxyalkoxy, or optionally substituted 
amino; 
(0103 each Y is, independently, O, S, optionally substi 
tuted alkylene (e.g., methylene), or optionally substituted 
heteroalkylene; 
0104 n is an integer from 1 to 100,000; and 
0105 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof). 
0106. In some embodiments, the polynucleotide (e.g., the 

first region, first flanking region, or second flanking region) 
includes n number of linked nucleosides having Formula 
(Ie): 

(Ie) 
Ut 

YS lul NN 

R6-N s 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, 
0107 wherein each of U and U" is, independently, O, S, 
N(R), or C(R), wherein nu is an integer from 0 to 2 
and each R is, independently, H, halo, or optionally sub 
stituted alkyl: 
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I0108) each R is, independently, H, halo, hydroxy, thiol, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted 
alkynyloxy, optionally Substituted aminoalkoxy, optionally 
substituted alkoxyalkoxy, optionally substituted hydroxy 
alkoxy, optionally substituted amino, azido, optionally Sub 
stituted aryl, optionally Substituted aminoalkyl, optionally 
Substituted aminoalkenyl, or optionally Substituted amino 
alkynyl; 
I0109) each Y is, independently, O, S, optionally substi 
tuted alkylene (e.g., methylene or ethylene), or optionally 
substituted heteroalkylene: 
0110 n is an integer from 1 to 100,000; and 
0111 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof). 
0112. In some embodiments, the polynucleotide (e.g., the 

first region, first flanking region, or second flanking region) 
includes n number of linked nucleosides having Formula (If) 
or (If-1): 

(If) 

(If-1) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, 
0113 wherein each of U and U" is, independently, O, S, 
N, N(R), or C(R), wherein nu is an integer from 0 to 
2 and each R is, independently, H, halo, or optionally 
substituted alkyl (e.g., U" is O and U" is N); 
0114 - - - is a single bond or absent; 
0115 each of R. R. R'", R", R, and R is, indepen 
dently, H., halo, hydroxy, thiol, optionally substituted alkyl, 
optionally Substituted alkoxy, optionally Substituted alkeny 
loxy, optionally Substituted alkynyloxy, optionally Substi 
tuted aminoalkoxy, optionally Substituted alkoxyalkoxy, 
optionally substituted hydroxyalkoxy, optionally substituted 
amino, azido, optionally Substituted aryl, optionally Substi 
tuted aminoalkyl, optionally substituted aminoalkenyl, 
optionally substituted aminoalkynyl, or absent; and wherein 
the combination of R'' and R, the combination of R'" and 
R, the combination of R and R, or the combination of R" 
and R can be taken together to form optionally substituted 
alkylene or optionally substituted heteroalkylene (e.g., to 
produce a locked nucleic acid); each of m' and m" is, 
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independently, an integer from 0 to 3 (e.g., from 0 to 2, from 
0 to 1, from 1 to 3, or from 1 to 2): 
0116 each of Y', Y, and Y, is, independently, O, S, Se, 
—NRY'—, optionally substituted alkylene, or optionally 
substituted heteroalkylene, wherein R^' is H, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
substituted alkynyl, optionally substituted aryl, or absent; 
I0117 each Y is, independently, H, hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally Substituted alkoxy, or optionally Substituted amino; 
0118 each Y is, independently, O, S, Se, optionally 
Substituted alkylene (e.g., methylene), or optionally Substi 
tuted heteroalkylene; 
0119 n is an integer from 1 to 100,000; and 
0120 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof). 
0121. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IVa)-(IVT), and (IXa)-(IXr)), the ring includ 
ing U has one or two double bonds. 
0122. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-la-5), (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IVT), and (IXa)-(IXr)). 
each of R', R', and R", if present, is H. In further 
embodiments, each of R. R. and R", if present, is, 
independently, H, halo (e.g., fluoro), hydroxy, optionally 
Substituted alkoxy methoxy or ethoxy), or optionally Sub 
stituted alkoxyalkoxy. In particular embodiments, alkoxy 
alkoxy is —(CH2)(OCH2CH2)(CH2)OR', wherein S1 is 
an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each 
of S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 
1 to 10), and R' is H or Co alkyl). In some embodiments, 
s2 is 0, s1 is 1 or 2, s3 is 0 or 1, and R' is C alkyl. 
0123. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5), (Ib)-(If), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IVa)-(IVT), and (IXa)-(IXr)), each of 
R. R. and R", if present, is H. In further embodiments, 
each of R', R', and R", if present, is, independently, H, halo 
(e.g., fluoro), hydroxy, optionally Substituted alkoxy (e.g., 
methoxy or ethoxy); or optionally Substituted alkoxyalkoxy. 
In particular embodiments, alkoxyalkoxy is —(CH2) 
(OCH2CH2)(CH)OR', whereins 1 is an integer from 1 to 
10 (e.g., from 1 to 6 or from 1 to 4), each of S2 and s3. 
independently, is an integer from 0 to 10 (e.g., from 0 to 4. 
from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and 
R" is H or Co alkyl). In some embodiments, s2 is 0, S1 is 
1 or 2, s3 is 0 or 1, and R' is C alkyl. 
0.124. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5), (Ib)-(If), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IVa)-(IVT), and (IXa)-(IXr)), each of 
R. R. and R is, independently, H, halo (e.g., fluoro), 
hydroxy, optionally substituted alkyl, optionally substituted 
alkoxy (e.g., methoxy or ethoxy), or optionally Substituted 
alkoxyalkoxy. In particular embodiments, R is H. R is H. 
R is H, or R, R, and Rare all H. In particular embodi 
ments, R is C, alkyl, R is C, alkyl, R is C, alkyl, or 
R. R. and Rare all C, alkyl. In particular embodiments; 
R and R are both H, and R is C alkyl. 
0.125. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
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(IIc-1)-(IIc-2), (In-2), (IVa)-(IVT), and (IXa)-(IXr)), R and 
R join together to form optionally substituted alkylene or 
optionally substituted heteroalkylene and, taken together 
with the carbons to which they are attached, provide an 
optionally Substituted heterocyclyl (e.g., a bicyclic, tricyclic, 
or tetracyclic heterocyclyl. Such as trans-3',4' analogs, 
wherein RandR join together to form heteroalkylene (e.g., 
—(CH), O(CH2)2O(CH) , wherein each of b1, b2, 
and b3 are, independently, an integer from 0 to 3). 
I0126. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (In-1); (IIn-2). (IVa)-(IVT); and (IXa)-(IXr)). 
R and one or more of R', R", R. R", or Rjoin together 
to form optionally substituted alkylene or optionally substi 
tuted heteroalkylene and, taken together with the carbons to 
which they are attached, provide an optionally substituted 
heterocyclyl (e.g., a bicyclic, tricyclic, or tetracyclic hetero 
cyclyl, R and one or more of R', R'", R. R", or R join 
together to form heteroalkylene (e.g., -(CH2), O(CH2)2O 
(CH), , wherein each of b1, b2, and b3 are, indepen 
dently, an integer from 0 to 3). 
I0127. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (In-2). (IVa)-(IVT), and (IXa)-(IXr), 
R and one or more of R', R'", R, or R'join together to 
form optionally substituted alkylene or optionally substi 
tuted heteroalkylene and, taken together with the carbons to 
which they are attached, provide an optionally substituted 
heterocyclyl (e.g., a bicyclic, tricyclic, or tetracyclic hetero 
cyclyl, R and one or more of R. R'", R, or R." join 
together to form heteroalkylene (e.g., -(CH2), O(CH2)2O 
(CH), , wherein each of b1, b2, and b3 are, indepen 
dently, an integer from 0 to 3). 
I0128. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IVT), and (IXa)-(IXr)). 
each Y is, independently, O, S, or NRY'—, wherein R' 
is optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, or optionally Substi 
tuted aryl. In particular embodiments, Y is NRY'—, 
wherein R^' is H or optionally substituted alkyl (e.g., C. 
alkyl, Such as methyl, ethyl, isopropyl, or n-propyl). 
I0129. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IVT), and (IXa)-(IXr)). 
each Y is, independently, O or S. 
0.130. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IVT), and (IXa)-(IXr)). 
R" is H; each R is, independently, H, halo (e.g., fluoro), 
hydroxy, optionally Substituted alkoxy (e.g., methoxy or 
ethoxy), or optionally Substituted alkoxyalkoxy (e.g., 
—(CH2)(OCH2CH2)(CH)OR', wherein S1 is an inte 
ger from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of 
S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 
1 to 10), and R' is H or Co alkyl, such as wherein s2 is 0. 
s1 is 1 or 2, s3 is 0 or 1, and R' is C alkyl); each Y is, 
independently, O or NR' , wherein R^' is H, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
Substituted alkynyl, or optionally Substituted aryl (e.g., 
wherein R^' is H or optionally substituted alkyl (e.g., C. 
alkyl, Such as methyl, ethyl, isopropyl, or n-propyl)); and 
each Y is, independently, O or S (e.g., S). In further 
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embodiments, R is H, halo (e.g., fluoro), hydroxy, option 
ally Substituted alkyl, optionally Substituted alkoxy (e.g., 
methoxy or ethoxy), or optionally Substituted alkoxyalkoxy. 
In yet further embodiments, each Y is, independently, O or 
—NR' , wherein R' is H, optionally substituted alkyl, 
optionally substituted alkenyl, optionally substituted alky 
nyl, or optionally substituted aryl (e.g., wherein R^' is Hor 
optionally Substituted alkyl (e.g., C alkyl. Such as methyl, 
ethyl, isopropyl, or n-propyl)); and each Y is, indepen 
dently, H., hydroxy, thiol, optionally substituted alkyl, 
optionally substituted alkoxy, optionally substituted thio 
alkoxy, optionally substituted alkoxyalkoxy, or optionally 
Substituted amino. 
0131. In some embodiments of the polynucleotides For 
mulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), (IIc 
1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IVT), and (IXa)-(IXr)), 
each R' is, independently, H, halo (e.g., fluoro), hydroxy, 
optionally Substituted alkoxy (e.g., methoxy or ethoxy), or 
optionally substituted alkoxyalkoxy (e.g., -(CH2) 
(OCH2CH2)(CH)OR', whereins 1 is an integer from 1 to 
10 (e.g., from 1 to 6 or from 1 to 4), each of S2 and s3. 
independently, is an integer from 0 to 10 (e.g., from 0 to 4. 
from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and 
R" is H or Co alkyl. Such as wherein S2 is 0, S1 is 1 or 2, 
s3 is 0 or 1, and R' is C, alkyl); R is H; each Y is, 
independently, O or NR'—, wherein R^' is H, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
Substituted alkynyl, or optionally Substituted aryl (e.g., 
wherein R' is H or optionally substituted alkyl (e.g., C. 
alkyl, Such as methyl, ethyl, isopropyl, or n-propyl)); and 
each Y is, independently, O or S (e.g., S). In further 
embodiments, R is H, halo (e.g., fluoro), hydroxy, option 
ally Substituted alkyl, optionally Substituted alkoxy (e.g., 
methoxy or ethoxy); or optionally Substituted alkoxyalkoxy. 
In yet further embodiments, each Y is, independently, O or 
—NR' , wherein R' is H, optionally substituted alkyl, 
optionally substituted alkenyl, optionally substituted alky 
nyl, or optionally substituted aryl (e.g., wherein R^' is Hor 
optionally Substituted alkyl (e.g., C alkyl. Such as methyl, 
ethyl, isopropyl, or n-propyl)); and each Y is, indepen 
dently, H., hydroxy, thiol, optionally substituted alkyl, 
optionally substituted alkoxy, optionally substituted thio 
alkoxy, optionally substituted alkoxyalkoxy, or optionally 
Substituted amino. 
0.132. In some embodiments of the polynucleotides For 
mulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), (IIc 
1)-(IIc-2). (In-2). (IVa)-(IVT), and (IXa)-(IXr)), the ring 
including U is in the B-D (e.g., B-D-ribo) configuration. 
0133. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IIn-2), (IIa)-(IVT), and (IXa)-(IXr)). 
the ring including U is in the C-L (e.g., C-L-ribo) configu 
ration. 

0134. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1). (In-2). (IVa)-(IVT) and (IXa)-(IXr)). 
one or more B is not pseudouridine (up) or 5-methyl-cytidine 
(mC). 
0135. In some embodiments, about 10% to about 100% 
of n number of B nucleobases is not p or mG (e.g., from 
10% to 20%, from 10% to 35%, from 10% to 50%, from 
10% to 60%, from 10% to 75%, from 10% to 90%, from 
10% to 95%, from 10% to 98%, from 10% to 99%, from 
20% to 35%, from 20% to 50%, from 20% to 60%, from 
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20% to 75%, from 20% to 90%, from 20% to 95%, from 
20% to 98%, from 20% to 99%, from 20% to 100%, from 
50% to 60%, from 50% to 75%, from 50% to 90%, from 
50% to 95%, from 50% to 98%, from 50% to 99%, from 
50% to 100%, from 75% to 90%, from 75% to 95%, from 
75% to 98%, from 75% to 99%, and from 75% to 100% of 
n number of B is not p or mG). In some embodiments. B 
is not p or mG. 
0.136. In some embodiments of the polynucleotides (e.g., 
Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), (IIb-2), 
(IIc-1)-(IIc-2), (IIn-1), (IIn-2), (IIa)-(IVT), and (IXa)-(IXr)). 
when B is an unmodified nucleobase selected from cytosine, 
guanine, uracil and adenine, then at least one of Y', Y, or 
Y is not O. 
0.137 In some embodiments, the polynucleotide includes 
a modified ribose. In some embodiments, the polynucleotide 
(e.g., the first region, the first flanking region, or the second 
flanking region) includes n number of linked nucleosides 
having Formula (IIa)-(IIc): 

(IIa) 

(IIb) 

(IIc) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof. In particular embodiments, U is O or C(R), 
wherein nu is an integer from 0 to 2 and each R is, 
independently, H., halo, or optionally substituted alkyl (e.g., 
U is —CH2—, or —CH ). In other embodiments, each of 
R. R. R. R. and R is, independently, H, halo, hydroxy, 
thiol, optionally substituted alkyl, optionally substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted aminoalkoxy, 
optionally Substituted alkoxyalkoxy, optionally Substituted 
hydroxyalkoxy, optionally substituted amino, azido, option 
ally substituted aryl, optionally Substituted aminoalkyl, 
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optionally Substituted aminoalkenyl, optionally Substituted 
aminoalkynyl, or absent (e.g., each R' and R is, indepen 
dently H, halo, hydroxy, optionally substituted alkyl, or 
optionally substituted alkoxy; each R and R is, indepen 
dently, H or optionally substituted alkyl; and R is H or 
hydroxy), and . . . is a single bond or double bond. 
0.138. In particular embodiments, the polynucleotide 
(e.g., the first region, the first flanking region, or the second 
flanking region) includes n number of linked nucleosides 
having Formula (IIb-1)-(IIb-2): 

(IIb-1) 

O 

(IIb-2) 

or a pharmaceutically acceptable salt or stereoisomer thereof 
in some embodiments, U is O or C(R), wherein nu is an 
integer from 0 to 2 and each R is, independently, H, halo, 
or optionally Substituted alkyl (e.g., U is —CH2—, or 
—CH ). In other embodiments, each of R' and R is, 
independently, H., halo, hydroxy, thiol, optionally substituted 
alkyl, optionally substituted alkoxy, optionally Substituted 
alkenyloxy, optionally Substituted alkynyloxy, optionally 
Substituted aminoalkoxy, optionally substituted alkoxy 
alkoxy, optionally Substituted hydroxyalkoxy, optionally 
Substituted amino, azido, optionally Substituted aryl, option 
ally Substituted aminoalkyl, optionally Substituted amino 
alkenyl, optionally Substituted aminoalkynyl, or absent (e.g., 
each R' and R is, independently, H, halo, hydroxy, option 
ally substituted alkyl, or optionally Substituted alkoxy, e.g., 
H. halo, hydroxy, alkyl, or alkoxy). In particular embodi 
ments, R is hydroxy or optionally substituted alkoxy (e.g., 
methoxy, ethoxy, or any described herein). 
0.139. In particular embodiments, the polynucleotide 
(e.g., the first region, the first flanking region, or the second 
flanking region) includes n number of linked nucleosides 
having Formula (IIc-1)-(IIc-4): 

(IIc-1) 
Yi-Yi B 

U 

RI 

Y2 R2 

y= s 
Y4 
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-continued 
(IIc-2) 

Yi-Yi B 
O 

RI 

(IIc-3) 

(IIc-4) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof. 

I0140. In some embodiments, U is O or C(R), wherein 
nu is an integer from 0 to 2 and each R is, independently, 
H, halo, or optionally substituted alkyl (e.g., U is —CH2— 
or —CH ). In some embodiments, each of R', R, and R 
is, independently, H., halo, hydroxy, thiol, optionally Substi 
tuted alkyl, optionally Substituted alkoxy, optionally Substi 
tuted alkenyloxy, optionally substituted alkynyloxy, option 
ally Substituted aminoalkoxy, optionally Substituted 
alkoxyalkoxy, optionally substituted hydroxyalkoxy, option 
ally Substituted amino, azido, optionally Substituted aryl, 
optionally Substituted aminoalkyl, optionally Substituted 
aminoalkenyl, optionally substituted aminoalkynyl, or 
absent (e.g., each R' and R is, independently, H, halo, 
hydroxy, optionally Substituted alkyl, or optionally Substi 
tuted alkoxy, e.g., H., halo, hydroxy, alkyl, or alkoxy; and 
each R is, independently, H or optionally substituted 
alkyl)). In particular embodiments, R is optionally substi 
tuted alkoxy (e.g., methoxy or ethoxy, or any described 
herein). In particular embodiments, R' is optionally substi 
tuted alkyl, and R is hydroxy. In other embodiments, R is 
hydroxy, and R is optionally substituted alkyl. In further 
embodiments, R is optionally substituted alkyl. 
0.141. In some embodiments, the polynucleotide includes 
an acyclic modified ribose. In some embodiments, the 
(polynucleotide (e.g., the first region, the first flanking 
region, or the second flanking region) includes n number of 
linked nucleosides having Formula (IId)-(IIf): 
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(IId) 

(IIe) 
Yi-Yi B 

U 

% 
R3 R4 

R2 

y= Or 
Y4 

(IIf) 
Yi-Yi B 

U 

R5 R 
R3 R4 

Y2 R2 

y= s 
Y4 

or a pharmaceutically acceptable salt or stereoisomer 
thereof. 

0142. In some embodiments, the polynucleotide includes 
an acyclic modified hexitol. In some embodiments, the 
polynucleotide (e.g., the first region, the first flanking 
region, or the second flanking region) includes n number of 
linked nucleosides having Formula (IIg)-(II): 

(Ig) 

(IIh) 
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-continued 
(III) 

(II) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof. 

0143. In some embodiments, the polynucleotide includes 
a Sugar moiety having a contracted or an expanded ribose 
ring. In some embodiments, the polynucleotide (e.g., the 
first region, the first flanking region, or the second flanking 
region) includes n number of linked nucleosides having 
Formula (IIk)-(IIm): 

(IIk) 

(III) 

(IIm) 
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or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein each of R', R'", R, and R is, indepen 
dently, H., halo, hydroxy, optionally substituted alkyl, 
optionally Substituted alkoxy, optionally Substituted alkeny 
loxy, optionally Substituted alkynyloxy, optionally Substi 
tuted aminoalkoxy, optionally substituted alkoxyalkoxy, or 
absent; and wherein the combination of R and R or the 
combination of R and R can be taken together to form 
optionally substituted alkylene or optionally substituted het 
eroalkylene. 
0144. In some embodiments, the polynucleotide includes 
a locked modified ribose. In some embodiments, the poly 
nucleotide (e.g., the first region, the first flanking region, or 
the second flanking region) includes n number of linked 
nucleosides having Formula (IIn): 

(IIn) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein R is O, S, or - NRY' , wherein R^' is 
H, optionally substituted alkyl, optionally substituted alk 
enyl, optionally substituted alkynyl or optionally substituted 
aryl and R" is optionally substituted alkylene (e.g., 
—CH2—, —CH2CH2—, or —CH2CH2CH2—) or option 
ally substituted heteroalkylene (e.g., —CH-NH , 
—CHCH-NH , —CHOCH2—, or —CH2CHOCH2—) 
(e.g., R is O and R" is optionally substituted alkylene (e.g., 
—CH2—, —CH2CH2—, or —CH2CH2CH2—)). 
0145. In some embodiments, the polynucleotide (e.g., the 

first region, the first flanking region, or the second flanking 
region) includes n number of linked nucleosides having 
Formula (In-1)-(II-n2): 

(IIn-1) 

(IIn-2) 
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or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein R is O, S, or - NRY' , wherein R^' is 
H, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, or optionally Substi 
tuted aryl and R" is optionally substituted alkylene (e.g., 
—CH2—, —CH2CH2—, or —CH2CHCH ) or option 
ally substituted heteroalkylene (e.g., —CH-NH . 
—CHCH-NH , —CHOCH2—, or —CH2CHOCH2—) 
(e.g., R is O and R" is optionally substituted alkylene 
—CH2—, —CH2CH2—, or —CH2CH2CH2—)). 
0146 In some embodiments, the polynucleotide includes 
a locked modified ribose that forms a tetracyclic heterocy 
clyl. In some embodiments, the polynucleotide (e.g., the first 
region, the first flanking region, or the second flanking 
region) includes n number of linked nucleosides having 
Formula (IIo): 

(IIo) 

O 

(IIp) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein R2, R2, T, T'", T, T", V', and Vare 
as described herein. 
0147 Any of the formulas for the polynucleotides can 
include one or more nucleobases described herein (e.g., 
Formulas (b1)-(b43)). 
0.148. In one embodiment, the present invention provides 
methods of preparing a polynucleotide comprising at least 
one nucleotide that disrupts binding of a major groove 
interacting partner with the nucleic acid, wherein the poly 
nucleotide comprises n number of nucleosides having For 
mula (Ia), as defined herein: 

(Ia) 
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the method comprising reacting a compound of Formula 
(IIIa), as defined herein: 

(IIIa) 

R R1" 

R. iii" 

Y3=P-Y7 

J. 
0149 with an RNA polymerase, and a cDNA template. 
0150. In a further embodiment, the present invention 
provides methods of amplifying a polynucleotide compris 
ing at least one nucleotide that disrupts binding of a major 
groove binding partner with the polynucleotide sequence, 
the method comprising: reacting a compound of Formula 
(Ma), as defined herein, with a primer, a cDNA template, and 
an RNA polymerase. 
0151. In one embodiment, the present invention provides 
methods of preparing a polynucleotide comprising at least 
one nucleotide that disrupts binding of a major groove 
interacting partner with the nucleic acid, wherein the poly 
nucleotide comprises n number of nucleosides having For 
mula (Ia-1), as defined herein: 

(Ia-1) 

the method comprising reacting a compound of Formula 
(IIIa-1), as defined herein: 

(IIIa-1) 

with an RNA polymerase, and a cDNA template. 
0152. In a further embodiment, the present invention 
provides methods of amplifying a polynucleotide compris 
ing at least one nucleotide (e.g., modified mRNA molecule) 
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that disrupts binding of a major groove binding partner with 
the polls/nucleotide sequence, the method comprising: react 
ing a compound of Formula (IIIa-1), as defined herein, with 
a primer, a cDNA template, and an RNA polymerase. 
0153. In one embodiment, the present invention provides 
methods of preparing a polynucleotide comprising at least 
one nucleotide that disrupts binding of a major groove 
interacting partner with the nucleic acid sequence, wherein 
the polynucleotide comprises n number of nucleosides hav 
ing Formula (Ia-2), as defined herein: 

(Ia-2) 

the method comprising reacting a compound of Formula 
(IIIa-2), as defined herein: 

(IIIa-2) 

with an RNA polymerase, and a cDNA template. 
0154) In a further embodiment, the present invention 
provides methods of amplifying a polynucleotide compris 
ing at least one nucleotide (e.g., modified mRNA molecule) 
that disrupts binding of a major groove binding partner with 
the polynucleotide, the method comprising reacting a com 
pound of Formula (IIIa-2), as defined herein, with a primer, 
a cDNA template, and an RNA polymerase. 
0.155. In some embodiments, the reaction may be 
repeated from 1 to about 7,000 times. In any of the embodi 
ments herein, B may be a nucleobase of Formula (b1)-(b43). 
0156 The polynucleotides can optionally include 5' and/ 
or 3' flanking regions, which are described herein. 

Modified Nucleotides and Nucleosides 

0157. The present invention also includes the building 
blocks, e.g., modified ribonucleosides, modified ribonucle 
otides, of the polynucleotides, e.g., modified RNA (or 
mRNA) molecules. For example, these building blocks can 
be useful for preparing the polynucleotides of the invention. 
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0158. In some embodiments, the building block molecule 
has Formula (IIIa) or (IIIa-1): 

(IIIa) 

yó 

in 

(IIIa-1) 
y3 

y6 |-y Y5 
Y4 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein the substituents are as described herein 
(e.g., for Formula (Ia) and (Ia-1)), and wherein when B is an 
unmodified nucleobase selected from cytosine, guanine, 
uracil and adenine, then at least one of Y', Y, or Y is not 
O. 
0159. In some embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide, has 
Formula (IVa)-(IVb): 

y3 

v-(-)- Y5 B or 

O O 

y3 

v-(-)- 5 Y B 

it vy * 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein B is as described herein (e.g., any one of 
(b1)-(b43)). 

(IVa) 

(IVb) 
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0160. In particular embodiments. Formula (IVa) or (IVb) 
is combined with a modified uracil (e.g., any one of formulas 
(b1)-(b9), (b21)-(b23), and (b28)-(b31), such as formula 
(b1), (b8), (b28), (b29), or (b30)). In particular embodi 
ments. Formula (IVa) or (IVb) is combined with a modified 
cytosine (e.g., any one of formulas (b10)-(b 14), (b24), (b25), 
and (b32)-(b36), such as formula (b10) or (b32)). In par 
ticular embodiments, Formula (IVa) or (IVb) is combined 
with a modified guanine (e.g., any one of formulas (b.15)- 
(b.17) and (b37)-(b40)). In particular embodiments. Formula 
(IVa) or (IVb) is combined with a modified adenine (e.g., 
any one of formulas (b18)-(b20) and (b41)-(b43)). 
0.161. In some embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide, has 
Formula (IVc)-(IVk): 

(IVc) 
y3 

Y6--P-Yl 5 
Y U B 

4 w 
Y r 1 

R3 R1 

HG R2 
(IVd) 

y3 

Y6--P-Yl 5 
Y B 

4 

Y * y 

HG R2, 

(IVe) 

(IVf) 

(IVg) 
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-continued 
3 (IVh) 
Y 

Y P-Y. 5 
Y U B 

4 

R3 RI 

HG OCH, 
3 (IV) 
Y 

| Y6--P-Y. 5 
Y U B 

4 W 
Y * w 2. 

R3 RI 

HG F 
(IV) 

y3 

Y P-Y. 5 
Y U B 

4 a 

Y r V6 
R3 RI 

HG OCH, 
(IVk) 

y3 

Y6--P-Y. 5 
Y B 

Y4 U 
* Ma 

s' 
R R, O 

HG c 
3 (IV) 
Y 

| Y6--P-Y. 5 
Y U B 

4 

R3 RI 

HG 3. 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein B is as described herein (e.g., any one of 
(b1)-(b43)). 
0162. In particular embodiments, one of Formulas (IVc)- 
(IVk) is combined with a modified uracil (e.g., any one of 
formulas (b1)-(b9), (b21)-(b23), and (b28)-(b31), such as 
formula (b1), (b8), (b28), (b29), or (b30)). 
0163. In particular embodiments, one of Formulas (IVc)- 
(IVk) is combined with a modified cytosine (e.g., any one of 
formulas (b10)-(b 14), (b24), (b25), and (b32)-(b36), such as 
formula (b10) or (b32)). 
0164. In particular embodiments, one of Formulas (IVc)- 
(IVk) is combined with a modified guanine (e.g., any one of 
formulas (b.15)-(b17) and (h37)-(b40)). 
0.165. In particular embodiments, one of Formulas (IVc)- 
(IVk) is combined with a modified adenine (e.g., any one of 
formulas (b18)-(b20) and (b41)-(b43)). 
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0166 In other embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide has 
Formula (Va) or (Vb): 

(Va) 
y3 

y6 |-y 
4 
Y * 

(Vb) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein B is as described herein (e.g., any one of 

0167. In other embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide has 
Formula (IXa)-(IXd): 

(IXa) 
y3 

| 5 
y6 -y Y. O B, 

4 Y * vy 
HG 

(IXb) 
y3 

6 | 5 
Y –Y Y. O B, 

4 Y * vy 
HG Br 

(LXc) 
y3 
| 

y6 |-y Y5 O B, or 

* 

HG c 
(IXd) 

y3 

6 | 5 
Y –Y Y. O B, 

4 Y * vy 
HG 3. 
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or a pharmaceutically acceptable salt or stereoisomer thereof 
wherein B is as described herein any one of (b1)-(b43)). In 
particular embodiments, one of Formulas (IXa)-(IXd) is 
combined with a modified uracil (e.g., any one of formulas 
(b1)-(b9), (b21)-(b23), and (b28)-(b31), such as formula 
(b1), (b8), (b28), (b29), or (b30)). In particular embodi 
ments, one of Formulas (IXa)-(IXd) is combined with a 
modified cytosine (e.g., any one of formulas (b10)-(b14), 
(b24), (b25), and (b32)-(b36), such as formula (b 10) or 
(b32)). 
0.168. In particular embodiments, one of Formulas (IXa)- 
(IXd) is combined with a modified guanine (e.g., any one of 
formulas (b.15)-(b17) and (b37)-(b40)). 
0169. In particular embodiments, one of Formulas (IXa)- 
(IXd) is combined with a modified adenine (e.g., any one of 
formulas (b18)-(b20) and (b41)-(b43)). 
0170 In other embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide has 
Formula (IXe)-(IXg): 

(LXe) 
y3 

6 J 
Y Y-5 o, 

BH vy * 

HG R2, 
(IXf) 

y3 

Y -y Y5 B 

BH Vy O 2 
* 

HG R2 
(IXg) 

i 
6 - Vl 
Y Y-5 B 

Y4 O 
* 

HG R2, 

or a pharmaceutically acceptable salt or stereoisomer thereof 
wherein B is as described herein (e.g., any one of (b1)- 
(b43)). 
0171 In particular embodiments, one of Formulas (IXe)- 
(IXg) is combined with a modified uracil (e.g., any one of 
formulas (b1)-(b9), (b21)-(b23), and (b28)-(b31), such as 
formula (b1), (b8), (b28), (b29), or (b30)). 
0172. In particular embodiments, one of Formulas (IXe)- 
(IXg) is combined with a modified cytosine (e.g., any one of 
formulas (b10)-(b 14), (b24), (b25), and (b32)-(b36), such as 
formula (b10) or (b32)). 
0173. In particular embodiments, one of Formulas (IXe)- 
(IXg) is combined with a modified guanine (e.g., any one of 
formulas (b.15)-(b17) and (b37)-(b40)). 
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0.174. In particular embodiments, one of Formulas (IXe)- 
(IXg) is combined with a modified adenine (e.g., any one of 
formulas (b18)-(b20) and (b41)-(b43)). 
0.175. In other embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide has 
Formula (IXh)-(IXk): 

(IXh) 
y3 

y6 |-y 
Y5 B 

Y4 O 
* S R, 

& 
HÓ Né, 

(LXi) 
y3 

y6 |-y 
Y5 B 

Y4 O 
* OH, 

HG CH, 
(IX) 

y3 

Y –Y Y5 B 
Y4 O , or 

* CH3 

HG oH 
(IXk) 

y3 

y6 I-y 
Y5 B 

Y4 O 
* 

HC s 

HG oH, 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein B is as described herein (e.g., any one of 
(b1)-(b43)). In particular embodiments, one of Formulas 
(IXh)-(IXk) is combined with a modified uracil (e.g., any 
one of formulas (b1)-(b9), (b21)-(b23), and (b28)-(b31), 
such as formula (b1), (b8), (b28), (b29), or (b30)). In 
particular embodiments, one of Formulas (IXh)-(IXk) is 
combined with a modified cytosine (e.g., any one of formu 
las (b 10)-(b14), (b24), (b25), and (b32)-(b36), such as 
formula (b10) or (b32)). 
0176). In particular embodiments, one of Formulas (IXh)- 
(IXk) is combined with a modified guanine (e.g., any one of 
formulas (b15)-(b.17) and (b37)-(b40)). In particular 
embodiments, one of Formulas (IXh)-(IXk) is combined 
with a modified adenine (e.g., any one of formulas (b18)- 
(b20) and (b41)-(b43)). 
0177. In other embodiments, the building block mol 
ecule, which lich may be incorporated into a polynucleotide 
has Formula ()-(IXr): 
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(LXI) 
O O 

HO P-O P-O B 

O 
OH BH 

2 * 

HG OH, 
(IXm) 

O O 

HO P-O P-O B 

O 
OH CH3 

2 * 

HG oH, 
(IXn) 

O Se 

HO P-O P-O B 

O 
OH OH 

2 * 

HG oH, 
(IXo) 

O 

| 
HO P-O B 

O 
OH 

* 

HG 
(IXp) 

O 

| 
HO P-O B 

O 
OH 

* 

HG el. 
(IXq) 

O 

| 
HO P-O B 

O 
OH , or 

* 

HG Br 
(IXr) 

O 

HO P-O B 
O 

OH 
* 

HG OCH, 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein each r1 and r2 is, independently, an integer 

Mar. 2, 2017 

from 0 to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5) 
and 13 is as described herein (e.g., any one of (b1)-(b43)). 
0178. In particular embodiments, one of Formulas (IX1)- 
(IXr) is combined with a modified uracil (e.g., any one of 
formulas (b1)-(b9), (b21)-(b23), and (b28)-(b31), such as 
formula (b1), (b8), (b28), (b29), or (b30)). 
0179. In particular embodiments, one of Formulas (IX1)- 
(IXr) is combined with a modified cytosine (e.g., any one of 
formulas (b 10)-(b 14), (b24), (b25), and (b32)-(b36), such as 
formula (b10) or (b32)). 
0180. In particular embodiments, one of Formulas (IX1)- 
(IXr) is combined with a modified guanine (e.g., any one of 
formulas (b15)-(b.17) and (b37)-(b40)). In particular 
embodiments, one of Formulas (IX1)-(IXr) is combined with 
a modified adenine (e.g., any one of formulas (b18)-(b20) 
and (b41)-(b43)). 
0181. In some embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide can 
be selected from the group consisting of 

(BB-1) 
NH 

N n 

( Pl 2 
HO —o O. N NH2, 

OH 
* 

HG oH 
NH (BB-2) 

2 

N n N, 

N-( HO —o O. 4. 
OH / 

HG oH 
(BB-3) 

NNH 
N n 

{ HO -o O. 4. 
OH 

* 

HG OH 
C (BB-4) 

N n 

{ HO —o O. 4. 
OH 

* 

HG OH 
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-continued 
BB-5 

NH ( ) 

CH N 1-13: ( r o 2 HO O O. N 

OH 
* 

HG OH 

(BB-6) 
O 

N NH 

( . ." o e HO O O. N 

OH 
* 

HG OH 

(BB-7) 
NH2 

n 

( o 2 HO O O. N 

OH 
* 

HG OH 

(BB-8) 
HC No 

N n 

( als 
HO —o O. N NH2, 

OH 

HG OH 

(BB-9) 
O 

CH N 1 22 L.A. or HO-HP-O N 2 
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-continued 
(BB-10) 

O 

O NH 0-{ 
HO —o O. N NH2 

OH 
* 

HG OH 
(BB-11) 

C 

N NN 
( als HO —o O. A N NH2, and 

OH / 

(BB-12) 

O 7 NH 

| l. 2 
HO —o O. N NH2, 

OH / 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein each ris, independently, an integer from 0 
to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5). 
0182. In some embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide can 
be selected from the group consisting of 

(BB-13) 

2NNN1 
GE) 
N N N, 

{l 2 N HO O O N 

OH 

(BB-14) 

HO 
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-continued 

O 
O 

\e 
N n N 

O ( s 2 o N HO O O N 

OH 
* 

HG oH 

9 
S 

\e 
N n N 

O ( s e o N HO O O N 

OH 
* 

HG oH 

HO 

| NH 

HO-HP-O -Q 
OH 

(BB-15) 

(BB-16) 

(BB-17) 

(BB-18) 

(BB-19) 
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(BB-20) 

-continued 

| 
HO –o -Q 

OH 
* 

HG o 

0183) or a pharmaceutically acceptable salt or Stereoiso 
mer thereof, wherein each r is, independently, an integer 
from 0 to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5) 
and S1 is as described herein. 

0184 In some embodiments, the building block mol 
ecule, which may be incorporated into a nucleic acid (e.g., 
RNA, mRNA, polynucleotide), is a modified uridine (e.g., 
selected from the group consisting of: 

(BB-21) 

(BB-22) 

(BB-23) 
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(BB-58) 

OMe, 

-continued 

O 
(BB-53) 

OH 

OH, 

-continued 

O 

(BB-54) 
OCOCF O 

OMe, 

(BB-60) (BB-55) 
OH 

OMe, 

(BB-61) (BB-56) 

OMe, 

(BB-62) (BB-57) 

NH2, OMe, 
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-continued -continued 
(BB-73) (BB-78) 

O O 

(BB-74) (BB-79) 

(BB-75) 
(BB-80) 

(BB-76) (BB-81) 

(BB-77) (BB-82) 
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-continued -continued 
(BB-88) (BB-83) 

(BB-89) 
(BB-84) 

(BB-90) 
(BB-85) 

(BB-91) 
(BB-86) 

(BB-92) (BB-87) 
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-continued 

(BB-123) 
O 

y3 ins 
y6 -y N O 

O s 
Y4 * 

HG OCH, 

(BB-124) 

y6 

(BB-125) 

y6 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein Y', Y, Y, Y, and rare as described herein 
(e.g., each r is, independently, an integer from 0 to 5. Such 
as from 0 to 3, from 1 to 3, or from 1 to 5)). 
0185. In some embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide is a 
modified cytidine (e.g., selected from the group consisting 
of: 

(BB-126) 

30 

-continued 
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(BB-127) 

(BB-128) 

(BB-129) 

(BB-130) 

(BB-131) 
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-continued -continued 
(BB-132) (BB-137) 

NH NH2 

HO NN 

y3 1s 
y6 B-y N O, 

Vo 

(BB-133) 
(BB-138) 

AcO NN 

(BB-134) 

HN (BB-139) 

(BB-135) 

N (BB-140) 

(BB-136) 
(BB-141) 
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-continued -continued 
(BB-147) (BB-142) 

(BB-148) 

(BB-143) 

(BB-149) 

(BB-144) 

(BB-150) 

(BB-145) 

(BB-151) (BB-146) 

OHC 
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-continued 

NH2 

OHC n N 

y6 

y6 
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-continued 
(BB-152) (BB-157) 

(BB-158) 

(BB-153) 

6 ~s Y NHFmoc, and 

(BB-159) 

NH 

(BB-154) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof; wherein Y', Y, Y, Y, and rare as described herein 
(e.g., each r is, independently, an integer from 0 to 5. Such 
as from 0 to 3, from 1 to 3, or from 1 to 5)). For example, 

(BB-155) the building block molecule, which may be incorporated 
into a polynucleotide can be: 

(BB-160) 

(BB-156) (BB-161) 
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or a pharmaceutically acceptable salt or stereoisomer -continued 
thereof, wherein each ris, independently, an integer from 0 (BB-167) 
to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5). NH2 
0186. In some embodiments, the building block mol 
ecule, which may be incorporated into a polynucleotide is a NN, 
modified adenosine (e.g., selected from the group consisting 

y6 2 of: 
N 

(BB-162) 
NH2 

6 
Y (BB-168) 

NH2 

n N, 

yó ld 
(BB-163) N 

NH2 

y6 

(BB-169) 
NH2 

(BB-164) NN, 
NH2 

y6 e 
N 

y6 

HO OH (BB-170) 
NH2 

(BB-165) 
NH2 SN, 

y6 N2 
y6 

(BB-166) (BB-171) 
NH2 NH2 

y6 y6 
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-continued 
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-continued 
(BB-191) (BB-196) 

HN1 

(BB-197) 

(BB-192) 

(BB-198) 

(BB-193) 

(BB-199) 

(BB-194) y6 and 

(BB-200) 

(BB-195) y6 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein Y', Y, Y, Y, and rare as described herein 
(e.g., each r is, independently, an integer from 0 to 5. Such 
as from 0 to 3, from 1 to 3, or from 1 to 5)). In some 
embodiments, the building block molecule, which may be 
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incorporated into a polynucleotide, is a modified guanosine 
selected from the group consisting of: 

-continued 

(BB-201) 

(BB-206) 

y6 

(BB-202) 

(BB-207) 

y6 

(BB-203) 

(BB-208) 

y6 

(BB-204) 
(BB-209) 

y6 

(BB-205) 
(BB-210) 
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-continued 

(BB-231) 

O 

N 
y3 NH 

(LA {ll Y P-Y. N 2 
O N NH2, 

Y4 

(BB-232) 
O 

NH 

y6 2 s 
N N1 

H 

(BB-233) 
O 

NH 

y6 2 s 
N 

(BB-234) 
S 

y6 

(BB-235) 
S 

y3 NH 

| ? 
y6 P-Yl N 2 

N NH2, 
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-continued 
(BB-236) 

O 

y6 
and 

(BB-237) 
O 

3 N NH 

| HN-( 
y6 P-Yl N 2 

O N NH2, 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein Y', Yi, Y.Y., and rare as described herein 
(e.g., each r is, independently, an integer from 0 to 5. Such 
as from 0 to 3, from 1 to 3, or from 1 to 5)). 
0187. In some embodiments, the major groove chemical 
modification can include replacement of C group at C-5 of 
the ring (e.g., for a pyrimidine nucleoside. Such as cytosine 
or uracil) with N (e.g., replacement of the >CH group at C-5 
with >NRY' group, wherein R^' is H or optionally substi 
tuted alkyl). For example, the building block molecule, 
which may be incorporated into a polynucleotide can be: 

HN NH 

HO-H-P-O N O 
O O 

OH 
* 

(BB-238) 

(BB-239) 
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-continued 

(BB-240) 

HO 

(BB-241) 

HO 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein each ris, independently, an integer from 0 
to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5). 
0188 In another embodiment, the major groove chemical 
modification can include replacement of the hydrogen at C-5 
of cytosine with halo (e.g., Br, Cl, F, or I) or optionally 
Substituted alkyl (e.g., methyl). For example, the building 
block molecule, which may be incorporated into a poly 
nucleotide can be: 

(BB-242) 

(BB-243) 

42 
Mar. 2, 2017 

-continued 
(BB-244) 

O 

(BB-245) 
NHAC 

AcO NN 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein each ris, independently, an integer from 0 
to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5). 
0189 In yet a further embodiment, the major groove 
chemical modification can include a fused ring that is 
formed by the NH at the C-4 position and the carbon atom 
at the C-5 position. For example, the building block mol 
ecule, which may be incorporated into a polynucleotide can 
be: 

(BB-246) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein each ris, independently, an integer from 0 
to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5). 

Modifications on the Sugar 
0190. The modified nucleosides and nucleotides (e.g., 
building block molecules), which may be incorporated into 
a polynucleotide (e.g., RNA or mRNA, as described herein), 
can be modified on the sugar of the ribonucleic acid. For 
example, the 2 hydroxyl group (OH) can be modified or 
replaced with a number of different substituents. Exemplary 
substitutions at the 2'-position include, but are not limited to, 
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H. halo, optionally Substituted C. alkyl: optionally Substi 
tuted C. alkoxy, optionally Substituted Co aryloxy; 
optionally Substituted Cls cycloalkyl, optionally Substituted 
Cs cycloalkoxy, optionally substituted Co aryloxy; 
optionally Substituted Co aryl-C alkoxy, optionally Sub 
stituted C-2 (heterocyclyl)oxy; a Sugar (e.g., ribose, pen 
tose, or any described herein); a polyethyleneglycol (PEG), 
—O(CH2CH2O), CHCHOR, where R is H or optionally 
Substituted alkyl, and n is an integer from 0 to 20 (e.g., from 
0 to 4, from 0 to 8, from 0 to 10, from 0 to 16, from 1 to 4, 
from 1 to 8, from 1 to 10, from 1 to 16, from 1 to 20, from 
2 to 4, from 2 to 8, from 2 to 10, from 2 to 16, from 2 to 20, 
from 4 to 8, from 4 to 10, from 4 to 16, and from 4 to 20): 
“locked nucleic acids (LNA) in which the 2'-hydroxyl is 
connected by a C- alkylene or C. heteroalkylene bridge 
to the 4'-carbon of the same ribose Sugar, where exemplary 
bridges included methylene, propylene, ether, or amino 
bridges; aminoalkyl, as defined herein; aminoalkoxy, as 
defined herein; amino as defined herein; and amino acid, as 
defined herein 
0191 Generally, RNA includes the sugar group ribose, 
which is a 5-membered ring having an oxygen. Exemplary, 
non-limiting modified nucleotides include replacement of 
the oxygen in ribose (e.g., with S. Se, or alkylene, such as 
methylene or ethylene); addition of a double bond (e.g., to 
replace ribose with cyclopentenyl or cyclohexenyl); ring 
contraction of ribose (e.g., to form a 4-membered ring of 
cyclobutane or oxetane); ring expansion of ribose (e.g., to 
form a 6- or 7-membered ring having an additional carbon 
or heteroatom, Such as for anhydrohexitol, altritol, mannitol, 
cyclohexanyl, cyclohexenyl, and morpholino that also has a 
phosphoramidate backbone); multicyclic forms (e.g., tricy 
clo; and “unlocked forms, such as glycol nucleic acid 
(GNA) (e.g., R-GNA or S-GNA, where ribose is replaced by 
glycol units attached to phosphodiester bonds), threose 
nucleic acid (TNA, where ribose is replace with C-L- 
threofuranosyl-(3'->2)), and peptide nucleic acid (PNA, 
where 2-amino-ethyl-glycine linkages replace the ribose and 
phosphodiester backbone). The Sugar group can also contain 
one or more carbons that possess the opposite stereochemi 
cal configuration than that of the corresponding carbon in 
ribose. Thus, a polynucleotide molecule can include nucleo 
tides containing, e.g., arabinose, as the Sugar. 
Modifications on the Nucleobase 

0.192 The present disclosure provides for modified 
nucleosides and nucleotides. As described herein “nucleo 
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side' is defined as a compound containing a Sugar molecule 
(e.g., a pentose or ribose) or derivative thereof in combina 
tion with an organic base (e.g., a purine or pyrimidine) or a 
derivative thereof (also referred to herein as “nucleobase'). 
As described herein, “nucleotide' is defined as a nucleoside 
including a phosphate group. In some embodiments, the 
nucleosides and nucleotides described herein are generally 
chemically modified on the major groove face. Exemplary 
non-limiting modifications include an amino group, a thiol 
group, an alkyl group, a halo group, or any described herein. 
The modified nucleotides may by synthesized by any useful 
method, as described herein (e.g., chemically, enzymatically, 
or recombinantly to include one or more modified or non 
natural nucleosides). 
0193 The modified nucleotide base pairing encompasses 
not only the standard adenosine-thymine, adenosine-uracil, 
or guanosine-cytosine base pairs, but also base pairs formed 
between nucleotides and/or modified nucleotides compris 
ing non-standard or modified bases, wherein the arrange 
ment of hydrogen bond donors and hydrogen bond acceptors 
permits hydrogen bonding between a non-standard base and 
a standard base or between two complementary non-stan 
dard base structures. One example of such non-standard base 
pairing is the base pairing between the modified nucleotide 
inosine and adenine, cytosine or uracil. 
0194 The modified nucleosides and nucleotides can 
include a modified nucleobase. Examples of nucleobases 
found in RNA include, but are not limited to, adenine, 
guanine, cytosine, and uracil. Examples of nucleobase found 
in DNA include, but are not limited to, adenine, guanine, 
cytosine, and thymine. These nucleobases can be modified 
or wholly replaced to provide polynucleotide molecules 
having enhanced properties, e.g., resistance to nucleases, 
stability, and these properties may manifest through disrup 
tion of the binding of a major groove binding partner. For 
example, the nucleosides and nucleotides described can be 
chemically modified on the major groove face. In some 
embodiments, the major groove chemical modifications can 
include an amino group, a thiol group, an alkyl group, or a 
halo group. 
(0195 Table 1 below identifies the chemical faces of each 
canonical nucleotide. Circles identify the atoms comprising 
the respective chemical regions. 

TABLE 1. 

Major Groove Face 

Pyrimidines Cytidine: 

OH OH 

Minor Groove Face 

NH2 

NN 
O 

O 

O --o O 
N O O 

OH OH 
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Uridine: 

Purines Adenosine: 

Guanosine: 

O 

O-P 

O 

44 

TABLE 1-continued 

NH Cl 
O 

OH OH 

Pyrimidines Cytidine: 
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O 

NH 
O 

O-P-O 
O 

O 

OH OH 

NH2 

N n 

( 3. O-P-O N 
O 

O 

OH OH 

O 

N NH 

( 
O-P-O N 

O 2 

O 

OH OH 

Watson-Crick Base-pairing Face 

O 

O-P-O 
O 

Uridine: 

N 

O 

OH O 

O 

O-P-O N 
O 

O 

OH OH 

  



US 2017/0056528A1 Mar. 2, 2017 
45 

TABLE 1-continued 

Purines Adenosine: 

N 

... ( 
O-P-O N 

O N 

O 

OH OH 

Guanosine: 

N 

( 
O-P-O N 

O N 

O 

OH OH 

0196. In some embodiments, B is a modified uracil. -continued 
Exemplary modified uracils include those having Formula 2 (b4) 
(b1)-(b5): R 

O sts b1 
TI' T1" ( ) ---, O 
X R12a, y -- 

V2 -- g n T2 (b5) 
N T2' O 

RQ R12c, 

r ls a 
(b2) N O 

R12c 

- -, -- N N1 
or a pharmaceutically acceptable salt stereoisomer thereof, 

R11 O wherein 

(0197) s is a single or double bond; 
(0198 each of T, T'", T' and T' is, independently, FE, 
optionally substituted alkyl, optionally substituted alkoxy, or 
optionally substituted thioalkoxy, or the combination of T' 
and T" or the combination of T and Tjoin together (e.g., 

R12c (b3) as in T) to form O (oxo), S (thio), or Se (seleno); 
(0199 each of V and V is, independently, O, S, N(R') 

RQ or C(R'), wherein nv is an integer from 0 to 2 and each 
NN R” is, independently, H, halo, optionally substituted amino 

acid, optionally substituted alkyl, optionally Substituted 
haloalkyl, optionally Substituted alkenyl, optionally Substi 
tuted alkynyl, optionally Substituted alkoxy, optionally Sub 
stituted alkenyloxy, optionally Substituted alkynyloxy, 
optionally substituted hydroxyalkyl, optionally substituted 
hydroxyalkenyl, optionally substituted hydroxyalkynyl, 
optionally Substituted aminoalkyl (e.g., Substituted with an 
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N-protecting group. Such as any described herein, e.g., 
trifluoroacetyl), optionally Substituted aminoalkenyl, 
optionally Substituted aminoalkynyl, optionally Substituted 
acylaminoalkyl (e.g., Substituted with an N-protecting 
group, Such as any described herein, e.g., trifluoroacetyl), 
optionally Substituted alkoxycarbonylalkyl, optionally Sub 
stituted alkoxycarbonylalkenyl, optionally substituted 
alkoxycarbonylalkynyl, or optionally substituted alkoxycar 
bonylalkoxy (e.g., optionally Substituted with any Substitu 
ent described herein, such as those selected from (1)-(21) for 
alkyl); 
(0200) R' is H, halo, optionally substituted amino acid, 
hydroxy, optionally substituted alkyl, optionally substituted 
alkenyl, optionally Substituted alkynyl, optionally Substi 
tuted aminoalkyl, optionally Substituted hydroxyalkyl, 
optionally substituted hydroxyalkenyl, optionally Substi 
tuted hydroxyalkynyl, optionally Substituted aminoalkenyl, 
optionally Substituted aminoalkynyl, optionally Substituted 
alkoxy, optionally Substituted alkoxycarbonylalkyl, option 
ally substituted alkoxycarbonylalkenyl, optionally substi 
tuted alkoxycarbonylalkynyl, optionally Substituted alkoxy 
carbonylalkoxy, optionally substituted carboxyalkoxy, 
optionally substituted carboxyalkyl, or optionally substi 
tuted carbamoylalkyl: 
0201 
(0202) R' is H, optionally substituted alkyl, optionally 
substituted hydroxyalkyl, optionally substituted hydroxyalk 
enyl, optionally Substituted hydroxyalkynyl, optionally Sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, or 
optionally substituted aminoalkynyl, optionally substituted 
carboxyalkyl (e.g., optionally substituted with hydroxy), 
optionally substituted carboxyalkoxy, optionally substituted 
carboxyaminoalkyl, or optionally Substituted carbamoylal 
kyl; and 
(0203 R'' is H, halo, optionally substituted alkyl, option 
ally substituted alkoxy, optionally substituted thioalkoxy, 
optionally Substituted amino, optionally Substituted 
hydroxyalkyl, optionally substituted hydroxyalkenyl, 
optionally Substituted hydroxy alkynyl, optionally Substi 
tuted aminoalkyl, optionally Substituted aminoalkenyl, or 
optionally Substituted aminoalkynyl. 
0204 Other exemplary modified uracils include those 
having Formula (b6)-(b9): 

R'' is H or optionally substituted alkyl; 

(b6) 

(b7) 
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-continued 
(b8) 

T!" 

R12 R12a 
NN N1 

N 2" or 
T2' 

2 (b.9) 
R 

R12 1. NN1SN 

T2", 
T2' 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
(0205 \ is a single or double bond; 
0206 each of T, T'", T, and T is, independently, H, 
optionally substituted alkyl, optionally Substituted alkoxy, or 
optionally substituted thioalkoxy, or the combination of T' 
and T'"join together (e.g., as in T) or the combination of 
T and T join together (e.g., as in T) to form 0 (oxo), S 
(thio), or Se (seleno), or each T' and T is, independently, O 
(oxo), S or Se (seteno); 
0207 each of W' and Wis, independently, N(R'), or 
C(R'), wherein nw is an integer from 0 to 2 and each R' 
is, independently, H., optionally substituted alkyl, or option 
ally substituted alkoxy; 
0208 each V is, independently, O, S, N(R'), or 
C(R*), wherein nv is an integer from 0 to 2 and each R' 
is, independently, H., halo, optionally Substituted amino acid, 
optionally substituted optionally substituted hydroxyalkyl, 
optionally Substituted hydroxyalkenyl, optionally Substi 
tuted hydroxyalkynyl, optionally Substituted alkenyl, 
optionally substituted alkynyl, optionally substituted hetero 
cyclyl, optionally substituted alkheterocyclyl, optionally 
Substituted alkoxy, optionally substituted alkenyloxy, or 
optionally substituted alkynyloxy, optionally Substituted 
aminoalkyl (e.g., Substituted with an N-protecting group, 
Such as any described herein, e.g., trifluoroacetyl, or Sul 
foalkyl), optionally substituted aminoalkenyl, optionally 
Substituted aminoalkynyl, optionally Substituted acylamino 
alkyl (e.g., Substituted with an N-protecting group, Such as 
any described herein, e.g., trifluoroacetyl), optionally Sub 
stituted alkoxycarbonylalkyl, optionally substituted alkoxy 
carbonylalkenyl, optionally substituted alkoxycarbonylalky 
nyl, optionally Substituted alkoxycarbonylacyl, optionally 
substituted alkoxycarbonylalkoxy, optionally substituted 
carboxyalkyl (e.g., optionally Substituted with hydroxy and/ 
or an O-protecting group), optionally Substituted carboxy 
alkoxy, optionally Substituted carboxyaminoalkyl, or option 
ally Substituted carbamoylalkyl (e.g., optionally Substituted 
with any substituent described herein, such as those selected 
from (1)-(21) for alkyl), and wherein R* and R' taken 
together with the carbon atoms to which they are attached 



US 2017/0056528A1 

can form optionally Substituted cycloalkyl, optionally Sub 
stituted aryl, or optionally Substituted heterocyclyl (e.g., a 5 
or 6-membered ring); 
0209 R'' is H, optionally substituted alkyl, optionally 
substituted hydroxyalkyl, optionally substituted hydroxyalk 
enyl, optionally Substituted hydroxyalkynyl, optionally Sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, 
optionally Substituted aminoalkynyl, optionally Substituted 
carboxyalkyl (e.g., optionally Substituted with hydroxy and/ 
or an O-protecting group), optionally substituted carboxy 
alkoxy, optionally Substituted carboxyaminoalkyl, option 
ally substituted carbamoylalkyl, or absent; 
0210) R' is H, optionally substituted alkyl, optionally 
Substituted alkenyl, optionally Substituted alkynyl, option 
ally substituted hydroxyalkyl, optionally substituted 
hydroxyalkenyl, optionally Substituted hydroxyalkynyl, 
optionally substituted aminoalkyl, optionally Substituted 
aminoalkenyl, optionally Substituted aminoalkynyl, option 
ally substituted alkaryl, optionally substituted heterocyclyl, 
optionally substituted alkheterocyclyl, optionally substituted 
amino acid, optionally Substituted alkoxycarbonylacyl, 
optionally Substituted alkoxycarbonylalkoxy, optionally 
substituted alkoxycarbonylalkyl, optionally substituted 
alkoxycarbonylalkenyl, optionally substituted alkoxycarbo 
nylalkynyl, optionally Substituted alkoxycarbonylalkoxy, 
optionally Substituted carboxyalkyl (e.g., optionally Substi 
tuted with hydroxy and/or an O-protecting group), option 
ally substituted carboxyalkoxy, optionally substituted car 
boxyaminoalkyl, or optionally Substituted carbamoylalkyl. 
0211 wherein the combination of R'' and T' or the 
combination of R'' and R' can join together to form 
optionally substituted heterocyclyl; and 
0212) R' is H, halo, optionally substituted alkyl, option 
ally substituted alkoxy, optionally substituted thioalkoxy, 
optionally Substituted amino, optionally Substituted amino 
alkyl, optionally Substituted aminoalkenyl, or optionally 
Substituted aminoalkynyl. 
0213 Further exemplary modified uracils include those 
having Formula (b28)-(b31): 

(b28) 

(b29) 
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-continued 
(b30) 

T 

R12 ls R12a NN N1 
, or 

N T2 

(b31) 
T 

RS R12a, 
N1 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
10214) each of T and T is, independently, O (oxo), S 
(thio), or Se (seleno); 
(0215 each R'' and R'' is, independently, H, halo, 
optionally Substituted amino acid, optionally Substituted 
alkyl, optionally substituted haloalkyl, optionally substituted 
hydroxyalkyl, optionally substituted hydroxyalkenyl, 
optionally Substituted hydroxyalkynyl, optionally Substi 
tuted alkenyl, optionally substituted alkynyl, optionally Sub 
stituted alkoxy, optionally Substituted alkenyloxy, optionally 
Substituted alkynyloxy, optionally Substituted aminoalkyl 
(e.g., Substituted with an N-protecting group, such as any 
described herein, e.g., trifluoroacetyl, or Sulfoalkyl), option 
ally Substituted aminoalkenyl, optionally Substituted amino 
alkynyl, optionally Substituted acylaminoalkyl (e.g., Substi 
tuted with an N-protecting group, Such as any described 
herein, e.g., trifluoroacetyl), optionally Substituted alkoxy 
carbonylalkyl, optionally substituted alkoxycarbonylalk 
enyl, optionally Substituted alkoxycarbonylalkynyl, option 
ally substituted alkoxycarbonylacyl, optionally substituted 
alkoxycarbonylalkoxy, optionally Substituted carboxyalkyl 
(e.g., optionally Substituted with hydroxy and/or an O-pro 
tecting group), optionally Substituted carboxyalkoxy, 
optionally substituted carboxyaminoalkyl, or optionally Sub 
stituted carbamoylalkyl (e.g., optionally Substituted with any 
substituent described herein, such as those selected from 
(1)-(21) for alkyl)(e.g., R is optionally substituted alkyl, 
optionally substituted alkenyl, or optionally substituted 
aminoalkyl, e.g., Substituted with an N-protecting group, 
Such as any described herein, e.g., trifluoroacetyl, or Sul 
foalkyl); 
(0216) R' is H, optionally substituted alkyl, optionally 
substituted carboxyaminoalkyl, optionally substituted 
aminoalkyl (e.g., e.g., Substituted with an N-protecting 
group, such as any described herein, e.g., trifluoroacetyl, or 
Sulfoalkyl), optionally substituted aminoalkenyl, or option 
ally Substituted aminoalkynyl; and 
(0217 R'' is H, optionally substituted alkyl, optionally 
Substituted alkenyl, optionally Substituted alkynyl, option 
ally substituted hydroxyalkyl, optionally substituted 
hydroxyalkenyl, optionally substituted hydroxyalkynyl, 
optionally Substituted aminoalkyl, optionally Substituted 
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aminoalkenyl, optionally Substituted aminoalkynyl (e.g., 
e.g., Substituted with an N-protecting group, such as any 
described herein, e.g., trifluoroacetyl, or Sulfoalkyl), option 
ally substituted alkoxycarbonylacyl, optionally substituted 
alkoxycarbonylalkoxy, optionally Substituted alkoxycarbo 
nylalkyl, optionally Substituted alkoxycarbonylalkenyl, 
optionally Substituted alkoxycarbonylalkynyl, optionally 
substituted alkoxycarbonylalkoxy, optionally substituted 
carboxyalkoxy, optionally Substituted carboxyalkyl, or 
optionally substituted carbamoylalkyl. 
0218. In particular embodiments, T' is O (oxo), and T is 
S (thio) or Se (seleno). In other embodiments, T' is S (thio), 
and T is O (oxo) or Se (seteno). In some embodiments, R' 
is optionally substituted alkyl, or optionally substituted 
alkoxy. 
0219. In other embodiments, each R'' and R'' is, inde 
pendently, H., optionally Substituted alkyl, optionally Substi 
tuted alkenyl, optionally Substituted alkynyl, or optionally 
substituted hydroxyalkyl. In particular embodiments, R' is 
H. In other embodiments, both R'' and R'' are H. 
0220. In some embodiments, each R' of R'' is, inde 
pendently, optionally Substituted aminoalkyl (e.g., Substi 
tuted with an N-protecting group, Such as any described 
herein, e.g., trifluoroacetyl, or Sulfoalkyl), optionally Sub 
stituted aminoalkenyl, optionally Substituted aminoalkynyl, 
or optionally Substituted acylaminoalkyl (e.g., Substituted 
with an N-protecting group, such as any described herein, 
e.g., trifluoroacetyl). In some embodiments, the amino and/ 
or alkyl of the optionally substituted aminoalkyl is substi 
tuted with one or more of optionally substituted alkyl, 
optionally substituted alkenyl, optionally substituted sul 
foalkyl, optionally substituted carboxy (e.g., Substituted 
with an O-protecting group), optionally Substituted hydroxy 
(e.g., Substituted with an O-protecting group), optionally 
substituted carboxyalkyl (e.g., substituted with an O-pro 
tecting group), optionally substituted alkoxycarbonylalkyl 
(e.g., Substituted with an O-protecting group), or N-protect 
ing group. In some embodiments, optionally Substituted 
aminoalkyl is substituted with an optionally substituted 
sulfoalkyl or optionally substituted alkenyl. In particular 
embodiments, R'' and R'' are both H. In particular 
embodiments, T is O (oxo), and T is S (thio) or Se (seleno). 
0221) In some embodiments, R'' is optionally substi 
tuted alkoxycarbonylalkyl or optionally substituted carbam 
oylalkyl. 
0222. In particular embodiments, the optional substituent 
for R''", R'', R'', or R' is a polyethylene glycol group 
(e.g., -(CH2)2(OCH2CH2)(CH)OR', wherein S1 is an 
integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each 
of S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 
1 to 10), and R' is H or Co alkyl), or an amino-polyeth 
ylene glycol group (e.g., -NR'(CH2)2(CH2CH2O). 
(CH)NR'Y', wherein s1 is an integer from 1 to 10 (e.g., 
from 1 to 6 or from 1 to 4), each of S2 and s3, independently, 
is an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 
1 to 4, from 1 to 6, or from 1 to 10), and each R^' is, 
independently, hydrogen or optionally Substituted C 
alkyl). 
0223) In some embodiments, B is a modified cytosine. 
Exemplary modified cytosine include compounds of For 
mula (b 10)-(b14): 
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(b10) 

(b11) 

(b12) 

(b13) 

(b14) 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
(0224) each of T and T" is, independently, H, optionally 
Substituted alkyl, optionally Substituted alkoxy, or optionally 
substituted thioalkoxy, or the combination of T and Tjoin 
together (e.g., as in T) to form O (oxo), S (thio), or Se 
(seleno); 
0225 each V is, independently, O, S, N(R), or 
C(R), wherein nv is an integer from 0 to 2 and each R' 
is, independently, H., halo, optionally Substituted amino acid, 
optionally Substituted optionally Substituted alkenyl, option 
ally substituted alkynyl, optionally substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted het 
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erocyclyl, optionally substituted alkheterocyclyl, or option 
ally Substituted alkynyloxy (e.g., optionally substituted with 
any Substituent described herein, such as those selected from 
(1)-(21) for alkyl), wherein the combination of R'' and R' 
can be taken together to form optionally substituted hetero 
cyclyl, 
0226 each V is, independently, N(R'), or C(R), 
wherein nv is an integer from 0 to 2 and each R' is, 
independently, H., halo, optionally Substituted amino acid, 
optionally substituted alkyl, optionally substituted alkenyl, 
optionally Substituted alkynyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted het 
erocyclyl, optionally substituted alkheterocyclyl, or option 
ally Substituted alkynyloxy (e.g., optionally substituted with 
any substituent described herein, such as those selected from 
(1)-(21) for alkyl)(e.g., V is —CH or N); 
10227 each of R'' and R'' is, independently, H, option 
ally Substituted acyl, optionally Substituted acyloxyalkyl, 
optionally Substituted alkyl, or optionally Substituted alkoxy, 
wherein the combination of R'' and R' can be taken 
together to form optionally substituted heterocyclyl: 
0228 each R'' is, independently, H, halo, hydroxy, thiol, 
optionally Substituted acyl, optionally Substituted amino 
acid, optionally substituted alkyl, optionally Substituted 
haloalkyl, optionally Substituted alkenyl, optionally Substi 
tuted alkynyl, optionally substituted hydroxyalkyl (e.g., Sub 
stituted with an O-protecting group), optionally Substituted 
hydroxyalkenyl, optionally Substituted hydroxyalkynyl, 
optionally Substituted alkoxy, optionally Substituted alkeny 
loxy, optionally Substituted alkynyloxy, optionally Substi 
tuted aminoalkoxy, optionally Substituted alkoxyalkoxy, 
optionally Substituted acyloxyalkyl, optionally Substituted 
amino (e.g., -NHR, wherein R is H. alkyl, aryl, or phos 
phoryl), azido, optionally Substituted aryl, optionally Sub 
stituted heterocyclyl, optionally substituted alkheterocyclyl, 
optionally substituted aminoalkyl, optionally Substituted 
aminoalkenyl, or optionally substituted aminoalkynyl; and 
0229 each of RandR is, independently, H, optionally 
Substituted alkyl, optionally Substituted alkenyl, or option 
ally substituted alkynyl. 
0230. Further exemplary modified cytosines include 
those having Formula (b32)-(b35): 

(b32) 
R3a R13b 

N1 
R3 

NN 

R15 1s. 

(b33) 
R13b 

R3 R16, 
N1 

R15 1s, 
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-continued 
(b34) 

T 

R3 l NN h 
R13a , or S 

R 135 

b35 
R R13b ( ) 

N1 
R3 

rs 
R15 N 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
0231 each of T and T is, independently, O (oxo), S 
(thio), or Se (seleno); 
0232 each of R'' and R' is, independently, H, option 
ally Substituted acyl, optionally Substituted acyloxyalkyl, 
optionally substituted alkyl, or optionally Substituted alkoxy, 
wherein the combination of R'' and R' can be taken 
together to form optionally substituted heterocyclyl: 
0233 each R'' is, independently, H, halo, hydroxy, thiol, 
optionally Substituted acyl, optionally substituted amino 
acid, optionally substituted alkyl, optionally Substituted 
haloalkyl, optionally Substituted alkenyl, optionally Substi 
tuted alkynyl, optionally substituted hydroxyalkyl (e.g., Sub 
stituted with an O-protecting group), optionally Substituted 
hydroxyalkenyl, optionally substituted hydroxyalkynyl, 
optionally Substituted alkoxy, optionally Substituted alkeny 
loxy, optionally Substituted alkynyloxy, optionally Substi 
tuted aminoalkoxy, optionally Substituted alkoxyalkoxy, 
optionally Substituted acyloxyalkyl, optionally Substituted 
amino (e.g., -NHR, wherein R is H. alkyl, aryl, or phos 
phoryl), azido, optionally Substituted aryl, optionally Sub 
stituted heterocyclyl, optionally substituted alkheterocyclyl, 
optionally substituted aminoalkyl (e.g., hydroxyalkyl, alkyl, 
alkenyl, or alkynyl), optionally substituted aminoalkenyl, or 
optionally Substituted aminoalkynyl; and 
0234 each of R'' and R' is, independently, H, optionally 
Substituted alkyl, optionally Substituted alkenyl, or option 
ally substituted alkynyl (e.g., R' is H, and R' is H or 
optionally substituted alkyl). 
0235. In some embodiments, R' is H, and R' is H or 
optionally substituted alkyl. In particular embodiments, R'' 
is H, acyl, or hydroxyalkyl. In some embodiments, R'' is 
halo. In some embodiments, both R'' and Rare H. In some 
embodiments, both R" and R'' are H. In some embodi 
ments, each of R'' and R'' and R' is H. In further embodi 
ments, each of R'' and R' is independently, H or option 
ally substituted alkyl. 



US 2017/0056528A1 

0236 Further non-limiting examples of modified cyto 
sines include compounds of Formula (b36): 

(b36) 
R 135 

N1 
R13 

R 15 ls R 145 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
0237 each R'' is, independently, H, optionally substi 
tuted acyl, optionally Substituted acyloxyalkyl, optionally 
substituted alkyl, or optionally substituted alkoxy, wherein 
the combination of R'' and R' can be taken together to 
form optionally substituted heterocyclyl: 
0238 each R'' and R'' is, independently, H, halo, 
hydroxy, thiol, optionally Substituted acyl, optionally Sub 
stituted amino acid, optionally Substituted alkyl, optionally 
substituted haloalkyl, optionally substituted alkenyl, option 
ally substituted alkynyl, optionally substituted hydroxyalkyl 
(e.g., Substituted with an O-protecting group), optionally 
substituted hydroxyalkenyl, optionally substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted 
alkynyloxy, optionally Substituted aminoalkoxy, optionally 
Substituted alkoxyalkoxy, optionally Substituted acyloxy 
alkyl, optionally substituted amino (e.g., NHR, wherein R 
is H. alkyl, aryl, phosphoryl, optionally Substituted amino 
alkyl, or optionally Substituted carboxyaminoalkyl), azido, 
optionally substituted aryl, optionally substituted heterocy 
clyl, optionally substituted alkheterocyclyl, optionally sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, or 
optionally Substituted aminoalkynyl; and 
0239) each of R' is, independently, H, optionally sub 
stituted alkyl, optionally Substituted alkenyl, or optionally 
substituted alkynyl. 
0240. In particular embodiments, R'' is an optionally 
Substituted amino acid (e.g., optionally Substituted lysine). 
In some embodiments, R'' is H. 
0241. In some embodiments, B is a modified guanine. 
Exemplary modified guanines include compounds of For 
mula (b15)-(b17): 

(b.15) 
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-continued 
b16 

T5 T5" 23 (b16) 
R 

N 
N R-( S us , or N N N 

(b17) 
T5 T5" 

N R 
N 

R17 7 ( 1-r N N 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 

0242 Each of T, T", T, T", T', and T" is, indepen 
dently, optionally substituted alkyl, or optionally substituted 
alkoxy, and wherein the combination of T and T" (e.g., as 
in T) or the combination of Tand T" (e.g., as in T) or the 
combination of T and Tjoin together (e.g., as in T) form 
O (oxo), S (thio), or Se (selenol); 
(0243 each of V and V is, independently, O, S, N(R') 

, or C(R'), wherein nv is an integer from 0 to 2 and each 
R' is, independently, H, halo, thiol, optionally substituted 
amino acid, cyano, amidine, optionally Substituted amino 
alkyl, optionally Substituted aminoalkenyl, optionally Sub 
stituted aminoalkynyl, optionally Substituted alkyl, option 
ally substituted alkenyl, optionally substituted alkynyl, 
optionally Substituted alkoxy, optionally Substituted alkeny 
loxy, optionally substituted alkynyloxy (e.g., optionally Sub 
stituted with any substituent described herein, such as those 
selected from (1)-(21) for alkyl), optionally substituted 
thioalkoxy, or optionally substituted amino; and 
0244 each of R7, R8, RI, R, R2, R22, R2, and R2 
is, independently, H., halo, thiol, optionally substituted alkyl, 
optionally substituted alkenyl, optionally substituted alky 
nyl, optionally substituted thioalkoxy, optionally substituted 
amino, or optionally substituted amino acid. 
0245 Exemplary modified guanosines include com 
pounds of Formula (b37)-(b40): 

: 

4 (b37) 
T 

R18 N W N1 

( 2 R9, 
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-continued 

4. (b38) 
T 

N 

(1. 2 R19a, 
N N r 

4 (b39) 
T 

R18 
7 N1 

als R19as O 
N N r 

-- R195 
(b40) 

T4 

N R 
N 

R21 / 
9. 

N 2N-R'", 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
0246 each of T' is, independently, H, optionally substi 
tuted alkyl, or optionally substituted alkoxy, and each T is, 
independently, O (oxo), S (thio), or Se (seleno); 
0247 each of R', R', R', and R' is, independently, 
H, halo, thiol, optionally substituted alkyl, optionally sub 
stituted alkenyl, optionally substituted alkynyl, optionally 
Substituted thioalkoxy, optionally Substituted amino, or 
optionally Substituted amino acid. 
0248. In some embodiments, R' is H or optionally 
substituted alkyl. In further embodiments, T is oxo. In some 
embodiments, each of R'' and R' is, independently, Hor 
optionally substituted alkyl. 
0249. In some embodiments, B is a modified adenine. 
Exemplary modified adenines include compounds of For 
mula (b18)-(b20): 

(b18) 
R2& R265 

n N1 

V NN 
R25 -( N 1. 
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-continued 

R265 (b19) 

V R 
N 

R25 ( 2. , or 
N 4. R27 

R29 (b2O) 

V NN 
R25 ( N als 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
(0250 each V7 is, independently, O, S, N(R'), or 
C(R), wherein nv is an integer from 0 to 2 and each R“ 
is, independently, H., halo, optionally Substituted amino acid, 
optionally substituted alkyl, optionally substituted alkenyl, 
optionally substituted alkynyl, optionally substituted alkoxy, 
optionally substituted alkenyloxy, or optionally substituted 
alkynyloxy (e.g., optionally Substituted with any Substituent 
described herein, such as those selected from (1)-(21) for 
alkyl); 
(0251 each R is, independently, H, halo, thiol, option 
ally substituted alkyl, optionally substituted alkenyl, option 
ally substituted alkynyl, optionally substituted thioalkoxy, or 
optionally Substituted amino; 
0252 each of R and R is, independently, H, option 
ally Substituted acyl, optionally Substituted amino acid, 
optionally substituted carbamoylalkyl, optionally Substi 
tuted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, optionally substituted hydroxyalkyl, 
optionally Substituted hydroxyalkenyl, optionally Substi 
tuted hydroxyalkynyl, optionally Substituted alkoxy, or 
polyethylene glycol group (e.g., -(CH2)(OCH2CH) 
(CH)OR', whereins 1 is an integer from 1 to 10 (e.g., from 
1 to 6 or from 1 to 4), each of S2 and s3, independently, is 
an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 
1 to 4, from 1 to 6, or from 1 to 10), and R' is H or Co. 
alkyl); or an amino-polyethylene glycol group (e.g., -NR' 
(CH2)(CH2CH2O), CH,)NR', wherein s1 is an integer 
from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and 
s3, independently, is an integer from 0 to 10 (e.g., from 0 to 
4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and 
each R^' is, independently, hydrogen or optionally substi 
tuted C. alkyl); 
(0253) each R’ is, independently, H, optionally substi 
tuted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, optionally Substituted alkoxy, optionally 
Substituted thioalkoxy, or optionally Substituted amino; 
(0254 each R is, independently, H, optionally substi 
tuted alkyl, optionally substituted alkenyl, or optionally 
substituted alkynyl; and 
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(0255 each R’ is, independently, H, optionally substi 
tuted acyl, optionally Substituted amino acid, optionally 
substituted carbamoylalkyl, optionally substituted alkyl, 
optionally substituted alkenyl, optionally substituted alky 
nyl, optionally Substituted hydroxyalkyl, optionally Substi 
tuted hydroxy alkenyl, optionally Substituted alkoxy, or 
optionally Substituted amino. 
0256 Exemplary modified adenines include compounds 
of Formula (b41)-(b43): 

(b41) 

b42 
R& R265 (b42) 

N1 

N1SN 
R-( 2 , or 2 

-- N 
b43 

R& R265 (b43) 
N1 

N NN 

or a pharmaceutically acceptable salt or stereoisomer 
thereof, wherein 
(0257 each R is, independently, H, halo, thiol, option 
ally substituted alkyl, optionally substituted alkenyl, option 
ally substituted alkynyl, optionally substituted thioalkoxy, or 
optionally Substituted amino; 
0258 each of R and R is, independently, H, option 
ally Substituted acyl, optionally Substituted amino acid, 
optionally Substituted carbamoylalkyl, optionally Substi 
tuted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, optionally substituted hydroxyalkyl, 
optionally substituted hydroxyalkenyl, optionally Substi 
tuted hydroxyalkynyl, optionally Substituted alkoxy, or 
polyethylene glycol group (e.g., -(CH2)(OCH2CH2) 
(CH)OR', whereins 1 is an integer from 1 to 10 (e.g., from 
1 to 6 or from 1 to 4), each of S2 and s3, independently, is 
an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 
1 to 4, from 1 to 6, or from 1 to 10), and R' is H or Co 
alkyl); or an amino-polyethylene glycol group (e.g., -NR' 
(CH2)(CH2CH2O), (CH2)NR', whereins 1 is an integer 
from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and 
s3, independently, is an integer from 0 to 10 (e.g., from 0 to 
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4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and 
each R^' is, independently, hydrogen or optionally substi 
tuted C. alkyl); and 
0259 each R7 is, independently, H., optionally substi 
tuted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, optionally Substituted alkoxy, optionally 
Substituted thioalkoxy, or optionally Substituted amino. 
10260. In some embodiments, R is H, and R is 
optionally substituted alkyl. In some embodiments, each of 
R" and R' is, independently, optionally substituted alkyl. 
In particular embodiments, R is optionally substituted 
alkyl, optionally substituted alkoxy, or optionally Substituted 
thioalkoxy. In other embodiments, R is optionally substi 
tuted alkyl, optionally substituted alkoxy, or optionally 
substituted thioalkoxy. 
0261. In particular embodiments, the optional substituent 
for R, R, R is a polyethylene glycol group (e.g., 
—(CH2)s (OCH2CH2)s (CH)OR', wherein S1 is an inte 
ger from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of 
S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 
1 to 10), and R is H or Co alkyl); or an amino-polyeth 
ylene glycol group (e.g., -NR' (CH2)2(CH2CH2O). 
(CH)NR'Y', wherein s1 is an integer from 1 to 10 (e.g., 
from 1 to 6 or from 1 to 4), each of S2 and s3, independently, 
is an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 
1 to 4, from 1 to 6, or from 1 to 10), and each R' is, 
independently, hydrogen or optionally Substituted C 
alkyl). 
0262. In some embodiments, B may have Formula (b21): 

(b21) 

wherein X" is, independently, O, S, optionally substituted 
alkylene (e.g., methylene), or optionally Substituted het 
eroalkylene, Xa is an integer from 0 to 3, and R'' and T are 
as described herein. 

0263. In some embodiments, B may have Formula (b22): 

(b22) 
O Tl 

RS R12a, NN N1 

R11 N T2 

0264 wherein R' is, independently, optionally substi p y, op y 
tuted alkyl, optionally substituted alkenyl, optionally sub 
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stituted alkynyl, optionally substituted aryl, optionally Sub 
stituted heterocyclyl, optionally Substituted aminoalkyl, 
optionally Substituted aminoalkenyl, optionally Substituted 
aminoalkynyl, optionally Substituted alkoxy, optionally Sub 
stituted alkoxycarbonylalkyl, optionally substituted alkoxy 
carbonylalkenyl, optionally substituted alkoxycarbonylalky 
nyl, optionally Substituted alkoxycarbonylalkoxy, optionally 
substituted carboxyalkoxy, optionally substituted carboxy 
alkyl, or optionally substituted carbamoylalkyl, and R', 
R''", T' and T are as described herein. 
0265. In some embodiments, B may have Formula (b23): 

(b23) 
Tl 

R R12a, 
O N1 

R11 - T2 

wherein R' is optionally substituted heterocyclyl (e.g., 
optionally substituted furyl, optionally substituted thienyl, 
or optionally substituted pyrrolyl), optionally substituted 
aryl (e.g., optionally substituted phenyl or optionally sub 
stituted naphthyl), or any substituent described herein (e.g., 
for R'); and wherein R' (e.g., H or any substituent 
described herein), R'" (e.g., H or any substituent described 
herein), T' (e.g., OXO or any substituent described herein and 
T (e.g., OXO or any substituent described herein) are as 
described herein. 

0266. In some embodiments, B may have Formula (b24): 

(b24) 
RS R135, 

O N1 

R3 
n NN 

wherein R'' is, independently, optionally substituted alkyl, 
optionally substituted alkenyl, optionally substituted alky 
nyl, optionally substituted aryl, optionally substituted het 
erocyclyl, optionally Substituted alkaryl, optionally Substi 
tuted alkheterocyclyl, optionally Substituted aminoalkyl, 
optionally Substituted aminoalkenyl, optionally Substituted 
aminoalkynyl, optionally Substituted alkoxy, optionally Sub 
stituted alkoxycarbonylalkyl, optionally substituted alkoxy 
carbonylalkenyl, optionally substituted alkoxycarbonylalky 
nyl, optionally Substituted alkoxycarbonylalkoxy, optionally 
substituted carboxyalkoxy, optionally substituted carboxy 
alkyl, or optionally substituted carbamoylalkyl, and R'', 
R'', R', and T are as described herein. 
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0267 In some embodiments, B may have Formula (b25): 

(b25) 
R13 R13b NY 

O N 

R11SN NN 
R15 1s T3 

wherein R'' is optionally substituted heterocyclyl (e.g., 
optionally substituted furyl, optionally substituted thienyl, 
or optionally substituted pyrrolyl), optionally substituted 
aryl (e.g., optionally Substituted phenyl or optionally Sub 
stituted naphthyl), or any substituent described herein (e.g., 
for R' or R''); and wherein R'' (e.g., H or any substituent 
described herein), R' (e.g., H or any substituent described 
herein), R' (e.g., Horany substituent described herein), and 
T (e.g., OXO or any substituent described herein) are as 
described herein. 

0268. In some embodiments, B is a nucleobase selected 
from the group consisting of cytosine, guanine, adenine, and 
uracil. In some embodiments, B may be: 

N N (b26) 

Nes Nes 
(1, 1 O y-lle S-le 

(b27) 
NH2 

O. 
N S9-0 
7 N (l- 

0269. In some embodiments, the modified nucleobase is 
a modified uracil. Exemplary nucleobases and nucleosides 
having a modified uracil include pseudouridine (), pyridin 
4-one ribonucleoside, 5-aza-uridine, 6-aza-uridine, 2-thio 
5-aza-uridine, 2-thio-uridine (su), 4-thio-uridine su), 
4-thio-pseudouridine, 2-thio-pseudouridine, 5-hydroxy-uri 
dine (hou), 5-aminoallyl-uridine, 5-halo-uridine (e.g., 
5-iodo-uridineor 5-bromo-uridine), 3-methyl-uridine (mu), 
5-methoxy-uridine (moU), uridine 5-oxyacetic acid 
(cmoU), uridine 5-oxyacetic acid methyl ester (mcmoU), 
5-carboxymethyl-uridine (cm U), 1-carboxymethyl 
pseudouridine, 5-carboxyhydroxymethyl-uridine (chmU), 
5-carboxyhydroxymethyl-uridine methyl ester (mchmU), 
5-methoxycarbonylmethyl-uridine (mcm U), 5-methoxy 
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carbonylmethyl-2-thio-uridine (mcms'U), 5-aminomethyl 
2-thio-uridine (nm’s'U), 5-methylaminomethyl-uridine 
(mnmu), 5-methylaminomethyl-2-thio-uridine 
(mnms'U), 5-methylaminomethyl-2-seleno-uridine 
(mnmse U), 5-carbamoylmethyl-uridine (ncm U), 5-car 
boxymethylaminomethyl-uridine (cmnmu), 5-carboxym 
ethylaminomethyl-2-thio-uridine (cmnm’s'U), 5-propynyl 
uridine, 1-propynyl-pseudouridine, 5-taurinomethyl-uridine 
(tmU), 1-taurinomethyl-pseudouridine, 5-taurinomethyl-2- 
thio-uridine(tm’s'U), 1-taurinomethyl-4-thio-pseudouri 
dine, 5-methyl-uridine (mu, i.e., having the nucleobase 
deoxythymine), 1-methyl-pseudouridine (m'), 5-methyl 
2-thio-uridine (mis'U), 1-methyl-4-thio-pseudouridine 
(m's"), 4-thio-1-methyl-pseudouridine, 3-methyl 
pseudouridine (my), 2-thio-1-methyl-pseudouridine, 
1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-1-deaza 
pseudouridine, dihydrouridine (D), dihydropseudouridine, 
5,6-dihydrouridine, 5-methyl-dihydrouridine (ml)), 2-thio 
dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxy 
uridine, 2-methoxy-4-thio-uridine, 4-methoxy-pseudouri 
dine, 4-methoxy-2-thio-pseudouridine, N1-methyl 
pseudouridine, 3-(3-amino-3-carboxypropyl)uridine 
(acpU), 1-methyl-3-(3-amino-3-carboxypropyl)pseudouri 
dine (acpup), 5-(isopentenylaminomethyl)uridine (inmU), 
5-(isopentenylaminomethyl)-2-thio-uridine (inms’U), 
C-thio-uridine, 2'-O-methyl-uridine (Um), 5,2'-O-dimethyl 
uridine (mum), 2'-O-methyl-pseudouridine (pm), 2-thio 
2-O-methyl-uridine (sum), 5-methoxycarbonylmethyl-2'- 
O-methyl-uridine (mcm Um), 5-carbamoylmethyl-2'-O- 
methyl-uridine (ncm Um), 5-carboxymethylaminomethyl 
2'-O-methyl-uridine (cmnmum), (mum), and 
5-(isopentenylaminomethyl)-2'-O-methyl-uridine 
(inmUm), 1-thio-uridine, deoxythymidine, 2'-F-ara-uri 
dine, 2F-uridine, 2'-OH-ara-uridine, 5-(2-carbomethoxyvi 
nyl) uridine, and 5-3-(1-E-propenylamino)uridine. 
0270. In some embodiments, the modified nucleobase is 
a modified cytosine. Exemplary nucleobases and nucleo 
sides having a modified cytosine include 5-aza-cytidine, 
6-aza-cytidine, pseudoisocytidine, 3-methyl-cytidine (mC), 
N4-acetyl-cytidine act), 5-formyl-cytidine (for), 
N4-methyl-cytidine (mC), 5-methyl-cytidine (mC), 
5-halo-cytidine (e.g., 5-iodo-cytidine), 5-hydroxymethyl 
cytidine (hmic), 1-methyl-pseudoisocytidine, pyrrolo-cyti 
dine, pyrrolo-pseudoisocytidine, 2-thio-cytidine (sic), 
2-thio-5-methyl-cytidine, 4-thio-pseudoisocytidine, 4-thio 
1-methyl-pseudoisocytidine, 4-thio-1-methyl-1-deaza 
pseudoisocytidine, 1-methyl-1-deaza-pseudoisocytidine, 
Zebularine, 5-aza-Zebularine, 5-methyl-Zebularine, 5-aza-2- 
thio-Zebularine, thio-Zebularine, 2-methoxy-cytidine, 
2-methoxy-5-methyl-cytidine, 4-methoxy-pseudoisocyti 
dine, 4-methoxy-1-methyl-pseudoisocytidine, lysidine 
(k,C) C-thio-cytidine, 2'-O-methyl-cytidine (Cm), 5,2'-O- 
dimethyl-cytidine (mCm), N4-acetyl-2'-O-methyl-cytidine 
(acCm), N4,2'-O-dimethyl-cytidine (mCm), 5-formyl-2'- 
O-methyl-cytidine (fom), N4.N4,2'-O-trimethyl-cytidine 
(m.Cm), 1-thio-cytidine, 2'-F-ara-cytidine, 2'-F-cytidine, 
and 2'-OH-ara-cytidine. 
0271. In some embodiments, the modified nucleobase is 
a modified adenine. Exemplary nucleobases and nucleosides 
having a modified adenine include 2-amino-purine, 2.6- 
diaminopurine, 2-amino-6-halo-purine (e.g., 2-amino-6- 
chloro-purine), 6-halo-purine (e.g., 6-chloro-purine), 
2-amino-6-methyl-purine, 8-azido-adenosine, 7-deaza-ad 
enine, 7-deaza-8-aza-adenine, 7-deaza-2-amino-purine, 

54 
Mar. 2, 2017 

7-deaza-8-aza-2-amino-purine, 7-deaza-2,6-diaminopurine, 
7-deaza-8-aza-2,6-diaminopurine, 1-methyl-adenosine 
(mA), 2-methyl-adenine (mA), N6-methyl-adenosine 
(mA), 2-methylthio-N6-methyl-adenosine (ms’ mA), 
N6-isopentenyl-adenosine (i'A), 2-methylthio-N6-isopente 
nyl-adenosine (msi'A), N6-(cis-hydroxyisopentenypade 
nosine (i'A), 2-methylthio-N6-(cis-hydroxyisopentenyl)ad 
enosine (msio'A), N6-glycinylcarbamoyl-adenosine (gA), 
N6-threonylcarbamoyl-adenosine (tA), N6-methyl-N6 
threonylcarbamoyl-adenosine (m't'A), 2-methylthio-N6 
threonylcarbamoyl-adenosine (msgA), N6.N6-dimethyl 
adenosine (mA), N6-hydroxynorvalylcarbamoyl 
adenosine (hnA), 2-methylthio-N6 
hydroxynorvalylcarbamoyl-adenosine (mshn'A), 
N6-acetyl-adenosine (ac'A), 7-methyl-adenine, 2-methyl 
thio-adenine, 2-methoxy-adenine, C-thio-adenosine, 2'-O- 
methyl-adenosine (Am), N6,2'-O-dimethyl-adenosine 
(mAm), N6.N6.2'-O-trimethyl-adenosine (mAm), 1,2'-O- 
dimethyl-adenosine (m"Am), 2'-O-ribosyladenosine (phos 
phate) (Ar(p)), 2-amino-N6-methyl-purine, 1-thio-adenos 
ine, 8-azido-adenosine, 2'-F-ara-adenosine, 2'-F-adenosine, 
2'-OH-ara-adenosine, and N6-(19-amino-pentaoxanonade 
cyl)-adenosine. 
0272. In some embodiments, the modified nucleobase is 
a modified guanine. Exemplary nucleobases and nucleosides 
having a modified guanine include inosine (I), 1-methyl 
inosine Wyosine (imG), methylwyosine (mimC), 4-dem 
ethyl-wyosine (imG-14), isowyosine (imG2), wybutosine 
(yW), peroxywybutosine (oyW), hydroxywybutosine 
(OHyW), undermodified hydroxywybutosine (OHyW*), 
7-deaza-guanosine, queuosine (Q), epoxyqueuosine (oQ), 
galactosyl-queuosine (galO), mannosyl-queuosine (manO), 
7-cyano-7-deaza-guanosine (preC), 7-aminomethyl-7- 
deaza-guanosine (preCR), archaeosine (G), 7-deaza-8-aza 
guanosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 
6-thio-7-deaza-8-aza-guanosine, 7-methyl-guanosine 
(mG), 6-thio-7-methyl-guanosine, 7-methyl-inosine, 
6-methoxy-guanosine, 1-methyl-guanosine (mG). 
N2-methyl-guanosine (mG), N2,N2-dimethyl-guanosine 
(mG), N2,7-dimethyl-guanosine (m’’G), N2, N2,7-dim 
ethyl-guanosine (m’’’G), 8-oxo-guanosine, 7-methyl-8- 
oXo-guanosine, 1-methyl-6-thio-guanosine, N2-methyl-6- 
thio-guanosine, N2.N2-dimethyl-6-thio-guanosine, C.-thio 
guanosine, 2'-O-methyl-guanosine (Gm), N2-methyl-2-O- 
methyl-guanosine (mGm), N2.N2-dimethyl-2'-O-methyl 
guanosine (m.Gm), 1-methyl-2'-O-methyl-guanosine 
(mGm), N2,7-dimethyl-2'-O-methyl-guanosine (m'Gm), 
2'-O-methyl-inosine (Im), 1,2'-O-dimethyl-inosine 2'-O-ri 
bosylguanosine (phosphate) (Gr(p)) 1-thio-guanosine, 
O6-methyl-guanosine. 2'-F-ara-guanosine, and 2'-F-guanos 
ine. 

0273. In some embodiments, the nucleotide can be modi 
fied on the major groove face. For example, such modifi 
cations include replacing hydrogen on C-5 of uracil or 
cytosine with alkyl (e.g., methyl) or halo. 
0274 The nucleobase of the nucleotide can be indepen 
dently selected from a purine, a pyrimidine, a purine or 
pyrimidine analog. For example, the nucleobase can each be 
independently selected from adenine, cytosine, guanine, 
uracil, or hypoxanthine. In another embodiment, the nucle 
obase can also include, for example, naturally-occurring and 
synthetic derivatives of a base, including pyrazolo 3,4-d 
pyrimidines, 5-methylcytosine (5-me-C), 5-hydroxymethyl 
cytosine, Xanthine, hypoxanthine, 2-aminoadenine, 
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6-methyl and other alkyl derivatives of adenine and guanine, 
2-propyl and other alkyl derivatives of adenine and guanine, 
2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-propynyl 
uracil and cytosine, 6-azo uracil, cytosine and thymine, 
5-uracil (pseudouracil), 4-thiouracil, 8-halo (e.g., 8-bromo), 
8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-sub 
stituted adenines and guanines, 5-halo particularly 5-bromo, 
5-trifluoromethyl and other 5-substituted uracils and cyto 
sines, 7-methylguanine and 7-methyladenine, 8-azaguanine 
and 8-azaadenine, deazaguanine, 7-deazaguanine, 3-deaza 
guanine, deazaadenine, 7-deazaadenine, 3-deazaadenine, 
pyrazolo 3,4-dipyrimidine, imidazo 1.5-a1.3.5 triazinones, 
9-deaZapurines, imidazo 4.5-dpyrazines, thiazolo 4.5-d 
pyrimidines, pyrazin-2-ones, 1,2,4-triazine, pyridazine; and 
1.3.5 triazine. When the nucleotides are depicted using the 
shorthand A, G, C, T or U, each letter refers to the repre 
sentative base and/or derivatives thereof, e.g., A includes 
adenine or adenine analogs, e.g., 7-deaza adenine). 
0275. In some embodiments, the modified nucleotide is a 
compound of Formula 

X 

| 2 
Y-HP y3 

ORC1 M B 
pi w 

Z 

XI 

A 

0276 wherein: 
0277 is denotes a single or a double bond; 
0278 - - - denotes an optional single bond; 
0279 U is O, S, NR , or CRR when 
is denotes a single bond, or U is —CR'— when 
is denotes a double bond; 
0280 Z is H. C. alkyl, or Co aryl, or Z is absent 
when is denotes a double bond; and 
(0281 Z can be –CR'R'' and form a bond with A: 
0282 A is H, OH, NHR wherein R-alkyl or aryl or 
phosphoryl, Sulfate, —NH, N, azido. —SH; Nan amino 
acid, or a peptide comprising 1 to 12 amino acids; 
(0283 D is H; OH: NHR wherein R-alkyl or aryl or 
phosphoryl; —NH, -SH, an amino acid, a peptide com 
prising 1 to 12 amino acids, or a group of Formula XII: 

XII 

0284 or A and D together with the carbonatoms to which 
they are attached form a 5-membered ring; 
0285 X is O or S; 
0286 each of Y is independently selected from —OR', 
NR'R'', and SR'; 
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(0287 each of Y and Y are independently selected from 
O, CR'R' , NR, S or a linker comprising one or more 
atoms selected from the group consisting of C, O, N, and S. 
0288 n is 0, 1, 2, or 3: 
0289 m is 0, 1, 2 or 3: 
0290 B is nucleobase: 
(0291) R' and R are each independently H, C, alkyl, 
C2-12 alkenyl, C2-12 alkynyl, or C6-20 aryl; 
0292 R is H. C. alkyl, C- alkenyl, phenyl, benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group 
0293 R' and R'' are each independently H or a coun 
terion; and 
0294 -OR- is OH at a pH of about 1 or -OR- is O. 
at physiological pH: 
0295 provided that the ring encompassing the variables 
A, B, D, U, Z, Y° and Y cannot be ribose. 
0296. In some embodiments, B is a nucleobase selected 
from the group consisting of cytosine, guanine, adenine, and 
uracil. 
0297. In some embodiments, the nucleobase is a pyrimi 
dine or derivative thereof. 
0298. In some embodiments, the modified nucleotides are 
a compound of Formula XI-a: 

XI-a 

X 

| 2 
Y--P-Y. y3 

ORC1 B. 
pi 

O O 

0299. In some embodiments, the modified nucleotides are 
a compound of Formula XI-b: 

XI-b 

X 

| 2 
Y--P-Y. y3 

ORC1 B. 
pi 

HO OH 

0300. In some embodiments, the modified nucleotides are 
a compound of Formula XI-c1, XI-c2, or XI-c3: 

X 

| 2 
Y – Y3 B 

ORC1 X 
pi 

Z 

HO A 

  



US 2017/0056528A1 

-continued 

h 
Yl |-y Y3 B 

ORC1 pi 

HO OH 

X 

| 2 
Y – y3 B. 

ORC1 pi 

Z 

HO A 

0301 In some embodiments, the modified nucleotides are 
a compound of Formula XI: 

h 
Yl P-Y2 y3 

ORC1 B 
pi M 

Z 

XI 

A 

0302 wherein: 
0303 is denotes a single or a double bond; 
0304 - - - denotes an optional single bond; 
0305 U is O, S, NR , or CRR when 
s denotes a single bond, or U is —CR'— when 
is denotes a double bond; 
0306 Z is H. C. alkyl, or Co aryl, or Z is absent 
when is denotes a double bond; and 
0307 Z can be CRR and form a bond with A: 
0308 A is H, OH, sulfate, NH, —SH, an amino acid, 
or a peptide comprising 1 to 12 amino acids; 
0309 D is H, OH, -NH, -SH, an amino acid, a 
peptide comprising 1 to 12 amino acids, or a group of 
Formula XII: 

XII 

0310 or A and D together with the carbonatoms to which 
they are attached form a 5-membered ring; 
0311 X is O or S; 
0312 each of Y is independently selected from —OR', 
NR'R'', and SR'; 
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0313 each of Y and Y are independently selected from 
O. —CR'R' , NR, S or a linker comprising one or more 
atoms selected from the group consisting of C, O, N, and S. 
0314 n is 0, 1, 2, or 3: 
0315 m is 0, 1, 2 or 3: 
0316 B is a nucleobase of Formula XIII: 

XIII 
R3 

V. n N 

R-( els 2 
N N R5 

0317 wherein: 
0318 V is N or positively charged NR: 
0319 R is NRR, OR, or SR; 
0320 R is H or can optionally form a bond with Y: 
0321 R is H, NRR, or OR; 
10322 R and R are each independently H, C, alkyl, 
C2-12 alkenyl, C2-12 alkynyl, or C6-20 aryl; 
0323 R is H. C. alkyl, C- alkenyl, phenyl, benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group; 
0324) R' and R'' are each independently H or a coun 
terion; and 
0325 OR is OH at a pH of about 1 or OR is O. 
at physiological pH. 
0326 In some embodiments, B is: 

R3 

N n 

{ 

0327 wherein R3 is OH, -SH, or 

'n 1-1-1N-1'N-1a 

-- 
'N-1- 
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0328. In some embodiments, B is: 

NéN1 
N n 

( N. - 2 

0329. In some embodiments, B is: 
NH2 

GE G 
N N-O. 

{ 

0330. In some embodiments, the modified nucleotides are 
a compound of Formula I-d: 

0331. In some embodiments, the modified nucleotides are 
a compound selected from the group consisting of: 

(BB-247) 

NNH 
N n N 

{ll GO-P-O-P-O-P-O o, 4. NH2 
he he he 

HO OH 

(BB-248) 

O 

it. Ol GO-P-O-P-O-P-O o, N1,NN, 
he he he 

HO OH 
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-continued 
(BB-249) 

HC 
* no 

N n 

L. L. L. O. GO-P-O-P-O-P-O o, 4. NH2, 
he he he 

HO OH 

(BB-250) 

NH2 

n 

(CI GO-P-O-P-O-P-O O N 4. 

he he he 

HO OH 

(BB-251) 

NH2 

N n N 

it (l- OO-P-O-P-O-P-O O N % 

he he he 

HO OH 

(BB-252) 

YNH 
N n 

GO-P-O-P-O-P-O o, 4. 
he he he 

HO OH 

(BB-253) 

C 

N n 

O OO-P-O-P-O-P-O o, 4. 
he he he 

HO OH 

  



US 2017/0056528A1 Mar. 2, 2017 
58 

-continued -continued 
(BB-254) (BB-257) 

NH O 

CH N -- r13: N 
N 

L. L. L (l- it OO-P-O-P-O-P-O O N 4. OO-P-O-P-O-P-O O N 4. 

he he he he he he 

HO OH HO OH 
(BB-255) 

O 

CH N -- r13 
N 

{ll GO-P-O-P-O-P-O o, % NH2 
e e le (BB-258) 

C 

HO OH N n 

(BB-256) ( Pl 
O 2 

H eo-o-o-o o, N NH2, 
G G O N NH O O O 

fill "Sull OO-P-O-P-O-P-O O N 4. NH2, HO OH 

he he he 
or a pharmaceutically acceptable salt thereof. 

HO OH 0332. In some embodiments, the modified nucleotides are 
a compound selected from the group consisting of: 

(BB-259) (BB-260) 

's- yer 
o n o n N N 

{l J { GO-P-O O N 4. OO-P-O-P-O-P-O O N % 

le he he he 

HO OH HO OH 

(BB-261) (BB-262) 
HN HN 

N N 

-( ) S-( ) ity / iy 4 
co-B-O N GO-P-O-P-O-P-O N 

le O le le le O O O O O 

HO OH HO OH 
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-continued 
O (BB-271) O (BB-272) 

/ NH W NH 

o-E-o -Q e O--g--O--O -Q 
O, O, le he he 

O (BB-273) O (BB-274) 

?NH a ( )." O--O - O O-P-g-P-O-P-O -Q 
le O, and le le O, 
O O O O 

HO OH 

or a pharmaceutically acceptable salt thereof. 

Modifications on the Internucleoside Linkage 

0333. The modified nucleotides, which may be incorpo 
rated into a polynucleotide molecule, can be modified on the 
internucleoside linkage (e.g., phosphate backbone). Herein, 
in the context of the polynucleotide backbone, the phrases 
“phosphate” and “phosphodiester are used interchangeably. 
Backbone phosphate groups can be modified by replacing 
one or more of the oxygenatoms with a different substituent. 
Further, the modified nucleosides and nucleotides can 
include the wholesale replacement of an unmodified phos 
phate moiety with another internucleoside linkage as 
described herein. Examples of modified phosphate groups 
include, but are not limited to, phosphorothioate, phospho 
roselenates, boranophosphates, boranophosphate esters, 
hydrogen phosphonates, phosphoramidates, phosphorodi 
amidates, alkyl or aryl phosphonates, and phosphotriesters. 
Phosphorodithioates have both non-linking oxygens 
replaced by sulfur. The phosphate linker can also be modi 
fied by the replacement of a linking oxygen with nitrogen 
(bridged phosphoramidates), Sulfur (bridged phosphoroth 
ioates), and carbon (bridged methylene-phosphonates). 
0334. The C-thio substituted phosphate moiety is pro 
vided to confer stability to RNA and DNA polymers through 
the unnatural phosphorothioate backbone linkages. Phos 
phorothioate DNA and RNA have increased nuclease resis 
tance and Subsequently a longer half-life in a cellular 
environment. While not wishing to be bound by theory, 
phosphorothioate linked polynucleotide molecules are 
expected to also reduce the innate immune response through 
weaker binding/activation of cellular innate immune mol 
ecules. 

0335. In specific embodiments, a modified nucleoside 
includes an alpha-thio-nucleoside (e.g., 5'-O-(1-thiophos 
phate)-adenosine, 5'-O-(1-thiophosphate)-cytidine (C-thio 

HO OH 

cytidine), 5'-O-(1-thiophosphate)-guanosine, 5'-O-(1-thio 
phosphate)-uridine, O 5'-O-(1-thiophosphate 
pseudouridine). 
0336. Other internucleoside linkages that may be 
employed according to the present invention, including 
internucleoside linkages which do not contain a phospho 
rous atom, are described herein below. 

Combinations of Modified Sugars, Nucleobases, and 
Internucleoside Linkages 

0337 The polynucleotides of the invention can include a 
combination of modifications to the Sugar, the nucleobase, 
and/or the internucleoside linkage. These combinations can 
include any one or more modifications described herein. For 
examples, any of the nucleotides described herein in For 
mulas (Ia), (Ib)-(If). (IIa)-(IIp), (IIb-1), (IIb-2), (IIc-1)-(IIc 
2). (In-1), (IIn-2). (IVa)-(IVT), and (IXa)-(IXr) can be 
combined with any of the nucleobases described herein 
(e.g., in Formulas (b1)-(b43) or any other described herein). 

Synthesis of Polynucleotide Molecules 

0338. The polynucleotide molecules for use in accor 
dance with the invention may be prepared according to any 
useful technique, as described herein. The modified nucleo 
sides and nucleotides used in the synthesis of polynucleotide 
molecules disclosed herein can be prepared from readily 
available starting materials using the following general 
methods and procedures. Where typical or preferred process 
conditions (e.g., reaction temperatures, times, mole ratios of 
reactants, solvents, pressures, etc.) are provided, a skilled 
artisan would be able to optimize and develop additional 
process conditions. Optimum reaction conditions may vary 
with the particular reactants or solvent used, but such 
conditions can be determined by one skilled in the art by 
routine optimization procedures. 
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0339. The processes described herein can be monitored 
according to any Suitable method known in the art. For 
example; product formation can be monitored by spectro 
scopic means, such as nuclear magnetic resonance spectros 
copy (e.g., "H or 'C) infrared spectroscopy, spectropho 
tometry (e.g., UV-visible), or mass spectrometry, or by 
chromatography Such as high performance liquid chroma 
tography (HPLC) or thin layer chromatography. 
0340 Preparation of polynucleotide molecules of the 
present invention can involve the protection and deprotec 
tion of various chemical groups. The need for protection and 
deprotection, and the selection of appropriate protecting 
groups can be readily determined by one skilled in the art. 
The chemistry of protecting groups can be found, for 
example, in Greene; et al., Protective Groups in Organic 
Synthesis, 2d. Ed., Wiley & Sons, 1991, which is incorpo 
rated herein by reference in its entirety. 
0341 The reactions of the processes described herein can 
be carried out in suitable solvents, which can be readily 
selected by one of skill in the art of organic synthesis. 
Suitable solvents can be substantially nonreactive with the 
starting materials (reactants), the intermediates, or products 
at the temperatures at which the reactions are carried out, 
i.e., temperatures which can range from the solvents freez 
ing temperature to the solvents boiling temperature. A given 
reaction can be carried out in one solvent or a mixture of 
more than one solvent. Depending on the particular reaction 
step, Suitable solvents for a particular reaction step can be 
selected. 

0342. Resolution of racemic mixtures of modified poly 
nucleotides or nucleic acids (e.g., polynucleotides or modi 
fied mRNA molecules) can be carried out by any of numer 
ous methods known in the art. An example method includes 
fractional recrystallization using a "chiral resolving acid 
which is an optically active, salt-forming organic acid. 
Suitable resolving agents for fractional recrystallization 
methods are, for example, optically active acids, such as the 
D and L forms of tartaric acid, diacetyltartaric acid, diben 
Zoyltartaric acid, mandelic acid, malic acid, lactic acid or the 
various optically active camphorsulfonic acids. Resolution 
of racemic mixtures can also be carried out by elution on a 
column packed with an optically active resolving agent (e.g., 
dinitrobenzoylphenylglycine). Suitable elution solvent com 
position can be determined by one skilled in the art. 
0343 Modified nucleosides and nucleotides (e.g., build 
ing block molecules) can be prepared according to the 
synthetic methods described in Ogata et al., J. Org. Chem. 
74:2585-2588 (2009); Purmal et al., Nucl. Acids Res. 22(1): 
72-78, (1994); Fukuhara et al., Biochemistry, 1(4): 563-568 
(1962); and Xu et al., Tetrahedron, 48(9): 1729-1740 (1992), 
each of which are incorporated by reference in their entirety. 
0344) The polynucleotides of the invention may or may 
not be uniformly modified along the entire length of the 
molecule. For example, one or more or all types of nucleo 
tide (e.g., purine or pyrimidine, or any one or more or all of 
A, G, U, C) may or may not be uniformly modified in a 
polynucleotide of the invention, or in a given predetermined 
sequence region thereof. In some embodiments, all nucleo 
tides X in a polynucleotide of the invention (or in a given 
sequence region thereof) are modified, wherein X may any 
one of nucleotides A, G, U. C., or any one of the combina 
tions A+G, A+U, A+C, G+U, G+C, U+C, A+G+U, A+G+C, 
G+U+C, or A+G+C. 
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0345 Different sugar modifications, nucleotide modifi 
cations, and/or internucleoside linkages (e.g., backbone 
structures) may exist at various positions in the polynucle 
otide. One of ordinary Skill in the art will appreciate that the 
nucleotide analogs or other modification(s) may be located 
at any position(s) of a polynucleotide Such that the function 
of the polynucleotide is not substantially decreased. A 
modification may also be a 5' or 3' terminal modification. 
The polynucleotide may contain from about 1% to about 
100% modified nucleotides either in relation to overall 
nucleotide content, or in relation to one or more types of 
nucleotide, i.e. any one or more of A, G, U or C) or any 
intervening percentage (e.g., from 1% to 20%, from 1% to 
25%, from 1% to 50%, from 1% to 60%, from 1% to 70%, 
from 1% to 80%, from 1% to 90%, from 1% to 95%, from 
10% to 20%, from 10% to 25%, from 10% to 50%, from 
10% to 60%, from 10% to 70%, from 10% to 80%, from 
10% to 90%, from 10% to 95%, from 10% to 100%, from 
20% to 25%, from 20% to 50%, from 20% to 60%, from 
20% to 70%, from 20% to 80%, from 20% to 90%, from 
20% to 95%, from 20% to 100%, from 50% to 60%, from 
50% to 70%, from 50% to 80%, from 50% to 90%, from 
50% to 95%, from 50% to 100%, from 70% to 80%, from 
70% to 90%, from 70% to 95%, from 70% to 100%, from 
80% to 90%, from 80% to 95%, from 80% to 100%, from 
90% to 95%, from 90% to 100%, and from 95% to 100%). 
0346. In some embodiments, the polynucleotide includes 
a modified pyrimidine (e.g., a modified uracil/uridine/U or 
modified cytosine?cytidine/C). In some embodiments, the 
uracil or uridine (generally: U) in the polynucleotide mol 
ecule may be replaced with from about 1% to about 100% 
of a modified uracil or modified uridine (e.g., from 1% to 
20%, from 1% to 25%, from 1% to 50%, from 1% to 60%, 
from 1% to 70%, from 1% to 80%, from 1% to 90%, from 
1% to 95%, from 10% to 20%, from 10% to 25%, from 10% 
to 50%, from 110% to 60%, from 10% to 70%, from 10% 
to 80%, from 10% to 90%, from 10% to 95%, from 10% to 
100%, from 20% to 25%, from 20% to 50%, from 20% to 
60%, from 20% to 70%, from 20% to 80%, from 20% to 
90%, from 20% to 95%, from 20% to 100%, from 50% to 
60%, from 50% to 70%, from 50% to 80%, from 50% to 
90%, from 50% to 95%, from 50% to 100%, from 70% to 
80%, from 70% to 90%, from 70% to 95%, from 70% to 
100%, from 80% to 90%, from 80% to 95%, from 80% to 
100%, from 90% to 95%, from 90% to 100%, and from 95% 
to 100% of a modified uracil or modified uridine). The 
modified uracil or uridine can be replaced by a compound 
having a single unique structure or by a plurality of com 
pounds having different structures (e.g., 2, 3, 4 or more 
unique structures, as described herein). In some embodi 
ments, the cytosine or cytidine (generally: C) in the poly 
nucleotide molecule may be replaced with from about 1% to 
about 100% of a modified cytosine or modified cytidine 
(e.g., from 1% to 20%, from 1% to 25%, from 1% to 50%, 
from 1% to 60%, from 1% to 70%, from 1% to 80%, from 
1% to 90%, from 1% to 95%, from 10% to 20%, from 10% 
to 25%, from 10% to 50%, from 10% to 60%, from 10% to 
70%, from 10% to 80%, from 10% to 90%, from 10% to 
95%, from 10% to 100%, from 20% to 75%, from 20% to 
50%, from 70% to 60%, from 20% to 70%, from 20% to 
80%, from 20% to 90%, from 20% to 95%, from 20% to 
100%, from 50% to 60%, from 50% to 70%, from 50% to 
80%, from 50% to 90%, from 50% to 95%, from 50% to 
100%, from 70% to 80%, from 70% to 90%, from 70% to 
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95%, from 70% to 100%, from 80% to 90%, from 80% to 
95%, from 80% to 100%, from 90% to 95%, from 90% to 
100%, and from 95% to 100% of a modified cytosine or 
modified cytidine). The modified cytosine or cytidine can be 
replaced by a compound having a single unique structure or 
by a plurality of compounds having different structures (e.g., 
2, 3, 4 or more unique structures, as described herein). 
0347 In some embodiments, the present disclosure pro 
vides methods of synthesizing a polynucleotide (e.g., the 
first region, first flanking region, or second flanking region) 
including n number of linked nucleosides having Formula 
(Ia-1): 

(Ia-1) 

comprising: 
0348 a) reacting a nucleotide of Formula (IV-1): 

(IV-1) 
Yi-Yi U B 

R4 

P2/, 

0349 with a phosphoramidite compound of Formula 
(V-1): 

(V-1) 

0350 wherein Y is H, hydroxy, phosphoryl, pyrophos 
phate, Sulfate, amino, thiol, optionally Substituted amino 
acid; or a peptide (e.g., including from 2 to 12 amino acids); 
and each P', P, and P is, independently, a suitable pro 
tecting group; and 

denotes a Solid Support; 
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0351 to provide a polynucleotide of Formula (VI-1): 

(VI-1) 
P1-Y-Yi U B 

and 
0352 b) oxidizing or sulfurizing the polynucleotide of 
Formula (V) to yield a polynucleotide of Formula (VII-1): 

(VII-1) 
P1-Y-Yi U B 

and 
0353 removing the protecting groups to yield the poly 
nucleotide of Formula (Ia). 
0354. In some embodiments, steps a) and b) are repeated 
from 1 to about 10,000 times. In some embodiments, the 
methods further comprise a nucleotide selected from the 
group consisting of A, C, G and U adenosine, cytosine, 
guanosine, and uracil. In some embodiments, the nucleobase 
may be a pyrimidine or derivative thereof. In some embodi 
ments, the polynucleotide is translatable. 
0355. Other components of polynucleotides are optional, 
and are beneficial in some embodiments. For example, a 5' 
untranslated region (UTR) and/or a 3'UTR are provided, 
wherein either or both may independently contain one or 
more different nucleotide modifications. In such embodi 
ments, nucleotide modifications may also be present in the 
translatable region. Also provided are polynucleotides con 
taining a Kozak sequence. 

Combinations of Nucleotides 

0356. Further examples of modified nucleotides and 
modified nucleotide combinations are provided below in 
Table 2. These combinations of modified nucleotides can be 
used to form the polynucleotides of the invention. Unless 
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otherwise noted, the modified nucleotides may be com 
pletely substituted for the natural nucleotides of the poly 
nucleotides of the invention. As a non-limiting example, the 
natural nucleotide uridine may be substituted with a modi 
fied nucleoside described herein. In another non-limiting 
example, the natural nucleotide uridine may be partially 
substituted (e.g., about 0.1%, 1%. 5%, 10%, 15%, 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
75%, 80%, 85%, 90%. 95% or 99.9%) with at least one of 
the modified nucleoside disclosed herein. 

TABLE 2 

Modified Nucleotide Modified Nucleotide Combination 

C-thio-cytidine C-thio-cytidine/5-iodo-uridine 
C-thio-cytidine/N1-methyl-pseudo-uridine 
C-thio-cytidine/C-thio-uridine 
C-thio-cytidine/5-methyl-uridine 
C-thio-cytidine pseudo-uridine 
about 50% of the cytosines are C-thio-cytidine 

pseudoisocytidine pseudoisocytidine/5-iodo-uridine 
pseudoisocytidine/N1-methyl-pseudouridine 
pseudoisocytidine C-thio-uridine 
pseudoisocytidine/5-methyl-uridine 
pseudoisocytidine pseudouridine 
about 25% of cytosines are pseudoisocytidine 
pseudoisocytidine/about 50% of uridines are 
N1-methyl-pseudouridine and about 50% of 
uridines are pseudouridine 
pseudoisocytidine/about 25% of uridines are 
N1-methyl-pseudouridine and about 25% of 
uridines are pseudouridine (e.g., 25% N1 
methyl-pseudouridine? 75% pseudouridine) 

pyrrolo-cytidine pyrrolo-cytidine/5-iodo-uridine 
pyrrolo-cytidine/N1-methyl-pseudouridine 
pyrrolo-cytidine/C-thio-uridine 
pyrrolo-cytidine/5-methyl-uridine 
pyrrolo-cytidine pseudouridine 
about 50% of the cytosines are pyrrolo-cytidine 

5-methyl-cytidine 5-methyl-cytidine/5-iodo-uridine 
5-methyl-cytidine/N1-methyl-pseudouridine 
5-methyl-cytidine?cu-thio-uridine 
5-methyl-cytidine/5-methyl-uridine 
5-methyl-cytidine/pseudouridine 
about 25% of cytosines are 5-methyl-cytidine 

Modified Nucleotide 
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TABLE 2-continued 

Modified Nucleotide Modified Nucleotide Combination 

about 50% of cytosines are 5-methyl-cytidine 
5-methyl-cytidine/5-methoxy-uridine 
5-methyl-cytidine/5-bromo-uridine 
5-methyl-cytidine/2-thio-uridine 
5-methyl-cytidine/about 50% of uridines are 
2-thio-uridine 
about 50% of uridines are 5-methyl-cytidine? 
about 50% of uridines are 2-thio-uridine 

N4-acetyl-cytidine N4-acetyl-cytidine/5-iodo-uridine 
N4-acetyl-cytidine/N1-methyl-pseudouridine 
N4-acetyl-cytidinefol-thio-uridine 
N4-acetyl-cytidine/5-methyl-uridine 
N4-acetyl-cytidine/pseudouridine 
about 50% of cytosines are N4-acetyl-cytidine 
about 25% of cytosines are N4-acetyl-cytidine 
N4-acetyl-cytidine/5-methoxy-uridine 
N4-acetyl-cytidine/5-bromo-uridine 
N4-acetyl-cytidine,2-thio-uridine 
about 50% of cytosines are N4-acetyl-cytidine? 
about 50% of uridines are 2-thio-uridine 

0357 Certain modified nucleotides and nucleotide com 
binations have been explored by the current inventors. These 
findings are described in U.S. Provisional Application No. 
61/404.413, filed on Oct. 1, 2010, entitled Engineered 
Nucleic Acids and Methods of Use Thereof, U.S. patent 
application Ser. No. 13/251,840, filed on Oct. 3, 2011, 
entitled Modified Nucleotides, and Nucleic Acids, and Uses 
Thereof, now abandoned, U.S. patent application Ser. No. 
13/481,127, filed on May 25, 2012, entitled Modified 
Nucleotides, and Nucleic Acids, and Uses Thereof, Interna 
tional Patent Publication No WO2012045075, filed on Oct. 
3, 2011, entitled Modified Nucleosides, Nucleotides, And 
Nucleic Acids, and Uses Thereof, U.S. Patent Publication 
No. US20120237975 filed on Oct. 3, 2011, entitled Engi 
neered Nucleic Acids and Method of Use Thereof, and 
International Patent Publication No WO2012045082, which 
are incorporated by reference in their entireties. 
0358. Further examples of modified nucleotide combina 
tions are provided below in Table 3. These combinations of 
modified nucleotides can be used to form the polynucle 
otides of the invention. 

TABLE 3 

Modified Nucleotide Combination 

modified cytidine having one or more mo 
nucleobases of Formula (b10) O 

modified cytidine having one or more mo 

fied cytidine with (b10), pseudouridine 
fied cytidine with (b10)/N1-methyl-pseudouridine 
fied cytidine with (b10)/5-methoxy-uridine 
fied cytidine with (b10)/5-methyl-uridine 
fied cytidine with (b10), 5-bromo-uridine 
fied cytidine with (b10)/2-thio-uridine 

about 50% of cytidine substituted with modified cytidine 
fabout 50% of uridines are 2-thio-uridine 
ified cytidine with (b32), pseudouridine 

O 

modified cytidine with (b32)/5-methoxy-uridine 
ified cytidine with (b32)/5-methyl-uridine 
ified cytidine with (b32)/5-bromo-uridine 

) 

nucleobases of Formula (b32) modified cytidine with (b32)/N1-methyl-pseudouridine 

ified cytidine with (b32)/2-thio-uridine 
about 50% of cytidine substituted with modified cytidine 
(b32), about 50% of uridines are 2-thio-uridine 

modified uridine having one or more modified uridine with (b1)/N4-acetyl-cytidine 
nucleobases of Formula (b1) modified uridine with (b1)/5-methyl-cytidine 
modified uridine having one or more modified uridine with (b8), N4-acetyl-cytidine 
nucleobases of Formula (b8) modified uridine with (b8)/5-methyl-cytidine 
modified uridine having one or more modified uridine with (b28)/N4-acetyl-cytidine 
nucleobases of Formula (b28) modified uridine with (b28)/5-methyl-cytidine 
modified uridine having one or more modified uridine with (b29)/N4-acetyl-cytidine 
nucleobases of Formula (b29) modified uridine with (b29)/5-methyl-cytidine 
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Modified Nucleotide Modified Nucleotide Combination 

64 
Mar. 2, 2017 

modified uridine having one or more modified uridine with (b30), N4-acetyl-cytidine 
nucleobases of Formula (b30) 

0359. In some embodiments, at least 25% of the cyto 
sines are replaced by a compound of Formula (b 10)-(b 14), 
(b24), (b25), or (b32)-(b35) (e.g., at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 
about 50%, at least about 55%, at least about 60%, at least 
about 65%, at least about 70%, at least about 75%, at least 
about 80%, at least about 85%, at least about 90%, at least 
about 95%, or about 100% of, e.g., a compound of Formula 
(b10) or (b32)). 
0360. In some embodiments, at least 25% of the uracils 
are replaced by a compound of Formula (b1)-(b9), (b21)- 
(b23), or (b28)-(b31) (e.g., at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 
50%, at least about 55%, at least about 60%, at least about 
65%, at least about 70%, at least about 75%, at least about 
80%, at least about 85%, at least about 90%, at least about 
95%, or about 100% of, e.g., a compound of Formula (b1), 
(b8), (b28), (b29), or (b30)). 
0361. In some embodiments, at least 25% of the cyto 
sines are replaced by a compound of Formula (b 10)-(b 14), 
(b24), (b25), or (b32)-(b35) (e.g. Formula (b10) or (b32)), 
and at least 25% of the uracils are replaced by a compound 
of Formula (b1)-(b9), (b21)-(b23), or (b28)-(b31) (e.g. For 
mula (b1), (b8), (b28), (b29), or (b30)) (e.g., at least about 
30%, at least about 35%, at least about 40%, at least about 
45%, at least about 50%, at least about 55%, at least about 
60%, at least about 65%, at least about 70%, at least about 

modified uridine with (b30)/5-methyl-cytidine 

75%, at least about 80%, at least about 85%, at least about 
90%, at least about 95%, or about 100%). 
Modifications Including Linker and a Payload 
0362. The nucleobase of the nucleotide can be covalently 
linked at any chemically appropriate position to a payload, 
e.g., detectable agent or therapeutic agent. For example, the 
nucleobase can be deaza-adenosine or deaza-guanosine and 
the linker can be attached at the C-7 or C-8 positions of the 
deaza-adenosine or deaza-guanosine. In other embodiments, 
the nucleobase can be cytosine or uracil and the linker can 
be attached to the N-3 or C-5 positions of cytosine or uracil. 
Scheme 1 below depicts an exemplary modified nucleotide 
wherein the nucleobase, adenine, is attached to a linker at the 
C-7 carbon of 7-deaza adenine. In addition, Scheme 1 
depicts the modified nucleotide with the linker and payload, 
e.g., a detectable agent, incorporated onto the 3' end of the 
mRNA. Disulfide cleavage and 1,2-addition of the thiol 
group onto the propargyl ester releases the detectable agent. 
The remaining structure (depicted, for example, as 
pApC5Parg in Scheme 1) is the inhibitor. The rationale for 
the structure of the modified nucleotides is that the tethered 
inhibitor sterically interferes with the ability of the poly 
merase to incorporate a second base. Thus, it is critical that 
the tether be long enough to affect this function and that the 
inhibitor be in a stereochemical orientation that inhibits or 
prohibits second and follow on nucleotides into the growing 
polynucleotide Strand. 

incorportation 
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-continued 
Cys 

OH OH 

OH + S 

RNA 

O 
O 

OH OH 

Linker 

0363 The term “linker” as used herein refers to a group 
of atoms, e.g., 10-1,000 atoms, and can be comprised of the 
atoms or groups such as, but not limited to, carbon, amino, 
alkylamino, oxygen, Sulfur, Sulfoxide, Sulfonyl, carbonyl, 
and imine. The linker can be attached to a modified nucleo 
side or nucleotide on the nucleobase or Sugar moiety at a first 
end, and to a payload, e.g., detectable or therapeutic agent, 
at a second end. The linker is of Sufficient length as to not 
interfere with incorporation into a nucleic acid sequence. 

03.64 Examples of chemical groups that can be incorpo 
rated into the linker include, but are not limited to, an alkyl, 
alkene, an alkyne, an amido, an ether, a thioether, an or an 
ester group. The linker chain can also comprise part of a 
saturated, unsaturated or aromatic ring, including polycyclic 
and heteroaromatic rings wherein the heteroaromatic ring is 
an aryl group containing from one to four heteroatoms, N, O 
or S. Specific examples of linkers include, but are not limited 
to, unsaturated alkanes, polyethylene glycols, and dextran 
polymers. 
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0365 For example, the linker can include ethylene or 
propylene glycol monomeric units, e.g., diethylene glycol, 
dipropylene glycol, triethylene glycol, tripropylene glycol, 
tetraethylene glycol, or tetraethylene glycol. In some 
embodiments, the linker can include a divalent alkyl, alk 
enyl, and/or alkynyl moiety. The linker can include an ester, 
amide, or ether moiety. 
0366 Other examples include cleavable moieties within 
the linker, such as, for example, a disulfide bond (—S—S ) 
or an azo bond (-N=N-), which can be cleaved using a 
reducing agent or photolysis. A cleavable bond incorporated 
into the linker and attached to a modified nucleotide, when 
cleaved, results in, for example, a short “scar or chemical 
modification on the nucleotide. For example, after cleaving, 
the resulting scar on a nucleotide base, which for part of the 
modified nucleotide, and is incorporated into a polynucle 
otide Strand, is unreactive and does not need to be chemi 
cally neutralized. This increases the ease with which a 
Subsequent nucleotide can be incorporated during sequenc 
ing of a nucleic acid polymer template. For example, con 
ditions include the use of tris(2-carboxyethyl)phosphine 
(TCEP), dithiothreitol (DTT) and/or other reducing agents 
for cleavage of a disulfide bond. A selectively severable 
bond that includes an amido bond can be cleaved for 
example by the use of TCEP or other reducing agents, and/or 
photolysis. A selectively severable bond that includes an 
ester bond can be cleaved for example by acidic or basic 
hydrolysis. 

Payload 

0367 The methods and compositions described herein 
are useful for delivering a payload to a biological target. The 
payload can be used, e.g., for labeling (e.g., a detectable 
agent such as a fluorophore), or for therapeutic purposes 
(e.g., a cytotoxin or other therapeutic agent). 

Payload: Therapeutic Agents 

0368. In some embodiments the payload is a therapeutic 
agent such as a cytotoxin, radioactive ion, chemotherapeu 
tic, or other therapeutic agent. A cytotoxin or cytotoxic agent 
includes any agent that is detrimental to cells. Examples 
include taxol, cytochalasin B, gramicidin D, ethidium bro 
mide, emetime, mitomycin, etoposide, tenoposide, Vincris 
tine, vinblastine, colchicin, doxorubicin, daunorubicin, 
dihydroxy anthracin dime, mitoxantrone, mithramycin, 
actinomycin D, 1-dehydrotestosterone, glucocorticoids, pro 
caine, tetracaine, lidocaine, propranolol, puromycin, may 
tansinoids; e.g., maytansinol (see U.S. Pat. No. 5,208,020), 
CC-1065 (see U.S. Pat. Nos. 5,475,092, 5,585,499, 5,846, 
545) and analogs or homologs thereof. Radioactive ions 
include, but are not limited to iodine (e.g., iodine 125 or 
iodine 131), strontium 89, phosphorous, palladium, cesium, 
iridium, phosphate, cobalt, yttrium 90, Samarium 153 and 
praseodymium. Other therapeutic agents include, but are not 
limited to, antimetabolites (e.g., methotrexate, 6-mercap 
topurine, 6-thioguanine, cytarabine, 5-fluorouracil decarba 
Zine), alkylating agents (e.g., mechlorethamine, thioepa 
chlorambucil, CC-1065, melphalan, carmustine (BSNU) 
and lomustine (CCNU), cyclothosphamide, busulfan, dibro 
momannitol, Streptozotocin, mitomycin C, and cis-dichlo 
rodiamine platinum (II) (DDP) cisplatin), anthracyclines 
(e.g., daunorubicin (formerly daunomycin) and doxorubi 
cin), antibiotics (e.g., dactinomycin (formerly actinomycin), 
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bleomycin, mithramycin, and anthramycin (AMC)), and 
anti-mitotic agents (e.g., Vincristine, vinblastine, taxol and 
maytansinoids). 

Payload: Detectable Agents 
0369 Examples of detectable substances include various 
organic Small molecules, inorganic compounds, nanopar 
ticles, enzymes or enzyme Substrates, fluorescent materials, 
luminescent materials, bioluminescent materials, chemilu 
minescent materials, radioactive materials, and contrast 
agents. Such optically-detectable labels include for example, 
without limitation, 4-acetamido-4-isothiocyanatostilbene-2, 
2'disulfonic acid; acridine and derivatives: acridine, acridine 
isothiocyanate, 5-(2-aminoethyl)aminonaphthalene-1-sul 
fonic acid (EDANS): 4-amino-N-3-vinylsulfonyl)phenyl 
naphthalimide-3.5 disulfonate; N-(4-anilino-1-naphthyl)ma 
leimide; anthranilamide: BODIPY: Brilliant Yellow: 
coumarin and derivatives; coumarin, 7-amino-4-methylcou 
marin (AMC, Coumarin 120), 7-amino-4-trifluoromethyl 
couluarin (Coumaran 151); cyanine dyes; cyanosine; 4,6- 
diaminidino-2-phenylindole (DAPI): 5'5" 
dibromopyrogallol-sulfonaphthalein (Bromopyrogallol 
Red): 7-diethylamino-3-(4-isothiocyanatophenyl)-4-meth 
ylcoumarin; diethytenetriamine pentaacetate; 4,4'-diisothio 
cyanatodihydro-stilbene-2,2'-disulfonic acid; 4,4'-diisothio 
cyanatostilbene-2,2'-disulfonic acid; 5-dimethylamino 
naphthalene-1-sulfonyl chloride (DNS, dansylchloride); 
4-dimethylaminophenylaZophenyl-4-isothiocyanate 
(DABITC); eosin and derivatives; eosin, eosin isothiocya 
nate, erythrosin and derivatives; erythrosin B, erythrosin, 
isothiocyanate; ethidium; fluorescein and derivatives; 5-car 
boxyfluorescein (FAM), 5-(4,6-dichlorotriazin-2-yl)amino 
fluorescein (DTAF), 2,7-dimethoxy-4° 5'-dichloro-6-car 
boxyfluorescein, fluorescein, fluorescein isothiocyanate, 
QFITC, (XRITC); fluorescamine: IR 144: IR446; Malachite 
Green isothiocyanate: 4-methylumbelliferoneortho cresol 
phthalein: nitrotyrosine; pararosaniline; Phenol Red; B-phy 
coerythrin; o-phthaldialdehyde pyrene and derivatives: 
pyrene, pyrene butyrate; Succinimidyl 1-pyrene; butyrate 
quantum dots; Reactive Red 4 (CibacronTM Brilliant Red 
3B-A) rhodamine and derivatives: 6-carboxy-X-rhodamine 
(ROX), 6-carboxyrhodamine (R6G), lissamine rhodamine B 
sulfonyl chloride rhodanine (Rhod), rhodamine B, rhod 
amine 123, rhodamine X isothiocyanate, sulforhodamine B. 
sulforhodamine 101, sulfonyl chloride derivative of sul 
forhodamine 101 (Texas Red); N.N.N',N'tetramethyl-6-car 
boxyrhodamine (TAMRA); tetramethyl rhodamine; tetram 
ethylrhodamine isothiocyanate (TRITC); riboflavin; rosolic 
acid; terbium chelate derivatives; Cyanine-3 (Cy3); Cya 
nine-5 (Cy5); Cyanine-5.5 (Cy5.5), Cyanine-7 (Cy7): IRD 
700; IRD 800; Alexa 647: La Jolta Blue; phthalo cyanine: 
and naphthalo cyanine. In some embodiments, the detectable 
label is a fluorescent dye, such as Cy5 and Cy3. 
0370. Examples luminescent material includes luminol: 
examples of bioluminescent materials include luciferase, 
luciferin, and aequorin. 
0371 Examples of suitable radioactive material include 
18F 7Ga, 81 Kr 82Rb, Ill In, 133Xe, 201T, 125I, 35S, 14C, O 
H. "Tc, (e.g., as pertechnetate (technetate(VII), TcO.) 
either directly or indirectly, or other radioisotope detectable 
by direct counting of radioemission or by Scintillation count 
1ng. 
0372. In addition, contrast agents, e.g., contrast agents for 
MRI or NMR, for X-ray CT. Raman imaging, optical 



US 2017/0056528A1 

coherence tomography, absorption imaging, ultrasound 
imaging, or thermal imaging can be used. Exemplary con 
trast agents include gold (e.g., gold nanoparticles), gado 
linium (e.g., chelated Gd), iron oxides (e.g., Superparamag 
netic iron oxide (SPIO), monocrystalline iron oxide 
nanoparticles (MIONS), and ultraSmall Superparamagnetic 
iron oxide (USPIO)), manganese chelates (e.g., Mn-DPDP), 
barium Sulfate, iodinated contrast media (iohexol), 
microbubbles, or perfluorocarbons can also be used. 
0373) In some embodiments, the detectable agent is a 
non-detectable pre-cursor that becomes detectable upon 
activation. Examples include fluorogenic tetrazine-fluoro 
phore constructs (e.g., tetrazine-BODIPY FL, tetrazine-Or 
egon Green 488, or tetrazine-BODIPYTMR-X) or enzyme 
activatable fluorogenic agents (e.g., PROSENSE (Vishn 
Medical)). 
0374. When the compounds are enzymatically labeled 
with, for example, horseradish peroxidase, alkaline phos 
phatase, or luciferase, the enzymatic label is detected by 
determination of conversion of an appropriate Substrate to 
product. 
0375. In vitro assays in which these compositions can be 
used include enzyme linked immunosorbent assays (ELI 
SAS), immunoprecipitations; immunofluorescence, enzyme 
immunoassay (EIA), radioimmunoassay (RIA), and Western 
blot analysis. 
0376 Labels other than those described herein are con 
templated by the present disclosure, including other opti 
cally-detectable labels. Labels can be attached to the modi 
fied nucleotide of the present disclosure at any position 
using standard chemistries such that the label can be 
removed from the incorporated base upon cleavage of the 
cleavable linker. 
0377 Payload: Cell Penetrating Payloads 
0378. In some embodiments, the modified nucleotides 
and modified nucleic acids can also include a payload that 
can be a cell penetrating moiety or agent that enhances 
intracellular delivery of the compositions. For example, the 
compositions can include a cell-penetrating peptide 
sequence that facilitates delivery to the intracellular space, 
e.g., HIV-derived TAT peptide, penetratins, transportans, or 
derived cell-penetrating peptides, see, e.g., Caron et al., 
(2001) Mol Ther. 3(3):310-8: Langel, Cell-Penetrating Pep 
tides: Processes and Applications (CRC Press, Boca Raton 
Fla. 2002); El-Andaloussi et al., (2005) Curr Pharm Des. 
11(28):3597-611; and Deshayes et al., (2005) Cell Mol Life 
Sci. 62(16): 1839-49. The compositions can also be formu 
lated to include a cell penetrating agent, e.g., liposomes, 
which enhance delivery of the compositions to the intrac 
ellular space. 

Payload: Biological Targets 

0379 The modified nucleotides and modified nucleic 
acids described herein can be used to deliver a payload to 
any biological target for which a specific ligand exists or can 
be generated. The ligand can bind to the biological target 
either covalently or non-covalently. 
0380 Exemplary biological targets include biopolymers, 

e.g., antibodies, nucleic acids such as RNA and DNA, 
proteins, enzymes; exemplary proteins include enzymes, 
receptors, and ion channels. In some embodiments the target 
is a tissue- or cell-type specific marker; e.g., a protein that 
is expressed specifically on a selected tissue or cell type. In 
Some embodiments, the target is a receptor, such as, but not 
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limited to, plasma membrane receptors and nuclear recep 
tors; more specific examples include G-protein-coupled 
receptors, cell pore proteins, transporter proteins, Surface 
expressed antibodies, HLA proteins, MHC proteins and 
growth factor receptors. 

Synthesis of Modified Nucleotides 

0381. The modified nucleosides and nucleotides dis 
closed herein can be prepared from readily available starting 
materials using the following general methods and proce 
dures. It is understood that where typical or preferred 
process conditions (i.e., reaction temperatures, times, mole 
ratios of reactants, solvents, pressures, etc.) are given; other 
process conditions can also be used unless otherwise stated. 
Optimum reaction conditions may vary with the particular 
reactants or solvent used, but such conditions can be deter 
mined by one skilled in the art by routine optimization 
procedures. 

0382. The processes described herein can be monitored 
according to any suitable method known in the art. For 
example, product formation can be monitored by spectro 
scopic means, such as nuclear magnetic resonance spectros 
copy (e.g., "H or 'C) infrared spectroscopy, spectropho 
tometry (e.g., UV-visible), or mass spectrometry; or by 
chromatography such as high performance liquid chroma 
tography (HPLC) or thin layer chromatography. 
0383 Preparation of modified nucleosides and nucleo 
tides can involve the protection and deprotection of various 
chemical groups. The need for protection and deprotection, 
and the selection of appropriate protecting groups can be 
readily determined by one skilled in the art. The chemistry 
of protecting groups can be found, for example, in Greene, 
et al., Protective Groups in Organic Synthesis, 2d. Ed., 
Wiley & Sons, 1991, which is incorporated herein by 
reference in its entirety. 
0384 The reactions of the processes described herein can 
be carried out in suitable solvents, which can be readily 
selected by one of skill in the art of organic synthesis. 
Suitable solvents can be substantially nonreactive with the 
starting materials reactants), the intermediates, or products 
at the temperatures at which the reactions are carried out, 
i.e., temperatures which can range from the solvents freez 
ing temperature to the solvents boiling temperature. A given 
reaction can be carried out in one solvent or a mixture of 
more than one solvent. Depending on the particular reaction 
step, Suitable solvents for a particular reaction step can be 
selected. 

0385) Resolution of racemic mixtures of modified 
nucleosides and nucleotides can be carried out by any of 
numerous methods known in the art. An example method 
includes fractional recrystallization using a "chiral resolving 
acid' which is an optically active, salt-forming organic acid. 
Suitable resolving agents for fractional recrystallization 
methods are, for example, optically active acids, such as the 
D and L forms of tartaric acid, diacetyltartaric acid, diben 
Zoyltartaric acid, mandelic acid, malic acid, lactic acid or the 
various optically active camphorsulfonic acids. Resolution 
of racemic mixtures can also be carried out by elution on a 
column packed with an optically active resolving agent (e.g., 
dinitrobenzoylphenylglycine). Suitable elution solvent com 
position can be determined by one skilled in the art. 
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0386 Exemplary syntheses of modified nucleotides, 
which are incorporated into a polynucleotides, e.g., RNA or 
mRNA, are provided below in Scheme 2 through Scheme 
12. Scheme 2 provides a general method for phosphory 
lation of nucleosides, including modified nucleosides. 
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0387 Various protecting groups may be used to control 
the reaction. For example, Scheme 3 provides the use of 
multiple protecting and deprotecting steps to promote phos 
phorylation at the 5' position of the sugar, rather than the 2 
and 3' hydroxyl groups. 
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0388 Modified nucleotides can be synthesized in any -continued 
useful manner. Schemes 4, 5, and 8 provide exemplary 
methods for synthesizing modified nucleotides having a 
modified purine nucleobase; and Schemes 6 and 7 provide 
exemplary methods for synthesizing modified nucleotides R 
having a modified pseudouridine or pseudoisocytidine, G O-P-O-P-O-P-O 
respectively. 
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Scheme 7 Scheme 8 
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OH OH 0389 Schemes 9 and 10 provide exemplary syntheses of 
modified nucleotides. Scheme 11 provides a non-limiting 
biocatalytic method for producing nucleotides, 
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0390 Scheme 12 provides an exemplary synthesis of a N N1 
modified uracil, where the N1 position on the major groove 
face is modified with R', as provided elsewhere, and the HO P-O S T2 
5'-position of ribose is phosphorylated. T, T, R'', R'', O 
and r are as provided herein. This synthesis, as well as OH * 
optimized versions thereof, can be used to modify the major 
groove face of other pyrimidine nucleobases and purine 
nucleobases (see e.g., Formulas (b1)-(b43)) and/or to install OH OH 
one or more phosphate groups (e.g., at the 5' position of the 
Sugar). This alkylating reaction can also be used to include 0391 Modified nucleosides and nucleotides can also be 
one or more optionally Substituted alkyl group at any 
reactive group (e.g., amino group) in any nucleobase 
described herein (e.g., the amino groups in the Watson-Crick 
base-pairing face for cytosine, uracil, adenine, and guanine). 

prepared according to the synthetic methods described in 
Ogata et al. Journal of Organic Chemistry 74:2585-2588, 
2009: Purmal et al. Nucleic Acids Research 22(1): 72-78, 
1994: Fukuhara et al, Biochemistry 1(4): 563-568, 1962; and 
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Xu et al. Tetrahedron 48(9): 1729-1740, 1992, each of which 
are incorporated by reference in their entirety. 

Modified Nucleic Acids 

0392 The present disclosure provides nucleic acids (or 
polynucleotides), including RNAs such as mRNAs that 
contain one or more modified nucleosides (termed “modified 
nucleic acids’) or nucleotides as described herein, which 
have useful properties including the lack of a substantial 
induction of the innate immune response of a cell into which 
the mRNA is introduced. Because these modified nucleic 
acids enhance the efficiency of protein production, intracel 
lular retention of nucleic acids, and viability of contacted 
cells, as well as possess reduced immunogenicity, these 
nucleic acids having these properties are also termed 
"enhanced nucleic acids’ herein. 

0393. In addition, the present disclosure provides nucleic 
acids, which have decreased binding affinity to a major 
groove interacting, e.g. binding, partner. For example, the 
nucleic acids are comprised of at least one nucleotide that 
has been chemically modified on the major groove face as 
described herein. 

0394 The term “nucleic acid.” in its broadest sense, 
includes any compound and/or substance that is or can be 
incorporated into an oligonucleotide chain. In this context, 
the term nucleic acid is used synonymously with polynucle 
otide. Exemplary nucleic acids for use in accordance with 
the present disclosure include, but are not limited to, one or 
more of DNA, RNA including messenger mRNA (mRNA), 
hybrids thereof, RNAi-inducing agents, RNAi agents, siR 
NAs, shRNAs, antisense RNAs, ribozymes, catalytic DNA, 
RNAs that induce triple helix formation, aptamers, vectors, 
etc., described in detail herein. 
0395 Provided are modified nucleic acids containing a 
translatable region and one, two, or more than two different 
nucleoside modifications. In some embodiments, the modi 
fied nucleic acid exhibits reduced degradation in a cell into 
which the nucleic acid is introduced, relative to a corre 
sponding unmodified nucleic acid. Exemplary nucleic acids 
include ribonucleic acids (RNAs deoxyribonucleic acids 
(DNAs), threose nucleic acids (TNAS), glycol nucleic acids 
(GNAS), or a hybrid thereof. In preferred embodiments, the 
modified nucleic acid includes messenger RNAs (mRNAs). 
As described herein, the nucleic acids of the present disclo 
Sure do not substantially induce an innate immune response 
of a cell into which the mRNA is introduced. 

0396. In certain embodiments, it is desirable to intracel 
lularly degrade a modified nucleic acid introduced into the 
cell, for example if precise timing of protein production is 
desired. Thus, the present disclosure provides a modified 
nucleic acid containing a degradation domain, which is 
capable of being acted on in a directed manner within a cell. 
0397 Other components of nucleic acid are optional, and 
are beneficial in some embodiments. For example, a 5' 
untranslated region (UTR) and/or a 3'UTR are provided, 
wherein either or both may independently contain one or 
more different nucleoside modifications. In such embodi 
ments, nucleoside modifications may also be present in the 
translatable region. Also provided are nucleic acids contain 
ing a Kozak sequence. 
0398. Additionally, provided are nucleic acids containing 
one or more intronic nucleotide sequences capable of being 
excised from the nucleic acid. 
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0399 Further, provided are nucleic acids containing an 
internal ribosome entry site (IRES). An IRES may act as the 
sole ribosome binding site, or may serve as one of multiple 
ribosome binding sites of an mRNA. An mRNA containing 
more than one functional ribosome binding site may encode 
several peptides or polypeptides that are translated indepen 
dently by the ribosomes (“multicistronic mRNA'). When 
nucleic acids are provided with an IRES, further optionally 
provided is a second translatable region. Examples of IRES 
sequences that can be used according to the present disclo 
Sure include without limitation, those from picornaviruses 
(e.g. FMDV), pest viruses (CFFV), polio viruses (PV), 
encephalomyocarditis viruses (ECMV), foot-and-mouth dis 
ease viruses (FMDV), hepatitis C viruses (HCV), classical 
swine fever viruses (CSFV), murine leukemia virus (MLV), 
simian immune deficiency viruses (SIV) or cricket paralysis 
viruses (CrPV). 
0400. In another aspect, the present disclosure provides 
for nucleic acid sequences comprising at least two nucleo 
tides, the nucleic acid sequence comprising a nucleotide that 
disrupts binding of a major groove binding partner with the 
nucleic acid sequence, wherein the nucleotide has decreased 
binding affinity to the major groove binding partner. 
04.01. In some embodiments, the nucleic acid is a com 
pound of Formula XI-a: 

XI-a 

0402 wherein: 
0403 s denotes an optional double bond; 
0404 - - - denotes an optional single bond; 
04.05 U is O, S, NR , or CRR when 
is denotes a single bond, or U is —CR'— when 
is denotes a doable bond; 
0406 A is H, OH, phosphoryl, pyrophosphate, sulfate, 
—NH, -SH, an amino acid, a peptide comprising 2 to 12 
amino acids; 
04.07 X is O or S; 
0408 each of Y is independently selected from —OR', 
NR'R'', and SR; 

04.09 each of Y and Y are independently selected from 
O. —CR'R' , NR, S or a linker comprising one or more 
atoms selected from the group consisting of C, O, N, and S. 
I0410) R' and Rare each independently 1-1, C- alkyl, 
C2-12 alkenyl, C2-12 alkynyl, or C6-20 aryl; 
0411 R is H. C. alkyl, C-2 alkenyl, phenyl, benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group; 
0412) R' and R'' are each independently H or a coun 
terion; 
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0413 -OR- is OH at a pH of about 1 or -OR- is O. 
at physiological pH; and 
0414 B is nucleobase; 
0415 provided that the ring encompassing the variables 
A, B, D, U, Z, Y and Y cannot be ribose. 
0416. In some embodiments, B is a nucleobase of For 
mula XII-a, XII-b, or XII-c: 

XII-a 
R2 

R 1. R4 
Srs 
UN 
W X 

-- 
O 

Rs. 1. NN NH 

St. 
S 

V 

0417 wherein: 
0418 is denotes a single or double bond; 
0419 X is O or S; 
0420 U and W are each independently C or N: 
0421 V is O, S, C or N: 
0422 wherein when V is C then R' is H, C, alkyl, C. 
alkenyl, C- alkynyl, halo, or wherein C-2 alkyl, C2-20 
alkenyl, Co alkynyl are each optionally substituted with 
OH, NRR, SH, C(O)R, C(O)OR, NHC 

(O)R, or NHC(O)OR: 
0423 and wherein when V is O, S, or N then R' is absent: 
0424 R is H, OR, SR, NR, or halo: 
0425 or when V is C then R' and R together with the 
carbon atoms to which they are attached can form a 5- or 
6-membered ring optionally substituted with 1-4 substitu 
ents selected from halo, OH, -SH, NR'R''. Coalkyl, 
Coalkenyl, Co alkynyl, Co alkoxy, or Clothioalkyl, 
0426 R is H or Co alkyl: 
0427 R is H or Co alkyl; wherein when s denotes a 
double bond then R is absent, or N-R, taken together, 
forms a positively charged N substituted with Co alkyl: 
0428 R and R are each independently H, Co alkyl, 
C2-20 alkenyl, C2-20 alkynyl, or Co-20 aryl; and 
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0429 R is H. Co alkyl, Coalkenyl, phenyl, benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group. 
0430. In some embodiments, B is a nucleobase of For 
mula XII-al, XII-a2, XII-a3, XII-a4, or 

XII-a1 

XII-a2 
R2 

1. R4 

tO 
XII-a 

R2 

R 
NN 

N X 

XII-a4 
R2 
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rs 
N 1s NN O 

XII-aS 
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N r N O. 

0431. In some embodiments, the nucleobase is a pyrimi 
dine or derivative thereof. 

0432. In some embodiments, the nucleic acid contains a 
plurality of structurally unique compounds of Formula XI-a. 
0433. In some embodiments, at least 25% of the cyto 
sines are replaced by a compound of Formula XI-a (e.g., at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, at least about 55%, at 
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least about 60%, at least about 65%, at least about 70%, at 
least about 75%, at least about 80%, at least about 85%, at 
least about 90%, at least about 95%, or about 100%). 
0434. In some embodiments, at least 25% of the uracils 
are replaced by a compound of Formula XI-a (e.g., at least 
about 30%, at least about 35%, at least about 40%, at least 
about 45%, at least about 50%, at least about 55%, at least 
about 60%, at least about 65%, at least about 70%, at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90%, at least about 95%, or about 100%). 
0435. In some embodiments, at least 25% of the cyto 
sines and 25% of the uracils are replaced by a compound of 
Formula XI-a (e.g., at least about 30%, at least about 35%, 
at least about 0.40%, at least about 45%, at least about 50%, 
at least about 55%, at least about 60%, at least about 65%, 
at least about 70%, at least about 75%, at least about 80%, 
at least about 85%, at least about 90%, at least about 95%, 
or about 100%). 
0436. In some embodiments, the nucleic acid is translat 
able. 

0437. In some embodiments, when the nucleic acid 
includes a nucleotide modified with a linker and payload, for 
example, as described herein, the nucleotide modified with 
a linker and payload is on the 3' end of the nucleic acid. 

Major Groove Interacting Partners 
0438. As described herein, the phrase “major groove 
interacting partner refers RNA recognition receptors that 
detect and respond to RNA ligands through interactions, e.g. 
binding, with the major groove face of a nucleotide or 
nucleic acid. As such, RNA ligands comprising modified 
nucleotides or nucleic acids as described herein decrease 
interactions with major groove binding partners, and there 
fore decrease an innate immune response, or expression and 
secretion of pro inflammatory cytokines, or both. 
0439 Example major groove interacting, e.g. binding, 
partners include, but are not limited to the following nucle 
ases and helicases. Within membranes, TLRs (Toll-like 
Receptors) 3, 7, and 8 can respond to single- and double 
stranded RNAs. Within the cytoplasm, members of the 
superfamily 2 class of DEX(D/H) helicases and ATPases can 
sense RNAs to initiate antiviral responses. These helicases 
include the RIG-I (retinoic acid-inducible gene I) and 
MDA5 (melanoma differentiation-associated gene 5). Other 
examples include laboratory of genetics and physiology 2 
(LGP2), HIN-200 domain containing proteins, or Helicase 
domain containing proteins. 

Prevention or Reduction of Innate Cellular Immune 
Response 

0440 The term “innate immune response' includes a 
cellular response to exogenous single Stranded nucleic acids, 
generally of viral or bacterial origin, which involves the 
induction of cytokine expression and release, particularly 
the interferons, and cell death. Protein synthesis is also 
reduced during the innate cellular immune response. While 
it is advantageous to eliminate the innate immune response 
in a cell which is triggered by introduction of exogenous 
nucleic acids, the present disclosure provides modified 
nucleic acids such as mRNAs that substantially reduce the 
immune response, including interferon signaling, without 
entirely eliminating Such a response. In some embodiments, 
the immune response is reduced by 10%. 20%, 30%, 40%, 
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50%. 60%, 70%, 80%, 90%, 95%, 99%, 99.9%, or greater 
than 99.9% as compared to the immune response induced by 
a corresponding unmodified nucleic acid. Such a reduction 
can be measured by expression or activity level of Type 1 
interferons or the expression of interferon-regulated genes 
such as the toll-like receptors (e.g., TLR7 and TLR8). 
Reduction or lack of induction of innate immune response 
can also be measured by decreased cell death following one 
or more administrations of modified RNAs to a cell popu 
lation; cell death is 10%, 25%, 50%, 75%, 85%, 90%, 95%, 
or over 95% less than the cell death frequency observed with 
a corresponding unmodified nucleic acid. Moreover, cell 
death may affect fewer than 50%, 40%, 30%, 20%, 10%, 
5%, 1%, 0.1%, 0.01% or fewer than 0.01% of cells contacted 
with the modified nucleic acids. 
0441. In some embodiments, the modified nucleic acids, 
including polynucleotides and/or mRNA molecules are 
modified in Such a way as to not induce, or induce only 
minimally, an immune response by the recipient cell or 
organism. Such evasion or avoidance of an immune 
response trigger or activation is a novel feature of the 
modified polynucleotides of the present invention. 
0442. The present disclosure provides for the repeated 
introduction (e.g., transfection) of modified nucleic acids 
into a target cell population, e.g., in vitro, ex vivo, or in vivo. 
The step of contacting the cell population may be repeated 
one or more times (such as two, three, four, five or more than 
five times). In some embodiments, the step of contacting the 
cell population with the modified nucleic acids is repeated a 
number of times sufficient such that a predetermined effi 
ciency of protein translation in the cell population is 
achieved. Given the reduced cytotoxicity of the target cell 
population provided by the nucleic acid modifications, such 
repeated transfections are achievable in a diverse array of 
cell types in vitro and/or in vivo. 

Polypeptide Variants 

0443 Provided are nucleic acids that encode variant 
polypeptides, which have a certain identity with a reference 
polypeptide sequence. The term “identity” as known in the 
art, refers to a relationship between the sequences of two or 
more peptides, as determined by comparing the sequences. 
In the art, “identity also means the degree of sequence 
relatedness between peptides, as determined by the number 
of matches between strings of two or more amino acid 
residues. “Identity” measures the percent of identical 
matches between the smaller of two or more sequences with 
gap alignments (if any) addressed by a particular mathemati 
cal model or computer program (i.e., 'algorithms). Identity 
of related peptides can be readily calculated by known 
methods. Such methods include, but are not limited to, those 
described in Computational Molecular Biology, Lesk, A. M., 
ed., Oxford University Press, New York, 1988: Biocomput 
ing: Informatics and Genome Projects, Smith, D. W., ed., 
Academic Press, New York, 1993: Computer Analysis of 
Sequence Data, Part 1, Griffin, A. M., and Griffin, H. G., 
eds. Humana Press, New Jersey, 1994; Sequence Analysis 
in Molecular Biology, von Heinje, G., Academic Press, 
1987; Sequence Analysis Primer, Gribskov, M. and 
Devereux, J., eds., M. Stockton Press, New York, 1991; and 
Carillo et al., SIAM J. Applied Math. 48, 1073 (1988). 
0444. In some embodiments, the polypeptide variant has 
the same or a similar activity as the reference polypeptide. 
Alternatively, the variant has an altered activity (e.g., 
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increased or decreased) relative to a reference polypeptide. 
Generally, variants of a particular polynucleotide or poly 
peptide of the present disclosure will have at least about 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 
more sequence identity to that particular reference poly 
nucleotide or polypeptide as determined by sequence align 
ment programs and parameters described herein and known 
to those skilled in the art. 
0445. As recognized by those skilled in the art, protein 
fragments, functional protein domains, and homologous 
proteins are also considered to be within the scope of this 
present disclosure. For example, provided herein is any 
protein fragment of a reference protein (meaning a polypep 
tide sequence at least one amino acid residue shorter than a 
reference polypeptide sequence but otherwise identical) 10, 
20, 30, 40, 50, 60, 70, 80,90, 100 or greater than 100 amino 
acids in length. In another example, any protein that includes 
a stretch of about 20, about 30, about 40, about 50, or about 
100 amino acids which are about 40%, about 50%, about 
60%, about 70%, about 80%, about 90%, about 95%, or 
about 100% identical to any of the sequences described 
herein can be utilized in accordance with the present dis 
closure. In certain embodiments, a protein sequence to be 
utilized in accordance with the present disclosure includes 2. 
3, 4, 5, 6, 7, 8, 9, 10, or more mutations as shown in any of 
the sequences provided or referenced herein. 

Polypeptide Libraries 
0446. Also provided are polynucleotide libraries contain 
ing nucleoside modifications, wherein the polynucleotides 
individually contain a first nucleic acid sequence encoding a 
polypeptide. Such as an antibody, protein binding partner, 
scaffold protein, and other polypeptides known in the art. 
Preferably, the polynucleotides are mRNA in a form suitable 
for direct introduction into a target cell host, which in turn 
synthesizes the encoded polypeptide. 
0447. In certain embodiments, multiple variants of a 
protein, each with different amino acid modification(s), are 
produced and tested to determine the best variant in terms of 
pharmacokinetics, stability, biocompatibility, and/or bio 
logical activity, or a biophysical property Such as expression 
level. Such a library may contain 10, 10, 10, 10, 10, 10, 
107, 10, 10, or over 10 possible variants (including 
Substitutions, deletions of one or more residues, and inser 
tion of one or more residues). 

Polypeptide-Nucleic Acid Complexes 
0448 Proper protein translation involves the physical 
aggregation of a number of polypeptides and nucleic acids 
associated with the mRNA. Provided by the present disclo 
Sure are protein-nucleic acid complexes, containing a trans 
latable mRNA having one or more nucleoside modifications 
(e.g., at least two different nucleoside modifications) and one 
or more polypeptides bound to the mRNA. Generally, the 
proteins are provided in an amount effective to prevent or 
reduce an innate immune response of a cell into which the 
complex is introduced. 

Untranslatable Modified Nucleic Acids 

0449 As described herein, provided are mRNAs having 
sequences that are substantially not translatable. Such 
triRNA is effective as a vaccine when administered to a 
mammalian Subject. 
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0450 Also provided are modified nucleic acids that con 
tain one or more noncoding regions. Such modified nucleic 
acids are generally not translated, but are capable of binding 
to and sequestering one or more translational machinery 
component such as a ribosomal protein or a transfer RNA 
(tRNA), thereby effectively reducing protein expression in 
the cell. The modified nucleic acid may contain a small 
nucleolar RNA (sno-RNA), micro RNA (mRNA), small 
interfering RNA (siRNA) or Piwi-interacting RNA 
(piRNA). 

Synthesis of Modified Nucleic Acids 
0451 Nucleic acids for use in accordance with the pres 
ent disclosure may be prepared according to any available 
technique including, but not limited to chemical synthesis, 
enzymatic synthesis, which is generally termed in vitro 
transcription, enzymatic or chemical cleavage of a longer 
precursor, etc. Methods of synthesizing RNAs are known in 
the art (see, e.g., Gait, M. J. (ed.) Oligonucleotide synthesis. 
a practical approach, Oxford Oxfordshire, Washington, 
D.C.: IRL Press, 1984; and Herdewijn, P. (ed.) Oligonucle 
Otide synthesis: methods and applications, Methods in 
Molecular Biology, v. 288 (Clifton, N.J.) Totowa, N.J.: 
Humana Press, 2005; both of which are incorporated herein 
by reference). 
0452 Modified nucleic acids need not be uniformly 
modified along the entire length of the molecule. Different 
nucleotide modifications and/or backbone structures may 
exist at various positions in the nucleic acid. One of ordinary 
skill in the art will appreciate that the nucleotide analogs or 
other modification(s) may be located at any position(s) of a 
nucleic acid Such that the function of the nucleic acid is not 
substantially decreased. A modification may also be a 5' or 
3' terminal modification. The nucleic acids may contain at a 
minimum one and at maximum 100% modified nucleotides, 
or any intervening percentage, such as at least 5% modified 
nucleotides, at least 10% modified nucleotides, at least 25% 
modified nucleotides, at least 50% modified nucleotides, at 
least 80% modified nucleotides, or at least 90% modified 
nucleotides. For example, the nucleic acids may contain a 
modified pyrimidine such as uracil or cytosine. In some 
embodiments, at least 5%, at least 10%, at least 25%, at least 
50%, at least 80%, at least 90% or 100% of the uracil in the 
nucleic acid is replaced with a modified uracil. The modified 
uracil can be replaced by a compound having a single unique 
structure, or can be replaced by a plurality of compounds 
having different structures (e.g., 2, 3, 4 or more unique 
structures). In some embodiments, at least 5%, at least 10%, 
at least 25%, at least 50%, at least 80%, at least 90% or 
100% of the cytosine in the nucleic acid is replaced with a 
modified cytosine. The modified cytosine can be replaced by 
a compound having a single unique structure, or can be 
replaced by a plurality of compounds having different struc 
tures (e.g., 2, 3, 4 or more unique structures). 
0453 Generally, the shortest length of a modified mRNA 
of the present disclosure can be the length of an mRNA 
sequence that is sufficient to encode for a dipeptide. In 
another embodiment, the length of the mRNA sequence is 
sufficient to encode for a tripeptide. In another embodiment, 
the length of an mRNA sequence is sufficient to encode for 
a tetrapeptide. In another embodiment, the length of an 
mRNA sequence is sufficient to encode for a pentapeptide. 
In another embodiment, the length of an mRNA sequence is 
sufficient to encode for a hexapeptide. In another embodi 
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ment, the length of an mRNA sequence is sufficient to 
encode for a heptapeptide. In another embodiment, the 
length of an mRNA sequence is Sufficient to encode for an 
octapeptide. In another embodiment, the length of an mRNA 
sequence is sufficient to encode for a nonapeptide. In another 
embodiment, the length of an mRNA sequence is sufficient 
to encode for a decapeptide. 
0454. Examples of dipeptides that the modified nucleic 
acid sequences can encode for include, but are not limited to, 
carnosine and anserine. 

0455. In a further embodiment, the mRNA is greater than 
30 nucleotides in length. In another embodiment, the RNA 
molecule is greater than 35 nucleotides in length. In another 
embodiment, the length is at least 40 nucleotides. In another 
embodiment, the length is at least 45 nucleotides. In another 
embodiment, the length is at least 55 nucleotides. In another 
embodiment, the length is at least 60 nucleotides. In another 
embodiment, the length is at least 60 nucleotides. In another 
embodiment, the length is at least 80 nucleotides. In another 
embodiment, the length is at least 90 nucleotides. In another 
embodiment, the length is at least 100 nucleotides. In 
another embodiment, the length is at least 120 nucleotides. 
In another embodiment, the length is at least 140 nucleo 
tides. In another embodiment, the length is at least 160 
nucleotides. In another embodiment, the length is at least 
180 nucleotides. In another embodiment, the length is at 
least 200 nucleotides. In another embodiment, the length is 
at least 250 nucleotides. In another embodiment, the length 
is at least 300 nucleotides. In another embodiment, the 
length is at least 350 nucleotides. In another embodiment, 
the length is at least 400 nucleotides. In another embodi 
ment, the length is at least 450 nucleotides. In another 
embodiment, the length is at least 500 nucleotides. In 
another embodiment, the length is at least 600 nucleotides. 
In another embodiment, the length is at least 700 nucleo 
tides. In another embodiment, the length is at least 800 
nucleotides. In another embodiment, the length is at least 
900 nucleotides. In another embodiment, the length is at 
least 1000 nucleotides. In another embodiment, the length is 
at least 1100 nucleotides. In another embodiment, the length 
is at least 1200 nucleotides. In another embodiment, the 
length is at least 1300 nucleotides. In another embodiment, 
the length is at least 1400 nucleotides. In another embodi 
ment, the length is at least 1500 nucleotides. In another 
embodiment, the length is at least 1600 nucleotides. In 
another embodiment, the length is at least 1800 nucleotides. 
In another embodiment, the length is at least 2000 nucleo 
tides. In another embodiment, the length is at least 2500 
nucleotides. In another embodiment, the length is at least 
3000 nucleotides. In another embodiment, the length is at 
least 4000 nucleotides. In another embodiment, the length is 
at least 5000 nucleotides, or greater than 5000 nucleotides. 
0456. For example, the modified nucleic acids described 
herein can be prepared using methods that are known to 
those skilled in the art of nucleic acid synthesis. 
0457. In some embodiments, the present disclosure pro 
vides methods, e.g., enzymatic, of preparing a nucleic acid 
sequence comprising a nucleotide that disrupts binding of a 

77 
Mar. 2, 2017 

major groove binding partner with the nucleic acid 
sequence, wherein the nucleic acid sequence comprises a 
compound of Formula XI-a: 

0458 XI-a 
0459 wherein: 
0460 the nucleotide has decreased binding affinity to the 
major groove binding partner; 
0461) is denotes an optional double bond; 
0462 - . . denotes an optional single bond; 
10463 U is O, S, NR" -, or –CR'R' when 
is denotes a single bond, or U is —CR'— when 
is denotes a double bond; 
0464 A is H, OH, phosphoryl, pyrophosphate, sulfate, 
—NH, -SH, an amino acid, a peptide comprising 2 to 12 
amino acids: 
0465 X is O or S; 
0466 each of Y is independently selected from —OR', 
NR'R'', and SR'; 

0467 each of Y and Y are independently selected from 
O. —CR'R' , NR, S or a linker comprising one or more 
atoms selected from the group consisting of C, O, N, and S. 
10468) R' and R are each independently H, C, alkyl, 
C2-12 alkenyl, C2-12 alkynyl, or C6-20 aryl; 
0469 R is H. C. alkyl, C- alkenyl, phenyl, benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group; 
0470) R' and R'' are each independently H or a coun 
terion; 
0471 - OR is OH at a pH of about 1 or OR is O. 
at physiological pH; and 
0472 B is nucleobase: 
0473 provided that the ring encompassing the variables 
A, B, D, U, Z, Y° and Y cannot be ribose the method 
comprising reacting a compound of Formula XIII: 

XIII 

0474 with an RNA polymerase, and a cDNA template. 
0475. In some embodiments, the reaction is repeated 
from 1 to about 7,000 times. 
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0476. In some embodiments, B is a nucleobase of For 
mula XII-a, XII-b, or XII-c: 

XII-a 

N N 

O 

0477 wherein: 
0478 is denotes a single or double bond; 
0479 X is O or S; 
0480 U and W are each independently C or N: 
0481 V is O, S, C or N: 
0482 wherein when V is C then R is H. C. alkyl, C. 
alkenyl, Ce alkynyl, halo, or —OR, wherein Co alkyl; 
Coalkenyl, Co alkynyl are each optionally substituted 
with OH, NRR, SH, C(O)R, C(O)OR, 
NHC(O)R, or NHC(O)CR; 

0483 and wherein when V is O, S, or N then R' is absent: 
0484 R is H, OR, SR, NR'R'', or halo: 
0485 or when V is C then R' and R together with the 
carbon atoms to which they are attached can form a 5- or 
6-membered ring optionally substituted with 1-4 substitu 
ents selected from halo, OH, -SH, -NR'R'', C alkyl, 
C2-20 alkenyl, C2-20 alkynyl, C-20 alkoxy, or C-2 thioalkyl, 
0486 R is H or Co alkyl: 
0487 R is H or Coalkyl; wherein when is denotes a 
double bond then R is absent, or taken together, forms a 
positively charged N Substituted with Co alkyl, 
0488) R' and R are each independently H, C, alkyl, 
C2-20 alkenyl, C2-20 alkynyl, or Co-20 aryl; and 
0489 R is H. Co alkyl, Coalkenyl, phenyl, benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group. 
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0490. In some embodiments, B is a nucleobase of For 
mula XII-al, XII-a2, XII-a3, XII-a4, or XII-a5: 

XII-a 

XII-a2 

XII-a 
R2 

R! 
NN 

1s, 
XII-a4 

R2 

R 

rs 
N 1s NN O 

XII-aS 
O 

R r N 
NN 

-- 
0491. In some embodiments, the methods further com 
prise a nucleotide selected from the group consisting of 
adenosine, cytosine, guanosine, and uracil. 
0492. In some embodiments, the nucleobase is a pyrimi 
dine or derivative thereof. 

0493. In another aspect, the present disclosure provides 
for methods of amplifying a nucleic acid sequence compris 

O. 
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ing a nucleotide that disrupts binding of a major groove 
binding partner with the nucleic acid sequence, the method 
comprising: 
0494 reacting a compound of Formula XI-d: 

XI-d 
X X X 

Yl y--y B-y 
Ny B 

ORC1 ORC1 ORC1 

Z 

Yl A 

0495 wherein: 
0496 the nucleotide has decreased binding affinity to the 
major groove binding partner; 
0497 is denotes a single or a double bond; 
0498 - - - denotes an optional single bond; 
0499 U is O, S, NR , or CRR when 
is denotes a single bond, or U is —CR'— when 
is denotes a double bond; 
0500 Z is H. C. alkyl, or Co aryl, or Z is absent 
when SS denotes a double bond; and 
(0501) Z can be –CR'R'' and form a bond with A: 
0502 A is H, OH, phosphoryl, pyrophosphate, sulfate, 
—NH, -SH, an amino acid, or a peptide comprising 1 to 
12 amino acids; 
0503 X is O or S; 
0504 each of Y is independently selected from —OR', 
NR'R'', and SR'; 

0505 each of Y and Y are independently selected from 
O. —CR'R' , NR, S or a linker comprising one or more 
atoms selected from the group consisting of C, O, N, and S. 
0506 n is 0, 1, 2, or 3: 
0507 m is 0, 1, 2 or 3: 
0508 B is nucleobase: 
(0509 R" and R are each independently H, C, alkyl, 
C-12 alkenyl, C-12 alkynyl, or C-20 aryl; 
0510 R is H. C. alkyl: C- alkenyl, phenyl; benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group; 
0511) R' and R'' are each independently H or a coun 
terion; and 
0512 OR is OH at a pH of about 1 or OR is O at 
physiological pH: 
0513 provided that the ring encompassing the variables 
A, B, D, U, Z. Y and Y cannot be ribose with a primer, a 
cDNA template, and an RNA polymerase. 
0514. In some embodiments, B is a nucleobase of For 
mula XII-a, or 

XII-a 
R2 

R 1. R4 Ny 1SN1 
| 
Yw X 
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-continued 
XII-b 

O 

R3 ls NN NH 

St.O 
1. 

0515 wherein: 
0516 is denotes a single or double bond; 
0517 X is O or S; 
0518 U and W are each independently C or N: 
0519 V is O, S, C or N: 
(0520 wherein when V is C then R' is H, C, alkyl, C. 
alkenyl, C. alkynyl, halo, or wherein Co alkyl, Co 
alkenyl, Co alkynyl are each optionally substituted with 
OH, -NRR, SH, C(O)R, C(O)OR, NHC 

(O)R, or NHC(O)OR: 
0521 and wherein when V is O, S, or N then R' is absent: 
0522 R is H, OR, SR, NR'R'', or halo: 
0523 or when V is C then R' and R together with the 
carbon atoms to which they are attached can form a 5- or 
6-membered ring optionally substituted with 1-4 substitu 
ents selected from halo, OH, -SH, NR'R''. Coalkyl, 
C2-20 alkenyl, C2-20 alkynyl, C-20 alkoxy, or C-2 thioalkyl, 
0524 R is H or Co alkyl: 
0525) R' is H or Coalkyl; wherein when is denotes a 
double bond then R is absent, or N R', taken together, 
forms a positively charged N Substituted with Co alkyl; 
(0526) R' and R are each independently H, C, alkyl, 
C2-20 alkenyl, C2-20 alkynyl, or Co-20 aryl; and 
0527 R is H. Co alkyl, Coalkenyl, phenyl, benzyl, 
a polyethylene glycol group, or an amino-polyethylene 
glycol group. 
0528. In some embodiments, B is a nucleobase of For 
mula XII-al, XII-a2, XII-a3, XII-a4, or XII-a5: 

XII-a 
  




















































































































































































































