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Trinucleotide Cap Analogs and Methods of Use Thereof

CROSS-REFERENCE TO PRIORITY APPLICATIONS

This application claims priority to U.S. Provisional Application No. 63/267,223, filed
Yanuary 27, 2022; U.S. Provisional Application No. 63/382.,956, filed November 9, 2022; and
U.S. Provisional Apphcation No. 63/476,787, filed December 22, 2022, the contents of which

are incorporated herein by reference in their entireties.

BACKGROUND

In vitro transcribed messenger RNAs (mRNAgs) have numcrous s vivo applications,
such as vaccination, where mRNA encoding specific antigen(s) is administered to clicit
protective mymunity in a patient; cell therapy, where mRNA 1s transtected nto cells ex vivo
to alter cell phenotype or function prior to delivery of these altered cells to a patient; or
replacement therapy, where mRNA encoding a therapeutic protem is adnunistered to the
patient.

A primary stroctural element of an mRNA molecule that i1s utilized in in vive
applications inchudes a Cap structure on the 37-end of the mRNA. Naturally occurring Cap
structures include a 7-methylguanosine ("G or ™'G) linked through a 5~ to 5’ -triphosphate
chain at the 57-end of the mRNA molecule. The Cap must be present for the mRNA to retain
template activity for protein synthesis. The chemical structure of the Cap can modulate

transfation efficicncy in a cell. Therefore, effective Cap structures are necessary.

SUMMARY

This summary 18 a high-level overview of vartous aspects of the invention and
ntroduces some of the concepts that are further described 1o the Detatled Description section
below. This summary is not intended to wdentify key or essential features of the clamed
subject matter, nor 1s it mtended to be used in isolation to determine the scope of the claimed
subject matter. The sabject matter should be understood by reference to appropriate portions
of the entire specification, any or all drawings, and each claim.

Described herein are trinucleotide cap analogs and methods of making and using the

same. Provided herein 1s a compound of the following formula:
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Formula 1
or any stereotsomer thereof, wherein: === is a single bond or a double bond; Ry is H or CHy;
Rz is Hand R s OCHz or F, or Rz and Rs are covalently bonded together and, together with
mtermediate atoms, form a 27-0, 4°-C methylene bridge; X1 s O or CH; X2 is CHz or CH; X5
is O or S; cach mdependent Y is H oracation; and nis 0, 1, 2, 3, or 4, wherein when X s

CH, X2 is CH and === 15 a double bond. Optionally, the compound has the following
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or any stereoisomer thereof.

Also provided herein is a compound of the following formala:
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Formula ¥}
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or any stereoisomer thereof, wherein: Ry is Hor CHs, X1 is O or 8, each independent Y is H'

oracation, and n1s 0, 1, 2, 3, or 4, wherein when X115 §, Ry 18 CHs. Optionally, the

compound has the following structure:
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or any stereotsomer thereof,

Also provided herein is a compound of the following formala:
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Formula HI

or any stereoisomer thereof, wherein: Ry is H or CHa: each independent Y is H' or a cation;

andnis O, 1,2, 3, or 4. Opticnally, the compound hag the following structure:
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Compound 11

ot any stercoisomer thereof.

Additionally provided heren is a compound of the following formula:
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Formula IV
or any stereoisomer thereof, wherein: Ry is Hor CHs; X, Xo, and X5 are cach
mdependently selected from O and S, wherein when one of X1, Xz, or X5 is 5, the remaining
of X1, Xo, and Xz are O, each independent Y 1s H or acation; andn1s 0, 1,2, 3, or 4.

Optionally, the compound has the following structure:

P
MO O/ HN
) N X
M
i . an
o o ¢ 0 <N__, . 4J

il i it
HoN S—P—O—?*O—P—O

N N ; i \ 0 !

Y - . . . O

o 9] O

?;}N;)\;\,ﬁ \}-‘g’ N T)LNH Compound 12
) o~ ¢ X/

8



WO 2023/147352

-~
HO O/ HN
M-
<1y
O S O B
(9] it i 1 N N
HoN._ N N {=P=-0=-P=-0~-P=-0 1
e & o & Ny o
Hh ? '
N+ A
5o ¢ o= LA
0=p-0- Oi}i N7 TNH,
o "
HO  OH
e
Ho o o7 A
N R
N
4
o 0 0 ¢ ,ﬂj_;
!C\ 1] il I N N
HoNL N N Q-pP~-0—-P-0—-P—-5— .
U & o o " I
/ — 24 §
P g o= |
] NS N
0=p-0 ) 2
Q.. s
HO  OH
o o NH,
N
o o o ’:E\t?
[ o I i T N
NN —OEmO-P-0-P-8— o
il > o O O
HNL A, N N
L 50— <A
0=P-0 o?‘ N7 NH
& N
HO  OH

or any stereotsomer thercof.

Further provided herein is a compound of the following formula:
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or any stereoisomer thereof, wherein: Riis Hor CHz; RoisHand R i F, or Re and Rz are
covalently bonded together and, together with mtermediate atoms, form a 270, 47-C
methyiene bridge; each independent Y is H ora cation; and nis 0, 1, 2, 3, or 4, wherein

when Rois Hand Ra1s F, Riis not H Optionally, the compound has the following structure:
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or any stereotsomer thereof.

Also provided herein is a compound of the following formula:
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Formula VI
or any stereoisomer thereof, wherein: Riis H or CHa, X, Xo, X5, and X4 are cach
mdependently selected from O and §; cach independent Y is H ora cation; andnis 0, 1, 2,

3, or 4, wherein one of X3, Xo, X5, and Xa 15 §. Optionally, the compound has the following

structure:
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or any stercoisomer thereof.

Further provided berein is a compound of the following formula:
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Formula Vil
or any stereoisomer thereof, wherein Ri and Rz are each independently selected from H and
CHs; each independent Y is H™ or a cation; and nis 0, 1, 2, 3, or 4, wherein at least one of Ry

or Reis CH:. Optionally, the compoand has the following structure:
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or any stercoisomer thereof.

Also provided herem is a compound of the followmg formula:
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or any stereotsomer thercof, wherein: Ry and Rz are each independently selected from H and
CHz; each independent Y is H oracation; and nis 0, 1, 2, 3, or 4. Optionally, the

compound has the following structure:
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or any stergoisomer thercof.

Additionally provided herein is a compound of the following formula:
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or any stereoisomer thereof, wherein Riis H or CHs; Ra 1s OH, F, substituted or unsubstituted
alkoxy, or thio; Rs is H or CHs; cach independent Y is H ora cation; andnis 0, 1, 2, 3, or 4,
wherein when Ro is OH, Ri s not H. Optionally, the compound has the following structure:
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Also provided herein is a compound of the following formula:
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Formula X
or any stereotsomer thereof, wherein Ry is H and CHs; each independent Y is H or a cation;

andnis 0, 1, 2, 3, or4. Optionally, the compound has the following structure:
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Additionally provided herein is a compound of the following formula:
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or any stereoisomer thereof, wherein Ry is H and CH;s; each independent Y is H or a cation;

~ A

andnis 0, 1, 2, 3, or 4. Optionally, the compound has the followmg structure:
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Also provided herein s a comapound of the following formula:
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or any stereotsoner thereof, wherein Riand Re are each independently selected from H and
(CHs; each independent Y is H or a cation; and nis 0, 1, 2, 3, 4, or 5. Optionally, the

corapound has the following structure:
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Also described herein are deuterated forms of the disclosed compounds. For example,

provided herein is compound selected from the group consisting of!
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Also described heren is a pharmaceutical composition, comprising a compound as
described herein and a pharmaceutically acceptable carrier. Also provided is an RNA
molecule comprising a 5 -cap, wherein the 5™-cap comprises a compound as deseribed herein.

5 Optionally, the RNA molecule is a messenger RNA (mRNA) molecule or a self~amplifying
RNA {saRNA) molecule. Methods of inducing a therapeutic effect in a subject are also
provided. The methods comprise administering to the subject an RNA molecule (¢.g., an
mRNA or a saRNA molecule} as described herein. The administered RNA may contain
some amount of tmmunogenic double stranded RNA (dsRNA). The amount of dsRNA is

10 calculated per each ug of administered RNA.

Further provided herein are methods of administering to an aramal a therapeutic dose
unit of an mRNA molecule comprising a 5’-cap. In some examples, the 5”-cap comprises a
compound as described herein. In some examples, the 57-cap comprises a compound selected
from the groop consisting of, or any stereoisomer thereof:

- NH,

i M c
/ Y PP QP N
HalN w,//N ‘F—" N) {ii‘ (‘) (‘) w O
; y - ~
ﬁN\f/\N‘* Nf?@i—i Compound 29

I g oA
0=p-0- Ot\i N™ TNH,
& .
HO  OH

.20-



PCT/US2023/061255

WO 2023/147352

Compound 30

Z foA
/N 7 EﬂfN Zo E 5 S Ty B
e ; - <I
Ay
=z 0 -
L% o I Lt A e
o MO o i/ ,\.w
“O-0.-0 £ OL__T,O
O o) o) o
i |-
anmwslnu OHDﬂEﬁu
?
0=0.-0 0=0-0
? i
Oum,...,o Oumr..,o
0 o)
\ i N\
O™ o}
¢ :
+ +
ol N QNN L
- -
z =9 =z vro
N Vl
4 Z
> I = T
N Y
X X

ompound 2

C

OH

HO

Compound 8

OH

HO

OH

HO

Compound 31

OH

21



WO 2023/147352 PCT/US2023/061255

O OH N2
G
N
¢ Ty
N N/

e N - - - » - - i
YUy o o o © Q
HN g N : Compound 32
| i — N
Py o o— ¢ |

0P~y N ONH
! \:O:/
o
HG  OH
HO  OH i
N\ \N
&l
;o ougwomgmomguo <N".\N/;J
i"iZN\r’,/N N ‘ o of 0
D o o 0 A N
HN= N+ . 7 N Compound 33
s ' \N&O

HO  OH
wherein, in some examples, the therapeutic dose unit (¢ .g., the therapeutic mRNA dose unit)
compnses less than 7 ng/ug of double stranded RNA (dsRNA), and wherein, in some
examples, the subject exhibits moreased tolerability to the administered therapeutic dose unit
of the mRNA molecule as compared to an equivalent therapeutic dose unit of the mRNA
5 molecule comprising 7 ng/ug or greater dsRNA. Optionally, the increased tolerability 1s
determined by measuring one or more of body weight, organ weight, aspartate
aminotransferase (AST) levels, alanine transaminase (ALT) levels, C-reactive protein {CRP)
levels, procaleitonin (PCT) levels, interleukin-6 (L6} levels, erythrocvie sedimentation rate
(ESR), serum amyvloid A levels, and serum ferritin levels prior to the administermg and a
10 period of time after the administering. Optionally, the increased tolerability is measured by
testing in a standard 77 vive assay. In some ¢xamples, the increased tolerability is an increase
m tolerability of at least 20 % to the administered dose unit as measured by testing in a
standard i vivo assay, at least 25 % to the administered dose unit as measured by testing in a
standard i vive assay, at least 30 % to the administered dose unit as measured by testing in a
15 standard i vive assay, at least 35 % to the adounistered dose unit as measured by testing in a
standard i1 vive assay, at least 40 % to the adminstered dose unit as measured by testing in a
standard in vivo assay, at least 45 % to the admimstered dose unit as measared by testing in a

standard im vivo assay, at least 50 % to the administered dose unit as measured by testingina
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standard 1 vive assay, at least 55 % to the admimstered dose unat as measured by testing m a
standard i vivo assay, at least 60 % to the administered dose anit as measured by testingin a
standard 77 vivo assay, at least 65 % to the admuistered dose unit as raeasured by testing ina
standard in vivo assay, at least 70 % to the administered dose unit as measured by testing in a
standard 7 vive assay, at least 75 % to the administered dose unit as measured by testing ina
standard iz vive assay, at least 80 % to the administered dose unit as measured by testing in a
standard i vive assay, at least 83 % to the adounistered dose unit as measured by testing ina
standard i vive assay, at least 90 % to the administered dose unit as measured by festing in a
standard in vivo assay, or at least 95 % to the adminmstered dose unit as measured by testing
it a standard in vivo assay.

Optionally, the therapeutic dose unit of the mRNA molecule comprises less than 6.9
ng/upg of double stranded RNA {(dsRNA}, less than 6.8 ng/ug of double stranded RNA
{dsRNA}, less than 6.7 ng/pg of double stranded RNA (dsRINA}, less than 6.6 ng/ug of
double stranded RNA (dsRNA), less than 6.3 ng/ug of double stranded RNA (dsRNA), less
than 6.4 ng/ug of double stranded RNA (dsRNA), less than 6.3 ng/ug of double stranded
RNA (dsRNA), less than 6.2 ng/ug of double stranded RNA (dsRNA), less than 6.1 ng/pg of
double stranded RNA (dsRNA), less than 6.0 ng/ug of double stranded RNA (dsRNA), less
than 5.9 ng/ug of double stranded RNA (dsRNA), less than 5.8 ng/ug of double stranded
RNA {dsRNA), less than 5.7 ng/pg of double stranded RNA {dsRNA}, less than 5.6 ng/ug of
double stranded RNA (dsRNA), less than 5.5 ng/ug of double stranded RNA (dsRNA), less
than 5 4 ng/ug of double stranded RNA (dsRNA), less than 5.3 ng/ug of double stranded
RNA (dsRNA), less than 5.2 ng/ug of double stranded RNA (dsRNA), less than 5.1 ng/ug of
double stranded RNA (dsRNA), less than 5.0 ng/ug of double stranded RNA (dsRNA), less
than 4.9 ng/ug of double stranded RNA (dsBRNA), less than 4.8 ng/ug of double stranded
RNA (dsRNA}, less than 4.7 ng/ug of double stranded RNA (dsRNA}, less than 4.6 ng/pg of
double stranded RNA (dsRNA), less than 4.5 ng/ug of double stranded RNA (dsRNA}, less
than 4 4 ng/ug of double stranded RNA (dsRNA), less than 4 3 ng/ug of double stranded
RNA {(dsRNA), less than 4.2 ng/ug of double stranded RNA (dsRNA), less than 4.1 ng/pg of
double stranded RNA (dsRNA), less than 4.0 ng/ug of double stranded RNA (dsRNA), less
than 3.9 ng/ug of double stranded RNA (dsBRNA), less than 3.8 ng/ug of double stranded
RNA (dsRINA}, less than 3.7 ng/uig of doubie stranded RNA (dsRNA}, less than 3.6 ng/pg of
double stranded KNA (dsRNA), less than 3.5 ng/ug of double stranded KNA (dsRNA}, less
than 3.4 ng/ug of double stranded RNA (dsRNA}, less than 3.3 ng/ug of double stranded
RNA {dsRNA), less than 3.2 ng/pe of double stranded RNA {dsRNA}, less than 3.1 ng/ug of
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double stranded RNA (dsRNA), less than 3.0 ng/ug of double stranded RNA (dsRNA), less
than 2.9 ng/ug of double stranded RNA (dsRNA), less than 2.8 ng/ug of double stranded
RNA (dsRNA}, less than 2.7 ng/ug of double stranded RNA (dsRNA}, less than 2.6 ng/ug of
double stranded RNA {dsRNA}, less than 2.5 ng/ug of double stranded RNA (dsRNA}, less
5 than 2.4 ng/ug of double stranded RNA (dsRNA}, fess than 2.3 ng/ug of double stranded
RNA {dsRNA), less than 2.2 ng/ug of double stranded RNA {dsRNA), less than 2.1 ng/pg of
double stranded RNA (dsRNA), less than 2.0 ng/ug of double stranded RNA (dsRNA), less
than 1.9 ng/ug of double stranded RNA (dsRNA), less than 1.8 ng/ug of double stranded
RNA (dsRNA), less than 1.7 ng/ug of double stranded RNA (dsRNA}, less than 1.6 ng/pg of
10 double stranded RNA (dsRNA), less than 1.5 ng/ug of doublc stranded RNA {dsRNA}, less
than 1.4 ng/ug of double stranded RNA (dsRNA), less than 1.3 ng/ug of double stranded
RINA {dsRNA), less than 1.2 ng/pe of double stranded RNA {dsRNA}, less than 1.1 ng/ug of
double stranded RNA (dsRNA), less than 1.0 ng/ug of double stranded RNA (dsRNA), less
than 0.9 ng/ug of double stranded RNA (dsRNA), less than 0.8 ng/ug of double stranded
15 RNA (dsBRNA), less than 0.7 ng/ug of double stranded RNA (dsRNA), less than 0.6 ng/ug of
double stranded RNA (dsBRNA}, less than 0.5 ng/ug of double stranded RNA (dsRNA), less
than 0.4 ng/ug of double stranded RNA (dsRNA), less than 0.3 ng/ug of double stranded
RNA (dsRNA}, less than 0.2 ng/ug of double stranded RNA (dsRNA}, or less than 0.1 ng/ug
of double stranded RNA {dsRNA).
20 Further provided herein is a method for increasing i# vive translation of a polypeptide
in a subject, comprising adoinistering to the subject a therapeutic dose unit comprising an
effective amount of an mRNA e¢ncoding a polypeptide, wherein the mRNA comprises a 57~

cap having the following formula, or any stereoisomer thereof:
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wherein the admimstered therapeutic dose unit is at least 20 % lower than the therapeutic

25 dose anit required to elicit the same response in the subject when admimistered a comparative
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mRNA encoding the polypeptide, wherein the comparative mRNA comprises a 57~cap having

the following formula, or any sterecisomer thereof:
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Also provided herein s a method for increasing in vivo translation of a polvpeptide in
a subject, comprising administering to the subject a therapeutic dose unit comprising an
5 effective amount of an mRNA encoding a polvpeptide, wherem the mRNA comprises a 57~

cap having the following formula, or any stereoisomer thereofl
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wherein the admimstered therapeutic dose unit is at least 20 % lower than the therapeutic
dose unit required to elicit the same response in the subject when administered a comparative
mRNA encoding the polypeptide, wherein the comparative mRNA comprises a 5'-cap having

16 the following fornula, or any stercoisomer thercoft
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Further provided herein 1s a method for increasing v vive translation of a polypeptide
m a subject, comprising administering to the sabject a therapeutic dose unit comprising an
effective amount of an mRNA encoding a polypeptide, wherein the mRNA comprises a 5°-

cap having the following formula, or any stereoisomer thereof:
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wherein the administered therapeutic dose unit 15 at least 20 % lower than the therapeutic
dose umit required to elicit the same response m the subject when administered a comparative
mBNA encoding the polypeptide, wheretn the comparative mRNA comprises a 57-cap having

the following formula, or any sterecisomer thereof:
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Also provided heremn is a method for increasing in vive translation of a polvpeptide m
a subject, comprising administering to the subject a therapeutic dose unit comprising an
cffective amount of an mRNA encoding a polypeptide, wherein the raRNA comprises a 57-

cap having the following formula, or any stereoisomer thereof:
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5 wherein the administered therapeutic dose unit is at least 20 % lower than the therapeutic
dose unit required to elictt the same response in the subject when administered a comparative
mRNA encoding the polvpeptide, wherein the comparative mRNA comprises a 5’-cap having

the following formula, or any stereotsomer thercof:
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Optionally, the subject exhibits increased tolerability to the administered therapeutic

10 dose umit as compared to the therapeutic dose unit required to clicit the same response in the
subject when administered the comparative mRNA, as measured by testing in a standard in
vive assay. In some cases, the increased tolerability is an increase in tolerability of at least 20
% to the administered therapeutic dose unit as measured by testing in a standard in vive
assay, at least 25 % to the adununistered therapeutic dose unit as measured by testing ina

15 standard 7n vivo assay, at least 30 % to the administered therapeutic dose unit as measured by
testing in a standard jin vivo assay, at least 35 % to the administered therapeutic dose unit as
measured by testing in a standard 77 vivo assay, at least 40 % to the administered therapeutic

dose unit as measured by testing i a standard w7 vivo assay, at least 45 % 1o the administered
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therapeutic dose umit as measured by testing in a standard in vivo assay, at least 50 % to the
administered therapeutic dose umit as measared by testing in a standard in vive assay, at least
55 % to the adounistered therapeutic dose unit as measured by testing in a standard i vivo
assay, at least 60 % to the adnunistered therapeutic dose unit as measured by testing in a
standard 77 vivo assay, at least 65 % to the administered therapeutic dose unit as measured by
esting in a standard in vivo assay, at least 70 % to the administered therapeutic dose unit as
roeasured by testing in a standard i vive assay, at least 75 % to the adounistered therapeutic
dose unit as measured by festing n a standard in vivo assay, at least 80 % to the administered
therapeutic dose unit as measured by testing in a standard in vivo assay, at least 85 % to the
adrmwistered therapeutic dose unit as measured by testing in a standard i vivo assay, at least
90 % to the adminmistered therapeutic dose unit as measured by testing in a standard i vivo
assay, or at least 95 % to the adminmsiered therapeutic dose wnit as measured by testing in g
standard i vivo assay.

Optionally, the adnuuistered therapeutic dose untt comprises less than 6.9 ng/ug of
double stranded RNA (dsRNA), less than 6 8 ng/ug of double stranded RNA (dsRNA), less
than 6.7 ng/ug of double stranded RNA (dsRNA}, less than 6.6 ng/ug of double siranded
RNA (dsRINA}, less than 6.5 ng/ug of double stranded RNA (dsRNA), less than 6 4 ng/ug of
double stranded RNA (dsRNA), less than 6.3 ng/ug of double stranded RNA (dsRNA), less
than 6.2 ng/ug of double stranded RNA (dsRNA), less than 6.1 ng/pg of double stranded
RNA {dsRNA), less than 6.0 ng/ug of double stranded RNA {dsRNA), less than 5.9 ng/pg of
double stranded RNA (dsRNA), less than 5.8 ng/ug of double stranded RNA (dsRNA), less
than 5.7 ng/ug of double stranded RNA (dsRNA), less than 5.6 ng/ug of double stranded
RNA (dsRNA), less than 5.5 ng/pg of double stranded RNA (dsRNA}, less than 5.4 ng/pg of
double stranded RNA (dsRNA), less than 5.3 ng/ug of double stranded RNA (dsRNA), less
thao 5.2 ng/ug of double stranded RNA (dsRNA), less than 5.1 ng/ug of double stranded
RNA (dsRNA}, less than 5.0 ng/ug of double stranded RNA (dsRNA}), less than 4.9 ng/pg of
double stranded RNA (dsRNA), less than 4 8 ng/ug of double stranded RNA (dsRNA), less
than 4.7 ng/ug of double stranded RNA (dsRNA), less than 4.6 ng/ug of double stranded
RNA (dsRNA), less than 4.5 ng/ug of double stranded RNA (dsRNA), less than 4.4 ng/ug of
double stranded RNA (dsBNA}, less than 4.3 ng/ug of double stranded RNA (dsRNA), less
than 4.2 ng/ug of double stranded RNA (dsRNA), less than 4.1 ng/ug of double stranded
RNA (dsRNA}, less than 4.0 ng/ug of double stranded RNA (dsRNA}, less than 3.9 ng/ug of
double stranded RNA {dsRNA}, less than 3.8 ng/ug of double stranded RNA (dsRNA}, less
than 3.7 ng/ug of double stranded RNA (dsRNA}, less than 3.6 ng/ug of double stranded
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RNA (dsRNA), less than 3.5 ng/ug of double stranded RNA (dsRNA), loss than 3.4 ng/ug of
double stranded RNA (dsBRNA), less than 3.3 ng/ug of double stranded RNA (dsRNA), less
than 3.2 ng/ug of double stranded RNA (dsRNA), less than 3.1 ng/ug of double stranded
RNA (dsRNA}, less than 3.0 ng/ug of double stranded RNA (dsRNA}, less than 2.9 ng/ug of
double stranded RNA (dsRNA}, less than 2.8 ng/ug of double stranded RNA (dsRNA}, less
than 2.7 ng/ug of double stranded RNA (dsRNA}, less than 2.6 ng/ug of double stranded
RNA {dsRNA), less than 2.5 ng/pg of double stranded RNA (dsRNA), loss than 2.4 ng/pg of
double stranded RNA (dsRNA), less than 2.3 ng/ug of double stranded RNA (dsRNA), less
than 2.2 ng/ug of double stranded RNA (dsRNA), less than 2.1 ng/ug of double stranded
RNA (dsRNA}, less than 2.0 ng/ug of double stranded RNA (dsRNA}, less than 1.9 ng/pg of
double stranded RNA {dsRNA), less than 1.8 ng/ug of double stranded RNA (dsRNA}, less
than .7 ng/pg of double stranded RNA (dsRNA), less than 1.6 ng/ug of double stranded
RNA {dsRNA), less than 1.3 ng/ug of double stranded RNA (dsRNA), less than 1.4 ng/pg of
double stranded RNA (dsRNA), less than 1.3 ng/ug of double stranded RNA (dsRNA), less
than 1.2 ng/ug of double stranded RNA (dsRNA), less than 1.1 ng/ug of double stranded
RNA (dsRNA), less than 1.0 ng/ug of double stranded RNA (dsRNA), less than 0.9 ng/pg of
double stranded RNA (dsRNA), less than 0.8 ng/ug of double stranded RNA (dsRNA), less
than 0.7 ng/ug of double stranded RNA (dsRNA), less than 9.6 ng/ug of double stranded
RNA {dsRNA), less than 0.3 ng/pg of double stranded RNA {dsRNA}, less than 0.4 ng/ug of
double stranded RNA (dsRNA}, less than 0.3 ng/ug of double stranded RNA (dsRNA), less
than 0.2 ng/ug of double stranded RNA (dsRNA), or less than 0.1 ng/ug of double stranded
RNA (dsRNA).

Further described herein are methods of synthesizing a trinucleotide compound. In
one example, a method of synthesizing a trimucleotide compound comprises mixing an N7-
methyl-guanosine-5"~diphosphate with an activating reagent to form a reactive inteumediate;
reacting the reactive intermediate with an imidazole to form an activated intermediate; and
adding a salt reagent {¢ g., a chloride salt such as magnesium chloride or zinc chlonde) and a
dinuclentide to the activated mtermediate to form the trinucleotide compound, wherein the
method 1s a one-pot synthesis. In some examples, the method of synthesizing a tnnucleotide
compound comprises mixing an N7-methyl-guanosine-5’-diphosphate of the following

struchire:
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wherein X and Xz arc cach independently selected from the group consisting of O and §; Xs
1s ; Ri and Re are each independently selected from H, OH, Na, F, substituted or
unsubstitated atkoxy, and thic, wherein Ri and Rz optionally combine to form a heterocycle,
with an activating reagent and an imidazole to form an activated mtermediate; and adding a
salt reagent {¢.g., a chlonide salt such as magnesium chloride or zine chloride} and a

dinucleotide of the following structure:

X4
i B,
HO=P =Xz X, '
e ) od !
Ry
e R
i .
Xe=P=0 B2
6 =E - o
’ w
HO  OH

wherein === is a single bond or a double bond; X4 and ¥Xe are cach independently selected
from the group consisting ot G and §; X515 G, S, or CH; X7 is CH or CHz; R3 1s OH, OMe, F
and Rais H, or wherein Ry and Ra arc covalently bonded together and, together with
mtermediate atoms, form a 27-0, 47-C methylene bridge; By and B2 are each mdependently
selected from the group consisting of a purine ring and a pyrimidine ring, o the activated

mtermediate to form the trinucleotide compound of the following structure:

Fo Ry
O
HoN XN! N>
HIN 7
\
G B,
HO  OH

wherein the method is a one-pot synthesis.
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In other examples, the method of synthesizing a trinucleotide compound

comprises mixing a dinucleotide of the following structure:

HG  OH  wherein
=== i3 a single bond or a double bond;, Xe s O, Xeis QG or 8§, Xs 3 0, S, or CH Xy s CH or
CHz: Rs 1s OH, OMe, F and R4 is H, or wherein Rs and Ra are covalently bonded together
and, together with intermediate atoms, form a 2°-0, 4°-C methylene bridge: and Br and Bz are
cach independently selected from the group consisting of a purine ring and a pyrimidine ring,
with an activating reagent and an imidazole o form an activated phosphate inudazolide of the

following structure;

NE N 1
N By
@ P“’XAZ’EX:
P~ 3 :O: ’
Q
Ry
o Ra
i "
=P “

adding a salt reagent {e.g., a chloride sakt such as magnesium chloride or zine chlonde) and a

compound of the following structure:

v g
o o LI
“.3 H2 N N/ NH'
ro-frofoxey :
O
R Rz , wherein

X1 and X» are each independently selected from the group consisting of G and §; X515 §; Ry
and R are each mdependently selected from H, OH, N1, F, substituted or unsubstituted
alkoxy, and thio, wherein Ri and Ro optionally combine to form a heterocyele, to the
activated phosphate imidazolide to form the trinucleotide compound of the following

structure:
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In still other examples, the method of synthesizing a trinucleotide compound
comprises mixing a diphosphate dinucleotide of the following structure:
X
H ;53 o) ?4 5= X P
=P 0P =Xs==X; '
e " 5 !

&

HC  OH  wherein
==z {5 a single bond or a double bond; X5 1s O; X4 and X are cach independently selected
from Qand §; X518 G, 8, or CH; X718 CH or CHz; Ra1s OH, OMe, F and Ra1s H, or wherem
Rs and Rs are covalently bonded together and, together with intermediate atoms, forma 2°-0,
47-C methylene bridge: and B: and B2 are cach independently selected from the group
consisting of a purine ring and a pyrimidine ring, with an activating reagent and an tmidazole

to form an activated phosphate imidazolide of the following structure:

X3 X
NEN 't B,
E\\/N““.’r‘}‘“O‘"P‘”Xg:‘:XV f
S i - o]
QO a
RS
o] Ra
] Bz
Hg=P—0 P
i o
O

HO  OH . and
adding a salt reagent {e.g., a chlonide salt such as magnesium chloride or zine chlonde) and a

compound of the following stracture:



WO 2023/147352 PCT/US2023/061255

Ry FRa , wherein

X1 and Xz are each independently selected fron O and S; and Ry and Rz are each
mdependently selected from H, OH, No, F, substituted or unsabstituted alkoxy, and thio,
wherein Ri and R optionally combine to form a heterocycle, to the activated phosphate

imidazolide to form the trinucleotide compound of the following structure:

R Ry
X X
& o 1 it
N Ny Xrpmomb-opxs
E !> O O
HN N
Y
G B,
HO OH

wherein the method is a one-pot synthesis,
The details of one or more embodiments are set forth in the drawings and the
description below, Other features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a bar graph showing in vitro translation using wheat germ extract, a cell-

free translation system, for the cap analogs as described herein. The data demonstrate that
5 protein expression for the cap analogs was comparable to or enhanced as compared to mRNA

produced from a comparative cap.

Figure 2 is a bar graph showing the in vive luciferase expression in mice injected with
LNPs comprsing mRNA produced from cap analogs as described berein along with mRNA
produced from comparative caps. The data demonstrate that in vive luciferase expression

10 was comparable to or enhanced as compared to mRNA produced from a comparative cap.
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Figure 3 shows representative anmimals from a cohort of five animals shown across
five imaging time points post LNP:mRNA and laciferin injection. Luminescence intensity
scale 15 on the night.

m7

Figure 4 contains plots showing that a 3°0OMe modification on the ™G moiety of cap

5 analogs results in increased in vivo transiation. ™ GpppArovepG (Control) was measured

relative to VGrompppAromepG (Compound 29}, which is “VGpppAzrouepG (Control} with a

m7

3’OMe group on the ¥ (first column); *Gppp™ A oumepG {Compound 31} was measured

relative to ™Gy omeppp™ A2 omepG {Compound 30}, which is ® Gppp™

AronepG {(Compound
313 with a 3°0Me group on the G {second colurmmn )y, WGpppAr 4-1rapG (Compound 1) was
10 measured relative to ™Gy omepppAs 4-LnapG (Compound 2}, which is *'GpppA2 e 1napG
{Cormpound 1} with 2 3°OMe group on the ™G (third column); and
W Gppp{diaminopuring yromepG (Compound 7) was measured relative to

m7,

Gy omeppp{diaminopurine }romepG (Compound 8), which is “"Gppp(diaminopurine pomepG
{Compound 7) with a 3°OMe group on the ™G (fourth colunm).

13
DETAILED DESCRIPTION
Deseribed herein are novel trinucleotide cap analogs and compositions, and methods
of using the same. Also described herein is an RNA molecule comprising a 37-cap, wherein
206 the 5’-cap includes a trinucieotide cap analog as described herein. Methods of inducing a
therapeutic effect in a subject are also deseribed herein, the methods including a step of
administering to the subject a trinucleotide cap analog or RNA molecule including the
trinucleotide cap analog.
The following description recites various examples of the present methods. No
25 particular example 18 intended to define the scope of the methods. Rather, these are non-
limiting exemplary methods. The description is to be read from the perspective of one of
ordinary skill in the art; therefore, information well known to the skilled artisan is not
neceasarily included.
i Definitions
30 Unless defined otherwise, all terms used herein have the same meaning as are
coramonly understood by one of skill in the art to which this disclosure belongs. All patents,
patent applications and publications referred to throughout the disclosure herein are

mcorporated by reference in thetr entirety.
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As used in the specification and the appended claims, the smgular forms “a,” “an,”
and “the” include plaral referents wndess the context clearly dictates otherwise. For example,
reference to “a transcript” or “the transcript” may include a plurality of transcripts.

The use of any and all examples or exemplary language {e.g., “such as™) provided
herein, is intended mercly o better illustrate the invention and does not pose a Hmitation on
the scope of the invention unless otherwise claimed.

The terms “may,” “may be,” “can,” and “can be,” and related torms are intended to
convey that the subject matter imvolved is optional {that i, the subject matter 1s present in
some examples and 18 not present in other examples), not a reference to a capability of the
subject matter or to a probability, unless the context clearly indicates otherwise.

The terms “optional” and “optionally” mean that the subscquently described event,
circamstance, or material may or may not occur or be present, and that the description
includes instances where the event, circumstance, or material occurs or is present as well as
nstances where it does not occur or is not present.

The use heremn of the terms “mcluding,” “comprising,” or “having,” and variations
thereof, is meant to encompass the elements listed thereafter and equivalents thereof as well

ER

as additional elements. Embodiments recited as “including,” “comprising.” or “having”
certain clements are also contemplated as “consisting essentially of” and “consisting of”
those certain clements. As used herein, “and/or” refers to and encompasses any and all
possible combinations of one or more of the associated listed ttems, as well as the lack of
combinations where nterpreted o the alternative Cor™).

As used herein, the transitional phrase “consisting essentially of” (and grammatical
variants) 1s to be interpreted as encompassing the recited materials or steps “and those that do
not materially affect the basic and novel characteristic(s)” of the claimed invention. See, i re
Herz, 537 F2d 549, §51-532, 180 US P.G. 461, 463 (CCPA 1975) {cmphasis in the onginal);
see also MPEP §2111.03. Thus, the term “consisting essentially of” as used herein should not
be interpreted as equivalent to “comprising.”

Ranges can be expressed herein as from one particular value, and/or to another
particular value. When such a range 1s expressed, also specifically contemplated and
considered disclosed is the range from the one particular value and/or to the other particalar
value unless the context specifically indicates otherwise. It should be understood that all of
the individual valucs and sub-ranges of values contained within an explicitly disclosed range
are also specifically contemplated and should be considered disclosed unless the context

specifically mndicates otherwise. Further, it should be understood that all ranges refer both to

354



10

ra
A

30

WO 2023/147352 PCT/US2023/061255

the recited range as a range and as a collection of individual numbers from and including the
first endpoint to and inclading the second endpoint. In the latter case, it should be understood
that any of the individual numbers can be sclecied as one form of the quantity, value, or
featare to which the range refers. In this way, a range describes a set of numbers or vahues
from and including the first endpoint o and including the second endpoint from which a
single member of the set {i.e , a single number} can be sclected as the guantity, value, or
feature to which the range refers.

As used herein m connection with numerical values, the terma “about”™ 1s intended to
describe values either above or below the stated value in a range of approximately +/— 10%:
i other examples, the values may range in value either above or below the stated valug in a
range of approximately +/— 5%; in other examples, the values may range m value either
above or below the stated value n a range of approximately +/— 2%: in other examples, the
values may range in value cither above or below the stated value in a range of approximately
i 1%,

As used herein, the term “cap analog” means a structural derivative of an RNA cap.

As used herein, the term “complement.” “complementary,” or “complementarity”
refers to specific base pairing between nucleotides or nucleic acids. Complementary
nucleotides are, generally, A and T {or A and U}, and G and C. Complementarity, for
example, between a capped oligonucleotide primer and a BNA template, may be “complete”
or "total” where all of the nucleotide bases of two nucleic acid strands are matched according
to recognized base pairing rules. it may be “partial” in which only some of the nucleotide
bases of an itiating capped oligonucleotide primer and a2 DNA template are matched
according to recognized base pairing rules, or it may be “absent” where none of the
nucleotide bases of two nucleic acid strands are matched according to recognized base
pairing reles. Complementarity can also be “substantial complementarity” where the

nucleotide bases of two nucleie acids are matched according to recognized base pairing rales,

As used herein, a “deoxyribonuclease (BNase)” 15 an enzyme that catalyzes the
bydrolytic cleavage of phosphodiester finkages in the DNA backbone, thus degrading DNA.

As used herein, the term “hybridize” or “specifically hybridize” refers o a process
where iitiating tnnuclestide primer anneals to a DNA template under appropriately stringent
conditions during a transcription reaction. Hybridizations to DNA are conducted with an

mitiating capped oligonucieotide primer which, 1 certatn embodiments, 1s 3-10 nucleotides
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in length including the 5°-57 inverted cap structure. Nucleic acid hybndization techniques are
well known in the art {e.g., Sambrook, ef o/, Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Press, Plamview, N.Y .(1989); Ausubel, F.M., erad,
Current Protocols in Molecular Biology, John Wiley & Sons, Secaucus, N.J. (1994)).

As used herein, the term “impuarities” refers to substances which differ from the chemical
composition of the target material {e.g., mRNA transcripts). Impurities are also referred to as
coutanunants.

“Inorganic pyrophosphatase” refers to an enzvme that catalyzes the conversion of one
ion of pyrophosphate to two phosphate tons, thus inhibiting aggregation and in some
mstances preventing interaction of pyrophosphate with magnesium ions during T7
transcription reactions.

As used herein, the term “intermicleotide hinkage™ refers {o the bond or bonds that
connect two nucleosides of an oligonucleotide or nucleic acid and may be a natural
phosphodicster linkage or modified linkage.

As used heren, the term “in vifro™ refers 1o a process that takes place outside a hving
organism {¢.g., a multi-cellular organism, such as a human or a non-human amimal}, for
example, in a test tube, culture dish, or elsewhere outside a living organism.

As used herein, the term “im vive” refers to evends that occur within a living organism,

As used herein the term “in vivo assays” refer to methods ased to detect and/or
measure capacity of one or more of the compounds or molecules including the compounds
{c.g., mRNA molecules in, for example, a therapeutic dose) to merease or decrease a propenty
relative to a control {e.g., biomarker levels). Optionally, #7 vive assays as described herein
can be vsed to determine a subject’s tolerability fevels o a given compound or molecule.
Exemplary measurements for assessing tolerability include one or more of body weight,
organ weight, aspartate aminotransferase (AST) levels, alanine transanunase (ALT) levels, C-
reactive protein (CRP) levels, procaleitonin (PCT) levels, interleukin-6 (11-6) levels,
ervthrocyte sedimentation rate (ESR), serum amvloid A levels, and serum forritin lovels.
Optionally, the @ vivo assays can be characterized herein as a “standard in vive assay” and
can optionally be performed using the conditions outhned in Examples 2 and 3 of the present
application.

As used herein, the term “label” or “detectable label” refers to any compound or
corbination of compounds that may be attached or otherwise associated with a molecule so
that the molecule can be detected divectly or indirectly by detecting the label. A detectable
label can be a radiotsctope {e.g., carbon, phosphorus, todine, indium, sulfur, tritivm efc), a
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mass isotope {e.g., H, C¥ or N'%), a dve or fluorophore {e.g., cvanine, fluoreseein or

coumarin}, a hapten {e.g., biotin} or any other agent that can be detected directly or indirectly.
As used herein, “locked nucleic acid” (LNA) means a nbonucleotide baving a bridge

between the 2’0 and 4°C methylene bicyclonucleotide monomers. An LNA moiety can have

5 the following structure:

o O

S

As used herein, “messenger RNA transcript,” or “mRNA transcript,” is a transeript
transcribed from a DNA template encoding a desired polvpeptide. The mRNA transcript may
contain coding and non-coding regions. For exarple, the DNA template can comprise an

10 RNA polymerase promoter sequence, a 37 UTR sequence, an open reading frame, and a 3’
UTR sequence. In some examples, the DNA template also comprises a nucleic acid sequence
encoding a poly{A) tail.

As used herein, the tero “modificd NTP” refers to a nucleoside 5 -triphosphate

having a chemical moiety group bound at any position or substituted at any position,

[
o4

inchuding the sugar, base, triphosphate chain, or any combination of these three locations.
Optiovally, the chemical moiety group may be a group of any nature compatible with the
process of transeription. Examples of such NTPs include inosine triphosphate,
dihydrouridine triphosphate, 2°-fluoro-2’-deoxveytidine tniphosphate, pseudouridine
triphosphate, Ni-methyipseudouridine triphosphate, and S-methyhuridine triphosphate, and
20 can be found, for example 1 “Nucleoside Trphosphates and Thewr Analogs: Chenustry,
Biotechnology and Briological Apphcations,” Vaghefi, M., ed., Tavlor and Francis, Boca
Raton {2005}
As used berein, the term “modified oligonucleotide” or “modified trinucleotide”
mcludes, for example, an oligonucleotide containing a modified nucleoside, a modified
25 ntersucleotide Hinkage, or having any combination of modified nucleosides and
mnternuclootide linkages. Examples of internucleotide linkage modifications include
phosphorothicate, phosphotricster and methylphosphonate dervatives (Stec, W, ef al,
Chem. Int. Ed. Engl., 33:709-722 (1994); Lebedev, A V. et al, E., Perspect. Drug Discov.
Des., 4:17-40 (19963, and Zon, ef al., U.S. Patent Apphcation No. 20670281308}, (ther
3¢ cxamples of internucleotide linkage modifications may be found in Waldner, ef al., Bioorg.

Med. Chem. Letters 6:2363-2366 (1996},
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As used herein, the term “nucleoside” refers to a nitrogenous base Hnked to a 5-
carbon sugar {(e.g., ribose or deoxyribose}. The term includes all nucleosides, incloding all
forms of nuclenside bases and furanoses. Base rings include purine and pynmiadine rings.
Purine rings imclude, for example, adenmne (also referred 1o herein as “A”), guanine (also

5 referred to herein as “G”), and Ne-methyladenine (also referred to herein as “®A™).

Pyrimidine rings include, for example, cytosine {also referred to herein as “C”), thymine (also
referred to herein as “T7), S-methylcytosine (also referred to herein as “™°C™}, and
pseudouraci! {also referred to herein as “y7). Other nucleosides mclade, but are not hmited
o, ribo, 2-0-methyl or 2'-deoxyribo derivatives of adenosine, guanosine, cytidine,

10 thymidine, uridine, mosine, 7-methylguanosine or pseudouridine.

As used herein, the terms “nucleoside analogs,” “modified nucleosides,” or
“nucleoside derivatives” mchude synthetic nucleosides as described herein. Nucleoside
derivatives also include nucleosides having modified base or/and sugar moictics, with or
without protecting groups and include, for example, 2°~-deoxy-2"-fluoroundine, 5-

15 fluorouridine and the like. The compounds and methods provided herein include such base
rings and synthetic analogs thereof, as well as vnnataral heterocycle-substituted base sugars,
and acyclic substituted base sugars. Other nucleoside derivatives that may be utilized with
the present disclosure include, for example, LNA nucleosides, halogen-substituted purines
{e.g., b-flucropurine), halogen-substituted pyrimidines, No-sthyladenine, N*-(alkyl)-

20 cytosines, S-ethyleviosine, and the like (U.S. Patent No. 6,762,298},

As used herein, the term “nucleoside triphosphate,” “nucleoside 5 triphosphate” or
“WNTP” refers to a nucleoside linked to three phosphate groups. The term encompasses natural
NTPs (for example, adenosine triphosphate (ATP), uridine triphosphate (UTP), guanine
triphosphate (GTP), and cvtosine triphosphate {CTP)) as well as modified NTPs.

25 As used herein, “oligo dT punfication” is an affinity chromatography method
for purification of mRNA comprising or including a polv-A tail.

As used herein, “phosphorothioate linkage™ refers to a linkage between nucleosides in
which the phosphorodiester linkage 1s modified by replacing one of the oxygen atoms,
connected to a phosphorus atom, with a sulfur atom.

30 A “primary RNA” or “primary RNA transcript” means the RNA molecale that is
aewly synthesized by an RNA polymerase i virro and which RNA molecule has a

triphosphate on the 3'~carbon of its most 5" nucleotide.
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As used herein, the term “prematurely aborted RNA transcenipt” refers to incomplete
products of an in vitre transeription reaction. Prematurely aborted RNA sequences may be
any length that is less than the intended length of the desired transcriptional product.

¢ term “promoter” as used herein refers to a nucleotide sequence ina DNA
template that directs and controls the initiation of transcription of a particalar DNA sequence.
Promoters are typically inunediately adjacent to (or partially overlap with) the DNA sequence
to be transcribed. Promoter sequences are typically located duirectly upstream or at the 5' end
of the tranacription mitiation sife. Nucleotide positions in the promoter are designate
relative to the transcriptional start site, where transcription of DNA begins (position +1).

As used herein, the term “purified” or “purify” refers to separating a substance from
at least some of the components {¢.g., impuritics or contaminants) with which it was
associated when mmtially produced. For example, RNA transcripts are purified by removal of
contaminating proteins or other undesired nucleic acid specics {(¢.g., double-stranded RNA,
DNA, and/or incomplete or aborted RNA transcripts). Purified substances {¢.g., capped
mBNA transcripts) can be separated from 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or more than 99% of the other
components with which they were initially associated.

As used herein, the term “RMase inhibitor” or “ribonuclease inhibitor” refers o a
protein that inhubits RNAse activity for example, during an in vifro transeription reaction.

As ysed herein, the term “RNA polymerase” refers to an enzyme that synthesizes
RNA using a DNA template. For in vifro transcription methods, single subunit phage RNA
polymerases derived from T7, T3, 5P6, K1-5, KI1E, K1F or K11 bacteriophages, or variants
thereof, are typically used. This family of polymerases has simpie, mimmal promoter
sequences of about 17 nuclectides which require no accessory proteins and have minimal
constraints of the initiating nucleotide sequence.

Salts of one or more compounds as described herein {e.g., primers} can be used n the
disclosed methods. The term “salt{s),” as used herein, refers to derivatives of the compounds
descrbed herein prepared by the reaction of an acidic or basic moiety of the compound with a
mineral or organic acid or base. Optionally, the salts can be pharmaceutically acceptable
salts. As used herein, the term “pharmaceutically acceptable salt{s)” refers to those salts of
the compounds described herein or derivatives thercof that are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of subjects without undue
toxicity, irritation, allergic response, and the like, commensurate with a reasonable
benefit/risk ratio, and effective for their intended use, as well as the zwitterionic forms, where
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possible, of the compounds deseribed herein. These salts can be prepared in sitr during the
isolation and purification of the compoands or by separately reacting the purified compound
i its trec base forrn with a suitable organic or tnorganic acid and isolating the salt thus
formed. Representative salts include the hvdrobromide, hydrochloride, sulfate, bisulfate,
mitrate, acetate, oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate,
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate mesylate,
glucoheptonate, lactobionate, methane sulphonate, and lauryisulphonate salts, and the like.
Salts may include cations based on the alkali and alkaline carth metals, such as sodium,
hithiom, potassium, calcium, magnesium, and the like, as well as non-toxic ammoniam,
quatcrnary amnmonium, and amine cations including, but not limited to ammonium,
tetramethylammonium, tetracthylammonium, methylamine, dimethyvlamine, trimethylamine,
triethvlamine, ethylaming, and the like. (See S M. Barge et al., J. Pharm. Sci. (19773 66, 1,
and Remington: The Science and Practice of Pharmacy, 23d Edition, Adejare et al. eds.,
Academic Press (2020); which are incorporated berein by reference in their entireties.}

As used heren, “self-amplifyimg RNA,” or “saRNA,” 1s a lincar, single-stranded
RNA molecule that encodes the gene of interest. saRNA is a type of mRNA, but also
mehides non-stouctural proteins that encode a viral replicase. The viral rephicase enables the
RNA 1o self-replicate once delivered into the cell.

As used herein, the term “specific” when used in reference to an itiating
trinucleotide primer sequence and its ability to hybridize to a DNA template is a sequence
that has at least 50% sequence identity with a portion of the DNA template when the
inttiating trinucleotide primer and DNA strand are aligned. Higher levels of sequence
identity include at least 66%, at feast 753%, at least 80%, at least 85%, at least 80%, at least
5%, at least 99%, and optionally 100% sequence identity.

As used herein, the term “substantially free” refers to a state in whach relatively hitle
or no amount of an undesired substance {e.g., prematurely aborted RNA sequences, DNA,
and/or double-stranded RNA} is present in a sample. “Substantially free of impurities™ means
mmpurities are present at a level less than approximately 5%, 4%, 3%, 2%, 1.0%, 0.9%, 0.8%.
0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1% or less {w/w} in a sample. For example,
“subatantially free of double-stranded RNA” means double-siranded RNA is present at a
level less than approximately 3%, 4%, 3%, 2%, 1.0%, 0.9%, 0.8%, (.7%, 0.6%, 0.5%, 0.4%,
(.3%, 0.2%, 0.1% or less {(w/w) m a sanple.

As used herein, “tangential flow filtration (TFF}” 18 a type of filtration wherein the
material to be filtered 13 passed tangentially across a filter rather than throogh it. In TFF,
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undesired permeate passes through the filter, while the desived retentate passes along the filter
and 1s collected downstream. In TFF, the desired material is typically contained in the
retentate, which is the opposite of what is encountered when performing traditional
membrane or dead-end filtration.

As used herein, the term “transcription” refers to enzymatically making or
synthesizing RNA that is complementary 1o a DNA template, thereby producing a number of
RNA copies of a DNA sequence. The RNA molecule syonthesized in a transcription reaction
is an “RNA transcript,” “primary transcript,” or “transcript.” Transcription reactions
mvolving the composttions and methods provided herein employ initiating capped
oligonucleotide primers described herein. Transcription of a DNA template may be
exponential, nonlinear or linear. A DNA template may be a double-stranded hnear DNA| a
partially double-stranded linear DNA, circudar double-stranded DNA, DNA plasmid, PCR
amplified product, or a modified nucleic acid temaplate that is compatible with RNA
polymerase.

As used herein, the terms “universal base,” “degencerate base,” “umiversal base
analog” and “degenerate base analog” include, for example, a nucleoside analog with an
artificial base which is, in certain embodiments, recognizable by RNA polymerase as a
substitute for one of the natural NTPs {e. g, ATP, UTP, CTP and GTP) or other specific NTP.
Universal bases or degenerate bases are disclosed in Loakes, I, Nucleic Acids Res., 29:2437-
2447 (2001}, Crey-Desbiolles, C., ef. al., Nucieic Acids Res., 33:1532-1543 (2005}, Kincaid,
K., et al, Nucleic Acids Res., 33:2620-2628 (20035); Preparata, FP, Oliver, IS, .J. Comput.
Riol. 733-765 2004); and Hill, F, et. al, Proc Natl Acad. Sci. U S 4, 95:4258-4263 {(1998)).

Asused herein, the term “uansubstituted” or “unmodified” in the context of the
mitiating capped oligonucleotide primer and NTPs refers to an initiating capped
oligonucieotide prumer and NTPs that have not been modified.

References in the specification and concluding claims to parts by weight of a
particular clement or component in a composition denotes the weight relationship between
the clement or component and any other clements or components in the composition or article
for which a part by weight is expressed. Thus, in a compound contaimng 2 parts by weight of
component X and 5 parts by weight component Y, X and Y are present at a weight ratio of
2:5, and are present in such ratio regardless of whether additional components are contained

in the compound.
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A weight percent {wt. %) of a component, unless specifically stated to the contrary, 1s
based on the total weight of the formulation or composition 1n which the component is
mchded.

As used herein, the terms “optional” or “optionally” means that the subsequently
described event or circumstance can or cannot occur, and that the description includes
instances where said event or circumstance occurs and instances where it dogs not.

As used horein, the term “subject” can be a vertebrate, such as a maramal, a fish, a
bird, a reptile, or an amphibian. Thus, the subject of the heren disclosed methods canbe a
human, non-human primate, horse, pig, rabbit, dog, sheep, goat, cow, cat, guinea pig or
rodent. The term does not denote a particular age or sex. Thus, adult and newbor subjects,
as well as fetuses, whether male or female, are intended to be covered. In one aspect, the
subject is a mammal. A patient refers to a subject afflicted with a disease or disorder. The
term “patient” includes human and veterinary subjects.

As used herein, the term “treatment” refers to the medical management of a patient
with the intent to cure, ameliorate, stabilize, or prevent a disease, pathological condition, or
disorder. Thus term includes active treatment, that is, treatment directed specifically toward
the improvement of a disease, pathological condition, or disorder, and also includes cansal
treatment, that is, treatment directed toward removal of the cause of the associated disease,
pathological condition, or disorder. In addition, this term includes palliative treatment, that
is, treatment designed for the reliet of symptoms rather than the curing of the disease,
pathological condition, or disorder; preventative treatraent, that s, treatment directed to
minimizing or partially or completely miubiting the development of the associated disease,
pathological condition, or disorder; and supportive treatment, that is, treatment employed to
supplement another specific therapy directed toward the improvement of the associated
discase, pathological condition, or disorder. In various aspects, the term covers any treatment
of a subject, meluding a mammal {e.g., a human), and includes: (i} preventing the discase
from occurring in a subject that can be predisposed to the disease but has not yet been
diagnosed as having it; (it} inhibiting the disease, 7.¢., arresting its developrent; or (ii)
religving the disease, i.e., causing regression of the disease. In one aspect, the subjectis a
mammal such as a primate, and, in a further aspect, the subject is 2 human. The term
“subject” also includes domesticated animals {e g.. cats, dogs, etc ), livestock {e.g., cattle,
horses, pigs, sheep, goats, etc.), and laboratory animals {e.g., mouse, rabbit, rat, guinca pig,

fruit fly, ete.).
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As used herein, the term “prevent” or “preventing” refers to precluding, averting,
obviating, forestalling, stopping, or hindering something from happening, especially by
advance action. It is understood that where reduce, inhibit ot prevent arc used herein, unless
specifically indicated otherwise, the use of the other two words 1s also expressty disclosed.

As used herein, the term “diagnosed” means having been subjected to a physical
gxamination by a person of skill, for example, a physician, and found to have a condition that
can be diagnosed or treated by the compounds, compositions, or methods disclosed herem.

As used herein, the terms “admimistering” and “administration” refer to any method of
providing a pharmaceutical preparation to a subject. Such methods are well known to those
skilled in the art and inchude, but are not linuted fo, oral admuustration, transdermal
admustration, administration by inhalation, nasal adonunistration, topical admunistration,
mtravaginal admmistration, ophthalmic administration, intraaural administration,
intracercbral administration, rectal administration, sublingual administration, buccal
adounistration, and parcuteral adnunistration, including injectable such as mtravenous
adounistration, inira~arterial adnunistration, intramuscular administration, and subcutancous
administration. Administration can be continuous or intermittent. In various aspects, a
preparation can be administered therapeutically; that is, administered to treat an existing
disease or condition. In further various aspects, a preparation can be adnunistered
prophylactically; that is, administered for prevention of a disease or condition.

As used herein, the terms “effective amount” and “amount effective” refer to an
amount that s sufficient to achieve the desired result or to have an effect on an undesired
condition. For example, a “therapeutically effective amount” refers to an amount that 1s
sufficient to achieve the desired therapeutic result or to have an effect on undesired
symptoms, but is generally msufficient to cause adverse side effects. The specitic
therapeutically effective dose level for any particular patient will depend upon a variety of
factors including the disorder being treated and the sevenity of the disorder; the specific
composition emploved; the age, body weight, general health, sex and diet of the patient: the
time of admunistration; the route of administration; the rate of excretion of the specific
compound emploved; the duration of the treatment; drugs used in combination or
cotncidental with the specific compound emploved and like factors well known in the
medical arts. For example, it is well within the skill of the art to start doses of a compound at
levels lower than those required to achicve the desired therapeutic eftect and to gradually
merease the dosage until the desired effect is achieved. If desired, the offective daily dose
can be divided into maltiple doses for purposes of admumstration. Consequently, single dose
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compositions can contain such amounts or submultiples thereof to make up the daly dose.
The dosage can be adjusted by the individaal physician in the event of anv contraindications.
Dosage can vary, and can be administered in one or more dose adnunistrations daily, for one
or several days. Guidance can be found in the Iteratare for appropriate dosages for given
classes of phammaceutical products. In further various aspects, a preparation can be
adnunistered in a “prophyiactically effective amount™; that is, an amount effective for
prevention of a discase or condition.

As used herein, “dosage form” means a pharmacologically active material in a
medium, carrier, vehicle, or device suitable for administration to a subject. A dosage forms
can comprise inventive a disclosed compound, a product of a disclosed method of making, or
a salt, solvate, or polymorph thereof, in combination with a phammaceutically acceptable
excipient, such as a preservative, baffer, saline, or phosphate buffered saline. Dosage forms
can be made using conventional pharmaceutical manufactuning and compounding techniques.
Dosage forms can comprise inorganic or organic buffers {e.g., sodiur or potassium salts of
phosphate, carbonate, acetate, or citrate) and pH adjustment agents {e.g., hydrochlonc acid,
sodium or potassium hydroxide, salts of citrate or acetate, amino acids and their salts)
antioxidants {e.g., ascorbic acid, alpha-tocopherol), surfactants (e.g , polysorbate 20,
polysorbate 80, polyvoxyethylene9-10 nonyl phenol, sodium deoxycholate), solution and/or
cryollyo stabilizers {e. g, sucrose, lactose, mannitol, trehalose), osmotic adjustment agents
{e.g.. salts or sugars}, antibacterial agents {e.g., benzoic acid, phenol, gentamicin},
antifoarning agents {e.g2., polvdimethyisilozone), preservatives {e. z., thunerosal, 2-
phenoxyethanol, EDTA), polymeric stabilizers and viscosity-adjustment agents {e.g.,
polyvinyipyrrolidone, poloxamer 488, carboxymethylceliulose) and co-solvents {e.2.,
glyeerol, polyethylene glycol, ethanol}. A dosage form formulated for injectable use can have
a disclosed compound, a product of a disclosed method of making, or a salt, solvate, or
polymorph thereof, suspended in stenile saline solution for injection together with a
preservative.

As used herein, terms such as “clevated,” “mcereased,” “reduced.” and decreased” are
generally considered relative to a control or normal state. However, when terms such as
“reduce” or “decrease” are used herein relative to treatment, in which they refer to
normalizing the level or amount toward the control or normal state and may include a partial
or complete normalization.

As used herein, “kit” means a collection of at least two components constituting the
kit. Together, the components constitute a functional vnit for a given porpose. Individual
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member components may be physically packaged together or separately. For example, a kit
comprising an instraction for using the kit may or may not physically inchude the instraction
with other individual meember components. fnstead, the nstruction can be supplied as a
separate member component, either in a paper form or an electromic form which may be
supplied on computer readable memory device or downloaded from an mternet website, or as
recorded presentation.

As used heremn, “nstruction{(s)” means documents describing relevant materials or
methodologies pertaining to a kit. These materials may include any combination of the
following: background information, list of components and their availability information
{purchase infommation, etc.}, brief or detailed protocols for using the kat, trouble-shooting,
references, technical support, and any other related documents. Instructions can be supplied
with the kit or as a separate member component, cither as a paper form or an electronic form
which may be supplied on computer readable memory device or downloaded from an internet
website, or as recorded presentation. Instructions can comprise one or multiple documents,
and are meant to include future updates.

As used herein, the terms “therapeatic agent” include any synthetic or naturally
occurring biologically active compound or composition of matter which, when administered
to an organisi (human or nonhuman animal), induces a desired pharmacologic,
unmuonogenic, and/or physiologic effect by local and/or systemic action. The term therefore
encompasses those compounds or chemicals traditionally regarded as drugs, vaccines, and
biopharmaceuticals including molecules such as proteins, peptides, hormones, nucleic acids,
gene constructs and the hike. Examples of therapeutic agents are described in well-known
literature references such as the Merck Index (14™ edition), the Physicians’ Desk Reference
{64" cdition), and The Pharmacclogical Basis of Therapeutics (12 edition), and they
mnclude, without hinutation, medicaments; vitamins; mineral supplements; substances used for
the treatment, prevention, diagnosis, cure or mitigation of a disease or illuess: substances that
affect the structure or function of the body, or pro-drugs, which become hiclogically active or
more active after they have been placed in 3 physiological environment. For exaraple, the
term “therapeutic agent” includes compounds or compositions for use in all of the major
therapeutic areas mchuding, but not hnuted to, adjuvants; anti-infectives sach as antibiotics
and antiviral agents; analgesics and analgesic combinations, anorexics, anti-inflammatory
ageuts, anti-epileptics, local and general anesthetics, hvpnotics, sedatives, antipsychotic
agents, neuroleptic agents, antidepressants, anxuolytics, antagonists, neuron blocking agents,
anticholinergic and cholinomimetic agents, antimuscarinic and muscarinic agents,
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antiadrenergies, antiarrhvthimics, antthypertensive agents, hormones, and nutrients,
antiarthritics, antiasthmatic agents, anticonvulsants, antihistamines, antinauseants,
antincoplastics, antipruritics, antipyretics; antispasmodics, cardiovascular preparations
(including calcium channel blockers, beta-blockers, beta-agomsts and antiarrvthimics),
antihypertensives, diaretics, vasodilators; central nervous svstem stimulants; cough and cold
preparations; decongestants; diagnostics; hormones; bone growth stimulants and bone
resorption hibitors; omunosuppressives; muscle relaxants; psychostioudants; sedatives;
tranquulizers; proteins, peptides, and fragments thereof (whether naturally occurring,
chemically synthesized or recombinantly produced); and nucleic acid molecunles (polymeric
forms of two or more nuckeotides, either nbonucleotides {RNA) or deoxyvribonucleotides
{(DNA) inchuding both double~ and single-stranded molecules, gene constructs, expression
vectors, antisense molecules and the bke), small molecules {e.g., doxorabicin) and other
biologically active macromolecules such as, for example, proteins and enzymes. The agent
may be a biclogically active agent used in medical, mcluding veterinary, applications and in
agriculture, such as with plants, as well as other areas. The term "therapeutic agent” also
mecludes without limitation, medicaments; vitamins; mineral supplements; substances used
for the treatment, prevention, diagnosis, cure or mitigation of disease or illness; or substances
which affect the structure or function of the body; or pro- drugs, which become biologically
active or more active after they have been placed in a predetermined physiclogical
gnviromment.

The term “phammaceutically acceptable™ describes a material that is not biologically
or otherwise undesirable, i.e., without causing an unacceptable level of undesirable biological
effects or interacting in a deleterious manner.

As used herein, the torm “derivative” refers 1o a compound having a structure derived
from the structure of a parent compound {e.g., a compound disclosed berein} and whose
structure 1s sufficiently similar to those disclosed herein and based upon that similarity,
would be expected by one skilled in the art to extubit the same or similar activities and
utiities as the claimed compounds, or 1o induce, as a precursor, the same or similar activitics
and utilities as the claimed compounds. Exemplary derivatives inchude salts, esters, amides,
salts of esters or amdes, and N-oxides of a parent compound.

As used herein, the term “pharmaceutically acceptable carrier” refers to sterile
agueous or nonagqueous solutions, dispersions, suspensions or emulsions, as well as sterile
powders for reconstitution into sterile injectable solutions or dispersions just prior {o use.
Examples of suitable agueous and nonaqueous carriers, diluents, solvents or vehicles nchude
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water, ethanol, polvols (such as glyeerol, propylene glycol, polyethylene glycol and the like),
carboxymethyleelhilose and suitable mixtures thereof, vegetable oils (such as olive oil} and
mjectable organic esters such as ethyl oleate. Proper fluidity can be maintained, for example,
by the use of coating matenals such as lecithin, by the mamtenance of the requured particle
size in the case of dispersions and by the use of surfactants. These compositions can also
contain adjuvants such as preservatives, wetting agents, emulsifving agents and dispersing
agents. Prevendion of the action of microorganisms can be cnsuted by the melusion of
various antibacterial and antifungal agents such as paraben, chiorobutanol, phenol, sorbic
acid and the hike. It can also be desirable to inclade isotonic agents such as sugass, sodium
chloride and the like. Prolonged absorption of the injectable pharmaceutical form can be
brought about by the inclusion of agents, such as aluminum monostearate and gelatin, which
delay absorption. hyectable depot forms are made by forming microencapsule matrices of
the dmg in biodegradable polymers such as polylactide-polvglveolide, poly{orthoesters) and
poly{anbydrides). Depending upon the ratio of drug to polymer and the nature of the
particalar polymer emploved, the rate of drug release can be controlled. Depot injectable
formulations are also prepared by entrapping the drug in liposomes or microenudsions which
are compatible with body tissues. The injectable formulations can be sterilized, for example,
by filtration through a bacterial-retaining filter or by incorporating sterilizing agents in the
form of sterile solid compositions which can be dissolved or dispersed in sterile water or
other sterile mjectable media just prior to use. Suitable inert carriers can inchide sugars such
as lactose. Diesirably, at least 95% by weight of the particles of the active ingredient have an
effective particle size in the range of 0.01 to 10 micrometers.

As used herein, the term “substituted” 1s contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents include
acvchic and cvelic, branched and unbranched, carbocyclic and heterocyelic, and aromatic and
nonaromatic substituents of organic compounds. Hustrative substituents mclude, for
example, those described below. The permissible substituents can be one or more and the
same or different for appropriate organic compounds. For purposes of this disclosure, the
heteroatoms, such as mitrogen, can have hydrogen substituents and/or any permissible
substituents of organic compounds described herein which satisfy the valences of the
heteroatoms. This disclosure is not intended to be limited in any manner by the pernussible
substituents of organic compounds. Also, the terms “substitution” or “substituted with”
mclude the imphicit proviso that such substitution is in accordance with permitted valence of
the substituted atom and the substituent, and that the sebstitation results in a stable
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compound, e.2., a compound that does not spontancously undergo transformation such as by
rearrangement, cvelization, elimination, ete. It 1s also contemplated that, in certain aspects,
unless expressly indicated to the contrary, individual substituents can be further optionally
substituted {(i.e., further substituted or unsubstituted).

3

In defining various terms, “Al” “A%” “A3” and “A" are used herein as generic
symbols to represent vartous specific substituents. These symbols can be any substituent, not
fimited to those disclosed herein, and when they are defined to be certain substituents i one
mstance, they can, m another instance, be defined as some other substituents,

The term “aliphatic” or “abiphatic group,” as used herein, denotes a hydrocarbon
moiety that may be straight~-chain (i.e., unbranched), branched, or cyclic (including fused,
bridging, and spirofused polycyelic) and may be completely saturated or may contain one or
more units of unsaturation, but which is not aromatic. Unless otherwise specified, aliphatic
groups contain [-20 carbon atoms. Aliphatic groups include, but arc not limited to, lincar or
branched, alkyl, alkenvl, and alkynyl groups, and hybrids thercof such as {cycloalkytalkvi,
{cvcloalkenyhalkyl or {cveloalkvlalkenyl.

The term “alkyl” as used herein is a branched or unbranched saturated hydrocarbon
group of 1 1o 24 carbon atoms, such as methyl, ethyl, n-propyl. isopropyl, n-butyl, isobutyl, s-
butyl, #~butyl, n-pentyl, isopentyl, s~pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl,
dodecyl, tetradecyl, hexadecyl, cicosyl, tetracosyl, and the like. The alkyl group can be
cyclic or acyelic. The alkyl group can be branched or unbranched. The alkyl group can also
be substituted or unsubstituted. For example, the alky] group can be substituted with one or
more groups including, but not limited to, alkyl, eycloalkyl, atkoxy, amino, ether, halide,
hydroxy, nitro, silvl, sutfo-oxo, thio, or thiol, as described herein. A “lower alkyl” group is
an alkyl group containing from one to six {e.g , from one to four} carbon atoms. The term
alkyl group can also be a C1 atkyl, C1-C2 alkyl, C1-C3 alkyl, C1-C4 altkyi, C1-C5 alkyl, C1-
€6 alkvl, C1-C7 alkyl, C1-C8 atkyl, C1-CY alkyl, C1-C10 alkyl, and the like up to and
inclading a C1-C24 alkyl

Throughout the specification “alky!” is generally used to refer to both unsubstituted
atkvl groups and substituted alkyl groups: however, substituted alkyl groups are also
specifically referred to herein by identifving the specific substitoent{s) on the atkyl group.
For example, the term “halogenated alkyl™ or “haloalky!l” specifically refers to an alkyl group
that 1s substituted with one or more halide, e.g., fluorine, chlorine, bromine, or 1odine.
Alternatively, the term “monohaloalkyl” specifically refers to an alkyvl group that is
substituted with a single halide, e. g fluorine, chlorine, bronune, or todine. The term
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“polyhaloalkvl” specifically refers to an alkyl group that i1s independently substituted with
two or more halides, 7.¢. each halide substituent need not be the same halide as anocther halide
substituent, nor do the multiple wnstances of a halide substituent need to be on the same
carbon. The term “alkoxyalkyl” specifically refers to an alkyl group that 1s substituted with
one or more alkoxy groups, as described below. The term “aminoalkyl” specifically refers to
an alkyl group that is substituted with one or more amino groups. The term “hydroxyalkyl”
specifically refers to an alky! group that is substituted with one or more hydroxy groups.
When “alkyl” is used in one mstance and a specific term such as “hydroxvalkyl” 15 used
another, i 1s not meant to imply that the term “atkyl” does not also refer to specific terms
such as “hvdroxyalkyl™ and the like.

This practice is also used for other groups deseribed herein. That 1, while a term
such as “cycloalkyl” refers to both unsubstitited and substituted cycloalkyl moieties, the
substituted moieties can, in addition, be specifically identified herein; for example. a
particular substituted cveloalkyl can be referred to as, e.g., an “alkvicvcloalkyl.” Sinulatly, a
substituted alkoxy can be specifically reforred to as, e g, a “halogenated alkoxy,” a particular
substituted alkenyl can be, e.g., an “alkenylalcohol,” and the like. Again, the practice of
using a general term, such as “cycloalkyl,” and a specific term, such as “alkvleycloalkyl,” is
not meant to tply that the general term docs not also mclude the specific torm.

The term “cycloalkyl” as used herein is a non-aromatic carbon-based ring composed
of at least three carbon atoms. Examples of cycloalkyl groups nclude, but are not limited to,
cyclopropyi, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl, and the hike. The term
“heterocveloalkyl™ 15 a tvpe of eveloalkyl group as defined above, and is included within the
meaning of the term “cycloalkyl,” where at least one of the carbon atoms of the ring is
replaced with a heteroatom such as, but not limited {o, nitrogen, oxygen, sulfur, or
phosphorus. The cveloalkyl group and heterocyeloalkyl group can be substituted or
unsubstitated. The cyeloalkyl group and heterocyeloalkyl group can be substituted with one
or more groups including, but not limited to, atkyl, cyveloalkyl, altkoxy, aming, ether, halide,
hvdroxy, nitro, silyl, sulfo-oxo, thio, or thiol as described herein.

The terms “alkoxy™ and “alkoxy!” as used herein to refer to an alkyl or cycloalkyl
group bonded through an ether linkage; that is, an “alkoxy™ group can be defined as —QA!
where Al is alkyl or cveloalkyl as defined above. “Alkoxy™ also includes polymers of alkoxy
groups as just described; that is, an alkoxy can be a polvether such as —OA'—CQA% or —
OA—(DA%)—OA", where “a” 15 an integer of from 1 to 200 and A, A% and A? are alkyl

and/or cycloatkyl groups.
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The term “alkenyl” as used herein 1s a hydrocarbon group of from 2 to 24 carbon
atoms with a structural formula containing at least one carbon-carbon double bond.
Asymmetric structures such as (A'ADC=C(ATA®) are intended to include both the £ and Z
isomers. This can be presumed in structural formulae herein wherein an asymmetric alkene
is present, or it can be explicitly mdicated by the bond symbol C={. The alkenyl group can
be substituted with one or more groups including, but not imited to, alkyl, cycloalkyl,
atkoxy, alkenyl, cycloalkenyl, alkynyl, cycloalkyayl, arvl, heteroaryl, aldehyde, amuno,
carboxylic acid, ester, ether, halide, hydroxy, ketone, azide, mtro, silyl, sulfo-oxo, thio, or
thiol, as described herein.

The term “cycloalkenyl™ as used herein is a non-aromatic carbon-based ring
composed of at least three carbon atoms and containing at least one carbon-carbon double
bound, i.e., C=C. Examples of cvcloalkenyl groaps inclade, but are not hmited to,
cyclopropenyl, cyclobutenyl, cyvclopentenyl, cvclopentadienvl, cyclohexenyl,
cyclohexadienyl, norbornenyl, and the like. The term “heterocycloalkenyl” is a type of
cvcloalkeny! group as defined above, and 15 included within the meaning of the term
“eycloatkenyvl,” where at least one of the carbon atoms of the ring is replaced with a
heteroatom such as, but not limited to, nitrogen, oxvgen, sulfur, or phosphorus. The
cveloatkenyl group and heterocveloalkenyl group can be substituted or unsubstituted. The
cycloalkenyi group and heterocveloalkenyl group can be substituted with one or more groups
inclading, but not limited to, alkvl, cycloalkyl, alkoxy, alkenvl, cycloalkenyl, alkynyl,
cvcloalkvnyl, aryi, heteroaryl, aldehyde, amino, carboxylic acid, ester, cther, halide, bydroxy,
ketone, azide, nitro, silvl, sulfo-oxo, thio, or tluol as described herein.

The term “alkynyl” as used herein s a hydrocarbon groap of 2 to 24 carbon atoms
with a structural formula containing at least one carbon-carbon triple bond. The alkynyi
group can be unsubstituted or substituted with one or more groups mcluding, but not bmited
to, alkyl, cycloalkyl, alkoxy, alkenyl, cvcloalkenyl, alkynyl, cveloalkynyl, arvl, heteroaryl,
aldehvde, amino, carboxylic acid, ester, ether, halide, hydroxy, ketone, azide, nitro, silyl,
sulfo-oxo, thio, or thiol, as described heremn.

The term “cycloatkynyl” as used herein 15 a non-aromatic carbon-based ring
composed of at least seven carbon atoms and containing at least one carbon-carbon triple
bound. Examples of cycloalkynyl groups include, but are not limited to, cycloheptynyl,
cvelooctynyl, cvclononvoyl, and the like. The temm “heterocyeloalkynvl” is a type of
cveloatkenyl group as defined above, and 1s included within the meaning of the term

“cyeloalkynyl,” where at least one of the carbon atoms of the ring 15 replaced with a
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heteroatom such as, but not limited to, nitrogen, oxygen, sulfur, or phosphorus. The
cveloatkvnyl group and heterocycloalkynyl group can be sabstituted or unsubstituted. The
cveloaltkynyl group and heterocycloalkyavl group can be substituted with one or more groups
melading, but not imited to, alkyl, cycloalkyl, alkoxy, alkenvi, cycloalkenyi, alkvnyl,
cycloalkynyl, arvi, heteroarvl, aldehyde, amino, carboxylic acid, ester, cther, halide, hydroxy,
ketone, azide, nitro, sityl, sulfo-oxo, thio, or thiol as described herein.

The term “arvl” as used herein 1s a group that contains anvy carbon-based aromatic
group including, but not limited to, benzene, naphthalene, phenyl, biphenyl, anthracene, and
the like. The aryl group can be substituted or unsubstituted. The aryl group can be substibited
with one or more groups including, but not himited to, atkyvi, cycloalkyl, alkoxy, alkenyi,
cycloalkenvl, alkvnvl, cycloatkynyl, arvl, heteroarvl, aldehvde, —NH:, carboxylic acid, ester,
ether, halide, hvdroxy, ketone, azide, mitro, silyl, salfo-oxo, thio, or thiol as described herein.
The term “biaryl” is a specific type of aryl group and is included in the definition of “aryl.” In
addition, the arvl group can be a single ring structure or comprise multiple ring structures that
are either fused nng structures or attached via one or more bridging groups such as a carbon-
carbon bond. For example, biaryl can be two aryl groups that are bound together via a fused
ring structure, as in naphthalene, or are attached via one or more carbon-carbon bonds, as in
biphenyl.

The term “aldehyde™ as used herein is represented by the forpmda —C(OH.
Throughout this specification “C(0)” is a short hand notation for a carbonyl group, ie., C=0.

The terms “amine” or “anino” as used herein are epresented by the formula —
NA'A% where Al and A? can be, independently, hydrogen or alkyl, cycloalkyl, alkenyl,
cveloatkenyl, alkynyl, cycloalkyayl, aryl, or hetercaryl group as described hereim. A specific
example of aming is —NHz.

The term “alkyvlanuno” as used herein is represented by the formula —NH(-alkyl)
where alkyl 1s a described herein. Representative examples include, but are not limited to,
methvlamine group, ethylamino group, propylamino group, isopropylaming group,
butylanuno group, isobutvlamino group, {sec-butvljamino group, (tert-butyljanuno group,
pentylamine group, isopentylamine group, {tert-pentyllamine group, hexylamine group, and
the like.

The term “dialkyvlamino” as used herein is represented by the formula —N{-alkyl)
where alkyl is a desenbed herem. Representative examples include, but are not lunited to,
dimethylamino group, dicthylamimo group, dipropvlaminoe group, diisopropyvlamine group,
dibutyvlamino groap, ditscbutvliamine group, di{sec-butyliamino group, diftert-butylamino
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group, dipentylamino group, diisopentylamino group, diftert-pentylJamino group,
dihexylaming group, N-ethyl-N-methylamino group, N-methyl-N-propylamine group, N-
cthyl-N-propylanino group and the like,

The term “carboxvlic acid” as used herein is represented by the formula —C{O}0H.

The term “ester” as used herein is represented by the formuda —OC(HA! or —
CIOYOAY, where A' can be alkyl, cycloalkyl, alkenyl, cycloatkenyl, alkynyi, cycloalkynyl,
arvl, or heteroaryt group as described herein. The term “polyester” as used hercinis
represented by the formula —(A'G(MC-A%-C{OY0)e— or —(A'C{OIC-A%-0C(O))a—,
where Al and A? can be, independently, an alkyl, cyeloalkoyl, alkenyl, cycloalkenyl, alkvnyl,
cyeloatkyvnyl, aryl, or heteroaryl group described herein and “a” is an integer from 1 to 500.
“Polyester” s as the teom used to describe a group that 1s produced by the reaction betwecn a
compound having at least two carboxyhic acid groups with a compound having at least two
hvdroxyl groups.

The term “cther” as used herein is represented by the formula A'QA?, where A and
AZ can be, independently, an alkyl, eveloalkyl, alkenyl, cyeloalkenyl, atkynyl, cyveloalkynyl,
arvl, or heteroaryl group described hercin. The term “polvether” as used herein is represented
by the formula —{A0-A0)%—, where Al and A? can be, independently, an alkyl,
cveloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroary! group described
herein and “a” is an mteger of from 1 to 500, Examples of polvether groups include
polyethyiene oxide, polypropylene oxide, and polybutylene oxide.

The terms “halo,” “halogen,” or “halide,” as used herein can be used interchangeably
and referto F, CL, Br, or L

The term “heteroalkyl” as vsed herein refers to an alkyl group containing at least one
heteroatom. Switable heteroatoms mclude, but are not limited to, (. N, 8¢, P and S, wherein
the nitrogen, phosphorous and sulfur atoms are optionally oxidized, and the nitrogen
heteroatom 1s optionally quatermized. Heteroalkyls can be substituted as defined above for
atkyl groups.

The term “heteroaryl,” as used herein refers to an aromatic group that has at least one
heteroatom incorporated within the ring of the aromatic group. Examples of heteroatoms
melude, but are not limited to, nitrogen, oxygen, sulfur, and phosphorus, where N-oxides,
sulfur oxides, and dioxides are permissible hetercatom substitutions. The heteroaryl group
can be substituted or unsubstituted. The heteroarvl group can be substituted with one or more
groups meluding, but not himited to, alkyl, cvcloalkyl, alkoxy, amino, ether, halide, hydroxy,

nitro, sitvl, sulfo-oxo, thio, or thiol as described herein. Hetercaryl groups can be monoeyclic,
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or alternatively fused ring systems. Heteroaryl groups include, but are not limited to, furyl,
imidazolyl, pyrimidingl, tetrazolyl, thienyl, pyridingd, pyrrolyl, N-methylpyrrolyl, quinolinyi,
isoquinolinyl, pyrazolyl, triazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thuadiazolyl,
isothiazolyl, pynidazinvl, pyrazinyl, benzofuranyl, benzodioxolyl, benzothiophenvl, indolyl,
mndazolyl, benzimidazolyl, imidazopyridinyl, pyrazolopynidinyl, and pyrazolopvrimidingyl.
Further not limiting examples of hetercaryl groups include, but are not limited to, pyridiayl,
pyndazinyl, pyromidinyl, pyrazuny], thiopheoyl, pyrazolyl, imidazolyl, benzofdjoxazolyl,
benzoldthiazolyl, quinolinyl, guinazolinyl, indazolyl, imidazof1,2-bipyridazinyi,

imidazol i, 2-ajpyrazinyl, benzofci{1,2,5thiadiazolvl, benzo[cl{1,2,5loxadiazolyl, and
pvrido|2.3-bipvrazinyl.

The terms “heterocvele” or “heterocyelvl,” as used herein can be used
mterchangeably and refer to single and mudti-cyehic aromatic or non-aromatic ring systems in
which at least one of the ring members is other than carbon. Thus, the term is mchusive of,
but not limited to, “heterocycloalkyl,” “heteroaryl,” “bicyelic heterocyele,” and “polvevelic
heteroeyele.” Heterocvele includes pyridine, pyrimidine, furan, thiophene, pyrrole,
isoxazole, isothiazole, pyrazole, oxazole, thinzole, imidazole, oxazole, including, 1,23~
oxadiazole. 1,2.5-oxadiazole and 1.3 4-oxadiazole, thiadiazole, including, 1,2,3-thiadiazole,
1,2,5~thiadiazole, and 1,3,4-thiadiazole, triazole, including, 1.2 3+razole, 1,3,4+triazole,
tetrazole, inchuding 1,23 4-tetrazole and 1,2.4 3-tetrazole, pyridazine, pyrazine, tnazing,
inclading 1,2 4-triazine and 1,3,5-triazine, tetrazine, including 1.2,4,5-tetrazine, pyrrohidine,
piperidine, piperazine, morpholine, azetidine, tetrabvdropyran, tetrahydrofuran, dioxane, and
the like. The term heterocvelyl group can also be a C2 heteroeyelyl, C2-C3 heterocvelvl, C2-
4 heterocyclyl, €2-C5 heterocyelyl, C2-C6 heterocyelvl, C2-C7 heterocyelyvl, C2-(8
heterocyclyl, £2-C9 heterocyelyl, C2-C10 heterocyclyl, C2-C11 heterocyelyl, and the like up
to and including a C2-CI8 beterocyelyl. For example, a C2 heterocyelyl comprises a group
which has two carbon atoms and at least one heteroatom, including, but not limited to,
azinidinyl, diazetidinyl, dihydrodiazetyl, oxiranyl, thitranyl, and the like. Altematively, for
exaraple, a C5 heterocyelyl comprises a group which has five carbon atorns and at least one
heteroatom, mcluding, but not limited to, piperidinyl, tetrahydropyranyl,
tetrahydrothiopyranyvl, diazepanyl, pyridinyl, and the like. It is understood that a heteroeyclyl
group may be bound either through a heteroatom in the ring, where chemically possible, or
one of carbons coraprising the heterocyelyl ring.

¢ term “bicyehce heterocyele” or “bicvelic heterocyelyl,” as used herein refers to a
ring svstem in which at least one of the ring members is other than carbon. Bicyelic
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heteroevelyl encompasses ring systems wherein an aromatic ring is fused with another
aromatic ring, or wherein an aromatic ring is fused with a non-aromatic ring. Bicyclic
heterocyelyl encompasses ring systems wherein a benzene nng is fusedtoa 3-ora 6~
membered ring containming §, 2 or 3 ring heteroatoms or wherein a pyridine ring is fused to a
5-or a 6-membered ring containing 1, 2 or 3 ring heteroatoms. Bicvelic heterocychc groups
inclade, but are not limited to, indolyl, mdazolyl, pyrazolo{1,3-ajpvridinyl, benzofuranyl,
guinohinyl, quinoxalinyl, 1,3-benzodioxelvl, 2,3-dihydro-1,4-benzodioxinyl, 3,4~-dihydro-2H-
chromenyl, 1H-pyrazolo[4,3-clpyridin-3-yi; IH-pyrrolof3,2-bipyridin-3-vl; and 1H-
pyrazolof3,2-blpyridin-3-y1.

The term “heterocveloalkyl” as used herein refers to an aliphatic, partially unsaturated
or fully saturated, 3~ to 14-membered ring svstem, including single rings of 3 to 8 atoms and
bi- and tricyelic ring systems. The heterocycloalkyl ring-systems include one to four
heteroatoms independently selected from oxygen, nitrogen, and sulfur, wherein a nitrogen
and sulfur heteroatom optionally can be oxidized and a nitrogen heteroatom optionally can be
substituted. Representative heterocyeloalkyl groups mnclude, but are not himited to,
pyrrolidinyl) pyrazolingl, pyrazolidinyl, imidazohnyl, imidazolidinyd, piperidinyl,
piperazinyl, oxazolidinyl, isoxazohidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, and
tetrahydrofuryl

The term “hydroxyl™ or “hydroxyl” as used herein is represented by the formula —
OH

The term “ketone” as used herein is represented by the fornula A/C(OMA?, where Al
and A? can be, independently, an alkyl, cycloalkyl, alkenyl, cycloatkenyl, alkynyl,
cveloatkvnyl, aryl, or heteroaryt group as described herein.

The term “azide™ or “azido” as used herein is represented by the formula —Ns.

The term “pitro” as used herein is represented by the formula —NGO:.

The term “pitnile” or “cvano” as used herein is represented by the formula —CN,

The term “sityl” as used herein is represented by the formula —SIATA’AS where A/,
A? and A’ can be, independently, hydrogen or an alkyl, cycloalkyl, alkoxy, atkenyl,
cveloatkenyl, alkynyl, cycloalkyoyl, arvl, or hetercaryl group as described herein,

The term “sulfo-ox0" as used herein is represented by the formulas —S(QAL —
S(ORA!, —OS(OnA’, or —OS(OROAT where Al can be hydrogen or an alkyl, cycloalkyl,
alkenvl, cycloalkenyl, alkynvl, cycloaltkynyl, aryl, or heteroarvl group as described herein.
Throughout this specification “S{0} is a short hand notation for 5=0. The term “sulfonyl”
is used herein to refer to the sulfo-0x0 group represented by the formula —S(0)2AL where
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Al can be hydrogen or an alkyl, cycloalkyl, alkenyl, eycloalkenyl, alkynyl, eveloalkynyl,
arvl, or heteroaryl group as descrnibed herein. The term “sulfone™ as used herein is
represented by the formula A’S(ORA”, where A’ and A” can be, independently, an alkyl,
cycloalkyl, alkenyl, cveloalkenyl, alkynyl, cveloalkynyl, aryl, or heteroaryl group as
described herein. The term “sudfoxide” as used herein is represented by the formuala
A'S(OYA?, where A! and A? can be, mdependently, an alkyl, cycloatkyl, alkenyl,
cvcloalkenyl, alkynyl, cycloalkvayl, arvl, or heteroaryl group as descrbed herein.

The term “thio” as used herein is represented by the formula —SA!, where A' can be
an alkyl, cycloalkyl, alkenvl, cycloalkenvl, alkynyl, evcloalkynyl, arvl, or heteroaryl groap as
described herein,

The term “thiol” as used herein is represented by the formula —SH.

SRV CRZ7 SRR where nis an integer, as used herein can, independently,
possess one or more of the groups listed above. For examiple, if R! is a straight chain alkyl
group, one of the bydrogen atoms of the alkyl group can optionally be substituted with a
hydroxyl group, an alkoxy group, an alkyl group, a halide, and the Iike. Depending upon the
groups that are selected, a first group can be mcorporated within second group or,
alternatively, the first group can be pendant {i.e., attached} to the second group. For example,
with the phrase “an alkyl group comprising an amino group,” the amino group can be
mcorporated within the backbone of the alkvl group. Alternatively, the amimo group can be
attached to the backbone of the alkyl group. The nature of the group(s) that is {are) selected
will determine if the first group is crubedded or attached to the sccond group.

As described herein, compounds of the disclosure may contain “optionally
substituted” moiteties. In general, the term “substituted,” whether preceded by the term
“pptionally” or not, means that one or more hydrogen of the designated moiety are replaced
with a suitable substituent. Unless otherwise indicated, an “optionally substituted” group
may have a suitable substituent at cach substitutable position of the group, and when more
than one position in any given struchure may be substituted with more than one substituent
selected from a specified group, the substitucnt may be either the same or different at every
position. Combinations of substituents envisioned by this disclosure are preferably those that
result in the formation of stable or chemically feasible compounds. In is also contemplated
that, in certain aspects, unless expresshy indicated to the contrary, mdividual substituents can

be further optionally substituted (7.e., furthor substituted or unsubstituted).
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The term “stable,” as used herein, rofers to compounds that are not substantially
altered when sabjected to conditions to allow for their production, detection, and, m certain
aspects, their recovery, purification, and use for one or more of the purposes disclosed herein.

The term “leaving group” refers to an atom {or a group of atoms) with electron
withdrawing ability that can be displaced as a stable species, taking with it the bonding
electrons. Examples of suitable leaving groups include halides and sulfonate esters, including,
but not limited to, triflate, mesylate, tosvlate, and brosviate.

The terms “hydrolysable group”™ and “hydrolysable moiety” refer 1o a functional
eroup capable of undergoing hydrolysis, e.g., under basic or acidic conditions. Examples of
bydrolyvsable residues mnclude, without limitation, acid halides, activated carboxyvlic acids,
and various protecting groups known in the art (see, for example, “Greene’s Protective
Groups in Organic Synthesis,” P. G M. Wats, Wiley, 2014},

Conpounds described herein can contain one or more double bonds and, thaes,
potentiatly give rise to cis/trans (E/7) isomers, as well as other conformational isomers.
Unless stated to the contrary, the compounds described berein include all such posaible
isomers, as well as mixtures of such isomers.

Unless stated to the contrary, a formula with chemical bonds shown only as solid lines
and not as wedges or dashed lines contemplates each possible isomer, e.g., cach cnantiomer
and diastereomer, and a mixture of isomers, such as a racemic or scalemic mixture.
Compounds described herein can contain one or more asynunetric centers and, thus,
potentially give rise to diastercomers and optical isomers. Unless stated to the contrary, the
present disclosure mnclades all such possible diastercomers as well as their racemic mixtures,
their substantially pure resolved enantiomers, all possible geometric isomers, and
pharmaceutically acceptable salts thereof. Mixtures of stereoisomers, as well as isolated
specific stereoisomers, are also included. During the course of the synthetic procedures used
to prepare such compounds, or in using racemization or epimerization procedures known to
those skilled in the art, the products of such procedures can be a mixture of stercoisomers.

Many organic corapounds exist in optically active forms having the ability to rotate
the plane of plane-polarized light. In descnibing an optically active compound, the prefixes D
and L or R and § are used to denote the absohute configuration of the molecule about its
chiral center{s}. The prefixes d and 1 or {+} and (-} are emploved to designate the sign of
rotation of plane-polarized hight by the compound, with (-} or meaning that the compound s
levorotatory. A compound prefixed with (4} or d is dextrorotatory. For a given chemical
structure, these compounds, called stereoisomers, are identical except that they are non-

X7
=D
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superimposable mirror images of one another. A specific stereoisomer can also be referred to
as an enantiomer, and a mixture of such 1somers is often called an enantiomeric mixture. A
50:50 moixture of enantiomers 1s referred to as a racenic mixture. Many of the compounds
described heren can have one or more chiral centers and therefore can exist in different
enantiomeric forms. When bonds to the chiral atom are depicted as straight lines in the
disclosed formulas, it is understood that both the (R} and {5} configurations of the chiral
atom, and hence both cnantiomers and mixtures thercof, are embraced within the formula.
As s used in the art, when it is desired to specify the absolute configuration about a chiral
atom, one of the bonds to the chiral atom can be depicted as 2 wedge (bonds to atoms above
the plane) and the other can be depicted as a series or wedge of short parallel lines is (bonds
to atoms below the plane). The Cahn-Ingold-Prelog system can be used to assign the (R) or
(S} configuration to a chiral atom.

When the disclosed compounds contain one chiral center, the compounds exist in two
enantiomeric forms. Unless specifically stated to the contrary, a disclosed compound
inchuides both enantiomers and maxtures of enantiomers, such as the specific 50:50 mixture
referred to as a racemic nuxture. The enantiomers can be resolved by methods known to
those skilled in the art, such as formation of diastercoisomeric salts which may be separated,
for example, by crystallization (see, CRC Handbook of Optical Resolutions via
Dhastercomeric Salt Formation by David Kozma (CRC Press, 2001)}); formation of
diastereoisomeric derivatives or complexes which may be separated, for example, by
crystallization, gas-liquid or liquid chromatography; selective reaction of one enantionmer
with an enantiomer-specific reagent, for example enzymatic estenfication; or gas-liguid or
hgutd chromatography in a chival environment, for example on a chiral support for example
silica with a bound chiral ligand or in the presence of a chiral solvent. It will be appreciated
that where the desired enantiomer ts converted mto another chemical entity by one of the
separation procedures described above, a further step can liberate the desired enantiomeric
form. Altematively, specific enantiomers can be svathesized by asymmetric synthesis using
optically active reagends, substrates, catalysts or solvents, or by converting one enantiomer
into the other by asymmetric transformation.

Designation of a specific absohite configuration at a chiral atom in a disclosed
compound 1s understood to mean that the designated enantiomeric form of the compounds
can be provided in enantiomeric cxcess {e.e. ). Enantiomeric excess, as used herein, 15 the
presence of a particular enantiomer at greater than 50%, for example, greater than 60%,
greater than 70%, greater than 75%, greater than 80%, greater than 85%, greater than 90%,

.58-
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greater than 959, greater than 98%, or greater than 999, In one aspect, the designated
enantiomer is substantially free from the other enantiomer. For example, the “R” forms of
the compounds can be substantially free from the “S” forms of the cormpounds and are, thus,
m enantiomeric excess of the “S” forms.  Conversely, “S” forms of the compounds can be
substantially free of “R™ forms of the compounds and are, thus, in enantiomeric excess of the
“R” forms.

When a disclosed compound has two or more chiral atoms, it can have more than two
optical 1somers and can exist in diastereoisomeric forms. For example, when there are two
chiral atoms, the compound can have up to four optical isomers and two pairs of enantiomers
{{(S.S)(R.R) and (R.5)/(SR}). The pairs of enantiomers {e.g., (S.5)/{R.R)) are mirror image
stereoisomers of one ancther. The stereoisomers that are not mirror-images {e.g., {S,5) and
(R,53} are diastercomers. The diastercoisomeric pairs can be separated by methods known to
those skilled in the art, for example chromatography or crystallization and the ndividual
enantiomers within cach pair may be separated as described above. Unless otherwise
specifically excluded, a disclosed compound includes cach diastereoisomer of such
compounds and mixtures thereof.

The compounds according to this disclosure may form prodmgs at hydroxyl or amine
functionalities using alkoxy, amino acids, efc., groups as the prodrug forming moteties. For
mstance, the hvdroxymethyl position may form mono-, di- or triphosphates and again these
phosphates can form prodrugs. Preparations of such prodrag derivatives are discussed in
various literature sources {examples are: Alexanderet al., J. Med. Chem. 1988, 31, 318,
Aligas-Martin et al., PCT WO 2600/041531, p. 30). The nitrogen function converted in
preparing these dertvatives s one {or more} of the mitrogen atoms of a compound of the
disclosure.

“Derivatives” of the compounds disclosed herein are pharmaceutically acceptable
salts, prodrugs, deuterated forms, radio-actively labeled forms, isomers, solvates and
combinations thereof. The “combinations” mentioned in this context are refer to derivatives
falling within at feast two of the groups: pharmaceutically acceptable salts, prodrugs,
deuterated forms, radio~-actively labeled forms, isomers, and solvates. Examples of radio-
actively labeled forms mclude compounds labeled with tritiom, phosphorous-32, todine-129,
carbon-11, fluorine-18, and the like.

Compounds described hercin comprise atoms in both their natural isotopic abundance
and in non-natural abundance. The disclosed compounds can be isotopically-labeled or
isotoprcally-substituted compounds identical to those deseribed, but for the fact that one or

50,
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more atoms are replaced by an atom having an atomic mass or mass number different from
the atomic mass or mass number typically found in nature. Examples of isctopes that can be
mcorporated into compounds of the disclosure nclude 1sotopes of hydrogen, catbon,
nitrogen, oxygen, phosphorous, flucrine and chloring, suchas 2H, °H, BC ¥, PN, ¥ V
3 0,8, ¥F and *6 (1, respectively. Compounds further comprise prodrugs thereof, and
pharmaceutically acceptable salts of said compounds or of said prodrugs which contain the
aforementioned isotopes and/or other 1sotopes of other atorms are within the scope of this
disclosure. Certain isotopically-labeled compounds of the present disclosure, for example
those into which radioactive isotopes such as *H and " C are incorporated, are aseful in drog

10 and/or substrate tissue distribution assays. Tritiated, i.e., * H, and carbon-14, 7.e., * C,
isotopes are particularly preforred for thewr case of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium, /.e., 2H, can afford certain therapeutic
advantages resulting from greater metabolic stability, for example increased in vivo half-life
or reduced dosage requirements and, hence, may be preferred in some circumstances.

15 Isotopically labeled compounds of the present disclosure and prodrugs thereof can gencrally
be prepared by carrying out the procedures below, by substituting a readily available
isotopically labeled reagent for a non- isotopically labeled reagent.

The compounds described herein can be present as a solvate. Tn some cases, the
solvent used to prepare the solvate is an aqueous solution, and the solvate s then often

20 referred to as a hydrate. The compounds can be present as a hydrate, which can be obtained,
for example, by crystallization from a solvent or from aqueous solution. In this connection,
one, two, three or any arbitrary number of solvent or water molecules can combine with the
compounds according to the disclosure to form solvates and hydrates.

it 15 also appreciated that certain compounds described herein can be present as an
25 equilibrium of tautomers. For exanple, ketones with an g-hydrogen can exist in an

equilibrium of the keto form and the enol form.

Q OH
\)% g \(J\/E\
%
H OH H
keto form enot form

Likewise, amides with an N-hvdrogen can exist in an equilibrium of the amide form

and the imidic acid form.
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Q OH
\(L:}‘ — ‘(]*“NE\

amide form imidic acid form
As another example, pyrazoles can exist in two tautomeric forms, N -unsubstituted, 3-

A’ and N'-unsubstituted, 5-A° as shown below.

A4 [4_\\4
; i
AZ A A5\(k§/ﬁ\3
2 P - X
i R \
N-N N-N,
H H

5 Unless stated to the contrary, the disclosure includes all such possible tautomers.

It is known that chemical substances form sohds which are present in different states
of order which are termed polymorphic forms or modifications. The different modifications
of a polymorphic substance can differ greatly in their physical properties. The compounds
according to the disclosure can be preseot in differcnt polymorphic forms, with it being

10 possible for particular modifications to be metastable. Unless stated to the contrary, the
disclosure mchides all such possible polymorphic forms.

Certain matenals, compounds, compostiions, and components disclosed herein can be
obtained commercially or readily synthesized using techniques generally known to those of

skill in the art. For example, the starting matenials and reagents used in preparing the

pot
v

disclosed compounds and compositions are eithor available from conunercial suppliors such
as Aldach Chemical Co., (Milwaukee, Wis.}), Acros Organics (Maorris Plains, N.J.), Strem
Chemicals (Newburyport, MA), Fisher Scientific (Puttsburgh, Pa}, or Sigma (5t. Louis, Mo}
or are prepared by methods known to those skilled in the art following procedures set forth in
references such as Fieser and Fieser's Reagents tor Organic Synthesis, Volumes 1-17 (John
20 Wiley and Sons, 1991); Rodd’s Chemistry of Carbon Compounds, Volumes 1-5 and
supplemental volumes (Elsevier Science Publishers, 1949); Organic Reactions, Volumes 1-40
{John Wiley and Sons, 1991}, March’s Advanced Organic Chemistry, {John Wiley and Sons,
4th Edition}; and Larock’s Comprehensive Organic Transformations {VUH Publishers Toc,,
1989},
25 Uniess otherwise expressly stated, 1t is in no way mtended that any method set forth
herein be construed as requiring that its steps be performed in a specific order. Accordingly,
where a method claim does not actually recite an order to be followed by its steps or it is not

otherwise specifically stated in the claims or descriptions that the steps are to be limited to a
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specific order, it is no way intended that an order be inferred, n any respect. This holds for
any possible non-express basis for interpretation, inclading: matters of logic with respect to
arrangement of steps or operational flow; plain meaning dertved from grammatical
organization or punctuation; and the mumber or tvpe of embodiments described in the
specification.
H. Compounds
A class of compounds described herein is represented by Formula ©
NH;

PR
S e T o < \[ 4
[ i i -

¢ \m(}w;?’---onf?---(}---»f:‘---xﬁ—_-:xQ--«>§ W

HaN_ N : . o
o N - - O
YU o O 0 _ :
e \qJ:N,* v} Re 7\ N ‘\.’)\NH
T d G Rr ¢

o

HO  ORy
/

pr

X'j'“-})"‘{‘) ; N NHZ
i O
HO  OH or any
stereoisomer thereof,
In Formula §, === is a single bond or a double bond.

Also n Formula §, R:1s H or CHs.

Additionally mn Formula ¥, R2 1s H and Rs 18 OCHs or F, or Rz and Rs are covalently
bonded together and, together with intermediate atoms, form a 270, 47-C methyiene bridge.

Further in Formula I, X11s O or CH.

Also in Formula §, Xz is CHz or CH.

Additionally in Fermula L, Xais O or S,

Further in Formulda §, cach independent Yis H oracationandnis 0, 1, 2, 3, or 4.
Optionally, the cation is a pharmaceutically acceptable cation {e.g., Na™, K7, Li™, or TEAH).

In Formula I, when X1 1s CH, then Xz 1s CH and === is a double bond.

As understood by those of skill in the art, the structures shown of the compounds
described herein are representations of one form of the compound. Although such compounds
may be drawn or described in protonated (free acid) form, m tonized (anionic) form, or
wnized and in association with one or more cations {salt form}, agueous solutions of such
compounds exist m equilibrim among such forms. For example, a phosphate linkage of a
compound described herein, in aqueous solution, exists in equulibrivun among free acid,

anion, and salt forms.
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Optionally, Formula T can be depicted in protonated (free acid) form as shown

below:
NH-
HO OR, 0
N RSN
/7Nt
o o o 0 5 \L P
N
H:N /N ——i\!j (O P O~ P O~ P x;,,,_X>_\ ”’Sj
N > v OH  OH ; Q
HN N Rz N\/L\NH
¥ { \ B
T A\ O Re < |
© xgm;iv -0y [[ TN
OH ©
HO OH
wherein
5 === Ry, Rz Rs, X1, X3, and X are as defined above for Formula I
Optionally, Formula I can be depicted in tonized {anionic) form as shown below:
HO  OR, Nz
//N iy
A8 9 9 Gl
! O—P-0—P-0-P-X ==X, N
HoN /N N - T M ,"\\/0\7/ o
. b2 © ° 0 Ry N A
\.\IT/ N+ = !’ i ‘\‘:// NH
1 ¢ r C A
o ! TN T NH
X3=P-0—y J 2
°© 5
e \
HOQ  OH
wherein
===, R, R, B3, X1, X5, and X5 are as defined above for Formula I
10 Optionally, Formula I can be depicted in 1onized and 1n association with one or more
cations {salt} form as shown below, in which compounds of the structure are in association

with sodium cations (for representation purposes only and not by way of limitation):
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HO  ORy

S A

i’ Q Y il i
HoN N ”"'O"'}?:O'"'p:"O""F::'Xﬁ'::Xg““\\ . }:

) N . 0
R & &0 - 9
v, ‘N% ang* R2/§ ----- 3 NP
T sna o Ry ¢ |
o) i Rs N ")\
X3=P -0 o NHz
o XY

Hd OH
wherein
===, Ry, Ro, R3, Xi, Xz, and X5 are as defined above for Formula I As understood by those
of skill in the art, the cation salt form may exist in which one, two, three, or four cations are
present.

Unless otherwise indicated, compounds described herein are infended to wnclude all
such forms. Moreover, certain compounds have several such linkages, cach of which is in
cquilibrium. Thus, compounds in solution exist in an ensernble of forms at multiple positicns
all at equubibrium. Drawn structures necessarily depict a single form. Nevertheless, unless
otherwise indicated, such drawings are likewise mtended to include corresponding forms.
Herein, a structure depicting the free acid of a compound followed by the term “or salts
thercot” expressly includes all such forms that may be fully or partially protonated/de-
protonated/in association with a cation. In certain instances, one or more specific cation is
wdentified. In certain methods, compounds disclosed herein are in agueous sohutton with
sodium. In certain methods, compounds are 10 agueous solution with potassium. In certam
methods, compounds are in agueous solution with lithium. In certain methods, compounds
are in agueous sohution with triethylammonium.

As descnibed above, Formula § can inchide compounds in which Rz and Rz are
covalently bonded together and, together with intermediate atoms, forma 2°-0, 4°-C
methylene bridge. The 2°-0, 47-C methylene bridge moiety can also be referred to herein as
a linked mucleic acid (ENA) moiety. Optionally, the compounds of Formula { having an

LNA moiety are reprosented by Structure §-A as shown below, or a salt thercof:
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N,
HC OR “
: N
0O o 0 ¢ \,ﬁ\ )
!"‘i \M i it | N N’;J
HONL N O—P~-0-P-0-B-C |
2 M N i Iy O O
Uy o O 0
HNL Al £ N
TN SRSy
0 Xs:*‘]f“ﬂ q’,‘l N7 RNH,
HO  OH

Structure I-A
In Structure I-4, R and X5 are as defined above for Fermula I Examples of
Structure I-A include the following compounds and salts thereoft
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G pppArexapisiGe

HO  OH i
g 9 % 2

2 N i
= \IT/ ) o & & . O 1% Compound 3
HN : TN

As deseribed above, Formula I can inclade compounds in which X1 is CH. In these
examples, Xz is also CH, such that Xy and X» form a vinyl moiety (-CH=CH-}. Optionally,
the compounds of Fermula { having a vinyl moiety are represented by Structure I-B as
shown below, or a salt thereof

HO  OR, N,

N I/*»@N
SO
N N{’E

a
5
~
's!
=0
o]
B=0
O
=0

HoN. N -5
2 \5/;« T?/N (f)__ G- O = ]
HN 2 v Q
N--
Y\\ N NH
0 o o— < I
O=P-0 Df}f N7 TNH,
0- g
HO  OH

Structure I-B
In Structure -B, R is as defined above for Formula I Examples of Structure 1-B

inchude the following compounds and salts thereof:
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Compound 4

Compound S

An additional example of Formula ¥ includes Compounnd 6, as shown below, and

salts thereof
“GpppArep(s)Gr:
HO  OH Nz

Py

N7 N{j

N
i O C </
- U—P—O—P—O—P—U ,
o N .
il S & & O © Q
HN K :
Nt / ATy

o\ §

i F S
O ? <N.,—J‘j\/
§=P-0=y ] NTONHp
{ Y
&
HO  OH

wm7ey

GpppArep(s)G contains a chiral phosphorothioate moiety and is
separated into two diastereomers: ™ GpppA2ep(sr, )G and
\\\7{*

SpppATFP{8s G

A class of compounds described herein is represented by Formelda I

657~

Compound 6
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HO  OR, ik
&
[ I <N”A\NA\
HoN N O"P"’G"P—b—}:’:(‘r

xp=p-o—y N NH
;A
HO  OH

or any stereoisomer thereof.
in Formula I, Riis Hor CHs.
Alsoin Formula 1L, Xo s O or §;
Additionally in Formula IL, cach independent YisH oracationandnis ¢, 1,2, 3

or 4. Optionally, the cation is a pharmaceutically acceptable cation {e.g., Na*, K~

L LT or
TEAHY.

Optionally in Formula I, when X315 5, Ry s UHs.

Optionally, Formula II can be depicted in protonated (free acid) form as shown

below:
NH,
HO  OR, 2
= T
o A
O i 7
HgN ?\li \““O“‘:""O P Q P“O‘ Q f!\i N NH"
\T ) b OH  OH ~ o
- N o o— ¢ | i
o} P PN
X@EP-o— N N
x 0
OH \V ?'
' \
HO  OH

, wherein
Ry and X1 are as defined above for Formuda I

Optionally, Fermula 1f can be depicted in ionized {anionic} form as shown below:
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o 8 ?
b N A o-Beo-Peo-B-o— N N Tm,
o N . - 1 O\j O
D o o 0O )
AN NH
T\ o o— < I L
KON o
/ , '
HO  OH , wherein

R and X are as defined above for Formula 11
Optionally, Formula 1T can be depicted in ionized and 1n association with one or
more cations {salt) form as shown below, in which compounds of the structure are in

association with sodium cations {for representation purposes only and not by way of

limitation):
NH,
HO  OR, ¢
N X
o o 1]
|9 pepegp-0-£-0 NN S,
HaNC NG N YTV YV o O
[ ) ¢ ¢ o Y7 X
HN A . Norr™ i
TN 3Na o o- < | L
o] N N7 NH,
Xx-‘P—Q""\ f
I .0
0
¥ \ .
HG  OH . wherein

Riand X; are as defined above for Formula I
Examples of Formula H include the following compounds and salts thereof:

TG pppl{diaminepurine}roudpG:

HoN N
P N i
“ T) & & O © 9 Compound 7
HN 7
HNG Al ] N
5 o om LA
0=P-0- N7 INT TNH,
& .
HO OH

-68-



WO 2023/147352 PCT/US2023/061255
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W oneppp{dianinopurine}rovep(s)G contains a chiral
phosphorothicate moiety and is separated into two diastereomers:
WG oneppp(diaminopurine 2 omep(s:,)G and

WG ovepppl diaminopuring ) omepf sap¥G

A class of compounds described herein is represented by Formula L

-
HO  OR, b
0 o o I
! :u“j\\ e
IV \ O-peOmpmGmp-0—m I N
N . 0\/ NH;
I > o o . 2
N 'S

or any stergotsomer thercof.

In Formula ITE R is Hor CHs.
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Additionally m Formula I, cach independent YisH oracationand nis 0, 1, 2, 3,

or 4. Opticnally, the cation is a pharmaceutically acceptable cation (e.g., Na™, K", Li", or

TEAH™).
Optionally, Formula 1H can be depicted n protonated (free acid) form as shown
5 below:
e
HO  ORy HIN
) N N
¢ A
~5 9 o o Ny 2
) i O—P=0~P~0~P-0 ;
HoN /,,N ] i O
T B: > OH OH OH ~ Ny
HN ~ N"’ N X N
TN ¢ o— ¢ | B
G i NT
O=P-0— :
] A2
OH
' ,
HG O . wheremn

R! is as defined above for Formala 111

Optionally, Fermula 18 can be depicted in ionized {anionic) form as shown below:

HN'/
HG ORy4
3 }ﬁ g
- o o 0 <I P
O 1 il il N N

(N N i O~P~0=P=0=P-0- {

2 2 N . i i O N
o R
HN g :

\ i

, wherein
10 R'is as defined above for Fermula 1
Optionally, Formula IH can be depicted 1 ionized and in association with one or
more cations {salt) form as shown below, in which compounds of the structure are in
association with sodiam cations (for representation purposes only and not by way of

hmitation):
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/
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AN - o NH
\T’ E f> O O \( <
HN A ;o <N .
. r S
& 4 3Na (i) O N,)
(..3:?-?"() o {
e} Y
/
HO  OH . wherein

R! is as defined above for Formula HL
Examples of Formela I include the following compounds and salts thereof:

m7 Gi}pp m5A3 *{3}\1?}3‘% :

HN/

HO  OH
{ N X
¢TI )
O Q O P
(O MR i i1 i N N

‘ ; R O S
PN N~ N e S O NH Compound 10
HN\{’J N/Z N )“N
P o— /I
\ 9 <

G N
O=pP-0 y N
i

i A :o: /

/o
HO  OH

BTG romeppp™ AromepAs

-

HN

N

0
PR
{T
(@}
4
=0
=0
/{\Z
N

, g TSR L N A
HaNL NS N ] i .
~ T » o o O © NH, Compound 11
HN /E“'t\/* ,N~ .’L\w
P g 0O \E
© ...k‘) ~ (\N"‘ N/’J
Q=p~- {
& \ ;O; i
HO OH

A class of compounds described herein is represented by Formula 1V
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R > o O O Q
HN A } New
i [Yr 4 - <’ ]
&0 ¢ © Py
Q:gsaww@ i N° NH;
s} O
4
HO  OH

or any stereoisomer thereof.
In Formula IV, Ruis Hor CHs,
Also in Fermula IV, X1, Xo, and X5 are each independently selected from O and §,
5 wherein when one of Xy, Xz, or X5 15 §, the remaining of Xy, Xz, and X5 are O, Optionally,
X1is S and Xz and Xz are both O, Optionally, X2 15 S and Xy and X are both 0. Optionally,
Xaia § and X and Xz are both O.

Additionally in Formula IV, each independent Yis H oracation; and nis 0. 1,2, 3,

or 4.
Optionally, Fermula TV can be depicted i protonated (free acid) form as shown
below:
R
|
HiN
HO o
N RS
i N
a i
0 X O < P
i O T N | N N
NN XB=O-P=0=B-Xa™y o
= N 0 Ie}
m: > OH OH OH ~ :
NG A~ N
TN g o- ¢ 1 "
© - NTN N,
Q=P 2
(!)H Q
10 HO  OH . wherein

R, X4, Xz, and X5 are as defined above for Formulda IV,

Optionally, Formula IV can be depicted in jonized {anionic) form as shown below:
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b
HoN /N\I,N e [ (!)—' ) O s
HN\VE N/> ) (N
| G o o— ¢ :E\ |
ol A NTONT T NH
0-—-!13"0""‘ N i 2
c:)‘ L’B!
/
HO  OH , wherein

Ry, X1, X, and X5 are as defined above for Formala IV,
Optionally, Formula IV can be depicted in ionized and in association with onc or

more cations {salt) form as shown below, in which compounds of the structure are in

5 association with sodiom cations (for representation purposes only and not by way of
hmitation):
R
iy
" ,:?‘ IQ/ HN
Y ( N~ = N
I O/)‘\ i 1:2 i M f’j
HaMNL N TR OB OmE X /
= N & Q
E f> Q 3 ,}j
HN A . Ne N
) N 3Na 4 RH
I A o O— <N"‘ E
O=p-0-- j N NH,
o O
HO  OH , wherein
Ry, X1, X2, and X5 are as defined above for Formula IV,
10 Examples of Formeula 1V include the following compounds and salts thereof:
BTG oM -hioPPP™ Az omepG
-~
Ho o o HiY
N S
N
%
o 0 9 ¢ Itl
(@) \ ol it it N N
HONC NN —P=0-F-0-P-0— ol o
* i /> o o O Compound 12
HN\()\N 4 N "
R A T d i
> o o A A
O i N AN
0=P-0— ; NONHg

T4
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MG ronpp{sIp ™t AronepG
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HN NN ;70H-0=0-0 o
! ?[) & O B
FIN N+ N\)\NH .
i y g o— ¢ | Compound 13
© ' NN N
0=P-0-y | 2
&
3y
HO  OH

G omepp(sIp™ Az onmep(G contains a chiral phosphorothioate moiesty
and is separated into two diastereomers: ™ Gronvepp(Sapp™ Az omepG
and M Gronepp(ss)p™ Az omepG

TG romeppp™tAromeswiopG:

~
- HN
HO O
\ A?Q /!:’\\‘N
A 5 g 0 < I .
R O SO M NN
HaNL NN ~H-O-P0-P-8y
\”’f' | Nj} A & & Oy ?\ Compound 14
HN N
AN ;‘“{}_ s
O=P-0- N7 N TN,
o @ /
[
HO  OH
NG ronppPArones mispG:
- NH,

HOQ O

[ O (‘3 C') N ii\{;J
O=F~0=P~0~P~8 i

=0

HaNo_ N p "t
i T & o o © Q Compound 73
! p Jl\
N g / N NH
o ¢ o7 QAL
O=R=0=y HTONT N
o\
;o\
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A class of compounds described herein is represented by Formula V!
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NH.
G OR; [ -
Newr
¢TI )
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R e e NN
H'»NV,N N ) i 4 Di o
| /> O e} O i i
HN o e p
% | N
\ A g k U
o) i 3 N
O=p-0= | O
HO  OH

o1 any stereotsomer thereof.
n Formula ¥V, Rois Hor CH:.

Alsoin Formula V, Rz is Hand Rs is F, or Rz and Rs are covalently bonded together

5 and, together with intormediate atoms, form a 270, 4°-C methylene bridge.

Additionally in Formula V, cach independent Y is H oracationandnis 0, 1, 2, 3,
or 4. Optionally, the cation is a pharmaceutically acceptable cation {e.g., Na™, K7, Li™, or
TEAH").

Further in Formula V. when RoisHand Ra s F, Riisnot H.

10 Optionally, Formula V can be depicted in protonated (free acid) form as shown
below:
HO  ORy Nk

Q:[.:3—-Q o ?‘i/‘k\\(ﬁ}
OH <
/
HG  OH . wherein

Ry, Ro, and R; are as defined above for Formula V.

Optionally, Formula V can be depicted 1o onized (anionic) form as shown below:
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7
fo ¢ 8 8 <N’”\N7j
HaNL_No N O-P=C=P=0=P-0y 5
2 o O 0 {
HMN N\+ Rg _____ E S\EH
o R
° Lo NN

HO  OH , wheremn
Ri, Ry, and Ry are as defined above for Formula V.
Optionally, Formula ¥V can be depicted in ionized and in association with one or
more cations {salt) form as shown below, in which compounds of the structure are in

5 association with sodm cations (for representation purposes only and not by way of

hmitation):
N,
HO  ORy /}\“
\ N X
/ <’ i N
£ o 0o 0 P
!i 8] L il ii it N N
HaN N C—-P~-0—-P-0—-P~-0 l
2N N - - - O G
O > o O O
HN Ry
| N\+ 3Na* ;o
i O R
0] | N \N&Q
O=pP-0-— §

HO  OH . wherein
Ry, Ro, and R; are as defined above for Formula V.
As described above, Fermula V can include compounds in which Rz and R are
13 covalently bonded together and, together with intermediate atoms, form a 2°-0, 4°-C
methviene bridge (also referred to herein as a linked nucleic acid (LNA) moiety}. Optionally,
the compounds of Formula V having an LNA moiety are represcuted by Structure V-A as

shown below, or a salt thereof:
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Structure V-A

In Structure V-A, Ry is as defined above for Formela V. Examples of Structure V-

A inclade the following compounds and salts thereof:

*GpppAreunapll

HO  OH Wz
[ NSy
o 0 ¢ J\ i
i B OB O} NN
Hﬁ/mwm —omp-op-opomy o N “
> c o o 'L Compound 15
HN 7 ~
N+ e TN
\ o © S
O § N
O=p=0=y ©
&
HO  OH

G rompppAraeunaplUs

HO O Rz
N~ R
o o 1)
[ o pgbo-p0 NN
HzN N N _|_ >E‘ _1‘ _\ / O -
: \f; | > o O O © i Compound 16
HN 7 -
. 1 ;\§+ \O { i;‘]H
i \ O :
O i \N&
0007 o) °
s
HO  OH

An additional example of Formula V includes Compeund 17, as shown below, and

salts thereof:
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A class of compounds described berein (s represented by Foreula VI

b
HO o7 s

\ N SNV
A w % A
2 e E ~ ,> o o o \jl /?L
HN N+ i ) <’:’Nj§\ NH
N

4 o O

O Xﬁf"ﬁ‘\(O :; NT THNH,
T
HO O
or any stereoisomer thereof
in Formula Vi, Ruis Hor CHa.
5 Also in Formuda Vi X, Xz, X, and X4 ase each independently selected from O and

Additionally in Formula VI, cach independent Y is H oracationand nis 0, 1, 2, 3,
or 4. Optionally, the cation is a pharmaceutically acceptable cation {e.g., Na™, K', Li", or
TEAH").

10 in Formula Vi, onc of X1, Xo, Xz, and X415 8.
Optionally, Formula VI can be depicted i protonated (frec acid) form as shown

below:
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e
HO o7 |
/LO/\L. Ky Xg X N N&f’
HoN N1 OmfmORmOm#-0™ o)
Y OH OH OH y 0
HN g, - N :
N \ A

i \ o O < i P
& o N NH,
4TETNTY O ’ ‘

OH
HO  OH , wherein

Ry, X1, Xo, X3, and Xy are as defined above for Formula VI

Optionally, Formula VI can be depicted i ionized {anionic} form as shown below:

HO o7 o
/ N2
T
[0 Mot % N
o N N ¥ -)“p"O“f-’"’O"‘P‘O‘—'\ i
2 ~ N i - i e} o
T > O o O©
AN A NH
/4
T A o o— ¢ I L
0 i N7 N,
Xg=pm0=y ] 2
('j.
HO  OH , wherein

5 Ry Xy, Xz, Xs, and Xy are as defined above for Formula Vi

Optionally, Fermula VI can be depicted in ionized and in association with one or
more cations {salt) form as shown below, i which compounds of the structure are in
association with sodivm cations (for representation purposes only and not by way of

limitation):

Ner Sy
o o s <N:EN»;J
HoN N : O"‘?‘“O‘"P“O‘"P‘”O““‘ §
2 > N i - 1. Q\/ o
e > o o o0
HN 7
N 3Na” oM NH
i A g O < i

10 HO  OH , wherein
Ry, X1, X2, X3, and X4 are as defined above for Fermula VI
Examples of Formula VI include the following compounds and salts thereof:
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e onep{s)ppAzomepG contains a chiral phosphorothioate moiety and
is separated i two diastereomers: ™ Gy onep(SepippAzomepG and

WG oniep{Ssp Jpp Az onepG

G romeppEIpAronepG:

H:’:N N .MN H ; - ; i
“Y ) o o o © Oj\
i N N NH ,
4 g o— ¢ | By Compound 19
O , Az
OFp-0 i N" NH;
O.. e
HO OH

G romeppis)pAzomep contains a chiral phosphorothicate motety and
is separated into two diastereonmiers: ™ G oMeppises)pA2oMepG and

G oneppl Sapdp Az omepG

21 3 omePPP{ ) AvonepGT:

HG O

) o O g < 2
;’ b il ii } N N
HNN. | OP-0-P=0=P-0=y o .
b s o O 0 -
HN / N
N+ 7 TNH :
\g \ ?" o— ¢ T Compound 20
0=P—0 }‘4 N7 TNH,
! O
&
HO OH

*7Gonmeppp(s)Az-omepG contains a chiral phosphorothioate moiety and
is separated into two diastereomers: ™ Gaomeppp{sep)AzomepG and
Gy omepp{Sep Az omep G
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e onmepppAzomep(s)G contains a chiral phosphorothioate moiety and
is separated o two diastereomers: Gy onepppArom:p(se)G and

G onepPPpA L oMep (ST
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\f/ \ 3 o— ¢ ) i Compound 74
0 ’ | e 5
§=P-0— !5“ NTNHy
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G oneppp™ Avomepds G contains a chiral phosphorothioate moiety
and is separated into two diastereomers: W Gromeppp™ A omep(Sep )G
and ¥ Gromeppp™ A2 omep(sepG
Gromep(sIpp™ Aromep:
~
HN
HO o7
N
: N
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ké s 9 o L
NN O QR OBeOmy o
Y ] > o0 O Compound 81
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G onep (5 pp™ Aronep(G contains a chiral phosphorothiocate motety
and is separated into two diastercomers: WGz omep{Snp)pp™ Az omepG
and " Gromep(ss,)pp™ A omepG
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A class of compounds described herein is represented by Formula VIL

b2
HO  ORy
- P
[L/\C it O {\ !N’;’
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- | /;) O O e} -0 .lii\
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= i / g NH
i i o O &
(8] i N~
O=P-0 ;O
- O
6 )
\
HO  OH

or any stercoisomer thereof.
In Formula VI, Ry is Hor CHa,
5 Also in Formuda VI Ro is H or CHs,
in Formula VIL, at least one of Ry or Rois CHa. In other words, Ri and R are not
simultancously H
Additionally i Fermula VIL cach independent YisH oracationandnis 0, 1,2, 3,
or4. Upticnally, the cation is a pharmaceutically acceptable cation {e.g.. Na®, K, Li", or
16 TEAHY).
Optionally, Formula VII can be depicted n protonated (free acid) form as shown

below:

HO  OR,

o)
i it {f
HaNo N [ L opp-P-0-P-0

N . /
N N;} OH OH OH X’fz i
LN ¢ !H N
O N&

3 O <
0=p-0— _ | ©
T

HO  OH , wherein
R and R are as defined above for Formula ViL

15 Optionally, Formula VI can be depicted i tonized (amonic) form as shown below:
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HC  OH ., wherein
Ry and Rz are as defined above for Formula VIL
Optionally, Formula VI can be depicted in tonized and in association with one or
more cations {salt) form as shown below, in which compounds of the structure are in

association with sodium cations {for representation purposes only and not by way of

Iimitation):
Ry
HO  OR, H
N
----- N
7|l
IAO ? K % \;\; =
HoNL N O-FO-P-0-P-0 ol 0
\H:‘Q o O O
HN
N 3Na" [
o ¢ o7
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HO  OH , wherein
Ri and Rz are as defined above for Formula VIL
Examples of Formula VI include the following compounds and salts thereof:
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or any stergotsomer thercof.

In Formula VIE, Ri and R2 are each independently selected from H and CHs.

Also n Formula VIIE, cach mdependent Y is H oracationand nis 0,1, 2, 3, or 4.
Optionally, the cation is a pharmaceutically acceptable cation {(e.g., Na™, K™, Li”, or TEAHY).

Optionally, Formula VIH can be depicted in protonated {free acid) form as shown
below:
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HN W N NH
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HO  OH , wherein

R and Ro are as defined above for Formula ViEE

Optionally, Formula VII can be depicted in ionized {amonic) form as shown below:

R,
~o oR, i)
‘\ ______ ! N\ N\E‘N
4
& g Qo 0 ¢ ,E J
IO g feo-beobo N7
HzN /N\,—N | P = O ] O
Ty oo it
HN 7 N
T NPy
o O |
o i N7
O=p-0—y | 2
=
HO  OH , wherein

3 Riand Rz are as defined above for Formula VI
Optionally, Foermula VI can be depicted m iomized and in association with one or
more cations {salt) form as shown below, in which compounds of the structure are in

association with sodium cations (for representation purposes only and not by way of

Iimitation):
w2
“\o\ OR, /\
£ o o (X
[ P N ?‘i N
HoNL NG N i~ i~ o) 9
Ty O o o0 ~
HN f N ;
N 3N I qI K
G i N ST
b0 NN TN,
& v
10 HO  OH , wherein

R: and R are as defined above for Fermula VIIL
Examples of Fermula VI include the followmg compounds and salts thereof
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Compound 25

Compound 26

Compound 27
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Compound 28

Other compounds described herein for use in certain methods include the following

compounds, or any stercoisomer thereof,

MG omepppAronepGe

—
o
T
; O
)~B=O
©
<
T=0
O
.
~z/§\z
%\;\mz

HaN N PrO-p-O- ]
T”} o o O © 9
HN 7
N _ NH
\ ? [ S <N p
o=p-0— _ ; N N
} 0
i
HO  OH
RGromppp™ Aromp G
~
HO o7 i
{ N X
. N
9!
m\ o 9 9 G A
FoN. N o ‘e e P QP O P O i
2 o Y i i ' O O
. ! ’Q O O O /ﬁ\
AN N+ <j“ NH
o— ¢ |
O \ N—" .\ 'f"L\

88~

Compound 29

Compound 30
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Optionally, the compounds for use in certain methods are not compounds according to

Compound 29, Compound 38, Compound 31, Compound 32, and/or Compeund 33.

A class of compounds described herein is represented by Formula IX

80
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or any stercoisomer thereof
fo Formula IX, Ry is Hor CHs.
Also i Fermula IX, Ro1s OH, F, substituted or unsubstituted alkoxy, or thio.
5 Optionally, the substituted or unsubstituted alkoxy group can be methoxy, methoxvethoxy, or
azidomethoxy.
Also m Formula IX, Rs s Hor CHs.
In Fermula IX, when Ro1s OH, Riisnot H.
Also in Fermula IX, cach independent Y is H oracationandnis 0, 1,2, 3, or 4.
10 Optionally, the cation is a pharmaceutically acceptable cation {c.g., Na¥, K%, Li", or TEAH).
Optionally, Formula IX can be depicted i protonated (free acid) form as shown
below:

HN,Rg
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’“1\2[5\4% p N /J\NH

T ¥
& 0 g o <'_i P

G:%’—O o ;\j N7 NH:
OH Tg ~
"""" \
HO  OH , wherein

Ry, Ra. and Rs are as defined above for Formula IX,

15 Optionally, Formula IX can be depicted m jonized {(anionic) form as shown below:
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g TN+ \ N N
- Ih Ty
0:{%-—(}_‘\ o F,\E N” NHy
o %
HO  OH , wherein

Ry, Ro, and Rs are as defined above for Formula IX.

Optionally, Formaula IX can be depicted i ionized and in association with one or
more cations {salt) form as shown below, in which compounds of the structure are in

association with sodium cations {for representation purposes only and not by way of

Iimitation):
Rz
HNT Y
"4 &)
P 8% % A
HaN. NL o \—Owo—o—P—Omp—Q-\ NN
2N 2 N i /Oi{ O
I > o~ O ©
HN\.-]/ N+ ana® ‘ Mo e
A oo Ih Sy
O:F:,_O o [ N N~
s
HO o OH . wherein

Ry, Rz, and Rs are as defined above for Formuda X0
Examples of Formula EX include the following compounds and salts thereof:
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A class of compounds described herein is represented by Formula Xo
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or any stereoisomer thereof.
In Formula X, Ry is Hor CHa,
Additionally in Formula X, cach independent Y is H oracation; andnis 0, 1, 2, 3,

or 4.

Optionally, Formula X can be depicted i protonated {free acid) form as shown
5 below:

HO  OH o o— < I
0=P-0— NT N TR
! O
OH
/
HO  OH

, wherein
R 15 as defined above for Formula X,

Optionally, Formula X can be depicted in iomzed (anionic) form as shown below:

R,
& ; HNT
N N S

HN N
Y <1
HNT ONT N

HO  OH o o— I
—x‘\/
O0=p-0 05‘5 N NH,
{ -
o
HO  OH

, wherein
16 R is as defined above for Formula X,
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Optionally, Formula X can be depicted in tonized and in association with one or
more cations {salt) form as shown below, in which compounds of the structure are in

association with sodium cations {for represcntation purposes only and not by way of

Iimitation):
R,
o) / HNT
HN N A
/k\ E~’N> £ 9 <N E “
HNT TN QPO P~ 0~P-0 A
\,07/ & & -\,O\j o)
4
/ ) \ N\/J\NH
Ho oW 3Na o o— ¢ 1
‘ NN ONH,
O=$13—O o { 2
&
HOC  OH , wherein

R is as defined above for Formula X,

Examples of Formula X include the following compounds and salts thereof:

" L-sugar isomer}GpppArompG:
NH,

HN /2\,,&/; N \\
A “>> o

7% §
0—£~0—F—-0——0 Compound
> o O

IMH 7
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4

5
7
| o
&
HO  OH
(L ~sugar isomeriGppp™*AromepG Compound
& ~
0 HN 71
HN N
Q 4
SO N TS v
HNT N o [TOTEOmE=0=Em0m N
) g
N
NH
HO  OH o O <f’ f {/,1\
O=p~0 NN T,

HO OH

A class of corapounds described herein is represented by Formula X1
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In Formula XE Ry is Hor CH3.
Also in Formula X1, each independent Y is H oracation andn is 0, 1, 2, 3, or 4.
Optionally, the cation is a pharmaceutically acceptable cation (e.g., Na™, K™, Li™, or TEAH").
5 Optionally, Formaula X1 can be depicted m protonated (free acid) form as shown

below:

HO  OH , wherein
R is as defined above for Formula XI

Optionally, Formula X1 can be depicted in ionized {anionic) form as shown below:

T
//N
o) X A
N i P N N
3-P—0—-P-0-P-C Of
;S 0 0 O W( Q
HzN\Y;N Fam / ) NH
hen R ges.
\]?/ ;j/ O=p-0 Ei‘i N NH,
]

16 HO OH , wherein

R is as defined above for Formula X1
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Optionally, Formula X1 can be depicted in jonized and in association with one or

more cations {salt) form as shown below, in which compounds of the structure are in

association with sodium cations {for represcntation purposes only and not by way of

Iimitation):
SRy
HNT
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2
9} < iﬂ:,J
i T i N
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O o A
HoN O N
2 N '
e 3Na* 3 o ¢
HN . {
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C | o
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R is as defined above for Formula X1

, wherein

Examples of Formula X1 include the following compounds and salts thereof:
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A class of compounds described herein is represented by Formula X1

g2
HO  OR, Hi
o oo ST
| O\ o feo-Beo—bro-bo NN
HNC NG N i L | U ol o
7 I > o- o o o ~
HN I New i
T A i d o ¢
© O=P-0 N7 ONT N,
f}‘ O
HO  OH

in Fermala XII, Ry and Ro are each independently selected from H and CHs

Also in Formula X1, each independent Y is H" oracatiocn andnis 0, 1,2, 3, 4. or 5.

5 Optionally, the cation is a pharmaceutically acceptable cation {e.g., Na™, K7, Li", or TEAH").

Optionally, Formula X can be depicted n protonated (free acid) form as shown

below:
Ry
HO  OR, Hj\
s <1“‘*
il O‘)\\— il ? O N /)
J Ok~ o—rﬁ-*—o—.e—@—ﬁ*—c, ol
\I/ l P OH OH OH OH Y Q
HN N+ N /‘L\NH
i o .
A o o— ¢ jf\ P
C ' NN NH
[SES e ) Az
P o\ o
OH
HC  OH )
wherein

160 Riand Rz are as defined above for Formula XI1E.

Optionally, Formula XTT can be depicted in ionized (amonic) form as shown below:
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wherein
R; and Rs are as defined above for Formula XIL
Optionally, Fermula X1 can be depicted in tonized and in association with one or
5 more cations {salt) form as shown below, in which compounds of the structure arc in

association with sodivm cations (for representation purposes only and not by way of

limitation):

AL
o— ¢ j\
4Na* ? <N | Py

wherein
160 Riand Rz are as defined above for Formula XI1E.

Examples of Formula X include the following compounds and salts thereof:
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{n some examples, the compounds descrbed herein include a deuterated form of the
compound, i which at least one {e.g., one or more, two or more, three or more, four or more,
or five or more} hydrogen atom is replaced with deuteriom. Exemplary deuoterated forms
include, for example, the following compounds which are shown as representative examples:
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i Methods of Making the Compounds

The compounds described herein can be prepared in a variety of ways, The
compounds can be synthesized using varnious synthetic methods. At least some of these
methods are known m the art of synthetic organic chemistry. The compounds described
herein can be prepared from readily available starting materials. Optimom reaction
conditions can vary with the particular reactants or solvent used, but such conditions can be
deternuned by one skilled m the art by routine optimization procedures.

Varations on Formula I, Formula Hf, Formula TH, Formula IV, Formula V, Formula
Vi, Formula VI, Formula VI, Fornmula IX, Formula X, Formula X1, and Formula X1
include the addition, subtraction, or movement of the various constituenis as described for
each compound. Similarly, when one or more chiral centers are present in a molecule, all
possible chiral vartants are mcluded. Additionally, compound synthests can mvolve the
protection and deprotection of various chemical groups. The use of protection and
deprotection, and the selection of appropriate protecting groups can be determined by one
skilled in the art. The chenustry of protecting groups can be found, for example, in Wauts,
Greene’s Protective Groups in Organic Synthesis, Sth. Ed., Wiley & Sons, 2014, which is
incorporated herein by reference in its entirety.

Reactions to produce the compounds described herein can be carried out in solvents,
which can be selected by one of skill in the ast of organic synthesis. Solvents can be
substantially nonreactive with the starting matenals {(reactants), the intermediates, or products
under the conditions at which the reactions are carried out, 1.¢., temperature and pressure.
Reactions can be carried out in one solvent or a mixture of more than one solvent. Product or

intermediate formation can be monitored according to any suitable method known in the art.
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For example, product formation can be monitored by spectroscopic means, such as nuclear

magnetic resonance spectroseopy (e.g., 'H or () infrared spectroscopy, spectrophotometry

{c.g., UV-visible}, or mass spectrometry, or by chromatography such as high-performance

Liguid chromatography (HPLC) or thun layer chromatography.

The compounds as deseribed herein can be prepared through a two-step process,

including an activation stage followed by a coupling stage. In the activation stage, the

mwodified N7-methyl-guanosive-5 -diphospbate {optionally as a triethylanunonium salt

(TEAM); N7-Me-GDP) compound, wherein Ry is H or CH, is dissolved in a solvent mixture

to achieve a desired concentration. An activating reagent, such as [-(3-

dimethylaminoprapyl}-3-cthylcarbodiimide hydrochloride salt (EDC HCT salt), is then added,

forming a reactive mtermediate ir-sifu, which is then reacted with inudazole. After a period

of time, an activated intermediate 1s formed and prepared for use in a coupling step. See

Scheme A below.

Scheme A: Activation

o)
A
NH
R ¢
N NP,
O-P-O-P=0= ‘¢ 1.EDC
o O 2. imidazole
JTEAH"
RO OH

o

it 1]
Em'"F‘)"O'f’j-O‘“\\ o

o
TEAH"Y

O

G

-

\ O
+ N\%\f\
N/J\N/

3\
R,3 OH

in the coupling step, the activated intermediate is reacted with the desired

dinucleotide (wherein Ro is Hand Rs 1s OCHz or F, or Ro and Rs are covalently bonded

together and. together with intermediate atoms, form a 2°-0, 4-C methylene bridge) to

couple to the activated itermediate, and the mixture 18 allowed to react for a period of time.

The final product is then obtamned, as shown in Scheme B below.
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Schemes A and B shown above are provided for representative purposes only, and
those of ordinary skill in the art will understand that the schemes can be applied, with
maodifications within the purview of those of skill in the art along with the disclosures in the
Examples section, to any of the Formulae described herein (.o, Formuda I, Formula 11,
Formuia I Formula IV, Formula V, Formula Vi, Formula Vii, Formula VIii,
Formula IX, Formula X, Formula XI, and Formula XI). By wayv of exanple, while
Scheme B reflects a dinucleotide mncluding adenosine and guanosine {(pApG dinucleotide),
the methods described herein can be similarly applied to other dinucleotides {e.g., p™ApG
dinucieotides, pp™ApG dinucleotides, ppApG dinucleotides, pDAP(diaminopurine )pG
dinucleotides, pApA dinucleotides, pApV dinucleotides. and others as described herein).
Similarly, the two-step method shown above depicts phosphoro-linkages; however, the two-
step method can be similarly apphied, using the appropriate reagents, to phosphorothiocate
imkages according to Formula |, Formula 1 Formuia 1V, and Formala Vi

The synthetic method described herein can be performed as a one-~pot synthesis, such
that all steps are performed in a single reactor with no isolation of intermediate products

during the course of the synthetic method. In some examples, a method of synthesizing a
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trinucleotide compound comprises mixing an N7-methvl-guanosime-5 -diphosphate of the

following structure:

9
\N+
Ra X . o
1]
HO=B=O==X, N ONH,
- - o
o
Ry R,

wherein X1 and Xz are each independently selected from the groap consisting of O and 8; X3

is O; Ry and Ro are each mdependently selected from H, OH, Na, F, substituted or

unsubstituted alkoxy, and thie, wheremn Ri and Ro optionally combine to form a heterocyele,

with an activating reagent and an imidazole to form an activated intermediate; and adding a

salt reagent {¢.g.. a chloride salt, such as MgCl or ZoCh) and a dinucleotide of the following

structure:
X4 i
$ B,
Homr-;mxS:-:x;O k
& ; [
Ry
?
Xe;f“" o . 8
HO OH

wherein === ig a single bond or a double bond; X4 and Xe are cach independently selected

from the group consistimg of G and §; X515 G, 5, or CH; X is CH or CHz; Rais OH, OMe, F

and Rs is H, or whergin Rs and Ra are covalently bonded together and, together with

mitermediate atoms, form a 27-0, 4°-C methylene bridge; By and Bz are each independently

selected frora the group consisting of a purine ring and a pyrinudine rnin

miermediate to form the trinucleotide compound of the following structure:
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g D 000
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wherein the method is a one-pot synthesis.

In other examples, the method of synthesizing a trinucleotide compound comprises

mixing a dinucleotide of the following structure:

Xy

31
HO"‘E‘:"“X:} K’y A
Ry

HO  OH | wherein

==z {5 a single bond or a double bond; Xs1s O; Xs1s O or 8, X515 0, 8, or CH; Xris CH or
CHo; Ra s OH, OMe, F and Rais H, or wherein Rs and Ry are covalently bonded together
and, together with intermediate atoms, form a 2°-0, 4°-C methylenc bridge: and B: and Bz are
cach independently selected from the group consisting of a purine ring and a pyrmidine ring,
with an activating reagent and an immidazole to form an activated phosphate inmidazolide of the

following stracture:

adding a salt reagent {¢.g., a chloride salt such as magnesiuwm chloride or zine chlonde) and a

compound of the following structure:
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G

\N+

<¢ ! N
X3 X N P
1] 3]

HO—F—~0—F=X, NT O NH
- - O
O Q
Ry R , wherein

X1 and Xz are cach independently selected from the group consisting of O and 8, X315 S Ry
and Rz are each ndependently selected from H, OH, N, F, substituted or unsubstituted
atkoxy, and thio, wherein Ry and Rz optionally combine to form a heterocycle, to the

activated phosphate imidazolide to form the trinucleotide compound of the following

structure:
P Ry
X5 Xy X
O\ Blotootinx, P
HaNo NN LT T 1 Y o
hd T o7 O ©
HN N R,
-
A O Rs
O | B,
XQ:?""’O 0 -
& )
HO OH

{o stilf other examples, the method of synthesizing a trinucleotide compound
comprises mixing a diphosphate dinucleotide of the following structure:
X3 y
i f 8,
HO-—P—O—}?——XEMﬂX—/ f

- - G
e} Q )E z
RS

Ra

HO  OH  wherein
=== ig g single bond or a double bond; X5 1s O X4 and Xe are each independentlv selected
from O and S; X518 3, S, or CH: Xy 38 CH or CHz; Ry 18 OH, OMe, F and Re is H, or wherein
Rs and Ra are covalently bonded together and, together with intermediate atoms, form a 2°-0,

4°-C methvlene bridge:; and B and Bs are each independently selected from the group
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consisting of a purnine ning and a pyrimidine ning, with an activating reagent and an imidazole

to form an activated phosphate imidazolide of the following structure:

X3 X
NN it B,
L NTORTe
o b 1 Q
O s}
Ry
O Hs
i B,
Kem=P—0
fe O
Q

HO  OH: and
adding a salt reagent {e.g., a chloride salt such as magnesium chlonde or zinc chlonide)} and a

compound of the following structure:

X, g
i N/\
HO=—P—X NT o NHg
i O
O
Ry Rg . wherein

Xi and Xz are cach independently sclected from O and S; and Ry and Ry are each
independently selected from H, OH, Ns, F, substituted or unsubstituted alkoxy, and thio,
wherein Ri and Ra optionally combine to form a heterocycle, to the activated phosphate

imidazolide to form the trinuclestide compound of the followmg structare:

R, Ry
O
HzNYN
HN j N}
"\
0] B,
HO OH

wherein the method s a one-pot synthesis.

Exemplary procedures for synthesizing the compounds as described herein are

provided in Example 1 below.
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v, Pharmaceutical Formulations

The compounds described herein or derivatives thereof can be providedin a
pharmaceutical composition. Depending on the intended mode of admunistration, the
pharmaceutical composition can be in the form of solid, semi-solid or hiquid dosage forms,
such as, for example, tablets, suppositories, pills, capsales, powders, liquids, or suspensions,
preferably in unit dosage form suttable for single administration of a precise dosage. The
compositions will include a therapeutically effective amount of the corpound descrbed
herein or denivatives thereof in combination with a pharmaceutically accepiable carrier and,
in addition, may include other medicinal agents, pharmaceutical agents, carriers, or diluents.
By pharmaceutically acceptable is meant a matenal that :s not biologically or otherwise
undesirable, which can be admimstered to an mdividual along with the selected compound
withowt causing unacceptable biological effects or interacting in a deletericus manner with
the other components of the pharmaceutical composition in which it is contained.

As used herein, the term carrier encompasses any excipient, diluent, filler, salt, buffer,
stabilizer, solubilizer, hipid, stabihizer, or other material well known in the art for use in
pharmaceutical formudations. The choice of a carnter for use in a composition will depend
upon the intended route of administration for the composition. The preparation of
pharmaceutically acceptable carriers and formulations containing these materials is described
m, ¢.g., Remington: The Science and Practice of Pharmacy, 22d Edition, Lovd et al. eds,,
Pharmaceutical Press and Philadelphia College of Pharmacy at University of the Sciences
(2012). Examples of physiclogically acceptable carriers include buffers, such as phosphate
buffers, citrate buffer, and buffers with other organie acids; antioxidants including ascorbic
acid; low molecular weight (less than about 10 residues) polypeptides; proteins, sach as
serum atbumin, gelatin, or immunoglobuling; hydrophilic polymers, such as
polyvinyipyrrolidone; amino acids such as glycine, glutanune, asparagioe, arginine o7 lysine;
monosaccharides, disacchanides, and other carbohydrates, inchuding glucose, mannose, or
dextrins; chelating agents, such as EDTA; sugar alcohols, such as mannitol or sorbitol; sakt-
forming counterions, such as sodium; and/or nonionic surfactants, such as TWEEN® (ICI,
Inc.; Bridgewater, New Jersey), polyethylene glycol (PEG), and PLURONICS™ (BASF;
Florham Park, Ni}.

>

Compositions containing the compound described herein or derivatives thereof
suttable for parenteral injoction may comprise physiclogically acceptable sterile aqueous or
nonagueous solutions, dispersions, suspensions or emulsions, and sterile powders for
reconstitution into sterile mjectable solutions or dispersions. Examples of suitable aqueous

-108-



10

WO 2023/147352 PCT/US2023/061255

and nonaqueous carniers, diluents, solvents or vehicles include water, ethanol, polyols
{propvieneglycol, polvethylencglycol, glycerol, and the like}, suitable mixtures thereof,
vegetable oils {(such as olive oil) and wyectable organic esters such ag ethvi oleate. Proper
fluidity can be maintaned, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersions and by the use of
surfactants.

These compositions may also contain adjuvants, such as preserving, wetting,
emulsifying, and dispensing agents. Prevention of the action of microorganisms can be
promoted by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, and the like. Isotonic agents, for example, sugars, sodium
chloride, and the like may also be included. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaving absorption, for
gxample, alununum monostearate and gelatin,

Solid dosage forms for oral administration of the compounds described herein or
derivatives thereof include capsules, tablets, pills, powders, and granules. In such sohd
dosage forms, the compounds described herein or derivatives thereof is admixed with at least
one inert customary excipient {or carrier), such as sodnum citrate or dicaleium phosphate, or
{a} fillers or extenders, as for example, starches, lactose, sucrose, glucose, manntiol, and
silicic acid, {b} binders, as for example, carboxymethylceliulose, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and acacia, (¢} humectants, as for example, glycerol, (d}
disintegrating agents, as for example, agar-agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain complex silicates, and sodium carbonate, {e) solution refarders, as for
example, paraffin, (f) absorption accelerators, as for example, quaternary ammomnam
compounds, (g} wetling ageuts, as for example, cetyl alcobol, and glycerol monostearate, (h)
adsorbents, as for example, kaolin and bentontte, and (i} lubricants, as for example, tale,
calcium stearate, magnesium stearate, solid polvethyvlene glveols, sodium laurvl sulfate, or
mixtures thereof. In the case of capsules, tablets, and pills, the dosage forms may also
comprise butfering agents.

Solid compositions of a similar type may also be emploved as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as lugh
molecular weight polyethyleneglyeols, and the like.

Solid dosage forms such as tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells, such as enteric coatings and others known in the art. They
may contain opacifving agents and can also be of such composition that they release the
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active compound or compounds 1 a certain part of the wtestinal tract in a defayed manner.
Examples of embedding compositions that can be ased are polymeric substances and waxes.
The active compounds can also be in nucro-encapsulated form, if appropriate, with one or
more of the above-mentioned excipients.

Liquid dosage forms for oral administration of the compounds deseribed herein or
derivatives thereof include pharmaceutically acceptable emulsions, solutions, suspenstons,
syrups, and chixirs. In addition to the active compounds, the liquid dosage forms may condain
mert dituents commonly used in the art, such as water or other solvents, solubilizing agents,
and emuldsifiers, as for example, ethyl alcohol, isopropyl aleohol, cthyl carbonate, ethyl
acctate, benzyl alechol, benzyl benzoate, propyvieneglycel, 1.3-butyleneglvenl,
dimethyiformamide, oils, in particular, cottonsced oil, groundout oil, corn germ o1, olive o1,
castor oil, sesame oil, glycerol, tetrabydrofurfury! alcobol, polvethvleneglveols, and fatty acid
gsters of sorbitan, or mixtures of these substances, and the like.

Besides such inert diluents, the composttion can also include additional agents, such
as wetting, emulsifving, suspending, swectening, flavoring, or perfuming agents.

Suspensions, in addition to the active compounds, may contain additional agents, as
for example, ethoxylated isostearvl alcohols, polvoxyethyviene sorbito] and sorbitan esters,
microcrystatime cellulose, alunminum metahyvdroxide, bentonite, agar-agar and tragacanth, or
mixtares of these substances, and the like.

Compositions of the compounds described herein or derivatives thereof for rectal
adounistrations are optionally supposttories, which can be prepared by mixing the
compounds with suitable non-irmitating excipients or carriers, such as cocoa butter,
polyethyleneglveol or a suppository wax, which are solid at ordinary temperatures but liquid
at body temperature and, therefore, melt in the rectum or vaginal cavity and release the active
coraponent.

Dosage forms for topical administration of the compounds described herein or
derivatives thereof include ointments, powders, sprays, inhalants, and skin patches. The
compounds described herein or derivatives thereof are admixed under stertle conditions with
a physiologically acceptable carrier and any preservatives, buffers, or propellants as may be
required. Ophthadmic formulations,; ointments, powders, and solutions are also contemplated
as being within the scope of the compositions.

Optionally, the compounds described berein can be contained in a drug depot. A dmug
depot comprises a physical structure to facilitate woplantation and retention in a desired site
{e.g., a synovial joint, a disc space, a spinal canal, abdominal area, a tissue of the patient,
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cte.}. The drug depot can provide an optimal concentration gradient of the compound at a
distance of up to about §.1 cm to about 5 cm from the implant site. A depot, as used herein,
mchudes but is not luntted to capsules, nucrospheres, microparticles, microcapsules,
microfibers particles, nanospheres, nanoparticles, coating, matrices, wafers, pills, pellets,
emulsions, liposomes, micelles, gels, antibody-compound conjugates, protem-compound
conjugates, or other pharmaceutical delivery compositions. Suitable materials for the depot
inchude pharmaceutically accoptable biodegradable materials that are preferably FDA
approved or GRAS materials. These matenials can be polvmeric or non-polymeric, as well ag
synthetic or naturally occurring, or a combination thercof. The depot can optionally include a
drug pump.

The compositions can include one or more of the compounds deseribed herein and a
pharmaceutically aceeptable carrier. As used herein, the term pharmaccutically acceptable
salt refers to those salts of the compound descrnibed herein or derivatives thereof that are,
within the scope of sound medical judgrent, suttable for use in contact with the tissues of
subjects without undue toxacty, writation, allergic response, and the hke, commensurate with
a reasonable benefit/risk ratio, and effective for their intended use, as well as the zwitferionic
forms, where possible, of the compounds described herein. The term salts refers to the
relatively non-toxie, inorganic and organic acid addition salts of the compounds described
herein. These salts can be prepared in situ during the isolation and purification of the
compounds or by separately reacting the purified compound in its free base form with a
suitable organic or inorganic acid and isolating the salt thus formed. Representative salis
mehude the hvdrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, valerate,
oleate, palmitate, stearate, laurate, borate, benzoate, lactate, phosphate, tosylate, citrate,
maleate, fumarate, succinate, tartrate, naphthylate mesylate, ghucoheptonate, lactobionate,
methane sulphonate, and laurvisulphonate salts, and the ke, These may include cations
based on the alkali and alkaline carth metals, such as sodium, lithium, potassium, caleium,
magnesium, and the like, as well as non-toxic amymonium, quaternary ammonium, and amine
cations mchiding, but not Hmited to ammontum, tetramethylammonium,
tetracthylammoniom, methvlamine, dimethylamine, trimethylamine, tricthylanune,
cthylamine, and the like. (See 5. M. Barge et al,| J. Pharm. Sci. (19773 66, 1, which 1s
meorporated herein by reference in its entirety, at least, for compositions taught therein )

Administration of the compounds and composttions described heretn or
pharmaceutically acceptable salts thereof can be carried out using therapeutically effective
amounts of the compounds and compositions described hercin or phamnaceutically acceptable
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salts thereof as described herein for periods of time effective to treat a disorder. The effective
amount of the compounds and compositions described herein or pharmaceatically acceptable
salts thereof as described herein may be determined by one of ordinary skall inthe art.

Those of skill in the art will understand that the specific dose level and frequency of
dosage for any particular sebject may be varied and will depend upon a variety of factors,
including the activity of the specific compound emploved, the metabolic stability and length
of action of that compound, the species, age, body weight, general health, sex and dict of the
subject, the mode and time of admimstration, rate of excretion, drag combination, and
severity of the particelar condition.

The precise dose to be emploved in the formulation will also depend on the rouwte of
administration, and the seriousness of the disease or disorder, and should be decided
according to the judgment of the practitioner and each subject’s circumstances. Effective

doses can be extrapolated from dose-response curves derived from i vitro or animal model

ot

est systeras. Further, depending on the route of administration, one of skill m the art would
know how to determine doses that result in a plasma concentration for a desired level of
response in the cells, tissues and/or organs of a sabject.
V. RNA Synthesis

Provided heretn are i vifro mcthods for synthesizing capped RNA transcripts,
mcluding capped messenger RNA (mRNA) transcripts. The methods described herein
comprise {a} forming a reaction mixture comprising a compound as described herein (also
referred to herein as a cap analog), a DNA template, and an RNA polymerase; and (b}
incubating the reaction mixture ander conditions that allow transeription of the DNA
template to produce capped mRNA transcripts. In the methods described herein, the reaction
mixture comprises NTPs, including ATP, CTP. GTP and UTP. One or more of the NTPs in
the i vitro transcription reaction mixture can be a modified NTP. Exemiplary nuclcosides
with modified bases include, but are not Himited to, inosine, 7-deazaguanosine, 7-
methyviguanosine, dihyrouridine, 2'-O-methylguanosine, 2-fluoro-2'-deoxycytidine,
pseudouridine, N i-methylpseudouriding, S-mothyvluridine. In some methods, one or more
uridines 1n the in vitro transeribed RNA are replaced by a modified nucleoside. Optionally,
some methods further comprise incubating the reaction mixture comprising the capped
mRNA transcripts with a DMase I buffer including Ca® and DNase L.

Optionally, some methods further comprise subjecting the DNase treated reaction
mixture to ehiminate proteins from the in vifro transeription reaction. Optionally, some
methods further comprise subjecting the DNase treated reaction mixture to phosphatase
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treatment. Optionally, the method further comprises sabjecting the DNase treated reaction
mixture to one or more purification steps. The mRNA transcripts produced by the methods
described herem can be purified using one or more purification technigues known to those of
skall in the art. See, Baronti ¢t al. “A gwde to large-scale RNA sample preparation,” Anal.
Bioanal. Chem. 410(14): 3239-33252 {2018). For example, the mRNAgs can be purified by
liuid chromatography {e.g., HPLC, reversed-phase ion pairing HPFLC (RP-IP-HPLC), anion-
exchange chromatography, cation cxchange chromatography, affinity chromatography, size-
exclusion chromatography}, precipitation, diafiliration, tangential flow filtration, oligo dT
chromatography, silica membrane purification, and hvdrophobic interaction chromatography,
to name a fow. The synthesized capped mRNA transcripts can be substantially free of
wnpuritics such as DNA, protein, double-stranded RNA and/or incomplete mRNA transcripts.

Also deseribed herein are the resulting RNA molecules comprising a 57-cap, wherein
the 3’~cap comprises a compound as described herein. Optionally, the RNA molecule isa
messenger RNA (mRMNA) molecule. Optionally, the RNA molecule is a self-amplifving
RNA (saRNA) molecule.

Methods of inducing a therapeotic effect in a subject are also provided herein, the
methods comprising administering to the subject an RNA maolecule as described herein. The
admuustered RNA may contam some amount of inununogenic double stranded BNA
{dsRNA). The amount of dsRNA is calcudated per each ug of administered RNA.

All 5’ cap analogs described herein are useful for optimized in vive translation of
mRNAs, as further detailed herecin,

Further provided herein is a method of admimnistering to an animal a dose of an mRNA
molecule comprising a 57-cap as described herein. Optionally, the 3 -cap comprises a

compound selected from the group consisting of'
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The mRNA dose optionally comprises less than 7 ng of double stranded RNA {dsRNA)} per 1
g of mRNA, wherein the subject exhibits increased tolerability to the administered dose of
the mRNA as compared to an equivalent dose of the mENA comprising 7 ng/ug or greater

dsRNA. Optionally, the increased tolerability is determined by measuring one or more of

4

body weight, organ weight, aspartate aminctransferase {AST) levels. alanine transaminase
{ALT) levels, C-reactive protein {CRP) levels, procalcitonin (PCT) levels, miedeukin-6 (JL-
6} levels, ervthrocyte sedimentation rate (ESR), serum amvloid A levels, and serum fernitin
levels prior to the administering and a period of time after the administering.
In some cascs, the increased tolerability is measured by testing in a standard i vive
10 assav. Asdescribed above, the term “in vive assavs” refer to methods used to detect and/or
measure capacity of one or more of the compounds or molecules inclading the compounds
{c.g., mRNA molecules in, for example, a therapeutic dose) to increase or decrease a property
relative to a control {¢.g., biomarker levels). Optionally, i vivo assays as described herein
can be used to determine a subject’s tolerability levels to a given compound or molecule.
15 Exemplary measurements for assessing tolerability inclode one or more of body weight,
organ weight, aspartate ammotransterase (AST) levels, alanine transaminase {ALT) levels, C-
reactive protein ({CRP) levels, procalcitonin (PCT) levels, interleukin-6 (IL-6) levels,

ervthrocyte sedimentation rate {ESR), serum amvioid A levels, and serum forritin levels.
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Optionally, the i vivo assays can be characterized herein as a “standard in vive assay” and
can optionally be performed using the conditions cutlined in Examples 2 and 3 of the present
application.

In some cases, the increased tolerability is an increase in tolerability of at least 20 %
to the administered dose unit as measured by testing in a standard /n vive assay, at least 25 %
to the administered dose unit as measured by testing in a standard i vive assay, at least 30 %
to the admimstered dose unit as measured by tosting in a standard # vivo assay, at least 35 %
to the admimstered dose unit as measured by testing in a standard in vivo assay, at least 40 %
to the administered dose unit as measured by testing in a standard in vivo assay, at least 45 %
to the admimistered dose unit as measured by testing in a standard 77 vive assay, at least 50 %
to the administered dose unit as measured by testing in a standard in vive assay, at least 55 %
to the administered dose unit as measured by testing in a standard in vive assay, at least 60 %
to the administered dose unit as measured by testing in a standard in vivo assay, at least 65 %
to the admunstered dose unit as measured by testing 1o a standard i vivo assay, at least 70 %
to the admimstered dose unit as measured by testing in a standard i vivo assay, at least 75 %
to the admimstered dose unit as measured by testing in a standard /7 vivo assay, at least 80 %
to the administered dose unit as measured by testing in a standard in vive assay, at least 85 %
to the administered dose unit as measured by testing in a standard 7n vive assay, at least 90 %
to the administered dose unit as measured by testing in a standard in vive assay, or at least 95
% to the administered dose unit as measured by testing in a standard /1 vive assay.

Optionally, the therapeutic dose unit of the mRNA molecule comprises less than 6.9
ng/ug of double stranded RNA (dsRNA), less than 6.8 ng/ug of double stranded RNA
{dsRNA}, less than 6.7 ng/pg of double stranded RNA {dsRNA}, less than 6.6 ng/ug of
double stranded RNA (dsRNA), less than 6.5 ng/ug of double stranded RNA (dsRNA), less
thao 6.4 ng/ug of double stranded RNA (dsRNA), less than 6.3 ng/ug of double stranded
RNA (dsRNA}, less than 6.2 ng/ug of double stranded RNA (dsRNA), less than 6.1 ng/ug of
double stranded RNA (dsRNA), less than 6.0 ng/ug of double stranded RNA (dsRNA), less
than 5.9 ng/ug of double stranded RNA (dsRNA}, less than 5.8 ng/ug of double stranded
RNA (dsRNA), less than 5.7 ng/ug of double stranded RNA (dsRNA), less than 5.6 ng/ug of
double stranded RNA (dsBNA}, less than 5.5 ng/ug of double stranded RNA (dsBRNA), less
than 3.4 ng/ug of double stranded RNA (dsRNA), less than 5.3 ng/ug of double stranded
RNA (dsRNA}, less than 5.2 ng/ug of double stranded RNA (dsRNA}, less than 5.1 ng/pg of
double stranded RNA {dsRNA}, less than 5.0 ng/ug of double stranded RNA (dsRNA}, less
than 4.9 ng/ug of double stranded RNA (dsRNA), less than 4.8 ng/ug of dosble stranded
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RNA (dsRNA), less than 4.7 ng/ug of double stranded RNA (dsRNA), loss than 4.6 ng/ug of
double stranded RNA (dsBRNA), less than 4.5 ng/ug of double stranded RNA (dsRNA), less
than 4.4 ng/ug of double stranded RNA (dsRNA), less than 4.3 ng/ug of double stranded
RNA (dsRNA}, less than 4.2 ng/ug of double stranded RNA (dsRNA}, less than 4.1 ng/ug of
double stranded RNA (dsRNA}, less than 4.0 ng/ug of double stranded RNA (dsRNA}, less
than 3.9 ng/ug of double stranded RNA (dsRNA}, less than 3.8 ng/ug of double stranded
RNA (dsRNA), less than 3.7 ng/ug of double stranded RNA (dsRNA), less than 3.6 ng/pg of
double stranded RNA (dsRNA), less than 3.5 ng/ug of double stranded RNA (dsRNA), less
than 3 4 ng/ug of double stranded RNA (dsRNA), less than 3.3 ng/ug of double stranded
RNA (dsRNA}, less than 3.2 ng/ug of double stranded RNA (dsRNA}, less than 3.1 ng/pg of
double stranded RNA {dsRNA), less than 3.0 ng/ug of double stranded RNA (dsRNA}, less
than 2.9 ng/pg of double stranded RNA (dsRNA), less than 2.8 ng/ug of double stranded
RNA {dsRNA), less than 2.7 ng/ug of double stranded RNA {(dsRNA), less than 2.6 ng/pg of
double stranded RNA (dsRNA), less than 2.3 ng/ug of double stranded RNA (dsRNA), less
than 2 4 ng/ug of double stranded RNA (dsRNA), less than 2.3 ng/ug of double stranded
RNA (dsRNA), less than 2.2 ng/ug of double stranded RNA (dsRNA), less than 2.1 ng/pg of
double stranded RNA (dsRNA), less than 2.0 ng/ug of double stranded RNA (dsRNA), less
than 1.9 ng/ug of double stranded RNA (dsRNA), less than 1.8 ng/ug of double stranded
RNA {dsRNA), less than 1.7 ng/pg of double stranded RNA {dsRNA}, less than 1.6 ng/ug of
double stranded RNA (dsRNA}, less than 1.5 ng/ug of double stranded RNA (dsRNA), less
than | .4 ng/ug of double stranded RNA (dsRNA), less than 1.3 ng/ug of double stranded
RNA (dsRNA), less than 1.2 ng/ug of double stranded RNA (dsRNA), less than 1.1 ng/pug of
double stranded RNA (dsRNA), less than 1.0 ng/ug of double stranded RNA (dsRNA), less
than 0.9 ng/ug of double stranded RNA (dsBNA), less than 0.8 ng/ug of double stranded
RNA (dsRNA}, less than 0.7 ng/ug of double stranded RNA (dsRNA}, less than 0.6 ng/pg of
double stranded RNA (dsRNA)}, less than 0.5 ng/ug of double stranded RNA (dsRNA}, less
than 0.4 ng/ug of double stranded RNA (dsRNA), less than 0.3 ng/ug of double stranded
RNA {dsRNA), less than 0.2 ng/ug of double stranded RNA (dsRNA), or less than 0.1 ng/ug
of double stranded RNA (dsRNA}.

Also described herein are methods for increasing /v vive translation of a polypeptide
i a subject. The methods include administering to the subject a therapeutic dose unit
comprising an cffective amount of an mRNA encoding a polypeptide, wherein the mRNA

comprises a 57 ~-cap having a formula according to any of the compounds as deseribed herein.
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In some examples, the methods nclade admnistering to the subject a therapeutic dose
pnit comprising an effective amount of an mRNA encoding a polypeptide, wherein the
mRNA comprises a 5°-cap having the following formula WG omepppAlronG and wherein
Al is adenosine, Né-methyvladenosing, N6, Né-dimethyladenosine. A' can optionally include
an LNA motety. The GrompppA lromeG compound for use in the methods for increasing
transiation of a polypeptide in a subject can inclade one or more of the following compounds:
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According to the methods described herein, the administered therapeutic dose unit is
at feast 20 % lower than the therapeutic dose unit required to elicit the same response in the
subject when administered 2 comparative mRNA encoding the polypeptide, wherein the
comparative mRNA compriscs a 5™-cap having the formula ™'GpppA 'rom:G. wherein Al is
adenosine, N6-methyladenosine, 6,6-dimethyladenosine. A' can optionally include an LNA
moiety. The “GpppA'roveG compound in the comparative mRNA can inchude one or more
of the followmng compounds:
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The "'GpppA 2 omeG compound in the comparative mRNA can be selected such that
the compound is identical to the administered ' GromepppAlrome(, except the comparative
mRNA lacks a 3"OMe moiety on the "G nucleotide.

5 The adounistered therapeutic dose unit can be at least 20 % lower, at least 30% lower,
at least 40% lower, at least 50% lower, at least 60% lower, at least 70% lower, at least 80%
fower, at least 90% lower, or at least 95% lower than the therapeutic dose anit required to
clictt the same response in the subject when admimnistered a comparative mRNA encoding the
polvpeptide, at outlined above.

10 The subject can exhibit increased tolerability to the administered therapeutic dose unit
as compared to the therapeutic dose unit required to clicit the same response in the subject
when admimstered the comparative mRNA, as measured by testing in a standard i vive
assay as descnibed above, such as by using the conditions described in the Examples heren.

Optionally, the increased tolerability is an increase in tolerability of at least 20 % to

15 the administered therapeutic dose unit as measured by testing in a standard /2 vivo assay, at

least 25 % to the administered therapeutic dose unit as measured by testing in a standard i
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vivo assay, at least 30 % to the admimstered therapeutic dose umt as measured by testing in a
standard i vivo assay, at least 35 % to the administered therapeutic dose unit as measared by
testing in g standard 77 vivo assay, at least 40 % to the administered therapeutic dose unit as
measured by testing i a standard in vivo assay, at least 45 % to the administered therapeutic
dose unit as measured by testing in a standard in vivo assay, at least 30 % to the administered
therapeutic dose unit as measured by festing in a standard i vive assay, at least 35 % to the
adounistered therapeutic dose unit as measured by festing in a standard iz vive assay, at least
60 % to the administered therapeutic dose unit as measured by festing in a standard in vivo
assay, at least 65 % to the administered therapeutic dose unit as measured by testing in a
standard 77 vivo assay, at least 70 % to the admuustered therapeutic dose unit as measured by
testing in a standard & vivo assay, at least 75 % to the administered therapeutic dose umit as
measured by testing in a standard 77 vivo assay, at least 80 % to the administered therapeutic
dose unit as measured by testing in a standard in vivo assay, at least %5 % to the administered
therapeutic dose unit as measured by testing in a standard in vive assay, at least 90 % to the
administered therapeutic dose unit as measured by testing n a standard in vive assay, or at
least 95 % to the administered therapeutic dose unit as measured by testing in a standard in
ViVe assay.

{n some cases, the administered therapeutic mRNA dose unit comprises less than 6.9
ng/ug of double stranded RNA (dsRNA}, less than 6.8 ng/ug of double stranded RNA
(dsRNA}, less than 6.7 ng/ug of double stranded RNA {dsRINA}, fess than 6.6 ng/pg of
double stranded RNA (dsRNA), less than 6.5 ng/ug of double stranded RNA (dsRNA), less
than 6.4 ng/ug of double stranded RNA (dsRNA), less than 6.3 ng/ug of double stranded
RNA (dsRNA), less than 6.2 ng/ug of double stranded RNA (dsRNA}, less than 6.1 ng/pg of
double stranded RNA (dsRNA), less than 6.0 ng/ug of double stranded RNA (dsRNA), less
thao 5.9 ng/ug of double stranded RNA (dsRNA), less than 5.8 ng/ug of double stranded
RNA (dsRNA}, less than 3.7 ng/ug of double stranded RNA (dsRNA}), less than 5.6 ng/pg of
double stranded RNA (dsRNA), less than 5.3 ng/ug of double stranded RNA (dsRNA), less
than 5 4 ng/ug of double stranded RNA (dsRNA), less than 5.3 ng/ug of double stranded
RNA (dsRNA), less than 5.2 ng/ug of double stranded RNA (dsRNA), less than 5.1 ng/ug of
double stranded RNA (dsBNA}, less than 5.0 ng/ug of double stranded RNA (dsRNA), less
than 4.9 ng/ug of double stranded RNA (dsRNA), less than 4.8 ng/ug of double stranded
RNA (dsRNA}, less than 4.7 ng/ug of double stranded RNA (dsRNA}, less than 4.6 ng/ug of
double stranded RNA {dsRNA}, less than 4.5 ng/ug of double stranded RNA (dsRNA}, less
than 4.4 ng/ug of double stranded RNA (dsRNA), less than 4.3 ng/ug of double stranded

-121-



15

WO 2023/147352 PCT/US2023/061255

RNA (dsBRNA), less than 4.2 ng/ug of double stranded RNA (dsRNA), less than 4.1 ng/ug of
double stranded RNA (dsBRNA), less than 4.0 ng/ug of double stranded RNA (dsRNA), less
than 3.9 ng/ug of double stranded RNA (dsRNA), less than 3.8 ng/ug of double stranded
RNA {dsRNA}, less than 3.7 ng/ug of double stranded RNA {(dsRNA)}, less than 3.6 ng/ug of
double stranded RNA (dsRNA}, less than 3.3 ng/ug of double stranded RNA (dsRNA}, less
than 3 4 ng/ug of double stranded RNA (dsRNA}, less than 3.3 ng/ug of double stranded
RNA (dsRNA), less than 3.2 ng/ug of double stranded RNA (dsRNA), less than 3.1 ng/pg of
double stranded RNA (dsRNA), less than 3.0 ng/ug of double stranded RNA (dsRNA), less
than 2.9 ng/ug of double stranded RNA (dsRNA), less than 2.8 ng/ug of double stranded
RNA (dsRNA}, less than 2.7 ng/ug of double stranded RNA (dsRNA}, less than 2.6 ng/pg of
double stranded RNA {dsRNA), less than 2.5 ng/ug of double stranded RNA (dsRNA}, less
than 2 4 ng/ug of double stranded RNA (dsRNA}, less than 2.3 ng/ug of double stranded
RNA {dsRNA), less than 2.2 ng/ug of double stranded RNA {(dsRNA), less than 2.1 ng/pg of
double stranded RNA (dsRNA), less than 2.0 ng/ug of double stranded RNA (dsRNA), less
than 1.9 ng/ug of double stranded RNA (dsRNA), less than |8 ng/ug of double stranded
RNA (dsRNA), less than 1.7 ng/ug of double stranded RNA (dsRNA), less than 1.6 ng/pg of
double stranded RNA (dsRNA), less than 1.5 ng/ug of double stranded RNA (dsRNA), less
than 1.4 ng/ug of double stranded RNA (dsRNA), less than 1.3 ng/ug of double stranded
RINA {dsRNA), less than 1.2 ng/pg of double stranded RNA {dsRNA}, less than 1.1 ng/ug of
double stranded RNA (dsRNA}, less than 1.0 ng/ug of double stranded RNA (dsRNA), less
than 0.9 ng/ug of double stranded RNA (dsRNA), less than 0.8 ng/ug of double stranded
RNA (dsRNA), less than 0.7 ng/ug of double stranded RNA (dsRNA), less than 0.6 ng/ug of
double stranded RNA (dsRNA), less than 0.5 ng/ug of double stranded RNA (dsRNA), less
than 0.4 ng/ug of double stranded RNA (dsBRNA), less than 0.3 ng/ug of double stranded
RNA (dsRNA}, less than 0.2 ng/ug of double stranded RNA (dsRNA}, or less than 0.1 ng/ug
of double stranded RNA {dsRNA}.
Vi Kits

Also provided herein are kits for performing transcription. A kit can mclude any of
the compounds or compositions described herein. For example, a kit can mclade one or more
compounds of Formula §, Formula I, Formuda HE, Forsmula IV, Forgnda V, Formula
Vi, Formula Vil, Formula VI, Formula IX Formula X, Formula X, and/or Formula
X A kit can further mclude one or more additional reagents, such as reagents used for the
synthesis of RNA. Optionally, a kit can contain a compound as described herein {also
referred to herein as a cap analog), a container, and one or more reagents selected from one or
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more unmpodificd NTPs, one or more modified NTPs, an RNA polymerase, a reaction buffer,
magnesiam, and a DNA template. A kit can additionally include directions for use of the kit
{c.g., mstructions for performing RNA syonthesis), a means for administering transcribed
mRNA {e.g., asyringe), and/or a carrier.

5 EXAMPLES

Exampie 1: Compound Synthesis
The compounds described herein were prepared using the general procedures outlined
below. The structures depicted herein may represent one particular isomer {e.g., one
diastercomer). However, as noted above, the depicted structure may represent a mixture of
10 isomers. By way of example, thiolated compounds as described herein (¢.g., Compound 3,
Compound 6, Compound 9, Compound 13, Compound 18, Compound 19, Compound 20,
Compound 21, and Compound 74) mchude two diastereomers. In some instances, the two
diastercomers were separated and tested separately {(as indicated in the Examples below).
However, unless otherwise mdicated, the diastereomers were not scparated prior to festing,
15 Synthesis of Compounds According to Formulae L 1L IV, VI VHL IX, X, and Xi
Compounds according to Formuiae I, 11, 1V, and VL, terminating in a guanosing
nucleotide, were prepared according to the general method shown 1o Scheme 1. Conpounds
according to Fermula VI are prepared similarly (wherein the position corresponding to R

in Scheme 1 can be OCH:3), along with compounds according to Formulae IX, X, and X1
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Scheme I:

o}
\N+
NH
7
. X % ¢
Ky R ] oW N Nf;j\NH
L U ET " Hn—P—C—P—X, : 2
.-iO--iE Cr Fi‘ Ky Imidazole(4.5 equiv), (!\__ é.. o) i
S 818 hours at RT 2TEAH®
2TEAH
RO Ry RO Ry
N7-Me-GDP
1
R, ORy
MaCl (3.15M in water, Xo
2 equiv.) is added as solution ]
LV ) S B )(ri?--OmP"“O“
AG dimer { 1 euigv.), [o}
Ry, Me,
Ry=0H and 2'¢-LNA e S
H, Me
) i Ry=H, NH,
"G OH Rz=OMe, F and 2/,4-LNA
22-24 hours at RT X1, K2, K3, ¥4 and X6=0, &
, X5=0, 8, O
pARG dimer X7=CH, CHZ2
2

General Procedure 1.
To a stirred solution of N7-Me-GDP 1 {incthvlammomum {TEA} salt, 1.5 mol
5 equivalent based on pAp(G dinocleotide 2} in a 10% water/BMSO solution (10 mL per cach
gram of N7-Me-GDP 1) at room temperature was added 1-(3-dimethylaminopropyl}-3-
cthylcarbodiimide hyvdrochlonide (EDC HCH salt; 2.4 mole equivalent based on pApG
dinucleotide 2}, followed by imidazole (4.5 mole equivalent based on pApG dinucleotide 2).
The resalting mixture was allowed to stir at room temperature overnight {approxamately 16-
16 24 bours). The second day, magnesium chlonide (3,15 M in water, 2.0 mole equivalent based
on pApG dinucleotide 2) was added to the above solution, followed by the pApG
dinucieotide 2 (TEA salt, 1 mole equivalent). The resulting solation was atfowed to stir at
room temperature overnight (approximately 16 to 24 hours). The crude reaction mixture was
then diluted with 10x water and purified by anion exchange chromatography (@ Sepharose
15 Fast Flow (QFF) Resm, 20% acctomtnile in water as buffer &, 1.5 M trimethylamme acctate

(TEAA) 1n water as buffer B, using a linear gradient from 25% to 459 buffer B for 4 column
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volumes (CV) and holding at 45% for 1.5 CV). The desired product was pooled and
concentrated under vacuum, and the final product was preciprtated as a sodium salt with
sodiurs acetate and 95% absolute ethanol in water.

The syntheses of the following compounds followed the procedure described above
and depicted i Scheme .

2 Gopp™ArompG (Compound 31

[e]
S
z\lz

z's
N

/ 2 8 9
HoNL ML N Q=RmO=R-0=P=0 o/ o
N P o O O
HN N
N ) N
I g o= I
0=p=0 N7 N TN,
&
HO  OH

11565

The compound W Gppp™AronepG (Compound 31) shown above was synthesized as
described according to General Procedure 1 from N7-Me-GDP (0.40 g, 0.75 aumol), EDC
(0.19 g, 0.975 mmol} and 1midazole (6.07 g, 1.0 mmol) in 4.88 ml 10% water in DMS(, 3.15
M magnesiom chionde {0.32 mL, 1 mmol} and p(m63ApG (0.46 g, 0.5 mmol). Solid prodact
(0,421 g) was obtained (vield: 68.6%) NMR (500 MHz, D20} 8 8.25 (5, 1H), 7.99 (5, 1H},
788 (s, IH)L5396(d. J=52Hz 1H),580(d, J=35Hz 1H),578(d, J=53Hz, 1H),487-
491 (m, 1H), 4.66-4.68 (m, 1H}, 4.45-4 49 {m, 3H}, 4.38-4 41 (m, 3H), 4.28-4.36 (m, 4H},
4.17-4.25 {m, 4H}, 3.97 (s, 3H), 3.46 (s, 3H), 2.98 {5, 3H). 'P NMR (200 MHz, D03} 0.38 (s,
1P, ~1085(d. J=12.1, 1P, -1094 (4, F=12.1, IP), 2222 1, J =182, IP). MS m/z
=1159.2.

WG omepppTtArompG (Compound 30):
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The compound VG omppp™ AromepG (Compound 30) shown above was
synthesized as described according to General Proceduare 1 from N7-Me-3"-Ome-GDP (2.86
g, 4.5 ramol), EDC (1.12 g, 5.85 mumol) and mudazole {(0.41 g, 6.0 mumol) in 28.6 vd 30%
water n DMS0O, 3.15 M magnesium chloride (1,90 mL, 6.0 mmol) and p(m6)ApG (2.76 g,
3.0 mmol}. 3.092 g solid product was obtained (vield: 83 %}, 1H NMR (500 MHz, Ih(} 3
830 (s, 1H). 8.09 (s, 1H), 7.94 (s, 1H}), 6.00(d, J = 3.5 Hz, 1H), 5.80-5.83 (1m, 2H), 4.91-4.94
(ra, 1H), 4.65-4.66 {(m, 1H), 4 49-4 52 (m, 2H), 4.36-4 42 (m, 5H}), 4.18-4.33 (m, 4H), 4,08~
4,10 (m, 1H), 4.01 (5, 3H), 3.48-3 47 (m, 6H), 3.08 (s, 3H). VP NMR (200 MHz, D:0) 038
(s, 1P}, -10.96 (4, J = 4.0, 1P}, -11.04 (4, F = 8.1, 1P}, -22.27 (¢, I = 18.2, 1P} MS m/z
=1173.2.
®GpppAr,enapG (Compound 1)

i
yy
\ o c < 1L
Oﬂé‘"(}“‘\ ;I\E N NHa
('j,
HO  OH

Compound | was synthesized as described according to General Procedure | from
N7-Me-GDP (0.30 g, 0.49 numol), EDC (0.151 g, 0.79 mmol} and imidazole (0.101 g, 1 .48
mmol} in 3.0 mi 10% water in DMSO, magnestum chioride (62.4 mg in .21 mL water, .66
mmol} and p(LNAJAPG (0.298 g, 0.328 mumol). Solid product (0.283 g} was obtained (yield:
71 %), T NMR (500 MHz, D:0): 5$8.07 (s, 1H), 7.95 (s, 1), 7.75 (s, 1), 3.85(d. I =42
Hz, 1H), 569 (d, I = 5.5 Hz, 2D, 4.69 (m, 1H), 4.53 — 4.28 {m, 15H), 4.08 (s, 3H). *'P NMR
{200 MHz, D:0): -1 47 (1), -10.98 (2P), -22 .41 (1P}, MS (ES]) calculated for
CrHaNisO4Ps 1144.66, found 1142.9 [M-H]"
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G v omepppAzr exaplh (Compound 2

Ho o7 Rk
N B
N
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A9 .2 9 A4S
HoN o Q=P QPO PO :
& T T 0 o
) o O 0 i}
HN e N
e N NH
i 3 g O < | P
3 NN NH
OEFI’"-O*-\ C)i 2
&
A\
HO  OH

Compound 2 was synthesized as deseribed according to General Procedure 1 from

N7-Me-3"-Ome-GDP (030 g, 0,459 mmol), EDC (0.141 g, 0.734 mmol} and midazole

g

{0.0938 g, 1.377 mumol) inn 3.0 mi 10% water in DMSO, magnesivm chloride (383 mg in 0.19
mkb water, 0.612 mmol} and p(LNAYARG (0.277 g, 0.306 munol). Solid product (0.2573 g)
was obtained {vield: 69 %). 'H NMR (500 MHz, D:0}: 6 8.06 (s, 1H). 7.95 (5, 1HD, 7.75 (5,
1HY, 582 (d, = 4.7 Hz, 1H), 5.68 {0, 2H), 490 (m, 1H), 469~ 411 (m, 13H), 4.09 (s, 3H),
349 (s, 3H). P NMR (200 MHz, D20): § -1.46 (1P), -106.98 (2P), -22.30 (1P). MS (ESD

10 calculated for CasHaalNisO2Ps 1158.69, found 1156 4 [M-HYT.

2 GpppAreaxap(s)G (Compound 3):

HO  OH it
N S
N
ifm it {s? <IN/’\|~ ’/’J
; NN
HaN._N_ o) O=F=0—P-0-P-0— i
Ty & o o \;O? o
HN N+ e N NH
4 g0 (¢ 1
Q l N ~
S=P-0 ;N ONH
}
MO OH

Compound 3 was synthesized as described according to General Procedure 1 from
N7-Me-GDP (0.2¢g, 0.327ounol), EDC (0.1 g, 0.523 ramol) and imidazole (0.067 g,
.98 loumol) in 2.0 ml 10% water in BDMSO, magnesium chlonde (50 9mg, 0.536 mmol} and
15 p(LNAMp{)G (0.2g, 0.218 mmol}. Solid product (149 5mg) was obtained (yield: 36 %).
The two diastercomers were purified by RP-HPLC and the NMR/MS data are shown below.
WG pppAr.eanap(siG: DI
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Final vield — 137.3 ywol; NMR (300MHz, D20} 5 8.12 (s, 1H), 7.98 (s, 1H), 7.83 (s, 1H),
586 (d, J=4.1, 1), 5.76 (s, 1), 5.72 (4. T = 4.6, 1H), 4.97 (s, 2H), 4.49-4.57 (m, 3H), 4 40-
4.48 (m, 3H), 4.15-4.36 (m, 8H), 4.08 (s, 3H); 31P NMR (2060 MHz, D:0) 3513 (1P), -11.02
(2P), -22.39 (1P). MS m/z = 1159.8 (M-F])
3 "GpppAr.eanap(d)G: D2

Final yield ~ 130.4 pmol: NMR (S00MHz, D20) 8 8.11 (s, 1H), 7.95 (s, 1H), 7.86 (s, 1H),
584(d F=472, 1H), 568 (m, 2H), 4.90 (m, 2H), 4.50-4.57 (m, 3H), 4.41-4.46 (m, 3H), 4.25-
433 (m, 6H3, 4.13-4.19 (m, 2H), 4.09 {5, 3H); 31P NMR (200 MHz, D20} 56,19 (1P}, -11.00
(2P), -22.42 (1P}, MS m/z = 1157.9 (M-H)

10 "“"GpppArome svnypl (Compound 4):

HO OH NH,
2 g N RN
; “ OECP?OF‘3 Q E € l /)N
HaN o No S S N Vet
/> Q O o Ol o
HN N+ /L.
T A
S S
i - AN
(:}.::E.i‘iw() o ?‘5 NT N
O" -
/
HO OH

Cormpound 4 was synthesized as described according to General Procedure | from
N7-Me-GDP (0.0716 g, 0.117 mmol), EDC (0.0358 g, 0.187 mmol} and imidazole (0.024 g,
0.351 mmol} in 0.7md 10% water in DMSQ, 3.15 M magnesium chloride (0.05 md, 0.156

15 owvol) and 5 -viny] phosphonate AG (0.07 g, 0.678 mmeol). Solid product {67 mg} was
obtained (vield: 71 %}. 'H NMR (500 MHz, Dn0): § 8.26 (s, 1H), 8.11 (s, 1H), 7.92 (s, 1D,
6.62 (m, 1H), 6.21 (£, J = 17.6 Hz, 1H), 6.00 ¢d, J = 5.9 He, 1H), 5.79 (m, 2H), 4.54 - 433
(m, 7THD), 4.16 (m, 3H), 4.02 (s, 3H), 3.39 (s, 3H). 7'P NMR {200 MHz, D.0): 8 3.74(1P), -
0.40(1P), -10.9402P), ~22.36(1P). MS (ESD) calculated for CaaHuN1sOnPs 114168, found
200 11407 [M-HE
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B3 omepPPA T oMe- svinvpG (Compound 5):

HO O
NH,
} 0O N e pg
[O/ it it it o N
| Y A g-pe0-p-0~P, <A
HN__N ] Az
Y 6- 6= Oy MW

HNL Al G 0
!

\
HO  OH
Compound 3 was synthesized as described according to General Procedure 1 from

N7-Me-3"-Ome-GDP (0.076 g, 0.117 mmol}, EDC (0.0358 ¢, 0.187 mmol) and imidazole

v

{0.024 g, 0.351 mmol} in 0.7 ml 10% water in DMSG, 3.15 M magunesium chloride (0.05 mE,
0,156 mmol) and 5 -vinvyl phosphonate AG {0.07 g, 0.078 mumol}. Solid product {70 mg) was
obtained {vield: 73 %). 'H NMR {500 MHz, [nOY:. § 8.27 {s, 1H), 8.11 (s, 1H), 7.93 (s, 1},
662 (m, tH), 621 J=175Hz 1H}). 600{(d. J=59Hz 1H), 582(d, § =545 Hz, 1H),
5714, 1=4725Hz, 1H), 4.64 (m, 1H), 4.48 (m, 1H), 443 (m, 1H), 435-4.23 (m, 3H),

10 415 (m, 3HD, 4.08 (m, 1H), 4.02 (s, 3H), 3.46 (s, 31, 3.40 (s, 3FD). *'P NMR (200 MHz,
DGy 8 3.85(1P), -0.39(1F), -10.91(2P), -22 30(1P). M5 (ESD calculated for CauabasNis0sPs
1155.71, found 11555 {M-H]"

S TGpppArep(s)G (Compound 6):

HO  OH

HO  OH
Compound 6 was synthesized as described according (o General Procedure 1 from
N7-Me-GDP (0.2g, 0.327mmoel), EDC (0.100 g, 0.523 mmol) and imidazole (0.067 g, 0.981
15 vuool) in 2.0 mi 10% water in DMSO, magnesium chloride (30.9mg, 0.536 mmol) and
pArrp(s)G €0.198 g, 0.218 mmol). Solid product {155mg) was obtained (vicld: 62 %}. The

two diastercomers were purified by RE-HPLC and the NMR/MS data are shown below.
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" GpppArep(s)G: DI

Final yield ~ 24 4 umol; NMR (500MHz, D203 5 8.24 (s, 1H), 7.99 (s, 1H), 7.81 (5, IH}, 6.09
(d.J=159Hz 1H),588{(d.J=39Hz H),370(d, J=65Hz, 1H), 549538 (m, 1H),
5.05-5.01 (m, 1), 5.56 (1, § = 4.5 Hz, 2H), 4.49-4 33 (m, TH), 4.26-4.20 (m, 4H), 4.04 (s,

5 3H)

319 NMR (200 MHz D20) 55.72 (1P}, -10.93 (1P}, -10.05 (1P), -22.40 (1P), MS m/z =
1149.0 (M-H).

*TGpppArsp(s)G: D2
Final yield - 298 umol; NMR (500MHz, D:0) 5 824 (s, 1H), 7.99 (s, 1H), 7.86 (s, 1H). 6.10

10 {d.J=160Hz 1H).588(d J=39Hz 1H),570(d, =55 Hz, 1H), 542-531 (m. 1H),

5.07-4.99 (s, 1H), 4.57-4.44 (m, 6H), 4.42-4.21 (o, TH), 4.19-4 16 {m, 1H), 4.04 (s, 3H)
31P NMR (200 MHz, D20) 5723 (1P}, -16.97 (2P), -22.38 (1P}, MS m/z = 1148 & (M-H).

»Gppp{diaminopurine)ronpG (Compound 7

e L
Nac "X
o 9 o ¢ :(E\ j‘\
O it il { N Nf "
NNy TOTR0m0mE0my z
g : - (9]
i 2 o O ) /U\
i G N
\ g o= |
’ : NN N
Q=p=0 J 2
o
Y
HO  OH
15 Compound 7 was synthesized as described according to General Procedure | from

N7-Me-GDP (0.219 g, 0.338 mmeol}, EDC (8.11 g. 0.574 mmol) and imidazole (0.073 g,
1.076 mamol) in 2.2 ml 10% water in DMSG, 3.15 M maguestum chloride (0.15 mk, 0.478
mraol) and DAP-G (0.22 g, 0.239 mmol). 191 mg solid product was obtained (yield: 65 %)
"H NMR (500 MHz, D:0): 3 8.02 (s, 1H), 7.98 (s, 1H)}, 53.82 {m, 3H), 4.90 {m, 1H), 455 (m,

20 1H) 452420 (m, 13H), 4.01 (s, 3H), 345 (s, 3H). 3P NMR (200 MHz, D:20): §-0.35
(1P}, -10.84 (2P), -2232 (1P).
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G omeppp{diaminopurine)zronepG (Compound 8):
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2 N N ] ‘)/ O
T o O O ¢
HN 7 N
N+ N NH
\ o o= I
0:?—0—\ O’F N7 NH,
&
HO  OH

Compound 8 was synthesized as described according to General Frocedure 1 from
N7-Me-3"-Ome-GDP (0233 g, 0.358 mmol}, EDC (0.11 g, 0.574 mmol} and imidazole
5 {(0.673 g, 1076 mmol} in 2.2 mal 10% water in DMSGO, 315 M maguesium chiornde (0.15 mL,
$.478 mmol) and BAP-G (0.22 g, 0.239 mumol}. Solid product {202 mg) was obtained {yvield:
68%). "H NMR {500 MHz, D20} 3 8.02 (s, 1H), 7.98 (s, 1H), 5.82 (m, 3H), 493 {(m, 1H),
4.69 (m, 1H), 4.49 (m, 1H), 4.42 — 410 {m, 11H), 3.68 (5. 3H), 3.48 {s, 3H), 3.46 (s, 3H}. *1P
NMR (200 MHz, I:0): §-0.34 (1P), -10.94 2P), -22 28 {(1P).

21 s omeppp{diaminopurine)ronep(s}s {Compound 9):

N
}:mé A
4 :I
b D) i
o\ % % <N«’\ -
HaN_ N O—P-0—~P-0-P-0 ] 2
e ‘ ! o) 0
o o N o S
HN b+ )LNH
4
& Y (i) Ow( | P
S=P-0 O'?' N™ NH,
&
HC  OH

10
Compound 9 was synthesized as described according to Geuneral Procedure 1 from

NT-Me-~3"-OMe- GDP (0.201g, 0.327Tmmol), EDC (0.100 g, 0.523 mmeol) and mnidazole
{0.067g, 0.981 mumol} in 2.0 mi 10% water in DMSO, magnesium chlonde (50.9mg,
(.536mmol) and pDAPm p(s)G (0.204¢, 0.218 mmol). Sclid product obtained (65 .4 mg) post

15 anion exchange (Q Sepharose Fast Flow) and Anion exchange (Q Sepharose High
Performance) purification was obtained (vield: 232 %), 'H NMR (500 MHz, D20): 8§ 5.05
{s, 1H}, 8.61-8.00 {m, 2H)}, 5.86-5.79 (m, 3H}, 5.11-5.06 (m, 1H}, 4.64 {1, J= 4.5 Hz, IH),
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4.52-4.15 (m, 11H), 4.08-4.05 (m, 1H), 4.02 (d, }=8.25 Hz, 3H), 3.46-3 44 (m, 4H), 3.40 (s,
2H). ). P NMR (200 MHz, D0} § 56.76 (1P), 56.06 (1P), -10.91- -11.09 (4P), -22.27- -
22.49 (2P). ). MS m/z= 1189.8 (M-H)

Gy omepppAromp(s)G (Compound 21):

. NH
Ho o7 Py 2
{N -~ N
c <
o 0 0 i
, O—P-0-P-0-P-0 NN
HoM N N L R 2\ o { IS
H: > o o G
HN ~ ;—-—% N
o TN+ o ¢ M
§=p-0— ol 2
&
5 HO  OH

Compound 21 {two diastercomers) was synthesized as described according to General
Procedure 1. The two diastereomers were prepared from a pA{ps)& dinucleotide, as shown
below, that was made as a muxture of two diastercomers, D1 and D2 {chiral P atom
generating the D1 and D2 diastercomers 1s indicated with an asterisk in the structure below).
16 The diastercomers were resolved by reverse phase chromatography using a 32

m SP-1{

IR

- 1S-0DS-P eolumn {Tormnce, TA}, with the fol

MWIBE SEPAration

It il v Edvetiae A T s R A em et aon e 3w o My INE ey
conditions: Buffer A: 100 mM trtethvianynonium bicas

A0 T e TN crerer n e T e o
(9 B x L3 cohumn volumes {C

forutnile (ACNGY (o

D1 diastercomer {referred to as pA(ps)G D) cluted first from the reverse phase
15 chromatography column and the D2 diastereomer {referred to as pA{ps)G D2) eluted second

from the reverse phase chromatography column. The final diastereomer purity for cach was

> 99%.
N,
N s
o ¢
11 N N
HO-P-C
: PN 1)
OH i
/ N NH
o) OMe ¢ :E i\
ofp-om NN,
s 0.
SH
‘e
HO  OH
pA{ps)G
20 The resulting diastercomers of Compound 21 are indicated as Compound 21 D1 and

Compound 21 D2,
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Compound 21 DI was prepared from N7-Me-3"-0Me-GDP (0.119 g, 0.202 mmol},
EDC {0.05 ¢, 0.262 mmol} and imidazole (3.018 g, 0.269 mmol) 1n 6.6 ml 10% water in
DMSO, magnestum chloride (0.083 mL, 0.269 mmol} and pA{ps)G D1 (01346 g, 0.134
mmol}. The resulting compound was isolated and collected as a solid product (61.7 mg;
5 wield: 37 %), IHNMR (500 MHz, Doy 5838 (s, 1H), .12 (s, TH), 8.05 (s, 1H}, 6.00{d, J
=6.0Hz, 1H), 586 (d, I=359Hz, 1H), 383 (d, J =43 Hz, 1H), 5.11-5.08 (m, 1H), 482-
473 (m, 1H), 4.56-4.52 (m, 2H), 4 48 (1, ] = 5.5 He, 1H), 4.38-4.35 (0, 3H), 4.32-4.23 (m,
4H), 4.20-4.17 (m, 1H), 410 (t, I= 4.6 Hz, 1H), 4.03 (s, 3H), 3.47 (m, 6H}. 31P NMR (200
MHz, D20} 56.05 (s, 1P), -11.01, -11.10 {overlapping doublet, 2P), -22.33 (¢, J = 18.2, 1P).
10 MSm/z=1173.8 (M-H).
The method was repeated using pA{ps)G D2 to 1solate Compound 21 D2,
Specifically, the synthesis was performed using N7-Me-3"-OMe-GDP (0.187 g, 0.317 mmol},
EDC (0.079 g, 0.413 mmol) and imidazole (0.029 g, 0.423 mmol) in 1 87 ml 10% water in
DMSO, magnesium chloride (0134 md., 0.423 mumol) and pA{ps)G D2 (02173 ¢, 0212
15 mmol). Solid product {0,124 mg) was obtained (vield: 47 %). NMR (500 MHz, D) 5§ 8.38
{s, 1H), 8.11 ¢s, 1H), 8.01 (s, 1H), 6.03 (d, I =58 Hz, 1H), 5.84 (m, 2H}, 5.08-5.06 {m, 1H),
4.66 (m, 1H), 458 (m, 2H), 4 52-4 50 (¢, I =4 9Hz, 1H), 4454 43 (T, J = 5. 4Hz, 1H}, 440-
420 (m, 8H), 4.11-4.09 {m, 1H), 404 (g, 3H), 347 (s, 3H), 3.44 (m, 3H}. 317 NMR (200
MHz, D203) 56.68 {5, 1P}, -10.98, -11.07 (overlapping doublet, 2P}, 2229 (1, I =202, 1P).
20 MS m/z=1174.0 (M-H}.

"G romeyoMeppPRArvompG (Compounnd 258):
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25 Compound 25 was synthesized as described according to General Procedure 1 from

N-7-Me-27, 37-di-OMe-GDP (0.5 g, 0.36 munol), EDC (0.12 g, 0.6 mmol) and nmdazole
{¢.10 g, 1.4 mmol} in 5 mL 30% water in DMSO, magnesium chloride (.12 mL of 3.15

Mgl solution, (.48 mmol} and pAromepG (0.2 g, 0.24 mmol}. Solid product {0.16 g} was
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obtained (vield 57%). TINMR 8 832 (5, 13, 8.06 (5, 13, 7.92 (s, 13, 5.94 (d,1, =10 Hz), 5.80
(d,1,3=10Hz}, $.79(d, 1, J=10Hz), 489 (m, 1), 447 (m, 2}, 437 (¢, 1, =5 Hz), 433 (m, 4},
424(m,2), 414 {m4), 402s,3).348(s,3).342(s,3),340(s,3).31P3-042(1P), -11.12
(2P}, -22.43 (1P); MS av/z=1172.0 (M-H).

"G rompppAzompG (Compound 26):

WNHo

Ny
o o o <A
O i it i N“’\N’f

NNy TOTRmOmR-0-P-0—y

Y Y Yo O © o

;himﬂ/h‘“N{+ vl \ N NH
\ A

¢ o— & |
o : N
0=P-0 ;N NHg
}
HO  OH

Compound 26 was synthesized as described according to General Procedure 1 from
N-7-Me-27-0OMe~GDP (0.20 g, 3 mmol), EDC (0.091 g, 0.47 mmol) and tmidazole (0.06 g,
$.89 mmol) n 2.2 mL 10% water in DMSQ, magnesium chloride (0.13 ml of 3.15 MgCh
solution, 0.42 mmol) and pAromepG {0.19 g, 0.21 mmol}. Solid product {0.21 g) was
obtained (yield 78%). TH NMR 6834 (s, 1H), 8.09 {s, 1H), 7.92 (s, 1H), 5.96 (d, 1H, J=9
Hz), 586 (d, 1H, J=5 Hz), 580 (d, 1H, I=0Hz}, 4.90 {m, 1H), 451 (d, 1H, J=5 Hz), 448 (m,
2H), 438 {m, 2H), 433 (m, 1H}, 4.27 {m, 2H), 4.23-4.16 (m, SH}, 4.02 (s, 3H), 3.52 (s, 3H},
341 (s, 3H). 31IP 6 -0.43 (1P}, -11.06 (2P), -22.39 (1P); M8 m/z=1157.9 (M-H).

G romMer 0MePPPT AzouepG (Compound 37):

f— ] ‘l {
R > o o o Oy o
HI N
N+ ) NH
i o o— ¢ |
O=P-0 r)? N TN,
o A

i

HC'; OH
Compound 27 was synthesized as described according to General Procedure 1 from
MN-7-Me-2°, 3'-di-OMe-GDP (0.5 g, 035 mmol), EDC (0.12 g, 0.6 mmol} and imidazole
(0.10 g, 1.4 mmol) in 5 mL 30% water in DMSO, magnestam chloride (0.12 mL of 3.15
MgClh solution, 0.48 mmol) and p™AromepG (0.22 g, 0.24 mmol). Solid product {0.18 g)
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was obtained (vield 64%). *H NMR 8 §.26 (5,1), 8.07 (s,1), 7.70 (s.1) 5.94 (d, 1, }=10 Hz),
580(d, 1, =10 Hz), 5.76 (d, 1 =5 Hz), 4.89 (m. 1), 473, (m, 1), 421 {m. 1), 4.18 (m, 2),
4.14 (1. 2, F=3 Hz), 3.99 (5, 3) 3.49 (5, 3), 3.42 (5. 3), 3.08 (brs, 3). 31P & -042 (1P), -11.12
(2P). -22 43 (1P), MS m/z=1172.0 (M-H).

MG roneppp™tArompG (Compound 28):

e
oo oM HA
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O ] NN
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o
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Compound 28 was synthesized as described according to General Procedure 1 from

N-7-Me-2"-0Me-GDP {0.20 g, 9.3 mmol}, EDC (9.091 g, .47 mmol) and imidazole (0.06 g,
(.89 mumol) in 2.2 mL 19% water in BDMSQO, magnesmm chlonde (0.13 mb of 3.15 MoCh
solution, 0.42mmol) and p™A2omepG (0.19 g, .21 mumol). Solid product {0.17 g} was

10 obtained (vield 68%). 'H NMR 3 8 28 (s, 1H), 8.09 (brs, 1H), 7.92 (s, 1H), 5.96 (d, 1H, J=3
Hz), 5.84 (d, 1L J=5 Hz), 5.82 (d, 1. }=9 Hz), 4.91 (m, 1H), 4.49 {m, 3H), 4.39 (m, 2H), 4.25
{m, 2H), 4.20-4 15 {m, 6H), 4.00 (s, 3H), 3.54 (5, 3H). 346 (s, 3H). 3.09 {brs, 3H). 3P § -
0.40 (1P), -11.06 (2P), -22 37 (1P); MS nmv/z=1174 (M+H).
WG rsmepppAromep’ (Compound 42):
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Compound 42 was synthesized as described according to General Procedure 1 from
NT7-Me-3"-SMe-GDP (0.18 g, 0.29 mmol), EDC (0.09 g, 0.47 mmol) and imidazole (0.06 g,

0.90 gunol) in 1.8 ml 10% water in DMSQO, magnesium chlonde (0123 ml of 3115 M
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MgCh solution, 0.39 mmol) and pAwpG (0.18 g, 0.19 mmol}. Solid product {6.161 g, 6.130
mmol) was obtained (vield: 67%). 'H NMR (500MHz, 1:0) § 8.37 (s, 1H). 8.10 (s, 1H), 7.92
(5, IH)L, 598 (d. =38, 1H), 581 {m, 2H), 4.92 (m, 2H), 4537 (d, 1 = 4.7, 2H), 4 47451 (m,
AFD), 441 (6, T=52, F), 4.20-4.40 (m, 3FD), 4.15-4 24 (m, SH), 4.01 (s, 3H), 3.42 (s, 3H),
2.12 (s, 3H). 3P NMR (200 Mz, D20) -0.41 (1P), -11.04 (I1P), -11.35 (1P), -22.32 (1P). MS
m/z = 1173.9 (M-H).

"Gy ou, 2MepPP Az orepG (Compound 43):

Ak,
OH  0OH <"‘\J\T S
o 0 0
~o) L 1.1 Nt
HoNL N ! ”Omflj"'ow?ﬂ“il—() g’o;g o
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Compound 43 was synthesized according to general procedure 1 from N7-Me-2'Me
2°OH-GDP (0,502 g, 0.85 mmol}, EDC {0.230 ¢, 1.2 mmol) and imidazole (0.153 g, 2.25
vuool) in 5 mb 10% water m DMSO, reagnesium chlonde (0317 mL of 3.15 M of Mg(Ch
Solution, 1 mmol) and pAmpG (0.454 g, 0.5 mmol). Solid product (0.437 g} was obtained
(75% vield}.

TH NMR (500 MHz, D20): 8 8.36 (8, 1H), 8.02 (s, 1H), 7.93 (s, 1H), 5.96 (d, J=5.7 Hz, 1H),
5.82 (s, 1H), 5.81 (s, 1HD), 491 (m, 1H), 4.49 (m, 3H), 439 (¢, I=5.1Hz, 1H), 434 (m, 1H),
4.29 (m, 3H), 4 20(m, 3H), 4.14 (m, 1H), 4.03 {s,3H), 3.41(s,3H}, 1.02 ¢s, 3H). *'P NMR
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O
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m Gr azvppp™® AronvepG was synthesized as described according to General

Procedure 1 from N-7-Me-3"-AZM-GDP (0.20 g, 0.3 mmol}, EDC (8.098 g, (.51 mmol), and
nidazole (0.082 g, 1.2 mmol) m 3.0 i, 30% water it DMSO, maguesium chlonde (616
mb of 3,15 MgCl2 solution, .5 mmol) and pA2romepG (0.23 g, 0.25 mmol). Solid product

5 (0.086 g) was obtained (vield 24%). 'HNMR: 3 8.28 (s, 1H), 8.08 (s, 1H), 7.91 (s, 1HD), 5.97
(d, 1H, =10 Hz), 5.82-5.80 (m. 2H), 4.91-4 88 (m, 2H). under D20 (3H), 4.63 (¢, 1H, J=3
Hz), 4.50-4 46 (m, 2H), 443 (s, 1H), 4.39-4 30 {m, 3H), 4244 17 (m, 4H), 3.99 (5, 3H), 3.45
(s, 3H), 3.08 (s, 3H). 3'P NMR 5 -0.40 (IP), -11.08 {2P), -22.42 {1P). [M-3H+4Na]"
Expected Mass: 1303.12; [M-3H+4Nal™ Detected: m/z=1302.5 (M-3H+4Na).

10 ®Grrppp™ArompG (Compound 49);
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Compound 49 was synthesized as described according to General Procedure 1 from N-7-Me-

3-F-GDP (0.20g, 27mmol), EDC (0.083¢, 0.43 mmol) and imidazole (0.055 g, (.81 mumol)
m 2.2 ol 10% water in DMSO, magnesium chlonde (0,12 mL of 3,15 MgCh solution, 0.38

15 mmol) and p ™AromepG (0.176 g, 0.19 mmol). Solid product (0.12 g) was obtained (yield
55%). 'H NMR 5827 (s, 1H), 8.09 (br s, 1H), 7.92 (s, 1H), 5.96 (d, 1H, }=9 Hz), 5.82 (d, 1.
=3Hz), 580(d, TH, I=9Hz), 332(d TH IS5 Hay, 522 4d, 1, 1=5 Ha), 4.89 (o, 1H), 4.72
(o, 1H), 4.68 (m, 1FD), 4.45 (m, 2H), 4.38 {t, 1FL J=5 Hz), 4.30-4.20 (M, 7H). 4.02 (s, 3H),
3.45 (s, 3H), 3.10 (brs, 3H). MS m/z=1159.7 (M+H).
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MG rmosppp™ArompG (Compound 50):
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Compound 50 was synthesized as described according to General Procedure | from

N-7-Me-3"-(2-Methoxyethoxy)-GDP ((030g, 0.37 mmol}, EDC (0.12g, 0.6 mmol) and

(v

fmidazele (0.16 g, 1.5 mmol} in 3.5 mL 10% water in BMSO, magnesium chioside (0.15 mL
of 3.15 MgCl solution, (.24 mmol) and p AMS2omepG (1.11g, 0.12 mmaol). Solid product
{0.11 g) was obtained {vield 65%). 'HNMR 8 .21 (s, 1}, 8.06 (brs, 1}, 789 (s, 13. 5.96 (d, 1,
FES5HZ), 582 (s, 1), 581 (d, LLI=55H), 488 {m, 1),473 (&, LLI=55Hz), 460 (1, 1,
=473, 447 (m, 1),446 (m, 1),436(m, 2}, 435 (M, 2),432 (M, 1),4.22 (m, 1}, 4.17 (m,

10 4),3.98(s,3),3.76 (mm, 2),3.62 {m, 2}, 3.43 (s, 3), 3.37 {5, 3},3.07 (brg, 3); 31P § - 40 (1P}, -
1112 2P), -22 45 (1P), MS nv/z=1215.8 (M-H}.

WG rsneppp™ A romep G (Compound 521
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Compound 52 was synthesized as described according to General Procedure 1 from N7-Me-
15 3°-8Me-GDP (0.18g, 0.2%mmol), EDC (0.09¢, 0.47qunol) and imidazole (0.06g, 0.90mumol)
fn 1.8mL 10% water in DMSQ, magnesium chloride (0.123mL of 3.15M MgClz solution,
0.39mmol) and p™AupG (0.18g, 0.19mmol). Solid product (0.109g, 0.087numol) was
obtained. Final yicld - 86.5 umol, 194 umol starting scale, 44 6% NMR (500MHz, 120} &
-138-
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R.30 (s, 1H), 8.07 (s, 1HD), 7.89 (5, 1H), 5.97 (d, J = 5.4, 1H), 5.79(d, J = 5.8), 5.75 (s, 1H),
491 (m, 2H), 4.54 (&, J = 4.7, 1HD, 4.45-4.50 (m, 3H), 4,40 (¢, J = 5.0, 1H), 4.24-4.33 {m,
2H), 4.15-4.23 (m, SH), 3.97 (s, 3H), 3.45 (s, 3H), 3.06 (bs, 3H), 2.1 (s, 3H). 31P NMR (200
Mz D0) -0.42 (1P), -11.02 (1P), -11 37 (1), -22.31 (IP). MS m/z = 1 187.8 (M-H)

Y ~sugar isomer)GpppArompG (Compound 75):
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Compound 75 was synthesized according to gencral procedure  from N7-Me-L-GDP

(0.31 2, 0.5 mmol), EDC (0.153 g, 0.2 mmel) and midazole (0.106 g, 1.550 mmol) n 3.1 mL

10 10% water in DMSO, magnesium chloride €0.212 g, 6.667 mmol) and pAmpG (030 g, 0.333
mmol). 218.07 umol product was obtained (yield: 65.3%). 'H NMR (500 MHz, D:0) 8 830
(s, 1H), 8.06 (s, 1H) ., 7.87 (s, IH}). 6.01 {d. J=4.4, 1H}, 577 {m, ZH), 4 86 (m, IH}. 473 (m,
1H), 4.48- 4.46 (o, 2H), 4.46~ 4. 45 (m, 3H), 4.43-4.47 (o, [H) 4.38-4.19 {m, 4H) 4.00 (s,
3ED, 347 (s, 3H, 190 (s, 1M, 117 €1, J=7.1 Hz [ 1H), 31P NMR (200 MHz, D:0): 6 0.47¢s,

15 1P, -10.87{m, 1P}, -22.06 (m, 1P). Calculated for CazHaaNis024P4 1144 .66, found 1144 0
IM-H] negative mode.

"Gy on, rMepppTt ArompG (Compound 76}
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Compound 76 was synthesized according to General Procedure 1 from N7-Me-2"Me

2°OH-GDP (0.502 g, 0.85 mmol}, EDC (0.230 g, 1.2 mmol) and imidazole (0.153 g, 2.25
ool in Sl 10% water i DMSO, magoesium chionde ( 0.317 mL of 3.15 M of Mg(i2
Solution, 1 mmol) and pAmpG (0.406 g, 0.5 mmol). Solid product (0.522 g} was obtained

5 (89% vield). IHNMR (300 MHz, D:0O): § 8.28 (8, 1H), 8.05 (s, 1), 7.89 (s, 1H), 5.95 (4,
F=5 4Hz. TH), 5.80 (d, J=5 75Hz, 1H), 5.77 (8. 1H). 4.91 - 4.88 (m, 1H), 481 - 4.72 (m. 3H).
450 - 446 (o, 2H), 437 {t, }=4 95Hz, 1H), 433 -4 26 {m, 3H), 425 - 4.18 (m, 3H), 4.12 -
4,50 (m, 1FD). 4.00 (s, 3H), 3.43 (s, 31, 3.06 (brs. 3H), 1.00 (s, 3F). 31P NMR {200 MHz.

o HN
HN i N
ey g e S
HNT N R o [TOTBmOmR=0=E=0—y N
' o o 0 9
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HG Ok ? O <’ ﬁj\
O=p-0 . NN N,
&
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Compound 77 was synthesized according to general procedure 1 from N7-Me-L-GDP

{0.31 g, 0.5 mmol), EDC (0.153 g, 0.8 mmol} and mudazole (0.106g, 1.350 mmol} in 3 1mbL
10% water in DMSO, magnesium chioride (0.212g, 0.667Tmmaole) and p™ AmpG (031 g,

15 0.336 mmol). 257.86umole product was obtained (yield: 76.7%). H NMR (500 Mz,
[0 8826 (s, 1H), 8.05 (s, 1H), 7.83 (s, 1H), 6.03 {d, J=3.6 Hz, iH)}, 5.76 (d, }=6.05 Hz,
1H) 5.67(d, 2.8 Hz, 1H}), 4.86 (o, 1H), 4.69-4.67 (1, }=535 Hz, 1H), 446-4 4] (m, SH), 4.39-
437 (m, 3H), 434-431 (m, SH), 3.98 (s, 3H}, 4.52 (s, 3H), 3.00 (bs, 3H), 1.90 (s, 1), 1.18
{t, }=7.05 Hz, 1H).

20 31P NMR (200 MHz, DhO): 6 0.47(s, 1P), -10.92(m, 1P), -22.11 (m, 1P} Calculated for
CasHasN1s024Ps 1158.69, found 11380 and 1159.9 [M-H] negative mode.
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M acyclo)Gppp™ ArvompG: Compound 78

Compound 78 was synthesized according to general procedure 1 from N7-methyl
acvchic GDP {0.100 g, 0.251 mumol), EDC (0.061 g, 320 mmol) and wmidazole (0.054 g, (.80
mmol} in 1.6 mL 10% water in DMSO, magnesium chioride (0.110 mL of 3.15 M of Mg(Ch

5  Solution, I mmol) and p™ AmpG {6,125 ¢, 0.173 mmol). Solid product (0.105 g} was
obtained (55.0% yieid). "H NMR (300 MHz, D20O): 3 8.30 (s, 1H), 8.08 (s, 1H}, 7.92 (s, 1H),
6.00 (d, 1=5.8Hz, 1H), 5.82 (d, =5 7Hz, 1H), 5.52-5.45 {q, J=10.95Hz, 2H), 4.95-4.91 (m,
1H), 4.78-4.72 {m. 2H), 4.53 (br s, 1H), 4.48-4.44 (m, 2H), 4.34-4.29 (. 2H), 4.25-4.21 (m,
3H), 4.20-4.09 (m, 2H), 3.99 (5. 3H). 3.79 (m, 2H). 3.45 (s, 3H). 3.03 (br s, 3H). P NMR

10 (200 MHz, D20): 6-035 (1F), ~16.68 (2P), -22.23 {(1P). MS m/z=1168.6 (M+3Na)}.

Synthesis of Compounds According to Formula IH:
Compounds according to Formuia I, terminating in an adenosine mucleotide, were
prepared according to the general roethod shown in Scheme 2.

Scheme 2:

Ju—
(4
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General Procedure 2 (using a p"%4zoumepd dinucleotide as pApA dinucleotide 3):

To a stirred solution of modified N7-Me-GDP 1 (TEA salt, 1.5 mol equuivalent based
on p"ArovepA dinucleotide) in 10% water/DMSO (volume is 10x of weight of N7-Me-GDP
1) solution at room temperature was added BEDC HCI salt (2.4 mole equivalent based on
p™ AzomepA dinucleotide 33, followed by imidazole (4.5 mole equivalent based on
P ArenepA dinucleotide 3). The resulting mixture was allowed to stir at room temperature
overnight (approximately 16-24 hours). The second day. magnesium chlonde 3.15 M in
water, 2.0 mole equivalent based on p™ AromepA dinucleotide 3) was added to the above
solution, followed by modified p™ArovepA dinucleotide 3 (TRA salt, | mole equivalent).
The resulting solution was allowed to stir at room temperature ovemight (approxamately 16
10 24 hours). The crude reaction mixture was then diluted with 10x water and purified by
anton exchange chromatography (QFF Resin, 20% acetoninle in water as buffer A, [ S M
TEAA in water as buffer B, using a lincar gradient from 25% to 45% buffer B for 4 CV and
holding at 43% for 1.5 CV). The desired product was pooled and concentrated uader
vacuum, and the final product was precipitated as a sodium salt with sodium acetate and 95%
absolute ethanol in water.
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The syntheses of the following compounds followed the procedure described above
and depicted in Scheme 2.

' Gppp™ArompA {(Compound 10h

HO  OH HT\
/ N =
A
. N« T e B o < B
O gfeo-peo-po NN
H2N\7{;N N P i T O NH,
oD o O 9
HN A o ¢ S
o ¢ A A
O-—l?“()""\ o {
HGC  OH
5 Compound 10 was synthesized as described according to General Procedure 2 from

NT7-Me-GDP (0.88 g, . .Smmol}, EDC (0.46 g, 2.4 mmol} and imidazole (0.31 g, 4.5 mmol)
in 13 mL DMS0, magnesium chloride (0.190 g in 0.64 mL water, 2 mmol} and p™® Az oMepA
{0.906 g, Immol). Solid product (0.355 g} was obtained {yield: 29%) 'H NMR (500 MHz,
DhO): §8.26 (s.1F), 8.23 (5, 1H). 8 15 (s, 1), 7.91(s, 1H). 6.008 (4, =4 5 Hz, 1F). 5 881 (d.
10 J=4.5Hz, 1H), 5.761 (d, J=3.5 Hz. 1}]), 4.84-4.88 (m, 1F). 4.25-4.49 (m, 141D, 3.96 (s, 3H),
3.53 (s, 3H). Y1P NMR (200 MHz, D:03: 6 -0.59 (1P}, -10.99, -11.04, -11.09, -11.13
{overlapping doublet, 2P), -22 50(t, J=16.2Hz, 1P). MS (ES) calculated for CasHasNisOaPs
114370, found 1144 .7 [M+HT"
MG ronmpppAroepA (Compound 11):

,_i
s
I
[®)
)
s

Compound 11 was synthesized as described according to General Procedure 2 from
NT7-Me-3"-OMe-GDP (0.63 g, 0.96 mmol}, EDC (6.294 g, 1.536 mumol) and imidazole
{0.196, 2.88 mmol} 10 6.3 mi 10% water in DMSO, magnesium chionide (122 mg in 0.41 mbL

water, 1.28 mmol} and p™AromepA (0.58 g, 0.64 mmol). Solid product (0.46 g} was
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obtained (vield: 33%) "HNMR (500 MHz, D20): 8828 (s,1H), 8.24 (s,1H), 8.14 (5,1H),
7.93 (s, 1H), 6.013 (d, J=4.5 Hz, 1H), 5.911 {d, J=5 Hz, 1H), 5.741 ¢d, J=4.5 Hz, 1H), 4.87-
490 (m, 1H), 459(, J=4.5 Hz, 1H), 4.45-4 52{m, 3H), 4.32-4 40(m, SH), 4.16~4 25(m, 4H),
4.04(t, =30z, 1FD). 3.96(s, 3FT), 3.52(s. 3H), 3.44(s, 3H). 3'P NMR (200 MHz, D20): & -0.49

5 (iP),-10.93,-11.02, -11.04, -11.11 {overlapping doublet, 2P}, -22.37(t, J=16.2Hz, 1P}
calculated for CsaHarNisGaaPy 115773, found 1156.7 [M-H]
Synthesis of Compounds According to Formula V, Formula VI, and Formula VIIL:

Compounds according to Formula V| terminating in a uridine nucleotide, were
prepared according to the general method shown in Scheme 3. Compounds according to
10 Formula VII and VI are prepared similarly.

Scheme 3:

O

A 3
+kaNH *\I NH
2 - !

? % <N SN EDC (2.4 equiv.) ? 9 <.m SN

Ho-P-O=p-0— [T N TNHp RS, fr-B-0=P=0-y TN e,
& o k__z imidazole (4.5 aquiv) & o \g 2
= + / a8 " i \
2TEAH RO b 8-1?;;:;;{2?@?; rr;mm TEAHT RG  OH
N7-Me-GDP
1
MgCl, {3.15M in water, Ho  OR BNH,
2 equiv) is added as sojution v\ N~ N N
AL dimer {1 equiv.) - o o 0 ¢
22-24 hours at room temperature o {c \.uo_g’:‘_e.ué{.mo_ﬁmom\ N7

O \ ;i °
il N O
HO~P-0— }\5 N 0
5\ %
2TEAH" ”ﬁ’J\H HO  OH
I i
¢ R N Ry = Hand Me
O=P-0Q o R, = F and 2,4-LNA
& W8
(%

pApl dinucleotids
HO  OH
General Procedure 3:
To a stirred sohution of N7-Me-GDP 1 (TEA salt, 1.5 mol equivalent based on pApU
15 dinucleotide) in 10% water/DMSO (volume is 10x of weight of N7-Me-GBP 1) solution at

room temperature was added EDC HCI salt (2.4 mol equivalent based on pApU duwucleotide
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4}, followed by mmdazole (4.5 mol equivalent based on pApU dinucleotide
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4). The resulting

mixture was allowed to stir at room temperature overmght {(approximately 16-24 hours). The

second day, magnesiurn chloride (3.15 M in water, 2.0 mol equivalent based on pApU

dinucleotide 4} was added to the above solution, followed by modified pApl dinucleotide 4

{TEA salt, 1 mol equivalent). The resulting solution was allowed to stir at room temperatare

overnight (approximately 16 to 24 hours}. The crode reaction mixture was theo diluted with

10x water and purified by anion exchange chromatography (QFF Resin, 20% acetonitrile in

water as buffer A, 1. 35M TEAA in water as buffer B, using a lincar gradient from 25% 1o 45%

buffer B for 4 CV and holding at 45% for 1.5 CV}. The desired product was pooled and

concentrated under vacuum, and the final product was precipitated as a sodium salt with

sodiam acetate and 95% absolute cthanol m water.
WiGnppArenapll (Compound 13):

NH

.N‘\~)§N
¢
o 9 o0 N,L,

N

HG

\W A N
HoN /N —'\Il @] F!‘ 8] FE’ O F|’ O o / o
i > o o < {
HN "
IRy o
o ! -
&
HO CH

Compound 15 was synthesized as described according to General Procedure 3 from

NT7-Me-GDP (0341 g, 0.52 mmol}, EDC (0.161 g, 0.84 mmol} and umidazole (0.109g, 1.6

mmol} in 3.4 ml 10% water in DMSO, magnesium chlonide (6.254 mL of 3

15 M MeCl

solution, 0.8 mamol) and p(LNAYAPU (0.355 g, 0.4 mmol}. Solid product {0.2976 g} was
obtained {vield: 63 %). 'HNMR (300 MHz, D:0): 5 8.13 (s, ZHD), 7.63 (d, F = 8.15 Hz, 1H},

590 (d, J = 4.25 Hz, 1H), 5.78 (5. 1H), 5.65 (, T =25 Hz, 1H), 5.30(d. J =

8.1 Hz, 1H}, 4.64

(o, THD), 4.36 — 425 (m, 17D, 4.12 (5, 3D, 4.07 {m. 1H) 7P NMR (200 MHz, 1:0): & -1.85

(1P), -11.02 (2P), -22 37 (1P). MS m/z =1102.7 (M-H).
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MromepppArernapl (Compound 16):

HO O y NH

NP

o o o0 ¢ | )N

[P0\ oo NN

HzN\E(;N ~N . P i 4 O 0]

)y o O 0 g;‘

HN\F N+ ~ 7N

o N
O=p=0= o 1 ©

o kmz

HO  OH

Compound 16 was synthesized as described according to General Procedure 3 from

N7-Me-3"-0Me-GDP (0,42 g, 0.60 mmol), EDC (G.184 g, 0.96 mmol} and imidazole (0.122

g

2, 1.8 mmol} in 4.2 ml 10% water in DMSO, magnesium chlonde {(0.254 mbL of 315 M
MgeCl solution, 0.8 mmol) and p(LNAJARpU (0.355 g, 0.4 mamol}. Solid product (0.3281 g)
was obtained (yield: 69 %). 'H NMR (300 MHz, D20}): §8.14 (s, 2H), 7.64 (d. ] = 8.15 Hz,
1Y, 588 (d, J=47Hz, 1H), 580(s, 1H), 5.66{(d, J=255Hz 1H), 531¢d, J=8.15 Hz,
1H), 4.82 G, 2H), 471 - 4.67 (o, 2H), 454 — 4.4 51 (m, TH), 4.48 — 427 (m, 3H), 4.07 (s,
10 3H), 4.05 (m, 2H), 3.50 (s, 3H). *'P NMR (200 MHz, D:0): 5 -1.83 (1P), -10.98 {(2P), -22.32
(1P}, MS m/z =1117.9 (M-H).

WG yompppArspU (Compound 17):

i i (

HZN\E"N OTO © 7

P N
N J ¥ [
O i \N”&
0=p-0 o) o

& \; ;,
HO  OH

Compound 17 was synthesized as described according to General Procedure 3 from
15 WN7-Me-3-0Me-GDP (0.42 g, 0.60 mmol}, EDC (0.184 g, (.96 mmol) and imidazole (0.122
g, 1.8 mmol) in 4.2 ml 10% water in DMSQ, magnesium chlornide (0254 mE of 3.15 M
MgCl solution, 0.8 mumol) and pAuspll (0.348 g, 0.4 mmol). Solid product (0. 2788 g) was
obtained (vield: 59%;3. H NMR (500 MHz, D:03 $8.33 (s, 1H), 8,16 (s, 1H). 7.70(d, I =
8.1 Hz, 1H), 623 (dd, J= 2.3 Hz, 14.8 Hz, 1H), 5.84 (m, 2H). 5.60 (4. T = $.15 Hz, 1H), 5.48
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— 536 (m, 1H), 4.88 (m, 1H), 4.78 —4.11 {m, 13H), 4.07 (s, 3H), 3.48 (s, 3HD). ?'P NMR (200
MHz, D:0): 5 -0.85 (1P), -10.97 (2P}, -22 31 (1P). MS m/z =1106.7{M-F).
2TGyonmepppAzovepl/ {Compound 22):

HO o k2

N BN

] ¢y

HyN /N\/-N 0 ] o E_L ;_O O lj O

i I & O O 1
HN\F N+ e
O ) \3 © QN’&
():rlsm(g o : 8]

&
HO  OH

Compound 22 was synthesized as described according to General Procedure 3 from
N7-Me-3"-OMe-GDP (2 81g, 4 5ommol), EDC (1.38g, 7. 2mmol) and imidazole (0.95g,
13.95mmol) 1in 30mb 10% water in DMSO, magnesium chloride (1.9mL of 3.15M MgCi2
sohution, 6.0mmol} and pAroveplU (2.61g, 3. Ommol}. Solid product (1.95g, 1.64mmol) was
obtained (vickd: 55%) NMR (S00MHz, 3:0) 8840 (s, 1H), 8.13 (5, 1H), 785 ¢4, } =82,
H), 604 (d, J=538 1H),5392(d,J=47), 578 {m, 2H)}, 461 (1, I =46, 1H), 4.55 (m, 1}H),
445, F=52 1H), 4.17-4.38 (m, 10H), 4.07 (¢, I =4.9, 1H), 4.03 (s, 3H), 3.49 {5, 3H}, 346
(s, 3H). 31P NMR (200 MHz, D20) 056 (1P), 1105 (2P), 2238 (IP). MSm/z= 11189
(M-H).

M Gppp™tAronpl (Compound 23):

-~
HO  OH HN
/ N
o o 1)
§ Q7 ii i i N”"\N”
HoaNL N = O-R-0-P-0-P-0
\{’{’ - ] i i Ol }
\ﬂ/\g & o O 7
HN\['/ N+ I i/‘/ NH
¢ \ o  O— 1
6] i
O:E?w(:) i [}
7 —\:iz
HO OH

Compound 23 was synthesized as described according to General Procedure 3 from
NT-Me~GDP (2.93 g, 4.5 ounol), EDC (1.38 g, 7.2 mmol) and imidazole (0.95 g, 1395
mmol) in 30 mL 109% water in DMS0, magnesium chloride (1.9 mL of 3.15 M MgCh
solation, 6.0 mmol} and p™Arompll {(2.65 g, 3.0 mmol). Solid product {1.11 g, 0.94 mmol}

was obtained {vield: 31%). NMR (500MHz, D:0) 5 8.34 (s, 1H), 8.13 (s, 1H), 7.81 (d, J =
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82, 1H)L 6.04(d, J=57 1H), 58%(d, =46, IH), S81(QT=371H), 572, T=81,
1H), 4.35 {m, 1H), 4.40-4 46 (m, 2H}, 4 32-4 36 (m, 4H), 4.23-4 29 {m, 3H), 4.17 (m, 1H),
3.99 (s, 3H), 3.50 (s, 3H), 3.08 (bs, 3H). 31P NMR (200 MHz, D:0) -0.57 (1P), -11.01 (2P),
2241 (1P). MS m/z = 11187 (M-H).

MG onaepppttAromp U (Compound 24):

s
HO O Rl
O O O </N\,l/ B
I A 1 i i N
HN N OmP-O-P-0-P-0—y o
U & & o Y
HIN %
o Ty
i \N"&-)
O=P-0 ;o
iy \/O;,
HC  OH
5 Compound 24 was synthesized as described according to General Procedure 3 from

NT-Me-3"-0Me-GDP (5.8 g, 9.4 oumol), EDC (2 9g, 15.0 mmol} and imidazole (2.0 g, 28.9
mmol) in 58 mL 10% water in DMSQ, magnesium chloride (4.0 mL of 3.15 M MgClz
sohution, 12.4 mmol) and p™AromeplU (5.5 g, 6.3 mmol). Solid product (3.71 g, 3.08 mmol)
was obtained (vield: 49%;. Final vield - 3084 pmol, 49.5%. NMR (500MHz, 1.0) 6 8.34 (s,

10 1H)L81dbs, IH)L. 782(d.J=82, 1H), 6.04{(d, J=58, 1H),590(d, J=4.6, 1H),579(, ]
=42, 1H), 5.73(d,F=82, 1H), 495 (m, HH), 460, J=4.5, 1H), 455 (m, 1H}, 436-4.44
(m, 4H). 433 (m, 2H), 4.15-4 29 {m, TH), 4.05 (1, J = 4.9, 1H), 3.99 (s, 3H), 3.49 (s, 3H),
3.45 (s, 3H), 3.07 (bs, 3H). 31P NMR (200 MHz, D20) 056 (1P}, ~-11.08 (2P), -22.40 (1P).
MS m/z = 1132.8 (M-H).

15 *"GpppArspU (Compound 333

Ho  on Nk

A

& N

o o <o

[ gmprombmo-b-0 A

HoN. M. % ol o

H: > o O O i
HN r N\*‘ / . ( E\EH
o 9 N,

O=p=-0 Oii

OA
HO OH

Compound 33 was synthesized as described according to General Procedure 3 by

coupling N7-Me-GDP imidazolide to the pArspU dinucleotide. 'H NMR (500 MHz, D:0): &
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830 (s, 1H), 814 (s, IH), 768 (d, I=8.1Hz 1H), 6.18{(dd, J=2.1Hz, 147 Hz, 1H), 582
(dd, F=38Hz, 11.2Hz, 2H), 558 (d, I = 8.1 Hz, 1H), $45 (m, 1H), 535 (m, 1H}, 4.56 -
4.1 (m, 11H), 4.06 (s, 3H). ¥P NMR (200 MHz, D20} 3-0.8% (1P), -11 .01 (2P), -22.36
(iP).

Synthesis of Additional Compounds According to Formula 1V

Certain compounds according to Fermula IV were prepared according to the
following general roethod (General Procedure 4), including the synthesis of an activated
imidazolide of pp™ApG dinuclestide and the synthesis of an N7-Me 3"OMe guanosineg 57~
thiophosphate.

General Procedure 4.

Synthesis of activated imidazolide of pp™ ApG dinuclestide:

A large-scale activation of p™ApG dinucleotide (5.0g, 6.94 mmoles) using imidarole
(2.20 g, 32.27 munoles) and EDC (2592, 16.66 nuncles} in 20 mb of 90% DMSO 10% H:O
was performed by combining the reagents and stirring at room temperature for 22 hours.
After activation, addition of B~ phosphate was accomplished by the addition of IM TBAP in
DMF (85 mi., 85 mmoles) with mixing at room temperature for 18 hours. The reaction
solution was then double purified by reverse phase and anion exchange chromatography. The
pp™ApG dinucleotide (055, 0.625mumole) was activated with EDC (0.146¢, 0 94mmole) and
unidazolef 0.128g, 1.&88mmole} and used for subsequent coupling reactions.

Synthesis of N7-Me 3’OMe Guanosine - Thiophesphate:

5°0OH 3°0OMe Guanosine was converted into 37 iodo 3°0OMe guanosine using an Appel
reaction. Specifically, the starting material 5"0OH 3’0OMe goanosine (1.00 g, 3.36 mmol) was
dissolved in anhydrous NMP {10 mL}, followed by the addition of imidazole (138 g, 202
mnol}, TPP (2.65¢g, 10.1 mmol}, and iodine {2.55 ¢, 10.1 mmol}. The reaction was stirred at
25°C for 3 hours, then transferred to a 120 ml dichloromethane/water nux (3:1). The
mixture was kept at 4°C overnight, at which point a white precipitate formed. The precipitate
was filtered off under reduced pressure and dried overnight in a vacuum desiccator to vield
5’1odo 3"0OMe guanosine. The material was used without further purification.

The 5 thiophosphorvlation of 5710do 3’ OMe guanosine was accomplished using
sodium thiophosphate. 537Todo 3"OMe guanosine (1.00 g, 2.45 mmol) was digsolved in 15 mbL
of 100 mM NaQOH, followed by the addition of sodium thiophosphate (2.21 g, 12.30 mmol).
The reaction mixture was heated at 50°C for 3 hours. The product was purified by reverse-

phase HPLC.
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The N-7 methylation of Sthiophosphate 3"OMe guanosine was accomplished by
using dimethyl sulfate. 3 Thiophosphate 3’OMe goanosine (1.00 g, 2.54 mmol} was
dissolved in 19 ml 0.5 M NaGAc pH 4.0 Buffer, followed by the portion wise addition of
dimethyl sulfate {0.64 g, 5.09 mumol) over an hour. The pH was maintaimed around 4.0 using
1M NaQH as needed. The reaction volume was diluted 10X using deionized water, and then
washed twice with equal vohimes {100 mL} of ethyl acetate. The reaction was purified by
anion exchange chromatography (OFF Resing and the product was obtained as a
tricthviamine {TEA} salt.

Synthesis of ™Gy omes - tmeppP™ AromepG (Compound 12}

~
HO o7 Hi
N S
<Ry
a i
o 0 o <N i N,)
e Qe D T T e Y o D e
HoN ! S—P-0 E-E“ G ?;’ Oy o i o
> o O O
HN AN
j g o— ¢ |
o N
0=p-0— | N NH,
o /
HO  OH

Compound 12 was synthesized as described in General Procedure 4 by coupling N7-
Me 3'0OMe guanosine 5 -thiopbosphate with activated imidazolide of pp™AvompG
dimucleotide in the presence of MgCh. The activated imidazolide of pp™AromepG
dinucleotide was utilized as a solution i 90% DMSO 10% HoO 3.44 mL at {0.625 numol/S
mk.], along with the addition of N7-Me 3’ OMe guanosine 3 thiophosphate (150.0 mg, 367
umoles) and magnesium chionide 3. 15M (232 ul, 734 umol} as described above. The
components were mixed and stirred at room temperatare overnight. The product was purified
by anion exchange chromatography using QFF resin and then by QHP anion exchange
chromatography. Final vield after precipitation was 45.6%, 196,53 mg of a white solid
product was obtained. 'H NMR (500 MHz, D20): § 8.29 (5, 1H), 8.04 (5, 1H), 7.93 (s, 1H),
5996{d, F=62Hz 1HY, 5821 (4, F=39Hz 1H}, 5704 (d, J =55 Hz, 1H}, 489492, (m,
1H), 474, J = 3.6 Hz), 4.48-4.52, (i, TH), 4.43-4 47 (m, 1H), 4.38-4.40 (m, 2H), 430-4.34
(o, 2H), 4.21-4.24 (m, 1H), 4.18-4.20 (m, 21, 4.00 (1, } =3.75Hz, 1H), 3.97 (s, 3H), 3.47 (s,
3H), 3.39 (s, 3H), 3.26, (g, § = 6.4Hz, 2H), 3.05, (s, 3H). 'P NMR (200 MHz, D:0): 57 85
{d, J=1636Hz 1P), 034 (s, 1Py, -11.17,{(d, J = 18.18Hz, 1P}, -23.22 (d, J = 18.12Hz, 1P},
Caleulated for CasHisNis02PsS 119017, found 1189.17 [M-HL
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Synthesis of ™' Gromepp(sip™AromepG* (Compound 13):

P 08« i
[ 9 L ompon-b-0--0 NN
HaNL NG N o T ol o
T o o O
HN 7 N AL
N+ ) ] NH
. o o= I
0=p-0 O}\i N TNH,
’ b
)
HO  OH

117

Grovepp{(s)p™ Az omep( contains a chiral phosphorothioate moiety and is separated into
two diastereomers: 53 omepp{Su ™ Az omepG and WGy omepp(sspin™ Az omepG

To a stured suspension of §-S-3"-0Me-GDP (1.11 g, 1.61 ramol) in DMSO 8 mL) at
room temperature was added p™AmpG-imidazolide {0.62 g, 0.81 mmol) followed by
magnesivm chioride (0.51 mL of 3.15 M Mgl sohution, 1.61 mmol). The reaction
progressed and was purified by anion exchange chromatography as described m General
Procedure 1. A pure mixture of the diastercomers was obtained and concentrated under
vacuum to remove acetonitriie. The resulting solation was diluted with 3x water and purified
using reverse-phase chromatography (Waters Nova-Pak C18 Prep Column, 60A, 6um,
PmmXG00mm, WATO25822, S0mM aromonium acetate, pH 6.0 as bufter A, acetonitrle as
buffer B, using a linear gradient from 0% to 5% buffer B for 10 column volames). The
desired product was pooled and concentrated under vacuom, and the final product was
precipitated as a sodium salt with sodium acetate and 95% absohute ethanol in water. Solid
product was obtained as pure diastereomers, D1 0.04 mmol, D2: 0.05 mmol, 11.5% total
yield for B1+D2.

MG romepp(sip™AromepG D1

H NMR (500MHz, D20} 38.37 (s, 1H). 8 11 (s, 1H), 7.94 (5, 1), 6.02 (d, I = 5.7, 1H), 5.86
(d,I1=41,1H)L 583, 1=55, 1H), 496 {m, 1H),4.71 (m, 1H), 447-4.53 (m, 3H), 4 42~
4.44 (m, 2F), 436 (m, 1H). 4.21-4.30 (m, SH), 413 (. T = 4.6, 1H), 4.02 (s, 3H), 3.47 (s,
3H). 3.46 (5, 3H), 3.08 (bs, 3H): 1P NMR (200 MHz, D:20) 30.49 (1P), 037 (1P), -11.92
{2P); MS m/z = 1187.5 (M-H).

S romepp{sip® Az ompG D2

TH NMR (S00MHz, D20) 8 8.34 (s, 1H). 8.12 (s, 1H), 7.95 (5, 1H), 6.01 (d, ] = 5.8, 1H), 5.83
(o, 2H), 4.96 (m, 1H), 4.42-4.55 (m, 3H), 4.32-4.39 (o, 4F), 4.19-4 728 (m. 4H), 4.14 ¢, J =
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4.6, 1H), 4.03 (s, 3H), 3.48 (s, 3H), 3.47 (s, 3H), 3.08 (bs, 3H). “IP NMR (200 MHz, 1:0)
30.38(1P), -0.41 (1P), -11.95 2P); MS m/z = 1187 6 (M-H}.
Synthesis of Additional Compounds According to Formula VI:

Certain compounds according to Fermula VI were prepared according to the
following general method (General Procedure 3}, including the synthesis of an activated
imidazolide of ppAromepG dinucleotide and the synthesis of an N7-Me 3’CMe guanosine 57~
thiophosphate.

General Procedure 5.

Synthesis of activated imidazolide of ppArom.pG dinuclestide:

Activation of pAromepG dinuecleotide (2.0 g, 2.20 mmaoles) using imidazole (696 .5
mg, 10.23 ramoles) and EDC (1.01g, 5.28 mmoles) in 10 ml of 90% DMSO 10% Hz0 was
performed by combining the reagents and stirmng at room temperature for 2 hours. After
activation, addition of - phosphate was accomplished by the addition of 1M TBAP in DMF
{38.20 mL, 3820 mumoles) with nuxing at room temperature for 18 hours to vield
ppAzomepG. The reaction solution is then double purified by reverse phase and anion
exchange chromatography. The ppArovep( (Ig, 0.917mmole) was activated with EDC(
0.214g, 1.375mmole) and inudazole{ 0.187g, 2. 75mmole} and used for the subsequent
coupling reactions.

Synthesis of N7-Me 3’OMe Guanosine 8- Thiophesphate:

5°0H 3°0OMe Guanosine was converted into 5’iodo 3"0OMe guanosing using an Appel
reaction. The starting matenial 3"0OH 3°0Me Guanosmme (1.00 g, 3.36 nunol), was dissolved
in anhydrous NMP (10 mL), followed by the addition of imidazole (1.38 g, 20.2 mmol), TPP
{2.65 g, 10.1 mmol}, and iodine {2.55 g, 10.1 mmol}. The reaction was stirred at 25 °C for 3
hours, then transferred to a 120 mE dichloromethane/water mix (3:1}. The mixture was kept
at 4°C overnight, at which point a white precipitate formed. The precipitate was filicred off
under reduced pressure and dred overnight i a vacuum desicecator to yield 51odo 3°OMe
guanosine. The material was used without further purification.

The §"thiophosphorylation of 571odo 3”0OMe guanosing was accomplished using
sodium thiophosphate. 5’Todo 3°OMe guanosine {1.00 g, 2.45 yomol) was dissolved in 15 kL
of 100 mM NaOH, followed by the addition of sodium thiophosphate (2.21 g, 12.30 mmol).
The reaction mixture was heated at 50°C for 3 hours. The product was purified by reverse-
phase HPLC.

The N-7 methylation of 5 thiophospate 3’ 0OMe guanosine was accomplished by using
dimethyl sulfate. 5" Thiophosphate 3°OMe guanosine {1.00 g, 2.54 mmol} was dissolved in
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10 mL 0.5 M NaOAc pH 4.0 Buffer, followed by the portion wise addition of dimethyt
sulfate (0.64 g, 5.09 mmol} over an hour. The pH was maintained arovnd 4.0 using 1M
NaOH as needed. The reaction volume was duuted 10X using detonized water, and then
washed twice with equal volumes (100 mL} of ethyl acetate. The reaction was purified by
anion exchange chromatography (QFF Resin} and the product was obtained as a
tricthylamine (TEA) salt.

Synthesis of V' Gyonp(S)ppArompG (Compound 18):

HO o7 N,

| N
; N
) 5 o 0 ¢
{~o { i i N
0-P-0-P-0-b-0
o '} O
N

=7,

i o

HaN. NG ¢ 3 o o

HN .
N+ NH
4 o o= < |
O ] - =
C.:};)—Q-—\ o i’ Nk,
O_
HO O

Compound 18 was synthesized as described in General Procedure 5 by coupling N7-
Me 3°0OMe guanosing 5 -thiophosphate with activated imidazohide of ppAzomepG
dinucleotide in the presence of MgClz. The activated umidazohde of ppAz omepG
dinucleotide was utilized as a solution in 90% DMSQO 10% HaO 1.1 mL at {0.917 mowol/10
mk], along with the addition of N7-Me 3" OMe guanosine 5’thiophospbate (43 mg, 67
umoles) and magnestum chlonde 3,15 M {43 ul, 134 umol} as described above. The
components were mixed and stirred af room temperature overnight. The prodact was purified
bv anion exchange chromatography using QFF resin and then by QHP anion exchange
chromatography. Final vield after precipitation was 43.3%, 29 umol of product was obtained.
'H NMR (500 MHz, D20y 5840 ¢s, 1H), 8.17 (d, §=3.1Hz, 1H), 7.98 (d, J=3.8 Hz, 1H),
6.00 (d, J=585 Hz, 1H), 53.86-3.81 (m, 2H}, 4.97-4 88 {m, 1H}, 4.69-4.68 {m, ZH), 4.66-4.653
(o, 2H), 4.45-4.37 {m, 4H), 4.33-4.30 (m, 2H), 4.28-4.22 (m, ZH), 4 15-4 10 {m, 1H), 4.05-
4.03{(d, J=8.15, 31}, 3.48-3.42 (rn, 6H), 1.93 (s, 11, 1P NMR (200 MHz, D:0): § 43 .90-
4328 {dd, IP) 039 (s, 1P}, -11.23 ¢t, 1P}, -23.66 (m, 1P} Calculated for
Cs3HaaN15023P48 1174.75, found 1174 & 11757 [M-H] negative mode.

PCT/US2023/061255
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Synthesis of ™' Gromepp(sipAronpG* (Compound 19}
o NH,

N N
¢
Q S8 © )
i i il N N/
~OPmO-P-0~P-0my
o O O o

?E“»

N+ NH
\T/ Y (? O (f /j\
Q:;!:_O o NTONH
&
HO :“JH

*G 3 omepp{s)p A2 omep(s contains a chiral phosphorothicate moiety and is separated into
two diastereomers: ™ Gyomepp{se)pAromepG and WG omepp(sspIpAromepG

To a stirred suspension of B-5-3"-0Me-GDP (0.98 g, 1 .42 numol) 1o DMSO (7wl at
room temperature was added pArovepG-imidazohde (0.54 g, 0.71 mmol) followed by
magnesiam chionde {0.45 mL of 3.15 M MgCh solation, 1.42 mmol). The reaction
progressed and was purified by anion exchange chromatography as described in General
Procedure 1. A pure mixture of the diastercomers was obtained and concentrated under
vacuum to remove acetomitnile. The resulting solution was diluted with Sx water and punified
using reverse-phase chromatography (Waters Nova-Pak C18 Prep Column, 60A, 6yum,
19mm X300, WAT025822, 50roM anumonium acetate, pH 6.0 as buffer A, acctonitrile as
buffer B, using a linear gradient from 0% to 3% buffer B for 10 column volumes. The desired
product was pooled and concentrated under vacuum, and the final product was precipitated as
a sodiwm salt with sodium acetate and 95% absolute ethanol in water. Solid product was
obtained as pure diastercomers, D1 0.06 vuvol, DZ: 0.07 mmol, Final vield - 19% (D 1+D2).
T Grompp(sipArovpG DI
'H NMR (500MHz, D:0) 8 8.45 (5, 1H), 8.14 (5, 1HD, 7.96 (5, 1H), 6.04 (d, § = 6.0, 11}, 5.88
(d,I=42 1H), 5.85(d, T=5.8, 1H), 4.98 (m. 1H). 4.49-4.53 {m, 3F), 4.41-4.45 (m. 2H),
436 (m, 1H), 4 19-4 28 (m, SH)}, 4.15 (1, F = 4.8, 1H}, 4.04 {5, 3H}, 348 (s, 3H) 3.44 (s, 3H);
3P NMR (200 MHz, Da() 30.46 (1P), -0.35 ¢1P), -11.90 (2P); MS m/z = 1173.8 (M-H).
G romepp(sipAronpG DL
TH NMR (500MHz, D:0) 8 8.42 (s, 1H), 8.14 (s, 1H), 7.97 (5, 1H}, 6.03 (d, I = 6.0, 1H), 5.85
{(m, 2H), 4.98 {m, 1H}, 4.51-4.55 {(m, 3H), 4.36-4.48 (m, 3H), 4. 19-4.30 (m, SH), 4.16 ¢, I =
4.7, 1H). 4.06 (s, 3H), 3.49 (s, 3H), 3.45 (s, 3H); 3P NMR (200 MHz. D20) 30.36 (1P), -0.41
(1P, -11.91 (2P); MS oz = 1173 .8 (M-H}.
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Synthesis of ™' Gromeppp(s)AroupC (Compound 20):

Ho o7 N,
N 2
0 S ¢ T
[0} it it i N N{;
HoNo Ny ~Q~P=0~P-0-F-0y ; o
i T o O 0O
HN A N N
1. o o= < | 1
! N ~ NiH
=m0 o) ’
&
HO  OH

In a clean glass vessel, N7-Methyl-3"-O-methyl-GDP (480 ymol} was suspended in
10% water in DMSO using vigorous stirring at 25 °C. EDC-HCI was then added, promptly
followed by adding ioudazole. The reaction was then stitred at 25 °C, montoring by
analvtical anion exchange ultra-high-performance hiquid chromatography (AX-UHPLC), and
was complete between 8 hours to 18 hours. To the activated N7-Methyi-3"-O-methyl-GDP
was added 5°-O-thiophosphoryi-2°-O-methyladenylvl-(3°-O-phosphoryl-O-57}-guanosine
{240 pmol) and agueous maguesium chloride. The coupling reaction was stirred at 25 °C,
monitoring by analytical AX-UHPLC. Reaction completion was determined by no more than
5% of dinaclectide starting material remaining. The resulting crude reaction was diluted with
water to 20-fold crude volume and purified by anion exchange clromatography using QFF
Sepharose resin and 30 — 60% 1.5 M TEAA in 20% acetonitrile with water. Fractions with
>80% purity by analytical AX-UHPLC were pooled and partially evaporated to remove
acctonitrife. The combined fractions were then difuted with 6-8 volumes of water and further
purified by reverse phase chromatography using C18 resin and 0 — 10% acetonitrile in
100 mM TEAA, pH 6 — 7. Fractions with >97% purity by analvtical AXCURHPLC were
pooled and evaporated, reducing the product to a viscous oil. The trinucleotide was converted
1o the sodium salt form by first adding 3 M sodium acetate to the post-RP oil and gradually
adding 95% cthanol in water to precipitate the tnnucleotide as a sodium salt. The precipitate
was washed twice with 95% ethanol, decanting the supernatants, and the peliet was
resuspended in nuclease-free water. Residual ethanol was removed by rotary evaporation and
the solution was adjusted to 100 mM final concentration in water (130 umol, 54% vield). 'H
NMR 3 (10, 500 MHz) 8.44 (s, 1H), 8.08 (s, 1H}, 7.93 (s, 1H}, 6.00 {m, 1H), 5.83 {(m, 2H),
4.95 (m, 1H), 4.68 (m, 1H). 4.50 (m, 2H), 4.42 (m. 1H), 437 (m, 1H). 433 - 4.25 (m, 3H),
4.20 (ny, 3H), 4.12 (m, 1H), 4.01 (s, 3H), 3.45 (s, 3H). 3.41 (s, 3H). *' P NMR & (320, 200
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MHz) 43.70 (d, J= 242 Hz, 1P), 041 (s, 1P), -11.12 (4. J = 24.2 Hz, 1P), -23.56 (dd. J = 24
Hz, 24 Hz, 1P).

Synthesis of *"GarompppAroveswepG (Compound 73):

HO o7 N
N X
1] il
HN_ Nt O=P=0=P=0=P=§ N

HO  OH

The synthesis and processing for the a-phosphorothiolate tnnuclestide cap Compound
73 was performed similarly to the procedure described for the a-phosphorothicate (a-P8)
analogue-Compound 20, 'H NMR 5 (D10, 500 MHz) 8.21 {5, 1H), 8.02 (s, 1H), 7.93 (s, 1HD,
593(d, J=5Hz, IH), 579 (m, 2H), 481 {m, 1H), 4.70 (m, 1H), 4.64 (m, 1H), 450 (m, 2H),
4.42 (m, 3H). 4.33 (m, TH), 421 (m, 3H), 4.08 (¢, J= 5 Hz, 1H), 4.00 (s, 3H). 3.46 (s, 3H),
342 (s, 3H). PP NMR 5 (D20, 200 MHz) 7.66 (d, ] = 262 Hz, 1P). -0.56 (s, 1P), -11.04 (4, }
=182 Hz. 1P), -23.15 (dd. J = 20 Hz, 26.2 Hz, 1P,

i

16 Synthesis of "G omppp™ Arornep(a)GT (Compound 74)

-
o o Hi
/ N X
o o <1
i ‘\.....’ i I H N > N':;J
HN_ N O=p=0=P-0-p=0= |
Y & O O ;Oz’i o
HNE N+ . <if‘5 | NH
\ g O s
] NN N,

G omeppp™ Arovep(s)G contains a chiral phosphorothioate moiety and is separated into
two diastereomers: ' Gromeppp™ Az omep{sne)G and WGy omeppp™eAr omep(se)G
p™ Az anmepsG dinucleotide was purified by reverse-phase chromatography to isolate
15 the diastereomers (Daisogel SP-100-13-0DS-P, 10 0mM TEAD as buffer A, acetonitrile as

buffer B, using a linear gradient from 0% to 11% buffer B for 11 column volomes).
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Compound 74 (D1} was synthesized as described according to General Procedure |
from N7-Me-3"-0Me-GDP {0.19 g, 0.30 mmol}, EDC (0.07 g, 0.39 mmol} and inudazole
{0.03 g, 0.40 mmol} 0 1.9 mL 10% water in DMSO, magnesium chloride (0.13 mL of 3.15M
MgCl solution, .40 mmol) and p™ AvomepsG (0.2g, .20 mmol). Solid product {0.12 g, 0.09
5 mmol}) was obtained. Final yield — 94.8 umol, 47.7%. 'H NMR (S00MHz, D20} § 8.29 (s,
1H), 8.07 (s, 1H), 8.02 (s, 1H), 598 (d. J= 5.8, 1H), 5.83(d. J=35.8, 1H), 579 (d, J =42,
1H), S.08 Go, IHL 470 T=55 1H)L 465 1=461H), 455 (n, L 451 & T=41,
1H), 4.46 (1, T = 5.3, 171}, 4.37 (. 3H), 4.34 (m, 1F), 4.25 (m, 3H), 4.18 (m. 1T, 4.06 (¢, T =
4.7, 1H), 3.98 (s, 3H), 3.48 (s, 3H), 3.45 (5, 3H), 3.05 (bs, 3H). *'P NMR (200 MHz, 1:0)
10 53.91(1P), -11.09 (2P), -22.42 (1P}, MS m/z = 1188.8 (M-H)
Compound 74 (D2) was svnthesized as deseribed according to General Procedure 1
from N7-Me-3"-0Me-GDP (0.19 g, 0.30 manol}, EBC (0.07 g, 0.39 mmol} and imidazole
(0.03 g, 0.40 mmol) in 1.9 mL 10% water in DMSO, magnesium chloride (0.13 mL of 3.15
M MgCls solution, 0.40 romol) and p™ Az omepsG (0.2 g, 0.20 mmol). Solid product {0.14 g,
15 011 mumoll was obtained. Final vield — 112.3 pool, 55.9%. NMR (S00MHz, 3:0) 8 8.29 (s,
1H), 8.06 (s, 1F), 7.96 (s. 1H), 6.00 (d, I = 5.5, 1H), 5.79 (m, 2H), 5.06 (m. 1H), 4.69 (¢, ] =
52,1H), 464 (£, T =46, 1H), 456 (m, 1H), 447 (1, J =45, 1H), 4 29 {m, 1H), 4.39 (m, 1H),
4.35 (m, 3H), 4.18-4.27 {m, 4H), 4.07 (¢, T = 4.7, 1H), 4.00 (s, 3H), 3.46 (s, 3H), 3.44 (s, 3H),
3.054 (bs, 3H).

20 3P NMR (200 MHz, D20) 56.79 (1P), -11.05 (2P}, -22.40 (1P). MS m/z = 1187.8 (M-H).
Synthesis of ' GyomppppAromp’ (Compound 79):
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Compound 79 was synthesized according to this procedure: A large-scale activation
of p™ Az omep(G dinucleotide (2.0g, 2.20 mmoles) using imidazole (696 50mg, 10.23 mmoles)

and EDC (1.01g, 328 mmoles) in 8 mL of 90% DMSO 10% Hz0 was performed by

b
v

combinung the reagents and stirting at room temperature for 22 hours. After activation,

addition of B-phosphate was accomplished by the addition of IM TBAP in DMF (38 20 mL,
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38.20 mmoles) with mixing at room temperature for 18 hours. The reaction solution was
then doable purified by reverse phase and anion exchange chromatography. The diphosphate
WA onepls dinucleotide was used as necded for subsequent coupling reactions.

N7-Me 37-0OMe GDP (369.60 mg, 0.764 mmoles} was activated with imidazole
{(161.33 mg, 2.37 mmoles) and EDC (234 mg, 1.22 mmoles} i 90% DMSO 10% HaO
(3.70mL}. The activation reaction was allowed for proceed for approximately 18 hours to
vield 97% conversion of imidazole activated N7-Me 3°-OMe GDP. pp™AromepG
dinucleotide (400 mg, 0.500 mmoles) and magnesiom chlonde (324 ok, 3.15 M) were added
to the same solation. The coupling reaction was stirred for ~48 hours. The reaction mixture
was purified using anion exchange chromatography. 'H NMR (300 MHz, 10} 5840 (.
1H), 8.10 (s, 1H), 7.88¢s, 1H}, 53.97 (d, }=6Hz, 1F), 5385 (d, }=4 25Kz, 1H), 5.80(d, J=3 8Hz,
1H) 4.90(m, 1H) 4 86{t, J=5 5Hz, 1H) 4.69(t, }=4 65Hz, 1H} 4 48(m, 2H), 4.49- 4 40(m, 3H)}
438 (bs, IH}4.32-4.26 (m, 1H} 4.23-4.16 (m, 4H) 4.15-4 11 {m, 1H) 4.04 (s, 3H) 3.46(s, 3H)
3.36(s, 3H) 3.34(s, 3H) 1.9¢s, I1H)

P NMR (200 MHz, ThO): §0.40 (s, 1P}, 10.84-1.98 {1, 1P), 22.13-22.47 (m, 1P}
Caloudated for CaaHisNsO7P5 1238.67, found 12373 & 1238.6 [M-H] negative mode.

Synthesis of G omepppp™tAromeps (Compound 8():
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N7-Me-3"Ome Guanosine pppp™©AromepG was synthesized starting with the large-
scale activation of p™Aromep(G dinucleotide (5.0 g, 6.94 mmoles) using imidazole (220 g,
32.27 mmoles) and EDC (2.59 g, 16.66 mmoles) n 20 mL of 90% DMSO 10% H:0 sturing
at room temperature for 22 hours. Afier activation, the addition of p-phosphate was
accomplished by the addition of 1M TBAP in DMF (85 mL, &5 mmoles} mixing at room
temperature for 18 hours. The reaction solution was then double purified by reverse phase
and anion exchange chromatography. The diphosphate ™ A»omepG dinucleotide is used as

needed for the coupling reaction to vield the final compoand.
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N7-Me 3°-OMe GDP (354.2 mg, 0.750 mmoles) was activated with imidazole (1536
mg, 2.325 mmoles) and EDC (230 mg, 1.2 mmoles) in 90% DMSO 10% HaG (3.54 mL). The
activation reaction was left for approximately 18 hours to vield 97% conversion of nudazole
activated N7-Me 37-OMe GDP. pp™ Az omepG dinucleotide (400 mg, 0.500 nunoles) and

5 magnesium chioride (317.46 ul, 3.15 M) was added to the same solution coupling reaction
was left for ~48 hours. The reaction mixture was purified using anion exchange
chromatography. "H NMR (500 MHz, D20): 3 832 (s, 1H), 8.08 (s, 1H), 7.86 (s, 1H), 6.44
(s, 1H), S.97(d, J=55Hz, IH) 583 (d, J=4 15 He, 1H), 578 (d, =575 Hz, 1H) 448-4.45
{m, 4H), 4.42-4 32 (m, ZH) 4. 10-4.09 (m, 1H)} 4.01 (s, 3H), 3.45 (s, 3H) 3.40 (s, 2H}, 3.06

10 {bs, IH), 1.9 (s, 1H). *'P NMR (200 MHz, D:0): § 0.43(s, 1P}, -10.85{m, 1P), -2221 (m, 1P},

Caleulated for CssHarN1s0»7Ps 1252.70, found 1251.6 [M-H] negative mode.

Synthesis of *"Grompls)pp™*ArompG (Compound 81):

-
HO O/ HN
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Synthesis of activated imidazolide of pp"“Ap(G dinucleotide:
A large-scale activation of p™ Az omepG dinucieotide (5.0g, 6.94 mmoles) using

imidazole (2.20 g, 32.27 nunoles) and EDC (2.539g, 16.66 mmoles) in 20 mL of 90% DMSQ

[—
¥

10% HoO was performed by combining the reagents and stirring at room temperature for 22
hours. After activation, addition of §- phosphate was accomplished by the addition of 1M
TBAP in DMF (85 mL., 85 nunoles}) with muxing at room temperature for 18 hours. The
reaction solution was then double purified by reverse phase and anion exchange
chromatography. The material was then precipitated using NaClOs (100 mg) 2% by volume
20 of starting material and 500 mL of acetone. The precipitate was a white solid (6g}. The
diphosphate ™Az omepG dinucleotide was used as needed for subsequent coupling reactions.
Synthesis of N7-Me 3 'OMe Guanosine 5 -thiophosphaie:
N7-Methylation of 5’ thiophosphoryl guanosing was performed using $°0H 3'Ome
guanosine {1g, 3.36mmol}. The starting matenal was methylated using CHsI (1.25 md., 20.07
25 ol in 10 mL of BMF. The reaction was allowed to stir at room temperature for over four
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davs. The reaction mixture changed from a cloudy suspension to a clear vellow hguid over
the four day period. The reaction muxture was then concentrated to 2.5 mb and tnbsrated
with 30 ml of dichloromethane to precipitate out a white/veliow solid. The solid was vacuur
filtered until no visible Hguid was seen.

The 57 thiophosphorviation of N7-Me 3"Ome guanosine was accomplished using N7-
Me 3’OMe guanosine {1 g, 3.2 mmole). The reaction was conducted under argon using dry
materials. The addition of the PSCla (487 ul., 4.8 mmoles) and 2,6 lutidive (1118 ul, 4.6
mmoles) in TMP was done at 0 °C. The reaction was complete after 8-9 hours. The reaction
was then quenched with 1.5M TEAA to afford pH 5-6. The prodact was punified by anion
exchange chromatography using QFF resin and the product was obitained as a TEA salt.

Compound 81 was synthesized by coupling N7-Me 3’ 0OMe guanosine 57-
thiophosphate with activated imidazolide of pp™ Az oMep(G dinucleotide in the presence of
MgCla. The activated imidazolide of pp™ Az omepG dinucleotide was utilized as a solution in
90% DMSO 10% Hz0 3 44 mL at [0.625 mmol/5 mL], along with the addition of N7-Me
3°OMe guanosine 5 thiophosphate {184 mg, 287 umoles) and magnesium chloride 3.15 M
{182 uL, 574 umol}. The components were mixed and stirred at room temperature for 4.5
davs. The product was purified by anion exchange chromatography using QFF resin and then
by QHP anion exchange chromatograpbhy. Fimal vield after precipitation was 1.805 mE (100
mM), 177 umol (5494 42 ODs). 'H NMR (500 MHz, D20): § 830 (s, 11), 8.05 (s,1H), 7.92
(d, J=4.4 Hz. 1H), 5.96 (d. }=575Hz, 1H), 5.81 (¢, J=4.91Hz, 1H) 5.77-3.76 (dd, }=3.9Hz,
3.153Hz, 1H) 4.94-4 89 (m, 1H), 4.63-4.58 (m, 1H), 4.58-4 52 {m, 2H} 4.46-4.34 (m, 4H}, 4.3~
4.2 (m, 4H), 4.09-4.05 (m, 1H), 3.97-3.95 ¢d, J=9.95Hz, 3H), 3.44-42 (m, J=2.35Hz, 6H),
3.05 (bs, 1H), 1.9 (s, 1H). 3P NMR (200 MHz, D20): §43.86-43 27 (dd, 1P) 040 (5, 1P}, -
1116 1Py, 23,51 (m, 1P}, Calculated for CaaHarNis0UnsPa8 118979, found 1189 & 11878
[M-H] negative mode.

Example 2: mRNA Synthesis
mBNAs mcluding cach of the Cap analogs, including compounds as described herein
along with comparative examples, were synthesized for further testing. See Table | for

synthesized analogs.
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Table 1. Synthesized mRNAs
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Cap Analog

Synthesized mRNA Structure
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Example 3: 7n vitre Performance of Cap Analogs

I vitro testing was performed on the cap analogs described herein using a

commercially available wheat germ extract cell-free translation system (PROMEGA LA4380;

Promega Corporation, Madison, Wi}, For the assays, 20 ng/uL of luciferase mRNA capped

using a cap analog recited in Table 1 was mixed with translation components of the wheat

germ extract system. The components reacted for two hours at room temperatare to allow for

protein production. The crude protein nux was subjected to a luciferin substrate and

meubated in the dark for 10 munutes. The total luciferase signal was collected in a 96-well

plate format as relative laminescence anits (RLU}. Blank wells with luciferase alone and

wheat germ extract controls without fuciferase mRINA were used as system controls. The

measured relative lununescence results are shown n Figure 1, showing the RLU values.

Example 4: fu vive Performance of Cap Analogs

Female CD-1 mice of 8-9 weeks old were randomized into groups of five animals

based on body weight at the beginming of the study (Charles River Laboratories, Discovery

Research Services North Carolina). Lipid nanoparticle formulations inchiding mRNA

{capped using a cap analog recited in Table 1, N1l-methylpscudouridine-3'-Triphosphate (N1-

me-Pst)} modified firefly tuciferase (Fluc) mRNA) (LNP:mRNA) test articles were diluted in

PBS to achieve 1 mg/kg delivery in a single bolus by tail-vein injection. The body weight of

cach mouse was measured once a day for the duration of the study and two blood draws were

taken for serum analvsis by Mouse Cytokine/Chemokine 26-Plex ProcartaPlex Panel 1 by

Luminex platform (Thermo Fisher Scientific; Waltham, MA). Luciferase activity was

measured by whole-body broluminescence imaging on IVIS Spectrum CT system by Perkin

Elmer {Greenville, SC) at six time points post mRNA injection (3 hours, 6 hours, 9 hours, 12
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hours, 24 hours, and 48 howrs hours post-injection). D-luciferm was delivered by

intraperitoneal injection 10 minutes prior to each imaging session (150 mg/kg total). The
measured fuciferase expression results are shown in Figure 2, showing the integrated flux
from 3-48 hours. Figure 3 shows, for representative compounds, a representative animal

5 from each cohort of five animals shown across five imaging time points post LNP:mRNA

and tuciferin ingection (3 hours, 6 hours, 9 hours, 12 hours, and 24 hours post-injection).
Lundnescence infensity scale s on the left.

When using lipid nanoparticle formulations including the mRNA produced according
to Example 2 and locifenin were imjected mito mice, in vivo fuciferase expression was either

10 eguivalent to or increased in the mice injected with the LNPs comprising mRNA including
the novel cap analogs described herein as compared to mRNA including cap analog
GnppAromepG {Control). See Figure 2.

WG omeppp ™ AromepG (Compeound 30), “GrompppArompG (Compound 293,
FGromepppAz e 1rapG (Compound 2), "GoevapppAromepG (Compound 323,

13 "Gromeppp(diaminopurine jr omepG (Compound 83, ™GpppAz o-invapG (Compound 1), and
W Gppp™Arovep( {Compound 31) exhibited increased /n vivo luciferase expression as
compared to " GpppArompG (Control). "Gppp™ Az omepG (Compound 31) exhibited
cquivalent i vive huciferase expression. The data demonstrate that the analogs described
herein exhibit increased or equivalent in vive translation as compared to W GpppAzompG

20 (Control}.

Select data obtained from the luciferase expression experiment described above were
categorized to show direct comparisons between the compounds having a 3°0OH group on the
WG moiety, and the same compounds having a 3"OMe modification on the ™G moiety. See
Figure 4. Surprisingly. for each of the tested and analyzed comparisons, the 3"0Me

25 modification on the ™G results in increased i vivo translation. As shown in Figore 4,

" GonppAromapG (Control) was measured relative to W GsompppAromepG (Compound 29),

m7,

which is VGpppA2omepG {Control) with a 3°OMe group on the ™G (first column);

17,

T Gppp™ A2 omepT (Compound 31} was measured relative to ™Gy omeppp ™Az omepG

{Compound 30, which is " Gppp™ A2 ovepG (Compound 31) with a 3" 0OMe group on the

7

‘GpppAr +»napG (Compound 1} was measured relative to

30 "G (second cohumn};
W omepppAr a-inapG (Compound 2), which is "GpppAr o 1xapG (Compound 1) with a

m7

3"0OMe group on the ™G (third column); and *"Gppp(diaminopurine)r omepG (Coropound 7)
was measured relative to ™ Gromepppl{diaminopurine ) omepG (Compound 8), which is
W Gpop{diaminopurine yovepG {(Compound 7) with a 3°0OMe group on the ™G (fourth
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colurmn). In cach of these examples, the 3°OMe modification on the ™G results in increase
luciferase expression in vivo, and therefore, inereased translation.
A similar increased luciferase expression iz vivo was obtained for mGs-
OMPPP AL OMe- 5vinyip (Compound 3) as compared to m GpppAzrome- svisglp(G (Compound 4;
5 lacking a 3°0OMe group on the WG); m"GromeyomepppAz onmepG (Compound 25) as
compared to m’GromepppArovepG {Compound 26; lacking a 3°0OMe group on the WG); and
m Groseroseppp™ Az onepG (Compounnd 27) and compared to m’Gr omappp™ Az omepG
{Compound 28; tacking a 3°OMe group on the ™G}, See Figure 2.
The compounds and methods of the appended claims are not limited in scope by the
10 specific compounds and methods described herein, which are intended as illustrations of a
fow aspects of the claims and any compounds and methods that are functionally equivalent
are within the scope of this disclosure. Various modifications of the compounds and methods
in addition to those shown and described herein are intended to fall within the scope of the
appended claims. Further, while only certain representative compounds, methods, and
15 aspects of these compounds and methods are specifically described, other compounds and
methods are intended to fall within the scope of the appended claims. Thus, a combination of
steps, elements, components, or constituents can be explicitly mentioned herein; however, all
other combinations of steps, elerments, components, and constituents are included, even

though not explicitly stated.
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WHAT IS CLAIMED IS
i A compound of the following formula:

HO  OR,
y

hH
/ NfN
L P
[ 9 o g o g 0 g Xyz==X <N N{J
HN. N N TRV T /
PSR o SN
HN » RO N I‘L N
o

Y o Ry ¢
Xm0 NN N,
AT O !
o)
HO  OH

Formula {
or a stereoisomer thereof, wherein:

==z 1§ a single bond or a double bond;

Riis Hor CH;

Rz is Hand Rz is OCHs or F, or Ro and R; are covalently bonded together and,
together with intermediate atoms, form a 27-0, 4°-C methyiene bridge;

Xi1is O or CH;

X218 CHz or CH;

X318 Qors;

cach independent Y 1s H7 or a cation; and

nisQ, 1,2 3 ord,

wherein when X is CH, X2 is CH and === is a double bond.

2. The compound of claim I, wherein the compound has the following structure:
HO  OH fz
/ N RN N
o o 0 ¢ I B
Y gpg-p-0-b-0 N
H;N\&N N . 7 i i IR O { O
Ll oo 0 w A C d1
HN AN ~y /N = N SR ROoUn
L oo L
o N
O=P~0 j NH;
! o)
o 'p
HO  OH
or a sterecisomer thereof.
3. The compound of claim 1, wherein the compound has the following structure:
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HQ o hiH:
N =
0 ¢ )
O \ 0 ii il N”‘{\N"
HNo N o Q-P-0-P=0-P~0—
2 N . i G G
> o o 0 )
HN. A i\ N )LNH Compound 2
& o T
@ ‘ NN
0=p-0 i 2
5 \©
!
HO OH
or a stereoisomer thereof.
4, The compound of claim 1, wherein the compound has the following structure:

o 0
HoN AN N 'y 1T O o
Y & o o )
HN J\N { N Compound 3
\F/ AN v T NH
3 \ ? o < P
S=P-( ? N7 ONH
} O
HC  OH
or a sterecisomer thereof.
5 The compound of claim 1, wherein the compound has the following structure

Compound 4

or a stereoisomer thereof

6. The compound of claim 1, wherein the compound has the following structure:
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HO O
f E.\iHZ
A
oo Botod <A )
HoNL NG N RTINS S L
A\I{,]:/\) Q_.O’_Q,,\Qz,oiﬁ N
HN\T " 9
\ " i Compound 8
O 7 N
(i:1 o (\N"‘i 2
o=p-0=y NN
o- X
HO  OH
or a stereoisomer thereof.
7. The compound of claim 1, wherein the compound has the following structure:
HO  OH ek
{ N S
o o o ¢ f?
(9 Lo pog-Po-P-0 N
HaN N ‘A L ‘ .
g U k@z’ B \ ,
HN : N\* I <{;N\ i NH Compound 6
§=p-0— | N NHp
G z
HO  OH
or a sterecisomer thereof.
3 A compound of the following formula:
nie!
HO  OR, ¢J\Z
/’ </N'~~l \N
Z A O O O
li (O N N - N‘/\N/ N
H2N .:‘,-N N ] P_O f’uc‘ F 0 !( o 2
\[ h) o O 0O y s
HN. .~ N"' ] N 4 NH
er, J N <f E
\If \ o o P
X=P=0 NN N,
& ‘\(Qi;
HO  OH

Formula [}
or a stereoisomer thereof, wherein:

RiisHor CHs;
XiisOorS,;

cach independent YV is H™ or a cation; and
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nisQ, 1,2, 3 ord,

wherein when X is 8, Ry is CHs.

S, The compound of claim 8, whercin the compound has the following structare:
HO  OH Nfz
{ N ¥
o o O ¢ I 1
JoT\ 01 il N Nf;j\NH-
HoN._ N : O=-P-0=-P~0—-P~-0 | 2
3 o N i i ' O O
Ty & O 0 ,
HN%N_* Nl/kNH Compound 7
P 3 o— ¢ |
o \ 7 <N ' N”L\NH
O:?WOW o 2
& .
HO OH

or a stereoisomer thereof

10.  The compound of claim 8, wherein the compound has the following structure:

H Q (:}./" NHz

N X
N
2 ﬁ ¢
[0 P00 N N’;j\NHa
ML N OGP QPO ) 2
AR e N I i L O I's)
5 \3[ > o o O g
HN\F/ e N NH Compound 8§
1 ) o /A
= \ o o— ¢ |
O ] N - NH
O=p-0=y | 2
C’)_ @)
/ i
HO  COH
or a stereoisomer thereof,

1. The compound of claum &, wherein the compound has the following structure:

o NHZ

_/N\ \N
A 9 9 o UL
0-P-0-P-0-P N" NHp

{
R { -3 2
HaN /N\]\’/N> 5 & & O / 0O
: # ~
,-iN\H “h;: NfLNH Compound 9
O
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or g sterecisomer thereof.

12. A compound of the following formula:

Formula IE
or a stereoisomer thereof, wherein:

Riis Hor CHs;
cach independent Y s H' or a cation; and

nisQ, 1,2, 3, ord

13, The compound of claim 12, wherein the compound has the following structure:
HNf
HO OH J\
- O O O q I /]
(G i it it N N/
oMo NL Q=P Q=P -P=0 i
2NN N . N i O NH,
HN !L ';> o o o N ) Compound 18
¥ Y e e </ : -~ i
O \ ? N 2
OFP-0=
& \ : ; i
HC  OH

or a stereoisomer thereof.

14, The compound of claim 12, wherein the compound has the following stractare:

-182-



WO 2023/147352 PCT/US2023/061255

HO O~ HN
N X
N
- o o 0 ¢ \L J
[\ oBegpo-P-0 N7
HzNYN\.‘"N !=_ o O NH;
I » o oo C 11
LN / ompound
N A
& o O <N o
=pP—-0 N
(@] }‘), Oy o {
HO  OH
or a sterecisomer thereof.
15. A compound of the following formula:
R
P
HN
HO\ o N
ﬂﬂﬂﬂﬂﬂ ha \N
'(i" 9 X2 il <1N E ’;J
Cd XP=0—P—0—P-X; N
HaNL NG N AT L8 "3\/” o

Formula IV

or a steresisomer thereof, whercin:

Riyis H or CHs;

K, %2, and X5 are each independently selected from O and 5§, wherein when one of
X1, X2, or X518 8, the remaining of X, Xz, and Xz are O

cach mdependent Y 1s H or a cation; and

nis (0, 1,2, 3, ord

16, The compound of claim 15, wherein the compound has the following structure:
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~
HO o7 irﬁ\
{ N \N
0o 0 0 ¢ \ﬁ\ »
[Ty i i it N N/
NN F 8PP 0-P-0 i .
A & (‘) (f) G O
N | &% Ne N Compound 12
C A g o ¢ ]
© = NN NH
=0 o/ 2
& \; ;,
HC  OH
ot a stereoisomer thereof,
17.  The compound of claim 15, wherein the compound has the following structure:
d
HO o7 Hi
{ "/Nji '\N
i - 9 I it QN N’/’j
HaN N ’ Q~-P-Q~P-0~P~0— /
hdh e & o 0o © %
e 3 ﬁ% NNWJKNH Compound 13
A d o ¢ ]
! NN
OZP'O“’\\ Z
Y o
e}
HO  OH
or a stereoisomer thereof.
18, The compound of claim 15, wherein the compound has the following structure:
HQ ‘,:"/ HN
I \N
4
o 0 0 < P
i SO S R N
H:N\Y}N N (I)- d 4 Ox ——‘\/O / Q
HI ; N% H N“‘/“\NH Compound 14
ooy o o— ¢ i
O e NN NHL
0 o :
&
HO  OH
or a stereoisomer thereof.
19, The compound of claim 15, wherein the compound has the following structure:
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HO o7 Nz
N
¢ 1)
A 9 9 9 w
YU O-F~G-P-0-P-§ NN
HaNL N N ] i |
hid \;[ > o o 0 © ?
HNY N+ ) N NH Compound 73
H ! 4
P g o— & | Y
© | NN,
O=P -0 i 2
! \ ;O: i
(o)
'
HO  OH
or a sterecisomer thereof.
24 A compound of the following formula:
HO  OR; itz
A 0 O 0 ¢ ,E,,E
! O it 1 il N N~
HQN\fN N WOMP:“OMH?:'OWP:O“ s l! O
I o O O )(_? 7
M M Re | N
| 4 : 0 Ry K

or a stereoisomer thereof, wherein:

RiisHor CHs;

Formuia V

RrisHand Rs s F, or Rz and Rs are covalently bonded together and. together with

wtermediate atoms, form a 2°-0, 47-C methylene bridge;
cach independent Y is H™ or a cation; and
nis, 1,2,3, 0r4,

wherein when Rz is Hand R s F, Riisnot H
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\ o © -
© 0“50 N o
YN o {
HO  OH

or g sterenisomer thereof,

o o NH,

[ </N\,‘/J<\N
Zaﬁ\ o0 0 ’i\N”J
o

HaN NN

i it il N
' e QP 0P 0-P=0 !
i i i [§)
T o o O
HN\F, A

PCT/US2023/061255

Compound 15

22, The compound of claim 20, wherein the compound has the following structure:

i}
~y N Compound 16
O \ o0 4
Omp-0O— N o
C)_
\
HG  OH
or a sterecisomer thereof.
23, The compound of claim 20, wherein the compound has the following stracture:
M-
HO 0 ?
Nl
A o o o ¢ | jj
j ) i ii i N“J\N/
HoN.__ NN TOmP=O-R O E -0y ol o
g B’\ > o O o ; z/ i
-iN\F/ ?\E\+ . ﬁ" NH Compound 17
/ :
O O \N
Q=pP=0 o / O
O.
HO OH
ot a stereoisomer thereof,
24. A compound of the following formula:

-186-



WO 2023/147352 PCT/US2023/061255

by
HO 07
) No ey
{ X, X X { J[\
o H fe NP
HoN N 0-h-0-%

4"‘3‘)"'0""\ f
5\
HO  OH

Formula VI
or a sterecisomer thereof, wherein:
Ri s Hor CHs;
X1, X2, X3, and Xa are each independently selected from O and §;
cach independent Y is H' or a cation; and
nisQ, 1,2, 3, ard,

wherem one of X1, X2, X5, and X418 S.

25, 'The compound of claim 24, wherein the compound has the following structure:

-~ NH,

T o & oY ?
HN N/+ N\/’LI\NH Compound 18

Ty
HO  OH
or a sterecisomer thereof.
26, The compound of claim 24, wherein the compound has the following structure:
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= &l
A2 5 9 (A
HON. N O~P~0~F~0~P~0— |
2NN N i | O O
]' /> 0O O O
HN N+ N Compound 19
i 3 O (?: E Hr

or a stereoisomer thereof.

The compound of claum 24, wherein the compound has the following structure:

27.
HO ,Q/ ;\ﬁ‘z
. <)
flc\ogagogo N
FaN. NN TR / :
Ty & & o © 9
HN . New. Compound 20
N / SN N
LA o o~ I I
© ‘ NN
0=p-0=y | 2
' 0
5
HO  OH

or a sterecisomer thereof.

The compound of claim 24, wherein the compound has the following structure:
NH;

) :E&N
SIS
HN. N O o o oS :
iz \,/N> T o 0]
; L7 N ;/iLsxjH Compound 23

28.

or a sterecisomer thereof.

29 The compound of claim 24, wherein the compound has the following structure:
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v

HO p/‘ HN

1 N .
O O O <I \ \T
[T i i it N"\Nl;
HON. N ‘—C-P-0-P-~0-P-0
2 o N i i i G / O
b > & & 0 ¢ ]
HN g\{,; N~ NH Compound 74
> o o= LA A
© ' NN N
S=p-0 o | 2
|
& .
HC  OH
or a stereoisomcr thereof.
30, The compound of claim 24, wherein the compound has the following structure:

~

HQ ¢ - HN
</N~~ i '\N
. s o 0 A

i O ii il i N N

HaN N O=P~0~P=0=P=0— :

' \I’*’ | N} & o & Oy 9 Compound 81
HN . N+ N /H\NH

[/
\ 6 0 (N/EJ\

O=P=0 i NH;
x O
o %
HO  OH
31, A compound of the following formula:
H T
HO  OR,
/ N
> }\ 0 ¢1
,’I\O PN TR N N’f’
MHoN N 5 O"‘P"'C"'P"‘Q"P"O [
N NN e o o
T o o o g
HIN L A Vi, T
N " o O L !
O : N

Formula Vil
or a sterecisomer thereof, wherein:
Ry and Ro are cach independently selected from H and CH;
each independent Y 1s H” or a cation; and
nis0, 1,23 or4,
wherein at least one of Ry ot Rais CHa.
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32 The compound of claim 31, wherein the compound has the following structure:
HO O R
{ N\f/ ~ N
7 ”
FoA g 9 9 S A
HoNe N o O-P~0~P=0~P~0— |
2 \T;, i N P L O o
i i /> O (9] O /}[{’\ .
HN N [i NH Compound 22
\ o O !
< i ;\;"{§~O
C‘—F_’“OM\ }
L :Q: j
O
HO  OH

or a stereotsomer thereof.

33 The compound of claim 31, wherein the compound has the following stracture:
-~
HMN
HO  OH
[ N
o o o ¢ 1)
Q7 ii ] i N/J\N/
HoN_ N ; = O=P-0-P-0-P-0 |
N N ] i i s e}
0y o O O i )
HN . o Compound 23
. N\T / 5 Ji /jiH
d —_
O {
O=p-0— O
\
HG  OH

or a stereotsomer thereof,

34, The compound of claim 31, wherein the compound has the following structure:

. P N

HO 'Q /N\,)%N

/&QX o 9 o A

HaN ,»N N O“F{‘“Q*E?T‘O“PT"D**\ o ;f o
ﬁNT‘/\i[[\}% © © © g““‘z F")&LNH Compound 24

. o

Q:i?—() o 0
Hd b

or a stereoisomer thereof.
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35, A compound of the following formula:
MR'J
HN™ ©
o oR,
/ N, N
) ¢
A o 0 O A
i‘ O\ b __“i-o N N
HzN /N O E"O i_O EI‘_ ‘”“\‘ o o
E /> O O O
HN e N NH
\ Yin 3 oo— <
T N e
O=P~0my
o
HO OH
Formula VIII
or a stereoisomer thereof, wherein:
R: and Rz are cach independently selected from H and CHs;
cach independent Y 1s H” or a cation; and
nis0, 1,2, 3 0r4d
36.  The compound of claim 33, wherein the compound has the following structure:
~ooo7 NH~
N >
N
4
/’% ﬁ o ¢ 1‘/;
HoN 4 \“(*—PwOMP’"L)-}L{)m NN
- T & 6 o Y 9
Ny N N Compound 25
\g/ \ o o— ¢ ||
0=p~0= N NH2
é’ g
HO  OH
or a stereoisomer thereof.
37, The compound of claim 33, wherein the compound has the following structure:
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o oM NHa
N X
O Q Q </ | N
;f (@) NP ii N N’/”
N N O—P~0~P-0—P~0 ;
2 ~ -N . | i O O
R p) o o O ,
HINL N+ = ﬁ‘ NH Compound 26
1 o o— ¢
0=P=0 o NN N,
s
HO OH
ot a stereoisomer thereof,
38 The compound of claim 33, wherein the compound has the following structure:
-
S HN
o o
/N\ ‘\.N
Z ﬁx o 0O 0 B P
!V oy | & i it N N
: O—P=~Q~P=0=P=(- §
HoN No N f ] ¢
Z T & o & ° o
HN\]/E\N%' s <N ‘ NH Compound 27
1 o o— ¢ |
O b N Néi\NHe
O=P-0— A 2
&
HC  OH
or a sterecisomer thereof.
39, The compound of claim 35, wherein the compound has the following stractare:
-
~0 OH HN
N S
A 000 ¢T3
() i T . N fo”
HaN N { O“P“O"P“(}"’P“Q
At 5oh e \© 0
C - i
HN ‘H:gi N .NH Compound 28
\(])/ ' o o < | A
0=P-0 5 NTONT N,
O
HO  OH
or a stereoisomer thereof.
44 A compound of the following formula:
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w3

9y N
i 4 o o 0 ¢ J[\\N
(OMRY 1] i N N”/’J

/ (Y B (e 5 o
4 /N -N @ P © ? © ;’3 © O li Ie)
E P o- O O i /Lk
HN N\"‘ Y] ! N N
G

Formula (X
or a sterecisomer thereof, wherem:
Riis Hor CHz;
Ra is OH, F, substituted or unsubstituted alkoxy, or thio;
R; s Hoor CHs;
each independent Y is H™ or a cation;
andnis 0, 1,2 3 or4,

wherein when Rz is OH, Ruisnot H.

41, The compound of claim 40, wherein the compound has the following stracture:
NHo
HG S -
N ™
N
!
O & C <
Y BB —b0 Y Na
Chermhore G G e
HaNo_Ne N T N O 0
i /> O & G
HN ‘ N N Compound 42
N\f X <, E NH
4 ¢
© 5 N QJ\NH
0=p-0my 4, | 2
O.
HG OH

or a sterepisomer thereof.

42, The compound of claim 40, wherein the compound has the following structure:
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NH,
HO  OH /J\”’
i) ol
| O/\w (u) kﬁ ? N_j\N,;J
Mo N N O-P-0-P-0-P-C {
L N | { I O O
IS Componnd 4
HN ~N /N NH gmpound 4.
Y \ s} O < i
8] i N pe
O=p=-0 i N N,
! O
MO OH

or g sterenisomer thereof,

43, The compound of claim 40, wherein the compound has the following structure:

N3

\NH
HO ©

/ N -~
A 9 99 (L]
O=P~0=P=0=P~0— i
4 O O

Compound 45

! P
HoN N N f— : ] §
N ¢ o o
HN N+ N NH
\ ¢ o— ¢ |
O : N

P N N,
O==07 o) :

&
HO  OH
44, The compound of claim 40, wherein the compound has the following structure:
HN
HO F
N S
O
O o] O <
[ 9 \gebagmpaomt-0 N MA
HN ] \{2 ) N NH Compound 49
| B ¢ o— ¢ |
o | <N ?\:’)\NM
QmP—0 ‘ "z
! Q
(o3
HO QOH

or a sterecisomer thereof

45, The compound of claim 40, wherein the compound has the following structure:
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O
/J/ HN
HO O
N o
N
7
a0 0 ¢ )
Q H il ] N N Comnound
HaNo N O =O=P=0-F=0= 4 ome
i > o o o Y i 50
HN G N
N+ 7 NH
N \ o O < |
ozh0 NN,
i O
&
HO O
or a sterecisomer thereof.
46.  The compound of claim 40, wherein the compound has the following structure:
e
HN
HO s
Y N SN N
) ;
Q O o] < ]
Ii [ i il i N N"{j
2 N i i §)
gl E > Ie) o o -~ .
HN i\{+ N Compound 52
\ o o— ¢
O ! N
O“—-‘JF}"‘O o
&
HC  OH
or a sterecisomer thereof.
47, The compound of claim 40, wherein the compound has the following structure:
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~
HN
HG OH
o o o <A
O it it i N”\N”
HaN i l‘ﬁ O=-P==P=0= li

Compound 76

' N7 K
O=I?*~O o { 2
& §
HO OH
or a sterecisomer thereof.
48. A compound of the following formmula:
R
o HNT
HN/ .N\-a- } \"//L\CN
o b o 0 <A
HoNT N7 N L S L N7 N
i O-P=0-P~0-P-0 E‘Ji
.v\\]/ - O O X »7 9]
""" 4 i Y N NH
HO  OH ; s o— < |

Formula X
or a sterecisomer thereof, wherein:

Ry is Hand CHs;
each independent Y is H” or a cation; and

nis0, 1,2, 3 or4.

49 The compound of claun 48, wherein the cormpound has the following structure:
o N,
{ E\/ N
it RN
HN E \> - N <I E N
PN % 9 NP
T NN =P OmB— (D0 N
o TS\ ;
/N NH Compound 78
HO  OH ? O < | P
O=P—0 FTOUNT M,
1 O
&
/
HO OH
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or g sterecisomer thereof.

50, The compound of claim 48, wherein the compound has the following stroctare:
o HN/
C
A
=
HN N
A 7
W gy S
HNT N o [TOEm0—E=0=P=0— N
6 o o e
N Compound
e <f E NH P
HO  OH o] P oy
{ N I
D=p—-0 NT NH,
l G
&
HQ OH

or a stereoisomer thereof

51, A compound of the following formula:
R
N N R
Q d Q <; \T j\
i it i N”\N"
O-P—0=P=0~P=0=y |
&

B Yo N
i 0= 757 :0: /
HO OH
Formula X{

or a stercoisomer thereof, whercin:

R; is Hand CHs;

cach independent Y is H' or a cation; and

nis0,1,2,3 ord
52. The compound of claim 51, wherein the compound has the following structure:
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NH,
N o
N
7
oo o ] 2
i i i NN
PrPmOmpm0mE=0m
O/"“/ O oo Q Compound
HoNL N /- (3 /N | hiH 82
2 \F{;, ; N> ? O . -
: & o SN NHo
HN & 0=p=0—
AN o
O
HO OH

or g stereoisomer thereof.

53, The compound of claim 51, wherein the compound has the following structure:

&
HN

N p

N
4
5 000 ¢ ] A
i B It N7
Omp=Omp=0=B=0my !
/_/ o o o Q ~
/_,O N " Compound
b { S 7
r{zN\T;,N N (‘> < <—\5 | ’;J\ 78
HNWIN{% gm;f-a o } NTONH,
5\ o
]
HQ OH
or a stercoisomer thercof
54, A compound of the following formula:
LR,
HG OR4 Hi
H .y,
! O O O Q O N—' a ‘fJ

il i i it N
= O-P-0-P-0—P-0-P-0 7/
f ; i t e}

\("Ii\} c- O o O-

HN . 7 N
TN (i ¢ o-— ¢ jJ\ H
o ‘ NN N
=P ! N 2

ol \\/O\!

HC  OH

Formula X1i
or a stereoisomer thereof, wherein:

R:and R2 are cach jndependently sclected from H and CHs:
each independent Y is H™ or a cation; and
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55, The compound of claim 54, wherein the compound has the following stractare:
INH
Ho o7 z
N X
o] Q O Q éj E j
¢ i i i ] SN
EANGPLUNY OTETOTRmOTTOTTOM o
~ ] pt o6 o O O Compoun
HN ' N NH
: f e
© | N NH
QPG Nz
i o}
&
HO  OH
or a stercoisomer thercof
56, The compound of claun 54, wherein the compound has the following
structure:
e
HO o7
N R ~
<, i N Componn
N o o o 0 P .
ULV R TP P N N d 80
NN N OO0 o
i > o o O &
& P
N / N
N+ i NH
A o O < 3
Q i N N
Q=P—0 Nty
[ 0
&
HO  OHM

or a stereoisomer thereof,

57.

of the compound.

58.

A compound selected from: the group consisting of

The compound of any one of claims 1-56, wherein the compound 1s a deuterated form
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NN
Y N ! A 0O O
s:rii §L,> oo Compound 83
\F/ e / p) NH
N g o ¢ ]
O=P- 0y N N
! Q
<
HO  OH
B ]
HO Q/ HN D
) N
¢TI
0 g 9 9 -
\3{ | /> oo O Compound 84
FIN N+ N Nk
; ; 4
L o o= ¢ I
© O=p-0 NTNT NH,
=p-0y i
&
HO O
or a sterenisomer thereof
59 A pharmaceutical composition, comprising a compound of any one of claims 1-58

and a pharmaceutically acceptable carrier.

60.  An RNA molecule comprising a 5”-cap, wherein the 5”-cap comprises a conpound of

any one of claims 1-58.

61, The RNA molecule of claim 60, wherein the RNA molecule is a messenger RNA

(mRNA} molecule or a self~amplifying RNA (saRNA) molecule

62. A method of mducing a therapeutic effect in a subject, comprising admumstering to

the subject an RNA molecule according to claim 60 or 61.

63, A method of administering to an animal a therapeutic dose unit of an mRNA molecule

comprising a 5’-cap, wherein the 5 -cap comprises a compound of any one of claims 1-38.

64.  The method of claim 63, wherein the therapeatic dose unit of the mRNA molecule

comprises fess than 7 ng/ug of double stranded RNA (dsRNA).
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65, The method of claim 64, wherein the subject exhibits increased tolerability to the
administered therapeutic dose unit of the mRNA molecule as compared to an equivalent

therapeutic dose unit of the mRNA molecule comprising 7 ng/ug or greater dsRNA.

66, The method of claim 65, wherein the increased tolerability is determined by
measuring one or more of body weight, organ weight, aspartate aminotransferase {AST)
levels, alamine transaminase (ALT) levels, Coreactive protein {CRP) levels, procalcitonin
(PCT) levels, interleukin-6 (L-6} levels, erythrocvie sedimentation rate (ESR), serum
aroyloid A levels, and serum fermitio levels prior to the administering and a pedod of time

after the administering.

67.  The method of claim 65 or 66, wherein the mereased tolerabibity 1s measured by

testing in a standard 2 vivo assay.

68.  The method of anv one of claims 63-67, wherein the increased tolerability is an
merease m tolerability of at least 20 % to the admimstered dose onit as measured by testing in
a standard 77 vive assay, at least 25 % to the admunistered dose unit ag measured by testing in
a standard 7 vive assay, at least 30 % to the admunistered dose unit as measured by testing in
a standard i vive assay, at least 33 % to the adnunistered dose unit as measured by festing in
a standard in vivo assay, at least 40 % to the administered dose unit as measared by testing in
a standard im vivo assay, at least 43 % to the administered dose unit as measured by testing in
a standard 77 vivo assay, at least 50 % to the administered dose unit as measured by testing in
a standard /2 vivo assay, at least 55 % to the administered dose unit as measured by testing in
a standard 777 vive assay, at least 60 % to the administered dose unit as measured by testing in
a standard 77 vive assay, at least 63 % to the adnunistered dose unit as measured by testing in
a standard i vivo assay, at least 70 % to the admunistered dose unit as measured by testing in
a standard in vivo assay, at least 75 % to the administered dose unit as measared by testing in
a standard /n vivo assay, at least 80 % to the administered dose unit as measured by testing in
a standard i vivo assay, at least 835 % to the admiustered dose unit as measured by testing io
a standard 77 vivo assay, at least 90 % to the administered dose unit as measured by testing in
a standard 77 vive assay, or at least 95 % to the admunistered dose unit as measured by testing

in a standard 77 vivo assay.

69 The method of any one of claims 65-68, wherein the therapeutic dose unit of the

mRNA molecule conprises less than 6.9 ng/ug of double stranded RNA {(dsRNA), less than

-201-



WO 2023/147352 PCT/US2023/061255

6.8 ng/ug of double stranded RNA (dsRNA), less than 6.7 ng/ug of double stranded RNA
{dsRNA)}, less than 6.6 ng/pe of double stranded RNA {dsRNA}, less than 6.5 ng/ug of
double stranded KNA (dsRNA}, less than 6.4 ng/ug of double stranded KNA (dsRNA}, less
than 6.3 ng/ug of double stranded RNA (dsRNA}, less than 6.2 ng/ug of double stranded
RNA {dsRNA), less than 6.1 ng/pg of double stranded RNA {(dsRNA}, less than 6.0 ng/ug of
double stranded RNA (dsRNA), less than 5.9 ng/ug of double stranded RNA (dsRNA), less
than 5.8 ng/ug of double stranded RNA (dsRNA}, less than 5.7 ng/ug of double stranded
RNA (dsRNA), less than 5.6 ng/ug of double stranded RNA (dsRNA), less than 5.5 ng/ug of
double stranded RNA (dsRNA), less than 5.4 ng/ug of double stranded RNA (dsRNA), less
than 5.3 ng/ug of double stranded RNA {(dsRNA), less than 5.2 ng/ug of double stranded
RNA {(dsRNA}, less than 5.1 ng/ug of double stranded RNA (dsRNA}, less than 5.0 ng/ug of
double stranded RNA (dsRNA}, less than 4.9 ng/ug of double stranded RNA (dsRNA}, less
than 4 8 ng/ug of double stranded RNA (dsRNA), loss than 4.7 ng/ug of double stranded
RNA (dsRNA), less than 4.6 ng/ug of double stranded RNA (dsRNA), less than 4.5 ng/pg of
double stranded RNA (dsRNA), less than 4 4 ng/ug of double stranded RNA (dsRNA), less
than 4.3 ng/ug of double stranded RNA (dsRNA}, less than 4.2 ng/ug of double stranded
RNA (dsRINA}, less than 4.1 ng/ug of double stranded RNA (dsRNA), less than 4.0 ng/ug of
double stranded KNA (dsRNA), less than 3.9 ng/ug of double stranded KNA (dsRNA}, less
than 3.8 ng/ug of double stranded RNA (dsRNA), less than 3.7 ng/ug of double stranded
RNA {dsRNA), less than 3.6 ng/ug of double stranded RNA {dsRNA), less than 3.5 ng/pg of
double stranded RNA (dsRNA), less than 3 4 ng/ug of double stranded RNA (dsRNA), less
than 3.3 ng/ug of double stranded RNA (dsRNA), less than 3.2 ng/ug of double stranded
RNA (dsRNA), less than 3.1 ng/pg of double stranded RNA (dsRNA}, less than 3.0 ng/pg of
double stranded RNA (dsRNA), less than 2.9 ng/ug of double stranded RNA (dsRNA), less
than 2.8 ng/ug of double stranded RNA (dsRNA), less than 2.7 ng/ug of double stranded
RNA (dsRNA}, less than 2.6 ng/ug of double stranded RNA (dsRNA), less than 2.5 ng/ug of
double stranded RNA (dsRNA), less than 2 4 ng/ug of double stranded RNA (dsRNA), less
than 2.3 ng/ug of double stranded RNA (dsRNA), less than 2.2 ng/ug of double stranded
RNA (dsRNA), less than 2.1 ng/ug of double stranded RNA (dsRNA), less than 2.0 ng/ug of
double stranded RNA (dsBNA}, less than 1.9 ng/ug of double stranded RNA (dsBRNA), less
than 1.8 ng/ug of double stranded RNA (dsRNA), less than 1.7 ng/ug of double stranded
RNA (dsRNA}, less than 1.6 ng/ug of double stranded RNA (dsRNA}, less than 1.5 ng/ug of
double stranded RNA {dsRNA}, less than 1.4 ng/ug of double stranded RNA (dsRNA}, less
than 1.3 ng/ug of double stranded RNA (dsRNA), less than 1.2 ng/ug of double stranded
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RNA (dsRNA), less than 1.1 ng/ug of double stranded RNA (dsRNA), loss than 1.0 ng/ug of
double stranded RNA (dsBRNA), less than 0.9 ng/ug of double stranded RNA (dsRNA), less
than 0.8 ng/ug of double stranded RNA (dsRNA), less than 9.7 ng/ug of double stranded
RNA {dsRNA}, less than 0.6 ng/ug of double stranded RNA (dsRNA), less than 0.5 ng/ug of
double stranded RNA (dsRNA}, less than 0.4 ng/ug of double stranded RNA (dsRNA}, less
than 0.3 ng/ug of double stranded RNA (dsRNA}, less than 0.2 ng/ug of double stranded
RNA {dsRNA), or less than 0.1 ng/ug of double stranded RNA {(dsRNA).

70, A mcthod of adounistering to an animal a therapeutic dose unit of an mRNA molecule
comprising a §’-cap, wherein the 37-cap comprises a compound selected from the group

consisting of:
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HO  OH

or a stereoisomer thereot,

wherein the therapeotic dose unit of the mRNA molecole comprises less than 7 ng/pg
of double stranded RNA (dsRNA}),

wheremn the subject exhibits increased tolerability to the adnunistered therapeutic dose
unit of the mRNA molecule as compared to an equivalent therapeutic dose unit of the mRNA

molecule comprising 7 ng/ug or greater dsRNA.

o

71, The method of claim 70, wherein the increased tolerability is determined by
measuring one or more of body weight, organ weight, aspartate aminotransferase {AST)
levels, alanine transaminase (ALT) levels, C-reactive protein {CRP} levels, procaleitonin
(PCT} levels, mterlenkin-6 (IL-6) levels, ervthrocyvie sedimentation rate (ESR), serum
amyloid A levels, and serum ferritin levels prior to the administering and a period of time

after the administering.

72, The method of claim 70 or 71, wherem the increased tolerability is measured by

testing in a standard i vivo assay.

73.  The method of any one of claims 70-72, wherein the increased tolerability is an
increase in tolerability of at least 20 9% to the admunistered dose unit as measured by testing in
v o g

a standard i vivo assay, at least 25 % to the administered dose unit as measured by testing in

a standard i vivo assay, at least 30 % to the administered dose unit as measured by testing in
R P r=}

a standard im vivo assay, at least 33 % to the administered dose unit as measured by testing in
" R g=}

a standard iz vivo assay, at least 40 % to the admiunustered dose unit as measured by testing in
¥ 3 2

a standard i vive assay, at least 45 % to the administered dose unit as measured by testing in

a standard in vive assay, at least 50 % to the administered dose unit as measwred by testing in
v ? o P

a standard 7 vive assay, at least 53 % to the admunisicred dose unit as measured by testing in
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a standard i1 vivo assay, at least 60 % to the admunistered dose unit as measured by festing in
a standard in vivo assay, at least 65 % to the administered dose unit as measared by testing in
a standard 7 vivo assay, at least 70 % to the administered dose unit as measured by testing in
a standard i vivo assay, at least 75 % to the administered dose unit as measured by testing in
a standard 7z vive assay, at least 80 % to the administered dose unit as measured by testing in
a standard 77 vive assay, at least 85 % to the administered dose unit as measured by testing in
a standard 71 vive assay, at least 90 % to the adnunistered dose unit as measured by testing in
a standard i vivo assay, or at least 95 % to the admimstered dose unit as measured by festing

in a standard in vivo assay.

74, The method of any one of claims 70-73, wherein the therapeutic dose unit of the
mRNA molecule comprises less than 6.9 ng/ug of double stranded RNA (dsRNA), fess than
6.8 ng/ug of double stranded RNA {dsRNA}, less than 6.7 ng/ug of double stranded RNA
{dsRNA}, less than 6.6 ng/pg of double stranded RNA {dsRNA}, less than 6.5 ng/ug of
double stranded RNA (dsRNA), less than 6.4 ng/ug of double stranded RNA (dsRNA), less
than 6.3 ng/ug of double stranded RNA (dsBNA), less than 6.2 ng/ug of double stranded
RNA (dsRNA}, less than 6.1 ng/ug of double stranded RNA (dsRNA}, less than 6.0 ng/pg of
double stranded RNA (dsRNA)}, less than 5.9 ng/ug of double stranded RNA (dsRNA}, less
than 5 8 ng/ug of double stranded RNA (dsRNA}, loss than 5.7 ng/ug of double stranded
RNA {(dsRNA), less than 5.6 ng/ug of double stranded RNA (dsRNA), less than 5.5 ng/pug of
double stranded RNA (dsRNA), less than 5 4 ng/ug of double stranded RNA (dsRNA), less
than 3.3 ng/ug of double stranded RNA (dsRNA), less than 3.2 ng/ug of double stranded
RNA (dsRINA}, less than 5.1 ng/ug of double stranded RNA (dsRNA), less than 5.0 ng/ug of
double stranded KNA (dsRNA), less than 4.9 ng/ug of double stranded KNA (dsRNA}, less
than 4.8 ng/ug of double stranded RNA (dsRNAJ}, less than 4.7 ng/ug of double stranded
RNA {dsRNA), less than 4.6 ng/ug of double stranded RNA {dsRNA), less than 4.5 ng/pg of
double stranded RNA (dsRNA), less than 4 4 ng/ug of double stranded RNA (dsRNA), less
than 4.3 ng/ug of double stranded RNA (dsRNA), less than 4.2 ng/ug of double stranded
RNA (dsRNA), less than 4.1 ng/pg of double stranded RNA (dsRNA}, less than 4.0 ng/pg of
double stranded RNA (dsRNA), less than 3.9 ng/ug of double stranded RNA (dsRNA), less
than 3.8 ng/ug of double stranded RNA (dsRNA), less than 3.7 ng/ug of double stranded
RNA (dsRNA}, less than 3.6 ng/ug of double stranded RNA (dsRNA), less than 3.5 ng/ug of
double stranded RNA (dsRNA}, less than 3.4 ng/ug of double stranded RNA (dsRNA}, less

than 3.3 ng/ug of double stranded RNA (dsRNA), less than 3.2 ng/ug of double stranded
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RNA (dsBRNA), less than 3.1 ng/ug of double stranded RNA (dsRNA), less than 3.0 ng/ug of
double stranded RNA (dsBRNA), less than 2.9 ng/ug of double stranded RNA (dsRNA), less
than 2.8 ng/ug of double stranded RNA (dsRNA), less than 2.7 ng/ug of double stranded
RNA {dsRNA}, less than 2.6 ng/ug of double stranded RNA {(dsRNA)}, less than 2.5 ng/pg of
double stranded RNA (dsRNA}, less than 2 4 ng/ug of double stranded RNA (dsRNA}, less
than 2.3 ng/ug of double stranded RNA (dsRNA}, less than 2.2 ng/ug of double stranded
RNA {dsRNA), less than 2.1 ng/pg of double stranded RNA (dsRNA), less than 2.0 ng/pg of
double stranded RNA (dsRNA), less than 1.9 ng/ug of double stranded RNA (dsRNA), less
than 1.8 ng/ug of double stranded RNA (dsRNA), less than 1.7 ng/ug of double stranded
RNA (dsRNA}, less than 1.6 ng/ug of double stranded RNA (dsRNA}, less than 1.5 ng/pg of
double stranded RNA (dsRNA}, less than 1.4 ng/ug of double stranded RNA (dsRNA)}, less
than 1.3 ng/ug of double stranded RNA (dsRNA}, less than 1.2 ng/ug of double stranded
RNA {dsRNA), less than 1.1 ng/ug of double stranded RNA {(dsRNA), less than 1.0 ng/pg of
double stranded RNA (dsRNA), less than 0.9 ng/ug of double stranded RNA (dsRNA), less
than 0.8 ng/ug of double stranded RNA (dsRNA), less than 0.7 ng/ug of double stranded
RNA (dsRNA), less than 0.6 ng/ug of double stranded RNA (dsRNA), less than 0.5 ng/pg of
double stranded RNA (dsRNA), less than 0.4 ng/ug of double stranded RNA (dsRNA), less
than 0.3 ng/ug of double stranded RNA (dsRNA), less than 0.2 ng/ug of double stranded
RNA {dsRNA)}, or less than 0.1 ng/pg of double stranded RNA (dsRNA).

75. A method for increasing iz vive translation of a polypeptide in a subject, comprising
administering to the subject a therapeutic dose unit comprising an effective amount of an

mRNA encoding a polypeptide, wherein the mENA comprises a 5" -cap having the following

formula:
HO O NH,
N~ N
N
&
kﬁ o o o C
O NG SO o ! NTON
HoN /N\,.——N i i ' _\ O / o)
i ),> o o O .
HN M N N Compound 28
s A . ¢
! 3 O _
© 0=P-0 NN ey
YT ]
&
HO  OH

or a stereoisomer thereof,
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wherein the admimistered therapeutic dose unit s at least 20 % lower than the
therapeutic dose umt required to elicit the same response in the subject when admiunistered a
comparative mRNA encoding the polypeptide, wherein the comparative mENA comiprises a

5’-cap having the following formula:

NH
HO  OH
N
b o ¢ ¢ )
O\ I fi it N Nf'
HoNo N_ O=P=0=P-0~F~0— ~
e N P P P o.f 8] wigs N
i | f; O O O ,1\ PPPAYOMD
HN ~ N
N\*’ 4 o </ \’f hH G {(“Control”}
O 'J NN
O:ﬁ’-0-- o i 2
& .
HO OH
ot a stereoisomer thereof,
76. A method for increasing in vivo translation of a polypeptide in a subject, comprising

adounistering to the subject a therapeutic dose unit comprising an cffective amount of an

mRNA encoding a polypeptide, wherein the mRNA comprises a 5™-cap having the following

formula:
-
o HN
N X
N
¢l
.
@Lm-g—o—g—o—ﬁﬂ <N v
HzN\]{}NYN .6,\ é_ é.k-‘\\ o i o
HN\r)!‘\ )> N Compound 30
¢ TNt " TNH
Lo o o= < |
‘ -
0=E-0— NTOUNT TN,
& :O: /
A
HC O

or a sterecisomer thereof,

wherein the administered therapeutic dose unit is at least 20 % lower than the
therapeutic dose unit required to elicit the same response in the subject when administered a
comparative mRNA encoding the polypeptide, wherein the comparative mRNA comprises a

5"-cap having the following formula:
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N
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HN\[./\?[N% S <{N\1/L\NH Compound 31

A O
© b N’)\N{J\NHA
O—-ﬁ"“‘@““ o i 2
o a
HO OH
or a sterecisomner thereof.
77. A method for increasing in vivo transiation of a polypeptide in a subject, comprising

adnunistering to the subject a therapeutic dose unit comprising an effective amount of an

mRNA encoding a polypeptide, wherein the mRNA comprises a 5™-cap having the following

formula:
HO O hiHz
N
7
!Z:,ﬁ\i (ii) (i:is ) P <N" N"f)
HoN. N O—-P-0-P-0-B-0— |
2 2 N . i e o 's)
| /> O G O ¥ L\ .
HN 7 { N Compound 2
N+ ~. f NH
Y g0 ¢ | |
© ‘ NN A
Q=p~-0 i 2
! O
& i; ;;
HO OH

or a sterecisomer thereof,

wherein the administered dose is at least 20 % lower than the therapeutic dose unit
required to elicit the same response in the subjoct when admuustered a comparative mRNA
encoding the polypeptide, wherein the comparative mBRNA compnises a 57-cap having the

following formula:
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© ot N7 N N,
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HO  OH
of a sterecisomer thereof.
78. A method for increasing i vive translation of a polypeptide in a subject, comprising

admuoustering to the subject a therapeutic dose unit comprising an effoctive amount of an
mRNA encoding a polypeptide, wherein the mRNA comprises a 57-cap having the following

formula:

P e e e N

Xy T i

HN N+ N\Yi/ NH Compound 8
—~

or a stereoisomer thereof,

wherein the administered therapeutic dose unit is at least 20 % lower than the
therapeutic dose unit required to elicit the same response in the subject when adounistered a
comparative mRNA encoding the polypeptide, wherein the comparative mRNA comprises a

5"~cap having the following formula:
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HO O HF
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N
¢ |
ii\f N”‘J\NHQ
s} 0

Compound 7

or a stereoisomer thereof.

79, The method of claim 75-78, wherein the subject exhibits increased tolerability to the
admuustered therapeutic dose unit as compared to the therapeutic dose unit required to elicrt
the same response i the subject when admimstered the comparative mRNA, as measured by

testing in a standard /n vivo assay.

8G.  The method of claim 79, wherein the increased tolerability is an increase in
tolerability of at least 20 % to the administered therapoutic dose unit as measured by testing
i a standard in vivo assay, at least 25 % to the adminsstered therapeutic dose unit as
measured by testing in a standard /2 vivo assay, at least 30 % to the adrmnistered therapeutic
dose unit as measured by testing in a standard in vivo assay, at least 35 % to the administered
therapeutic dose unit as measured by testing in a standard iz vive assay, at least 40 % to the
adounistered therapeutic dose unit as measured by testing in a standard 77 vive assay, at least
45 % to the adounistered therapeutic dose unit as measured by testing in a standard in vivo
assay, at least 50 % to the admunistered therapeutic dose uait as measured by testing in a
standard /7 vivo assay, at least 55 % 1o the admuustered therapeutic dose unit as measured by
testing in a standard in vivo assay, at least 60 % to the adounistered therapeutic dose unit as
measured by testing in a standard 77 vivo assay, at least 65 % to the administered therapeutic
dose unit as measured by tosting in a standard in vivo assay, at least 70 % to the administered
therapeutic dose unit as measured by testing in a standard in vive assav, at least 75 % to the
adnunistered therapeutic dose unit as measured by festing i a standard in vive assay, at least
80 % to the adnunistered therapeutic dose unit as measured by testing in a standard /v vivo
assay, at least 85 % to the admunistered therapeutic dose uait as measured by testing in a
standard 77 vivo assay, at least 90 % 1o the administered therapeuntic dose unit as measured by
testing in a standard in vivo assay, or at least 95 % to the admimsicred therapeuotic dose unit
as measured by testing in a standard /n vive assay.
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81.  The method of any one of claims 75-80, wherein the administered therapeutic dose
unit comprises less than 6.9 ng/ug of double stranded RNA {(dsRNA), less than 6.8 ng/ug of
double stranded KNA (dsRNA}, less than 6.7 ng/ug of double stranded KNA (dsRNA}, less
than 6.6 ng/ug of double stranded RNA (dsRNA}, less than 6.5 ng/ug of double stranded
RNA {dsRNA), less than 6.4 ng/pg of double stranded RNA {(dsRNA}, less than 6.3 ng/ug of
double stranded RNA (dsRNA), less than 6.2 ng/ug of double stranded RNA (dsRNA), less
than 6.1 ng/ug of double stranded RNA (dsRNA}, less than 6.0 ng/ug of double stranded
RNA (dsRNA), less than 5.9 ng/ug of double stranded RNA (dsRNA), less than 5.8 ng/ug of
double stranded RNA (dsRNA), less than 5.7 ng/ug of double stranded RNA (dsRNA), less
than 5.6 ng/ug of double stranded RNA {(dsRNA), less than 5.5 ng/ug of double stranded
RNA {(dsRNA}, less than 5.4 ng/ug of double stranded RNA (dsRNA}, less than 5.3 ng/ug of
double stranded RNA (dsRNA}, less than 5.2 ng/ug of double stranded RNA (dsRNA}, less
than 5 1 ng/ug of double stranded RNA (dsRNA), less than 5 0 ng/ug of double stranded
RNA (dsRNA), less than 4.9 ng/ug of double stranded RNA (dsRNA), less than 4.8 ng/pg of
double stranded RNA (dsRNA), less than 4.7 ng/ug of double stranded RNA (dsRNA), less
than 4.6 ng/ug of double stranded RNA (dsRNA}, less than 4.5 ng/ug of double stranded
RNA (dsRINA}, less than 4.4 ng/ug of double stranded RNA (dsRNA), less than 4.3 ng/ug of
double stranded KNA (dsRNA), less than 4.2 ng/ug of double stranded KNA (dsRNA}, fess
than 4.1 ng/ug of double stranded RNA (dsRNA), less than 4.0 ng/ug of double stranded
RNA {dsRNA), less than 3.9 ng/ug of double stranded RNA {dsRNA), less than 3.8 ng/pg of
double stranded RNA (dsRNA), less than 3.7 ng/ug of double stranded RNA (dsRNA), less
than 3.6 ng/ug of double stranded RNA (dsRNA), less than 3.5 ng/ug of double stranded
RNA (dsRNA), less than 3.4 ng/pg of double stranded RNA (dsRNA}, less than 3.3 ng/pg of
double stranded RNA (dsRNA), less than 3.2 ng/ug of double stranded RNA (dsRNA), less
than 3.1 ng/ug of double stranded RNA (dsRNA), less than 3.0 ng/ug of double stranded
RNA (dsRNA}, less than 2.9 ng/ug of double stranded RNA (dsRNA), less than 2.8 ng/ug of
double stranded RNA (dsRNA), less than 2.7 ng/ug of double stranded RNA (dsRNA), less
than 2.6 ng/ug of double stranded RNA (dsRNA), less than 2.5 ng/ug of double stranded
RNA (dsRNA), less than 2.4 ng/ug of double stranded RNA (dsRNA), less than 2.3 ng/ug of
double stranded RNA (dsBNA}, less than 2.2 ng/ug of double stranded RNA (dsRNA), less
than 2.1 ng/ug of double stranded RNA {dsRNA), less than 2.0 ng/ug of double stranded
RNA (dsRNA}, less than 1.9 ng/ug of double stranded RNA (dsRNA}, less than 1.8 ng/ug of
double stranded RNA {dsRNA}, less than 1.7 ng/ug of double stranded RNA (dsRNA}, less
than 1.6 ng/ug of double stranded RNA (dsRNA), less than 1.5 ng/ug of double stranded
212-
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RNA (dsBRNA), less than 1.4 ng/ug of double stranded RNA (dsRNA), less than 1.3 ng/ug of
double stranded RNA (dsBRNA), less than 1.2 ng/ug of double stranded RNA (dsRNA), less
than 1.1 ng/ug of double stranded RNA (dsRNA), less than 1.0 ng/ug of double stranded
RNA {dsRNA}, less than 0.9 ng/ug of double stranded RNA (dsRNA}, less than 0.8 ng/pug of
double stranded RNA {dsRNA}, less than 0.7 ng/ug of double stranded RNA {(dsRNA)}, less
than 0.6 ng/ug of double stranded RNA (dsRNA}, less than 0.5 ng/ug of double stranded
RNA {dsRNA), less than 0.4 ng/pg of double stranded RNA (dsRNA), less than 0.3 ng/pg of
double stranded RNA (dsRNA), less than .2 ng/ug of double stranded RNA (dsRNA), or
less than 0.1 ng/ug of double stranded RNA {(dsRNA).

32. A method of synthesizing a trinucleotide compound, comprising:
(1) mixing an N7-methyvi-guanosine-3"-diphosphate of the following structure:

o]

\N+
NH
4
X;  Xp ¢ | PN
1§ 83 N N NH"
HO—P—0—B=X—
oo )
Ry Rg , wherein

X1 and Xz are cach independently selected from the group consisting of O and S,

X518 O,

Ri and Rz are each mdependently selected from H, OH, N, F, substitated or
unsubstitated atkoxy, and thic, wherein Ri and Rz optionally combine to form a heterocycie,
with an activating reagent and an imidazole to form an activated intermediate; and

{2) adding a salt reagent and a dinucleotide of the following structure:

X
4 B,

At
HO”"}?""X5:‘:X7 o
O-
R4 § i

HO  OH wherein
=== is a singlc bond or a double bond;
X and Xs are cach independently selected from the group consisting of O and 5
X580, 8, or CH,
X71s CHor CHa;
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Rz 1s OH, OMe, F and Ra1s H, or wherein Rz and R are covalently bonded together
and, together with intermediate atoms, form a 27-0, 4°-C methylene brnidge; and

B and By are cach independently sclected from the group consisting of a purine ring
and a pyrimidine ring

to the activated intermediate to form the trinucleotide compound of the following structure:

R, R
X X3
O 4e i
HoNo NG XP—=0—p-0—
= _ -
2 ©
FHN N
Ay
8] B,
HO  OH

wherein the method is a one-pot synthesis.

83 A method of synthesizing a trinucleotide compound, comprising:

{1} mixing a dinucleotide of the followmng structure:

X4
L) B
HO"?""XE):‘:XT . i
‘e
B,
XF:E?"'O o b
Q..

HO  OH wherein

=== ig a single bond or a double bond;

X418 0

XsisOor§;

X518 0, S, or CH;

X718 CHor CHz;

Rsis OH, OMe, F and Rq 18 H, or wherein B3 and Ry are covalently bonded together
and, together with intermediate atoms, form a 2°-0, 47-C methylene bridge; and

B: and B; arc cach mdependently selected from the group consisting of a purine ring
and a pyrimidine ring,
with an activating reagent and an imidazole to form an activated phosphate imidazolide of the
following structure:
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NI
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HO  OH:and

{2} adding a salt reagent and a compound of the following stracture:

HO_-!F;’“O-“% X
o O

Ry R . wherein
X1 and Xz are cach independently selected from the group consisting of O and S;
X318 8;
R: and Ro are cach independently selected from H, OH, Ns, F, substituted or
unsubstituted altkoxy, and thio, wherein R; and R» optionally combine to form a heterocycle,

to the activated phosphate imidazolide to form the trinucleotide compound of the following

struchure:
Fa Ry
XKy Ky o X
R VYT NP MO R
HaN N~ N T T Ut U
Y l !> O Q Q
HN R
+N 4
\ O R,
O i B
&
HC OH
34, A method of synthesizing a tnnucleotide compound, comprising:

{1} mixing a diphosphate dinucleotide of the following structure:
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o~ O -
Ry
O Rs
Xs=P—0 B2
T o]
O

HO  OH  yherein

=== 1§ a single bond or a double bond;

RERTRN

X4 and Xe are each mdependently selected from O and §;

X518 O, 8, or CH; X7 1s CH or CHp;

Rs is OH, OMe, F and Rsis H, or wherein Rs and Ry are covalently bonded together
and, together with intermediate atoms, form a 27-0, 4°-C methylene bridge; and

B and B are cach mdependenily selected from the group consisting of a purine ring
and a pyrimidine ring,
with an activating reagent and an imidazole to form an activated phosphate imidazolide of the

following structure:

X X
NN By
N"P“"O""P"‘X5:X7 ;
LbJ IV -0
O 9]
Ry
o) R
; B,
Xs=P—0
"0\ o

HO  OH . and

{2y adding a salt reagent and a compound of the followmg structure:

o
\N+
e N #
HO—P—X; N NHp
. O
O
By R , wherein

X1 and X: are cach independently selected from O and §; and
Ri and Rz are each independently selected from H, OH, N, F, substituted or

unsubstituted atkoxy, and thio, wherein R: and Rz optionally combine to form a heterocyele,
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1o the activated phosphate imidazolide to form the trinucleotide compound of the following

structure:
Ry, Ry
O
HoN /N N
HN E i\%
"\
G B,
HO QOH

wheremn the method 15 a one-pot synthesis.
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