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WHAT IS CLAIMED IS:

A compound of Formula (I):

X (),
R® @

or a salt thereof; wherein:

R!is Cis alkyl, C2- alkenyl, C2-s alkynyl, Cs-10 cycloalkyl, Cs.10 aryl, or C-
attached heteroaryl, wherein R! is optionally substituted with one or more, the same or
different, R? groups;

R?is deuterium, CD3, Ci-6 alkyl, C2.6 alkenyl, Cz2 alkynyl, halogen, CF3, Ci-6
alkoxy, Cs.10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl;

R* is hydrogen, C1. alkyl, C2 alkenyl, or Ca-s alkynyl;

R3is Ci alkyl, C2 alkenyl, or C2- alkynyl;

R’is is a substituent that substitutes for a hydrogen and is one of C1.6 alkyl, C2-6
alkenyl, Cz2. alkynyl, Cs.10 cycloalkyl, or Cs.10 aryl; and

nis0,1,2,3,4,5,6,7,or8.

The compound of claim 1, having Formula (Ia):

H
S ? R s
S\ ‘\\\\\ - W \) Me
P.(R)
7\
R 0
Me (Ia);

a salt thereof, an enantiomer thereof, or a combination thereof.

The compound of claim 1, wherein R! is selected from the group consisting of:
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M

PN oy O O
9

wherein g is the bond between R and phosphorus of the formula (I).

4, The compound according to claim 3, wherein R! is -CH3.
5. The compound according to claim 3, wherein R! is phenyl.
6. A method of making a thiophosphinic acid, the method comprising:

reacting a carbanion reagent with a compound of Formula (Ia):

H
B R
S\\ S S e
/P" (R)
R‘l \O
Me (Ta)

a salt thereof, an enantiomer thereof, or a combination thereof;

wherein
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R!is Cis alkyl, C2- alkenyl, C2-s alkynyl, Cs-10 cycloalkyl, Ce.10 aryl, or C-attached
heteroaryl, wherein R! is optionally substituted with one or more, the same or different, R?
groups;

R?1s deuterium, CD3, Ci-6 alkyl, C2-6 alkenyl, Cz2 alkynyl, halogen, CF3, Ci-6 alkoxy, Cs-
10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl;

to form a thiophosphinic acid.

7. The method of claim 6, wherein the thiophosphinic acid has Formula (II):

ﬁ
R - T\SH
RZ ()
wherein each of R! and R? is independently
C1-6 alkyl, Ca.6 alkenyl, Cz2.6 alkynyl, Cs-10 cycloalkyl, Cs-10 aryl, or C-attached heteroaryl,
wherein each of R! and R? is optionally substituted with one or more, the same or different, R?
groups;
R?is deuterium, CDs3, Ci-6 alkyl, C2-6 alkenyl, C2.6 alkynyl, halogen, CF3, Ci-¢ alkoxy, Cs-
10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl.

8. The method of claim 7, wherein the carbanion reagent is an organolithium reagent R%Li,

wherein R? is as defined in claim 7.

9. The method of claim 7, wherein the thiophosphinic acid is a compound having Formula
(ITa)
ﬁ
WP
R sm
R (ITa)

or an enantiomer thereof, wherein R! and R? are as defined in claim 7.

10. The method of claim 6, further comprising reacting the thiophosphinic acid with an

alkylating reagent to form a thiophosphinic acid ester.
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11.  The method of claim 10, wherein the thiophosphinic acid ester has Formula (I1I)

ﬁ
R - T\S—R‘
R? (1)
wherein
each of R! and R? is independently C1.6 alkyl, C2-s alkenyl, Ca.6 alkynyl, C3.10 cycloalkyl,
Ce-10 aryl, or C-attached heteroaryl;
wherein each of R! and R? is optionally substituted with one or more, the same or
different, R? groups;
R?is deuterium, CDs3, Ci-6 alkyl, C2-6 alkenyl, C2.6 alkynyl, halogen, CF3, Ci-¢ alkoxy, Cs-
10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl; and
R'is Cis alkyl, Cz.6 alkenyl, or Ca-s alkynyl.

12.  The method of claim 11, wherein the thiophosphinic acid ester is a compound having
Formula (Il1a):
ﬁ
oP
R ‘\SMe
R? (I11a)

or an enantiomer thereof.

13. The method of claim 12, wherein the thiophosphinic acid ester is selected from the group

consisting of
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I I ||
||u P'l P'lu
Ph/P "MiSpMe Ph—""1 "MISMe Ph—" Misme 1)
MeO Me Me Me LI
Ph/‘”""’lSMe
: ; ; tBu ’
Me Me
., |
Ph/P "l gpe Ph/P ""'”SMe Ph—" "””SMe
NZ | . and
Ph
14. The method of claim 10, further comprising reacting the thiophosphinic acid ester with an

alkoxide agent to form an organophosphinate.

15. The method of claim 14, wherein the organophosphinate has Formula (IV):

i)l
R T\O—R'
R® av),
wherein
each of R! and R? is independently C1 alkyl, Ca- alkenyl, C2- alkynyl, Cs.10 cycloalkyl,
Ces-10 aryl, or C-attached heteroaryl,
wherein each of R! and R? is optionally substituted with one or more, the same or
different, R? groups;
R?is deuterium, CDs3, Ci-6 alkyl, C2- alkenyl, C2. alkynyl, halogen, CF3, Ci-¢ alkoxy, Cs-
10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl; and
R'is Ci alkyl, Ca-6 alkenyl, or Ca- alkynyl.
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16.  The method of claim 15, wherein the organophosphinate is the compound having

Formula (IVa):

P.
N
R | Nome
R? (IVa)

or an enantiomer thereof.
17. The method of claim 16, wherein the organophosphinate is selected from the group

consisting of

I I I
Ph—"1 “oMe Ph—"" ""MIOMe Ph—""1 ""IOMe o)
MeO. Me Me Me !:!'
Ph/‘ “iowe
; ; ; tBu '
Me Me
ﬁ ° ﬁ
Ph—"1 ""1ioMe Ph—""""1oMe Ph—"1""1OMe
o ‘ - and “
Ph

18. The method of claim 14, further comprising reacting the organophosphinate with a

carbanion reagent to form a phosphine oxide.
19. The method of claim 18, the phosphine oxide is a compound having Formula (V)
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R (V)
wherein each of R!, R%, and R? is independently Ci alkyl, C2- alkenyl, Ca-s alkynyl, Cs.
10 cycloalkyl, Ce-10 aryl, or C-attached heteroaryl,
wherein each of R!, R% and R¥ is optionally substituted with one or more, the same or
different, R? groups;
R? is deuterium, CDs3, Ci-6 alkyl, C2.6 alkenyl, C2 alkynyl, halogen, CF3, Ci-¢ alkoxy, Cs-
10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl.

20.  The method of claim 19, wherein the phosphine oxide is a compound having Formula
(Va)
i’|
P
R‘l\\\ ‘\ R3
R* (V)

or an enantiomer thereof.

21.  The method of claim 18, wherein the carbanion reagent is a Grignard reagent.

22.  The method of claim 20, wherein the phosphine oxide is selected from the group

consisting of
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o o
|| 'u "y /P "in
T "li\e | L= I “ip, I Bu
ﬁ B B
P
Ph/P'lll””Bu P !

:u””l Hyy
MeO.
OMe
o}
Ph/ 'l'”ll[/ |
/P lll[””
MeO Ph

v==0

o==""mmyp,

MeO
=z \F |
X X ’
MeO Me
I
i"”"’//
MeO Ph
OMe Me

23.  The method of claim 18, further comprising reacting the phosphine oxide with a reducing

agent to form a phosphine.

24.  The method of claim 23, wherein the phosphine is a compound having Formula (VI):
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R1/ T\Rs
R? (VD),

wherein R!, R?, and R? are independently C1. alkyl, C2.6 alkenyl, C2- alkynyl, C3-10
cycloalkyl, Ce.10 aryl, or C-attached heteroaryl,

wherein each of R', R% and R? is optionally substituted with one or more, the same or
different, R? groups; and

R? is deuterium, CDs3, Ci-6 alkyl, Ca2.6 alkenyl, C2s alkynyl, halogen, CF3, C1-¢ alkoxy, Cs-
10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl.

25.  The method of claim 23, wherein the phosphine is a compound having Formula (VIa):

R»]\\\‘\ i\ R3
R? (VIa)

or an enantiomer thereof.

26. A method for making a nucleoside-loaded organophosphorus compound, comprising

reacting a compound of Formula (Ia) or an enantiomer thereof with a nucleoside.

27. The method of claim 26, wherein the nucleoside-loaded organophosphorus compound is a

compound having Formula (VII) or (VIIa)

? 1 2 1
\\ /Nu \\ /Nu
N P
R R
SR (VID); OR' (VIIa);
or a diastereomer thereof,
wherein R'is C1.6 alkyl, C2- alkenyl, or Ca- alkynyl;
R'is Ci alkyl, C2-6 alkenyl, or Ca- alkynyl;
Nu! is a nucleoside, and

wherein Nu' optionally comprises, indepdentently of each other, one or more, the same or

different, modification or one or more, the same or different, protecting group.

28. The method of claim 27, wherein each of R! and R' is —CH3.
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29.  The method of claim 26, wherein Nu' is a nucleoside selected from the group consisting
of
O 0
T Bz
DMTrO DMTrO A
% \\\“ . g \\“ .
O\\\ > O\\\\ >
0 ° Bz
DMTrO ™ DMTrO ©
& ; and & .
& N ’
wherein
O
HN |
O N
Tis | ;
NHBz

N
AB%ig %
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NHBz

CB?ig |

30.  The method of claim 26, further comprising reacting the nucleoside-loaded

organophosphorus compound with a second nucleoside to form a dinucleotide.

31.  The method of claim 30, wherein the dinucleotide is a compound having Formula (VIII)

or (VIlIa)

0O S
\\P/Nu1 \\P/Nu1

. o
W A\

R R

Nu? (VIID); Nu? (VIIIa);
wherein R'is C1.s alkyl, C2-6 alkenyl, or Ca.s alkynyl;
each of Nu' and Nu? is a nucleoside; and
wherein either one or both Nu' and Nu? optionally comprise, indepdentently of each
other, one or more, the same of different, modification or one or more, the same or

different, protecting group.

32. The method of claim 31, wherein R! is -CH3; and

each of Nu! and Nu? is independently a nucleoside selected from the group consisting of
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DMTrO ! DMTrO A

1) O
. Bz
DMTrO G™  pwmo ©
& ; and S ;
%—o‘\\\ %‘O\\\
wherein
(0]
HN |
(0] N
Tis | ;
NHBz
N
</ g IN
\ )
N N
AP ;
(e]
N
</ ‘ NH
N 4551\\\ 4
N NH'Bu

GBis ; and
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35.
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NHBz

A

CB2is |

The method of claim 30, further comprising

a) reacting the dinucleotide with a compound of Formula (Ia) to form a loaded
dinucleotide;

b) reacting the loaded dinucleotide formed in step (a) with a third nucleoside, to form a
trinucleotide;

¢) repeating steps (a) and (b) one or more times to form a oligonucleotide having a

desired number of nucleotides.

The method of claim 33, wherein the dinucleotide is a compound having Formulae (VIII)

or (VIIIa):

? 1 2 1
D
R | R
Nu? (VIID); Nu? (VIIIa),

or an enantiomer thereof;
wherein R'is C1.s alkyl, C2.6 alkenyl, or Ca.s alkynyl;
each of Nu' and Nu? is a nucleoside;
wherein either one or both Nu' and Nu? optionally comprise, indepdentently of each
other, one or more, the same of different, modification or one or more, the same or

different, protecting group.

The method of claim 30, further comprising

a) reacting the dinucleotide with a compound of Formula C:
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Me

- “, Me
o~ = oy,
. A
F
F
F ©
or an enantiomer thereof to form a loaded chimeric dinucleotide; and
b) reacting the loaded chimeric dinucleoside formed in step (a) with a third

nucleoside, to form a chimeric trinucleotide bearing a phosphonate linkage and a

phosphorothioate linkage.

A compound of Formula (Illa):

ﬁ

RN\\‘i\SMe
R? (I11a)

or an enantiomer thereof;,
wherein

each of R! and R? is C1 alkyl, C2+ alkenyl, Ca-6 alkynyl, Cs-10 cycloalkyl, Ce-10
aryl, or C-attached heteroary];

wherein each of R! and R? is optionally substituted with one or more, the same or
different, R? groups;

R? deuterium, CDs, Ci-6 alkyl, Ca2.6 alkenyl, Ca.6 alkynyl, halogen, CF3, Ci-6
alkoxy, Cs-10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl.

The compound according to claim 36, selected from the group consisting of



WO 2021/146391 PCT/US2021/013391
-153 -
ﬁ I I
ph—"F " g\e O ph—"| "lsMe 0
MeO Me Me Me ”
Ph—"1 "“MisMe
; ; : tBu
Me Me
I ﬁ Tl
Ph—"} "lisMe Ph—"1 "I S\1e Ph—"1 "“"isMe
NF | . and
XN
Ph
38. A compound of Formula (IVa)
oP
R ‘\OMe
R? (IVa)
wherein
each of R! and R? is Ci- alkyl, C2. alkenyl, C2.6 alkynyl, Cs.10 cycloalkyl, Ce.10
aryl, or C-attached heteroaryl;
wherein each of R! and R? is optionally substituted with one or more, the same or
different, R? groups;
R?is deuterium, CD3, Ci-6 alkyl, C26 alkenyl, Ca alkynyl, halogen, CF3, Ci-6
alkoxy, Cs-10 cycloalkyl, Ce-10 aryl or C-attached heteroaryl; or
an entiomer thereof.
39. The compound according to claim 38, selected from the group consisting of
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i I [
ph—"""liope ph—"F 111006 PR—"1"""0Me 0
MeO Me Me Me u
P | ove
; ; ; tBu '
Me Me
I i I
Ph—" ""MIOMe ph—"F ""ome Ph—""1 """OMe
N z ‘ ; and
Ph
40. A compound of Formula (VII):
Q 1
N
A\
\\‘.P
S |
SR (VI

or an enantiomer thereof;,

wherein

R'is Crsalkyl, C2s alkenyl, or C26 alkynyl;

R’ is C16 alkyl, C2 alkenyl, or Ca.6 alkynyl; and

Nu' is a nucleoside.
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41.  The compound according to claim 40, wherein Nu' is selected from the group consisting
0 o

B:
DMTrO ! DMTrO A

\\\“ &
. O .
%o\\\ > % o\\\\ ’

0 (@)
. Bz
DMTrO 6% pwmro ©
S > and S ;
%—o‘\\\ %‘O\\\
of
wherein
(o]
HN |

O N

Tis | ;
NHBz

N
AP%ig %
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N
</ ‘ NH
N )\ 4
N NH'Bu
GBY s and
NHBz
N =

CB?ig |

42. A method of making a compound of Formula (Ia):

(Ia)

or an enantiomer thereof;

wherein R! is Ci alkyl, C2s alkenyl, C2-s alkynyl, Cs-10 cycloalkyl, Cs.10 aryl, or C-
attached heteroaryl;

wherein R! is optionally substituted with one or more, the same or different, R? groups;

R?is deuterium, CD3, Ci-s alkyl, C2-6 alkenyl, Cz2 alkynyl, halogen, CF3, Ci-6 alkoxy, Cs.

10 cycloalkyl, Cs-10 aryl or C-attached heteroaryl,;

comprising reacting a carbanion reagent with a compound of Formula A:
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H
S H W
S\P:$\\ T o Me
F
A
F Me
F
F
F (A)

or an enantiomer thereof,

to form a compound of Formula (Ia).

43.  The method of claim 42, wherein the carbanion reagent is a Grignard reagent



