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ABSTRACT

The present invention relates to methods for the synthesis of
conjugates useful for the treatment of viral infections, e.g.,
conjugates containing inhibitors of viral neuraminidase
(e.g., zanamivir or an analog thereof) linked to an Fc domain
monomer.

Specification includes a Sequence Listing.
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METHODS FOR THE SYNTHESIS OF
PROTEIN-DRUG CONJUGATES

SEQUENCE LISTING

[0001] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Aug. 4, 2021, is named 50945-
083WO1_Sequence_Listing_08_04_21_ST25 and is 33,939
bytes in size.

BACKGROUND

[0002] This disclosure features methods for the synthesis
of antiviral conjugates useful for the prevention or treatment
of influenza and conditions related thereto.

[0003] The need for novel antiviral treatments for influ-
enza is significant and especially critical in the medical field.
Influenza virus, the causative agent of influenza, or the flu,
is responsible for three to five million cases of severe illness
annually, and approximately 500,000 deaths worldwide.
While most people recover completely from influenza in
about one to two weeks, others develop life-threatening
complications, such as pneumonia. Thus, influenza can be
deadly, especially for the young, old, or chronically ill.
People with weak or compromised immune systems, such as
people with advanced HIV infection or transplant patients,
whose immune systems are medically suppressed to prevent
transplant organ rejection, are at greater risk for complica-
tions relating to influenza. Pregnant women and young
children are also at a high risk for complications. The
development of antiviral treatments for influenza has been a
continuing challenge. Drug-resistant strains have emerged to
the most commonly used inhibitors.

[0004] Influenza antiviral agents largely target proteins
presented on the surface of the influenza virus particle. The
envelope of the influenza virus contains two immunodomi-
nant glycoproteins, hemagglutinin and neuraminidase, that
play key roles in viral infection and spread. Hemagglutinin
effects attachment of the virus to the host cell through its
interaction with surface sialic acids, thereby initiating entry.
Neuraminidase is an exo-glycosidase enzyme that cleaves
sialic acids (terminal neuraminic acid residues) from glycan
structures on the surface of infected host cells, releasing
progeny viruses and allowing the spread of the virus from
the host cell to uninfected surrounding cells. Inhibition of
neuraminidase therefore serves as a pharmacological target
for antiviral drugs. Viral neuraminidase inhibitors used to
reduce viral spread have been identified, including oselta-
mivir (Tamiflu™), zanamivir (Relenza™), and peramivir
(Rapivab™).

[0005] The utility of many therapeutics, such as small
molecule agents and biologics such as peptides, polypep-
tides, and polynucleotides, suffer from inadequate serum
half-lives. An effective way of increasing half-life and
efficacy includes conjugating therapeutics (e.g., small mol-
ecule therapeutic agents and biologics such as peptides,
polypeptides, and polynucleotides) to polypeptides to form,
e.g., protein-drug conjugates. There is a need for convenient
synthetic methods that permit the commercial scale produc-
tion of such protein-drug conjugates. These approaches can
be useful alternatives to existing synthetic methods and can
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achieve higher yield, higher purity, elimination of impurity
(e.g., mutagenic impurity), reduced waste stream, or any
combination of the above.

[0006] Accordingly new therapies for treating influenza
and methods of synthesizing such therapies are needed.

SUMMARY

[0007]
ates for synthesizing protein-drug conjugates. In particular,
such conjugates contain a moiety (e.g., a monomer or a
dimer of a moiety) that inhibits the influenza virus conju-
gated to an Fc monomer, Fc domain, or albumin protein. In
some embodiments, the moiety is an inhibitor of a viral
neuraminidase (e.g., zanamivir or an analog thereof). The
neuraminidase inhibitor (e.g., zanamivir or an analog
thereof) in the conjugates targets neuraminidase on the
surface of the viral particle. The Fc monomers or Fc domains
in the conjugates bind to FcyRs (e.g., FcRn, FeyRI, FeyRIla,
FeyRlIle, FeyRIIla, and FeyRIIlb) on immune cells, e.g.,
neutrophils, to activate phagocytosis and effector functions,
such as antibody-dependent cell-mediated cytotoxicity
(ADCC), thus leading to the engulfment and destruction of
viral particles by immune cells and further enhancing the
antiviral activity of the conjugates. The albumin or albumin-
binding peptide may extend the half-life of the conjugate, for
example, by binding of albumin to the recycling neonatal Fc
receptor. Such compositions are useful in methods for the
inhibition of viral growth and in methods for the treatment
of'viral infections, such as those caused by an influenza virus
(e.g., influenza virus A, influenza virus B, or influenza virus
Q).

[0008] In an aspect, the disclosure features a method of
synthesizing a conjugate of formula (D-I) or (M-I):

The disclosure relates to methods and intermedi-

(D-D
(B
A—L—Ayp
M-D)
(B
3

Ar—Dr

[0009] wherein A; and A, are each, independently, an
anti-influenza moiety;

[0010] nis 1 or2;

[0011] each E includes an Fc domain monomer (e.g., an

Fc domain monomer having the sequence of anyone of
SEQ ID NOs: 1-14) or an albumin protein;

[0012] L is a linker covalently attached to E and to A,
(e.g., of M-I) or A, and A, (e.g., of D-I);

[0013]

[0014] each squiggly line in formula (M-I) or (D-I)
indicates that L is covalently attached (e.g., by way of
a covalent bond or linker) to each E,

T is an integer from 1 to 20; and
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[0015] the method including the steps of:
[0016] (a) providing a first composition including E;
[0017] (b) providing a second composition including a

compound of formula (DF-I), (MF-I) or a salt thereof:

(DF-I)
er
&
P
O O
A—L—A,
(ME-T)
er
&
P
O (0]
AI_L'
[0018] wherein
[0019] L' is the remainder of L;
[0020] mis O, 1, 2, 3, or 4; and
[0021] each R is, independently, halo, cyano, nitro,

optionally substituted C,-Cg alkyl group, or optionally
substituted C,-C heteroalkyl group; and

[0022] (c) combining the first composition, the second
composition, and a buffer to form a mixture.

[0023] In some embodiments, each anti-influenza moiety
is a small molecule. In some embodiments, each anti-
influenza moiety is selected from pimovidir, oseltamivir,
zanamivir, sulfozanamivir, peramivir, laninamivir, amanta-
dine, rimantadine, baloxavir (e.g., baloxavir acid or baloxa-
vir marboxil), or an analog thereof. In some embodiments,
each anti-influenza moiety is an inhibitor of viral neuramini-
dase, e.g., zanamivir, sulfozanamivir, peramivir, or an ana-
log thereof.

[0024] In some embodiments, the compound is a conju-
gate of formula (D-I) and the second composition of (b)
includes a compound of formula (DF-I) or a salt thereof.

[0025] In some embodiments, the compound is a conju-
gate of formula (M-I) and the second composition of (b)
includes a compound of formula (MF-I) or a salt thereof.

[0026] In an aspect, the disclosure features a method of
synthesizing a conjugate of formula (D-I) or (M-I):

(D-D
(E)n
A—L—Ayr,

M-T)
B

Ar—Dr
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[0027] where each A, and each A, is, independently,
selected from any one of formulas (A-I)-(A-XIII) (e.g., any
one of formulas (A-I)-(A-VIII) or (A-IX)-(A-XIID)):

A1

Rllllln.

(A-TD)

R;

(A-TIT)

(A-IV)
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-continued
(A-V)
OH,
HO—P=0
/
(A-VD)
RsHN
Ryt
R
(A-VID)
RsHN
Ry
R
(A-VIID)
RsHN
Ryt
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-continued

AIX)

(A-X)

(A-XT)

(A-XIT)

(A-XIIT)

Ry i

[0028] where R, is selected from —OH, —NH,, —NHC
(=NH)NH,, and —NHC(—NH)NHRg; R, and R; are each
independently selected from —H, —OH, —F, —Cl, and
—Br; R, is selected from —CO,H, —P(—O0)(OH),,
—SO,H; Rs is selected from —COCH,;, —COCF;,
—S0O,CH;; X is selected from —O— and —S—; Y is
selected from

g_?; o %—g s
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-continued -continued

Ry

N>€" (—NR;—),

Ry
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Ry

O] N
T
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O

o] (—O(C=0)—),

N—S—N (—NH(SO»)NR7—),
(—O(C=0)NR;—),

(—O(C=8)NR;—),
O—Rg (—ORg—),

g—Rs (—NRg—), and

S—Rg (—SRg—);

B R R R

Tt T T ITTITT TCTTICTT T T T T OTT T

;

[0029] R; is selected from

O

H

NTO?E( (—NH(C=0)0—),
O

3l
N (— NHC=0)—),

3l
N (— NH(C=NH)—),

NH

H Ry

N\”/Nf (—NH(C=0)NR,—),
O

H Ry

N\”/Nf (— NH(C=NH)NR;—),
NH

H Ry

N\”/N?f (— NH(C=S$)NR;—),
S

3l
N (— NH(C=8)—),

S
O
O\)kNEHL (—OCH,(C=0)NR;—),
Ry
(@]

|
N—S—= (—NH(S0)—),

g
4

NO,,

X
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[0030] R, is selected from H, C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl;

[0031] R, is selected from C3-C20 heterocycloalkyl,
C5-C15 aryl, and C2-C15 heteroaryl;

[0032] R, is selected from —H, a halogen (e.g., Cl or
F), —OR,,, —NHC(—O)R,, optionally substituted
C1-C20 alkyl, C3-C20 cycloalkyl, C3-C20 heterocy-
cloalkyl; C5-C15 aryl, and C2-C15 heteroaryl; and

[0033] R,, is selected from C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl;

[0034] nis 1 or?2;

[0035] each E includes an Fc domain monomer (e.g., an
Fc domain monomer having the sequence of anyone of
SEQ ID NOs: 1-14) or an albumin protein;

[0036] L is a linker covalently attached to E and to Y of
each of A| and A,;

[0037] T is an integer from 1 to 20; and

[0038] each squiggly line in formula (D-I) or (M-])
indicates that L is covalently attached (e.g., by way of
a covalent bond or linker) to each E,

[0039] the method including the steps of:
[0040] (a) providing a first composition including E;
[0041] (b) providing a second composition including a

compound of formula (DF-I), (MF-I), or salt thereof:

(DF-I)
R
&
&
O (0]
A—L—A,
(ME-T)
er
&
P
O (0]
AI_L'
[0042] wherein
[0043] L' is the remainder of L;
[0044] mis O, 1, 2, 3, or 4; and
[0045] each R is, independently, halo, cyano, nitro,

optionally substituted C,-C, alkyl group, or optionally
substituted C,-C heteroalkyl group; and
[0046] (c) combining the first composition, the second

composition, and a buffer to form a mixture.
[0047] Insome embodiments, the first composition includ-
ing E is an Fc domain (e.g., n is 2, each E is an Fc domain
monomet, and the Fc domain monomers dimerize to form an
Fc domain).
[0048] In some embodiments, L' includes G, wherein G is
optionally substituted C,-Cg alkylene, optionally substituted
C,-Cs heteroalkylene, optionally substituted C,-C, alk-
enylene, optionally substituted C,-C; heteroalkenylene,
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optionally substituted C,-C, alkynylene, optionally substi-
tuted C,-C; heteroalkynylene, optionally substituted C,-C,
cycloalkylene, optionally substituted C,-C,, heterocycloal-
kylene, optionally substituted C4-C,, arylene, or optionally
substituted C,-C, , heteroarylene.

[0049] In some embodiments, a compound of formula
(DF-I) or salt thereof has the structure of any Int described
herein (e.g., an Int of Table 1, for example, Int-93 or Int-94).
In some embodiments, a compound of formula (DF-I) or salt
thereof is synthesized from the structure of any Int described
herein (e.g., an Int of Table 1, for example, Int-93 or Int-94).

[0050] In some embodiments, a compound of formula
(MF-I) or salt thereof has the structure of any Int described
in WO 2020/051498 and WO 2021/046549, each of which
is hereby incorporated by reference.

[0051] In some embodiments, a compound of formula
(MF-]) or salt thereof is synthesized from the structure of
any Int described in WO 2020/051498 and WO 2021/
046549, each of which is hereby incorporated by reference.

[0052] In some embodiments, a compound of formula
(DF-I) or (MF-I), where each R is halo (e.g., F), provides
technical advantages (e.g., increased stability) in methods of
synthesizing protein-drug conjugates (e.g., the methods
described herein). In some embodiments, the increased
stability allows for purification by reverse phase chroma-
tography. In some embodiments, the increased stability
allows for lyophilization with minimal hydrolysis of the
activated ester.

[0053] In some embodiments, a compound of formula
(DF-D) or (MF-I) where m is 3, provides technical advan-
tages (e.g., increased stability) in methods of synthesizing
protein-drug conjugates (e.g., the methods described
herein). In some embodiments, the increased stability allows
for purification by reverse phase chromatography. In some
embodiments, the increased stability allows for lyophiliza-
tion with minimal hydrolysis of the activated ester.

[0054] In some embodiments, a compound of formula
(DF-I) or (MF-I) where m is 3 and each R is halo (e.g., F),
provides technical advantages (e.g., increased stability) in
methods of synthesizing protein-drug conjugates (e.g., the
methods described herein). In some embodiments, the
increased stability allows for purification by reverse phase
chromatography. In some embodiments, the increased sta-
bility allows for lyophilization with minimal hydrolysis of
the activated ester.

[0055] In an aspect, the disclosure features a method of
synthesizing a conjugate of formula (D-I) or (M-I):

-
By

(A—L—Ayr,

M-I)
(Bn

Ar—Dr
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[0056] wherein each A, and each A, is independently
selected from any one of formulas (A-I)-(A-XIII) (e.g., any
one of formulas (A-I)-(A-VIII) or (A-IX)-(A-XIID)):

A1
RsHN 4
Ry
(A-II)
RsHN 4
Ry
R3
(A-IIT)
RsHN
Ryt
(A-IV)
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-continued
(A-V)
RsHN OH,
Ryhees
HO—P=0
/
(A-V]D)
HO
HOm
RsHN OH,
Ry
R 1o //P =0
JHO~>’¢IJ
(A-VII)
RsHN
Ryt
R
(A-VIII)
RsHN

Rytiees
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8
-continued
Ry
) S N.
a0 ?ﬁf ?; }‘f
&4
H (—0—), (—S—), (—NR;—),
(—O(C_O)NR7 ) (—O(C—S)NR7—),
A-X)
& o\"/o?erY ’ o ,
O O
(—O(C=0)0—) (—O(C=0)—)
H > H >
%‘N\"/O?f‘ %‘N\’%*LL‘
O O
(—NH(C=0)0—) (—NH(C=0)—)
(A-XD)
%‘H\’% §—H N
N N\”/N;r\_re
NH O
(—NHC=NH)—), (—NHC=0)NR;—),
%_H Ry %_H Ry
NTN?(J NTN?(J
(A-XID) NH 8
(—NH(C=NH)NR;—), (— NH(C==S)NR,—),
O
N )
N
Ry
S
(—NH({C=8)—), (—OCHz(C—O)NR7—),
O
(A-XIID) Il R,
g—s —S—
e I
O
(—NH(SO)—),  (——NH(SOx)NR;—),
RS N DMe %‘O_RS%’ %g_&g%’
(—ORg—) (—NRg—)
[0057] where R, is selected from —OH, —NH,, —NHC
(=NH)NH,, and —NHC(—NH)NHRg; R, and R are each S—Rg—2;
independently selected from —H, —OH, —F, —Cl, and
—Br; R, is selected from —CO,H, —P(—0)(OH),, (—SRg—)
— SRg—

—SO;H; Ry is selected from —COCH,;, —COCF;,
—SO0,CH;; X is selected from —O— and —S—; Y is
selected from
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[0058] R, is selected from

Z

NO;,

| OO
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-continued

1%
@ ) : :

ANRS:
SO0

[0059] R, is selected from H, C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl;

[0060] Ry is selected from C3-C20 heterocycloalkyl,
C5-C15 aryl, and C2-C15 heteroaryl;

[0061] R, is selected from —H, a halogen (e.g., Cl or
F), —OR,,, —NHC(—O)R,, optionally substituted
C1-C20 alkyl, C3-C20 cycloalkyl, C3-C20 heterocy-
cloalkyl; C5-C15 aryl, and C2-C15 heteroaryl; and

[0062] R,, is selected from C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl;

[0063]

[0064] each E includes an Fc domain monomer (e.g., an
Fc domain monomer having the sequence of anyone of
SEQ ID NOs: 1-14) or an albumin protein;

[0065] L is a linker covalently attached to E and to Y of
each of A| and A,;

[0066]

[0067] each squiggly line in formula (D-I) or (M-])
indicates that L is covalently attached (e.g., by way of
a covalent bond or linker) to each E,

%

nis 1 or2;

T is an integer from 1 to 20; and

[0068] the method including the steps of:
[0069] (a) providing a first composition including E;
[0070] (b) providing a second composition including a

compound of formula (DF-II), (MF-II), or a salt
thereof:
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(DF-IT)

!

(MF-IT)

L
/
G
\
A—L
[0071] wherein G is optionally substituted C,-Cg

alkylene, optionally substituted C,-C,4 heteroalkylene,
optionally substituted C,-C; alkenylene, optionally
substituted C,-Cy4 heteroalkenylene, optionally substi-
tuted C,-C4 alkynylene, optionally substituted C,-C
heteroalkynylene, optionally substituted C;-C,,
cycloalkylene, optionally substituted C,-C,, heterocy-
cloalkylene, optionally substituted C4-C,, arylene, or
optionally substituted C,-C,, heteroarylene;

[0072] L'-G-L" is the remainder of L;
[0073] mis O, 1, 2, 3, or 4; and
[0074] each R is, independently, halo, cyano, nitro,

optionally substituted C,-Cg4 alkyl group, or optionally
substituted C,-C heteroalkyl group;

[0075] and

[0076] (c) combining the first composition, the second
composition, and a buffer to form a mixture.

[0077] Insome embodiments, the first composition includ-
ing E is an Fc domain (e.g., n is 2, each E is an Fc domain
monomet, and the Fc domain monomers dimerize to form an
Fc domain.

[0078] In some embodiments, G is optionally substituted
C,-C; heteroalkylene or optionally substituted C,-C,, het-
eroarylene. In some embodiments, G is optionally substi-
tuted C,-C, heteroalkylene.

[0079]

A

In some embodiments, G is
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where R is H, optionally substituted C,-C,,alkylene (e.g.,
optionally substituted C,-C, alkylene), or optionally substi-
tuted C,-C,, heteroalkylene (e.g., optionally substituted
C,-C; heteroalkylene).

[0080] In some embodiments, G is optionally substituted
C,-C,, heteroarylene. In some embodiments, G is optionally
substituted C,-C heteroarylene. In some embodiments, G is
a 5-membered or 6-membered optionally substituted C,-Cy
heteroarylene. In some embodiments, G is a triazolylene.

[0081] In some embodiments, the conjugate of formula
(D-D) has the structure of:

B

[0082] and the method includes the steps of:
[0083] (a) providing a first composition including E;
[0084] (b) providing a second composition including a

compound of formula (DF-1I-A) or salt thereof:

(DF-I-A)
F
vl
A o
A :
N—N
i
AN~
A—L—Ay;
[0085] and
[0086] (c) combining the first composition, the second

composition, and a buffer to form a mixture.

[0087] In some embodiments, the synthesis of compound
of formula (DF-II-A) includes:

[0088] (d) providing a third composition including for-
mula (D-G1-A) or salt thereof:

A
Ry

(D-G1-A)
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[0089] (e) providing a fourth composition including
formula (D-G1-B) or salt thereof:

S (D-G1-B)
A /Az;
\L’
Al
[0090] and
[0091] (f) combining the third composition and the

fourth composition to form a mixture.
[0092] In some embodiments, the conjugate of formula
(D-D) has the structure of:

By

A—L—A4A,

[0093] and the method includes the steps of:
[0094] (a) providing a first composition including E;
[0095] (b) providing a second composition including a

compound of formula (DF-II-B) or salt thereof:

(DF-II-B)
s
wl ]
N o
A
N
7\
N\
l
A—L—A,,
[0096] and
[0097] (c) combining the first composition, the second

composition, and a buffer to form a mixture.
[0098] In some embodiments, the synthesis of compound
of formula (DF-II-B) includes:
[0099] (d) providing a third composition including for-
mula (D-G2-A) or salt thereof:

O L
TS
~~
Ran

(D-G2-A)
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[0100] (e) providing a fourth composition including [0101] and
formula (D-G2-B) or salt thereof: [0102] (f) combining the third composition and the
Ay (D-G2-B) fourth composition to form a mixture.
N3\L/ [0103] In some embodiments, step (f) includes the use of
A/ a Cu(l) source.
1
[0104] In some embodiments, the compound of formula
(D-FI) or (DF-II) has the structure:
NH,
HO
N?
(6]
F N=N g
i
E O\[r\/o\/\o/\/o\/\o/\/N\)\/O\/\o/\/o\/\ONN
’ {
F
F (6]
/
Me—N
(6]
0 g O
HO™ N © OH
on l
AcHN H
HN. _NH,
NH

or
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-continued

[0105] In some embodiments, the conjugate of formula
(M-I) has the structure of:

B

[0106] and the method including the steps of:
[0107] (a) providing a first composition including E;
[0108] (b) providing a second composition including a
compound of formula (MF-II-A) or salt thereof:
(MF-II-A)
s
R |
. o
PN :
N—N
//
N / ;
A—L
[0109] and
[0110] (c) combining the first composition, the second

composition, and a buffer to form a mixture.

[0111] In some embodiments, the synthesis of compound
of formula (MF-II-A) includes:

[0112] (d) providing a third composition including for-
mula (M-G1-A) or salt thereof:

F O
!

(M-G1-A)

Me—N

o

0
O o
HO Y , OH.
OH
AcHN H
HN NH,

[0113] (e) providing a fourth composition including
formula (M-G1-B) or salt thereof:
S (M-G1-B)
X
\L’;
/
Al
[0114] and

[0115] () combining the third composition and the
fourth composition to form a mixture.

[0116] In some embodiments, the conjugate of formula
(M-I) has the structure of:

By

o) L

\

N

S~z

A—L

[0117] and the method includes the steps of:
[0118] (a) providing a first composition including E;
[0119] (b) providing a second composition including a
compound of formula (MF-II-B) or salt thereof:
(MF-1I-B)
s
R |
N o
A
N
7\
N\ R
l
A—L'
[0120] and
[0121] (c) combining the first composition, the second

composition, and a buffer to form a mixture.
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[0122] In some embodiments, the synthesis of compound
of formula (MF-II-B) includes:

[0123] (d) providing a third composition including for-
mula (M-G2-A) or salt thereof:

(0] LY
@T N
w0
Ry

[0124] (e) providing a fourth composition including
formula (M-G2-B) or salt thereof:

(M-G2-A)

(M-G2-B)
N3
AN
L'
4
[0125] and

[0126] (f) combining the third composition and the
fourth composition to form a mixture.

[0127] In some embodiments, step (f) includes the use of
a Cu(l) source.

[0128] In an aspect, the disclosure features a method of
synthesizing a conjugate of formula (D-I) or (M-I):

-

E)n
A—L—A,
M-I)
(E)n
g
A—DL)p

[0129] wherein each A, and each A, is independently
selected from an anti-influenza moiety or any one of
formulas (A-I)-(A-XIII) (e.g., any one of formulas
(A-D-(A-VIID) or (A-IX)-(A-XIID)):

A1

Ryt

R

Ry

Rlllln-.

R;

-continued
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(A-TD)

(A-TIT)

(A-IV)

(A-V)
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-continued
(A-VD) (A-XT)

(A-XIT)

(A-VID)

(A-XIIT)

DMe

R4

(A-VIIT)

[0130] where R, is selected from —OH, —NH,,
—NHC(—NH)NH,, and —NHC(—NH)NHR¢; R, and
R; are each independently selected from —H, —OH,
—F, —Cl, and —Br; R, is selected from —CO,H,
—P(=O0)(OH),, —SO;H; R, is selected from
—COCH,;, —COCF;, —S0O,CH;; X is selected from
—0O— and —S—; Y is selected from

(AIX) %—o?j (—o—), g—s?f (—s—),
N>re’ (—NR;—),
Ry
%—O\"/N?;( (—OC=0)NR;—),
(@]
R;
%—O\"/N?ef (—O(C=8)NR;—),
S
%O\"/O?f (—OC=0)0—),
(@]

(A-X)
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16
-continued [0131] R; is selected from
0 (—O(C=0)—), o
o

o
&
N\”/O?f (—NH(C=0)0—), : :

o o o
&
N (— NHC=0)—),

o

NO,, \%}\Q\N/

>

N (— NHC=NH)—),

NH

H Ry
N N (— NH(C=0)NR;—),
\ﬂ/ o

(@]

H Ry

N\”/Nf (— NH(C=NH)NR;—),
NH

H Ry

N\”/Nf (— NH(C==S)NR;—),
S

5

m
<

&

S o) o]
O
S
0 N (—OCH,(C==0)NR;—),
R, ' ,
I
N—S§ (—NH(S0)—),
Ho
O
O O
" Ry
N—S—N (— NH(SOp)NR;—),
I
5 ,
0—Rg (—ORg—), 0
E%k/s
N—Re—% (—NRg—), and
O
S—Rg—% (—SRg—); %
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-continued
O
H;CO
O
Br
O
F5C

NH,,

OCH;,

OCH;

$355

OCH,
NH,,

St
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-continued

[0132] R, is selected from H, C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl;

[0133] R, is selected from C3-C20 heterocycloalkyl,
C5-C15 aryl, and C2-C15 heteroaryl;

[0134] R, is selected from —H, a halogen (e.g., Cl or
F), —OR,,, —NHC(—O0O)R,, optionally substituted
C1-C20 alkyl, C3-C20 cycloalkyl, C3-C20 heterocy-
cloalkyl; C5-C15 aryl, and C2-C15 heteroaryl; and
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[0135] R,, is selected from C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl;

[0136] nis 1 or2;

[0137] each E includes an Fc domain monomer (e.g., an
Fc domain monomer having the sequence of anyone of
SEQ ID NOs: 1-14) or an albumin protein;

[0138] L is a linker covalently attached to E and to Y of
each of A| and A,;

[0139] T is an integer from 1 to 20; and

[0140] each squiggly line in formula (D-I) or (M-])
indicates that L is covalently attached (e.g., by way of
a covalent bond or linker) to each E,

[0141] the method including the steps of:

[0142] (a) providing a first composition including for-
mula (D-G3-A) or (M-G3-A) or a salt thereof:

0 L

\ ~ e

|
= 0
S
(D-G3-A) or (M-G3-A)

[0143] where G” is a functional group that reacts with
G? to form G;

[0144] (b) providing a second composition including
formula (D-G3-B), (M-G3-B), or a salt thereof:

(D-G3-B)
Ay
Gb\ L/
o
(M-G3-B)
Gb
N
L
o
[0145] where G” is a functional group that reacts with

G* to form G; and

[0146] (c) combining the first composition and the
second composition to form a first mixture,

[0147] where m is O, 1, 2, 3, or 4; and each R is,
independently, halo, cyano, nitro, optionally substituted
C,-Cy alkyl group, or optionally substituted C,-Cg
heteroalkyl group.

[0148] In some embodiments, step (c) includes the use of
a Cu(l) source.
[0149] Insome embodiments, the method further includes:

[0150] (d) providing a third composition including E;
and

[0151] (e) combining the third composition, the first
mixture, and a buffer to form a second mixture.

[0152] In some embodiments, G* includes optionally sub-
stituted amino. In some embodiments, G? includes a carbo-
nyl.

[0153] In some embodiments, G* includes a carbonyl. In
some embodiments, G” includes optionally substituted
amino.
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[0154] Insome embodiments, G* includes an azido group.
In some embodiments, G® includes an alknyl group.

[0155] In some embodiments, G includes an alkynyl
group. In some embodiments, G” includes an azido group.

[0156] In some embodiments of any of the aspects
described herein, a compound of formula (DF-II) or salt
thereof has the structure of any Int described herein (e.g., an
Int of Table 1, for example, Int-93 or Int-94). In some
embodiments of any of the aspects described herein, a
compound of formula (DF-II) or salt thereof is synthesized
from the structure of any Int described herein (e.g., an Int of
Table 1, for example, Int-93 or Int-94).

[0157] In some embodiments of any of the aspects
described herein, a compound of formula (MF-II) or salt
thereof has the structure of any Int described by WO
2020/051498 and WO 2021/046549, each of which is hereby
incorporated by reference. In some embodiments of any of
the aspects described herein, a compound of formula (MF-
1I) or salt thereof is synthesized from the structure of any Int
described by WO 2020/051498 and WO 2021/046549, each
of which is hereby incorporated by reference

[0158] In some embodiments, a compound of formula
(DF-II) or (MF-II) (e.g., a compound of formula (DF-II-A),
(DF-1I-B), (MF-1I-A), or (MF-II-B) and/or a compound of
formula (D-G1-A), (D-G2-A), (D-G1-A), or (D-G2-A)),
where each R is halo (e.g., F), provides technical advantages
(e.g., increased stability) in methods of synthesizing protein-
drug conjugates (e.g., the methods described herein). In
some embodiments, the increased stability allows for puri-
fication by reverse phase chromatography. In some embodi-
ments, the increased stability allows for lyophilization with
minimal hydrolysis of the activated ester.

[0159] In some embodiments, a compound of formula
(DF-II) or (MF-II) (e.g., a compound of formula (DF-II-A),
(DF-1I-B), (MF-1I-A), or (MF-II-B) and/or a compound of
formula (D-G1-A), (D-G2-A), (M-G1-A), or (M-G2-A)),
where m is 3, provides technical advantages (e.g., increased
stability) in methods of synthesizing protein-drug conju-
gates (e.g., the methods described herein). In some embodi-
ments, the increased stability allows for purification by
reverse phase chromatography. In some embodiments, the
increased stability allows for lyophilization with minimal
hydrolysis of the activated ester.

[0160] In some embodiments, a compound of formula
(DF-II) or MF-II (e.g., a compound of formula (DF-II-A),
(DF-1I-B), (MF-1I-A), or (MF-II-B) and/or a compound of
formula (D-G1-A), (D-G2-A), (MF-1I-A), or (MF-1I-B)),
where m is 3 and each R is halo (e.g., F), provides technical
advantages (e.g., increased stability) in methods of synthe-
sizing protein-drug conjugates (e.g., the methods described
herein). In some embodiments, the increased stability allows
for purification by reverse phase chromatography. In some
embodiments, the increased stability allows for lyophiliza-
tion with minimal hydrolysis of the activated ester.

[0161] In some embodiments of any of the aspects
described herein, E includes at least one lysine residue. In
some embodiments, the squiggly line in formula (D-I) or
(M-]) is covalently bound to a lysine residue of each E.

[0162] In some embodiments of any of the aspects
described herein, E includes at least one cysteine residue. In
some embodiments, the squiggly line in formula (D-I) or
(M-I) is covalently bound to a cysteine residue of each E.
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[0163] In some embodiments of any of the aspects [0168] In some embodiments,
described herein, each R is, independently, halo, cyano,
nitro, haloalkyl, or
F
° Y Y
RZ, Rm/ / F
F

where R® is optionally substituted C,-C; alkyl group or
optionally substituted C,-C; heteroalkyl group. In some

embodiments, each R is, independently, halo, cyano, nitro, i
or haloalkyl. F 0 » T g 0 :
[0164] In some embodiments, each R is, independently, F, j@[ }eﬁ ?‘f)
Cl, Br, or 1.

F F

[0165] In some embodiments, each R is F.

[0166] In some embodiments of any of the aspects

described herein, m is 1, 2, 3, or 4. In some embodiments,

m is 3 or 4. In some embodiments, m is 3. In some
embodiments, m is 4. [0169]
[0167] In some embodiments,

BRAEN IS o 04

In some embodiments,

F
F
F F
F o ©F o > or
F F
F O ’ F O ’
F
F
F F F
F

i

[0170] In some embodiments,

o0 o

fj?; ﬁj ;o ﬁjﬁ '

i
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is

pecalves

[0171]

o

[0172]

oY

[0173] In some embodiments of any of the aspects
described herein, the buffer includes borate or carbonate. In
some embodiments, the buffer includes borate. In some
embodiments, the buffer includes carbonate.

[0174] Insome embodiments, the buffer has a pH of about
7.0 t0 10.0 (e.g., about 7.0 to 7.5, 7.5 t0 8.0, 8.0 t0 8.5, 8.5
10 9.0,9.0t09.5,9.5t0 10.0, 7.0 t0 8.0, 7.5 t0 8.5, 8.0 t0 9.0,
8.5109.5,9.0t0 10.0, 7.0 t0 9.0, 7.5 to 9.5, or 8.0 to 10.0).
[0175] Insome embodiments, the buffer has a pH of about
7.0. In some embodiments, the buffer has a pH of about 7.1.
In some embodiments, the buffer has a pH of about 7.2. In
some embodiments, the buffer has a pH of about 7.3. In
some embodiments, the buffer has a pH of about 7.4. In

In some embodiments,

is

In some embodiments,

is
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some
some
some
some
some
some
some
some
some
some
some
some
some
some
some
some
some
some
some
some

embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,

the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
the buffer has
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a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about
a pH of about

7.5.
7.6.
7.17.
7.8.
7.9.
8.0.
8.1.
8.2.
8.3.
8.4.
8.5.
8.6.
8.7.
8.8.
8.9.
9.0.
9.5.
9.6.
9.7.
9.8.
9.9.

some a pH of about
some embodiments, the buffer has a pH of about 10.0.
[0176] In some embodiments of any of the aspects
described herein, step (c) or step (e) is conducted at a
temperature of 5 to 50° C., such as 20 to 30° C. (e.g., 20 to
25, 21 to 26, 22 to 27, 23 to 28, 24 to 29, or 25 to 30° C.).
[0177] In some embodiments, step (c) or step (e) is con-
ducted at a temperature of about 25° C.

[0178] In some embodiments, step (c) or step (e) is con-
ducted for about 1 to 24 hours, such as 1 to 12 hours (e.g.,
1to2,1t05,2103,2t05,21t010,2t012,3t04,41t05,
1to 3,2 to 4, or 3 to 5 hours).

[0179] In some embodiments, step (c) or step (e) is con-
ducted for about 2 hours. In some embodiments, step (c) or
step (e) is conducted for about 3 hours. In some embodi-
ments, step (¢) or step (e) is conducted for about 4 hours. In
some embodiments, step (c) or step (e) is conducted for
about 5 hours. In some embodiments, step (c) or step (e) is
conducted for about 6 hours. In some embodiments, step (c)
or step (e) is conducted for about 7 hours. In some embodi-
ments, step (¢) or step (e) is conducted for about 8 hours. In
some embodiments, step (c) or step (e) is conducted for
about 9 hours. In some embodiments, step (c) or step (e) is
conducted for about 10 hours. In some embodiments, step
(c) or step (e) is conducted for about 11 hours. In some
embodiments, step (c) or step (e) is conducted for about 12
hours.

[0180] In some embodiments, the first composition or
third composition includes phosphate-buffered saline buffer.
[0181] Insome embodiments, the buffer has a pH of about
7.0 to 8.0 (e.g., about 7.0 t0 7.5, 7.5 10 8.0, 7.0 t0 7.2, 7.2
to 7.4, 7.4 10 7.6,7.6 t0 7.8, or 7.8 to 8.0).

[0182] Insome embodiments, the buffer has a pH of about
7.5.
[0183] In some embodiments, the second composition or

the first mixture includes DMF.

[0184] In some embodiments, the method further includes
a purification step. In some embodiments, the purification
step includes dialysis in arginine buffer. In some embodi-
ments, the purification step includes a buffer exchange.
[0185] In some embodiments of any of the aspects
described herein, the conjugate of formula (D-I) has the
structure:
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By
m
O
(0]
20
%
§
N—N
1/
N A
PN NG N
O O
HO /E OH
| j | o
O\H/N\/\O/\/N\/\O/\/N\"/“““ #\NHAc
O O NH
HN NH,
O O HN>_

OH

[0186] In some embodiments, the conjugate is described
by formula (D-1I):

(D-T1)

En

T

or a pharmaceutically acceptable salt thereof.
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[0187] In some embodiments, the conjugate is described
by formula (D-1I-1):

(D-TI-1)
(Edn

or a pharmaceutically acceptable salt thereof.
[0188] In some embodiments, the conjugate is described
by formula (D-1I-2):

(D-T1-2)
(Edn

HNiee
HN
NH

or a pharmaceutically acceptable salt thereof.
[0189] In some embodiments, the conjugate is described
by formula (D-1I-3):

En

wherein L' is the remainder of [, and y, and y, are each
independently an integer from 1-20 (e.g., y, and y, are each
independently 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20), or a pharmaceutically acceptable salt
thereof. In some embodiments, ' is a nitrogen atom.
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[0190] In some embodiments, the conjugate has the struc-
ture selected from:
(@] O (@]
O\)I\ e e N B NN JI\/O'
NH,
T
(B
OH
(@] (@] oo
o\)l\g/\/o\/\o/\/N\/\o/\/o\/\ng/o“-- bNHAC . or
NH
}—NH2
(@] (@] HN
OH -
(E)y
(@] (@]

[0191] In some embodiments, the conjugate is described
by formula (D-11-4):

(D-1-4)

B

HNune-
H,N
NH

or a pharmaceutically acceptable salt thereof.
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[0192] In some embodiments, the conjugate is described
by formula (D-1I-5):

(D-TI-5)

B

OH

o)]\g’%\/o”)y\l/\u/\/éo\/tg)ko...,..

Hunes

OH

wherein L' is the remainder of L, and y, and y, are each
independently an integer from 1-20 (e.g., y, and y, are each
independently 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20), or a pharmaceutically acceptable salt
thereof. In some embodiments, ' is a nitrogen atom.
[0193] In some embodiments, the conjugate has the struc-
ture selected from:

En
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-continued
B
HO OH
HOm I I OH
AcHN OTN\/\O/\/O\/\O/\/N\/\O/\/O\/\O/\/N\“/O““ \NHAC
u ;

HNI- 0 0 NH
HZN—( )— NH,
NH (@] (@] HN
HO OH

T

or a pharmaceutically acceptable salt thereof.
[0194] In some embodiments, the conjugate has the struc-
ture selected from:

B

En
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-continued

OH

OH

O O
O
(@] O
O\/\ /\/O
O
B
O
¢ A
O\n/ \/\o/\/o\/\N/\/O\/\g O
fo) Hnes
O
O (@]
O
(@) O
\/\O/\/
E)n

or a pharmaceutically acceptable salt thereof.
[0195] In some embodiments, the conjugate is described
by formula (D-1I-6):

(B
HO
HOmm- R; Ry
| |
AcHN O\“/N\L/N\“/
HN e O O
HN
NH, 0

HO

(D-11-6)
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wherein R, is selected from H, C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl; or a pharmaceutically acceptable salt
thereof. In some embodiments, R is selected from C1-C20
alkyl (e.g., methyl, ethyl, propyl, or butyl).

[0196] In some embodiments, the conjugate is described
by formula (D-1I-7):

(D-I1-7)
(Edn

AcHN \”/N\ /N\”/
Iz
HNiee O O
HN
N,

or a pharmaceutically acceptable salt thereof.
[0197] In some embodiments, the conjugate is described
by formula (D-1I-8):

(D-TI-8)

En

HO

HOwi-

AcHN 0 N L N
T " |
N o}
o
NH, 0

HO

wherein L' is the remainder of L, and y, and y, are each
independently an integer from 1-20 (e.g., y, and y, are each
independently 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20), or a pharmaceutically acceptable salt
thereof. In some embodiments, ' is a nitrogen atom.
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[0198] In some embodiments, the conjugate has the struc-
ture

En

OH

Qe
Hu

S
& , or

OH

T

B

or a pharmaceutically acceptable salt thereof.



US 2024/0024497 Al
29

[0199] In some embodiments, the conjugate has the struc-
ture

B
|

or a pharmaceutically acceptable salt thereof.
[0200] In some embodiments, the conjugate has the struc-
ture

Jan. 25, 2024
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-continued

B

B

O

T

B

or a pharmaceutically acceptable salt thereof.
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[0201] In some embodiments, the conjugate has the struc-
ture

B

T\O/\/O\/\O/ﬁ

¢}

HO

Me Me

| |
O\"/N\/\O/\/O\/\N/\/\/N\"/O"'" _

B
OH
Me O

' N
O\H/N\/\O/\/O\/\N/\/O\/\N O
O l\l/Ie Hiwy
(6]

0 H )

O\/\O/\/O

OH

Er

or a pharmaceutically acceptable salt thereof.
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[0202] In some embodiments, the conjugate is described
by formula (D-11-9):
(D-I1-9)

En

T

or a pharmaceutically acceptable salt thereof.
[0203] In some embodiments, the conjugate is described
by formula (D-1I-10):

B

AN N\/(\O);\/L\/\QO/\Q;ZN
HNin
HN—<
N,

wherein L' is the remainder of [, and y, and y, are each
independently an integer from 1-20 (e.g., y, and y, are each
independently 1, 2, 3,4, 5,6,7,8,9,10, 11,12, 13, 14, 15,
16, 17, 18, 19, or 20), or a pharmaceutically acceptable salt
thereof. In some embodiments, ' is a nitrogen atom.
[0204] In some embodiments, the conjugate has the struc-
ture
B

HNine

NH,

or a pharmaceutically acceptable salt thereof.

Jan. 25, 2024

(D-TI-10)



US 2024/0024497 Al Jan. 25, 2024

33
[0205] In some embodiments, the conjugate is described [0208] In some embodiments, the conjugate is described
by formula (D-III): by formula (D-VI):
(D-III)
By
3
(D-VI)
B
$
T RsHN,

or a pharmaceutically acceptable salt thereof.

[0206] In some embodiments, the conjugate is described
by formula (D-IV):

(D-IV)

or a pharmaceutically acceptable salt thereof.

[0209] In some embodiments, the conjugate is described
by formula (D-VII):

O—L—0
B,
(D-VII)
or a pharmaceutically acceptable salt thereof.

[0207] In some embodiments, the conjugate is described
by formula (D-V):

D-V)

B

or a pharmaceutically acceptable salt thereof. or a pharmaceutically acceptable salt thereof.
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[0210] In some embodiments, the conjugate is described

by formula (D-VIII):

(D-VIII)

B

or a pharmaceutically acceptable salt thereof.

[0211] In some embodiments, the conjugate is any conju-
gate described by WO 2020/051498 and WO 2021/046549,
each of which is hereby incorporated by reference.

[0212] In some embodiments of any of the aspects
described herein, R, is OH. In some embodiments of any of
the aspects described herein, R, is NH,. In some embodi-
ments of any of the aspects described herein, R, is —NHC
(=NH)NH,. In some embodiments of any of the aspects
described herein, R, is —F. In some embodiments of any of
the aspects described herein, R; is —F. In some embodi-
ments of any of the aspects described herein, R, is —CO,H.
In some embodiments of any of the aspects described herein,
R; is —COCH,.

[0213] In some embodiments of any of the aspects
described herein, L. or L' includes one or more optionally
substituted C1-C20 alkylene, optionally substituted C1-C20
heteroalkylene, optionally substituted C2-C20 alkenylene,
optionally substituted C2-C20 heteroalkenylene, optionally
substituted C2-C20 alkynylene, optionally substituted
C2-C20 heteroalkynylene, optionally substituted C3-C20
cycloalkylene, optionally substituted C3-C20 heterocycloal-
kylene, optionally substituted C4-C20 cycloalkenylene,
optionally substituted C4-C20 heterocycloalkenylene,
optionally substituted C8-C20 cycloalkynylene, optionally
substituted C8-C20 heterocycloalkynylene, optionally sub-
stituted C5-C15 arylene, optionally substituted C2-C15 het-
eroarylene, O, S, NR’, P, carbonyl, thiocarbonyl, sulfonyl,
phosphate, phosphoryl, or imino, wherein R’ is H, optionally
substituted C1-C20 alkyl, optionally substituted C1-C20
heteroalkyl, optionally substituted C2-C20 alkenyl, option-
ally substituted C2-C20 heteroalkenyl, optionally substi-
tuted C2-C20 alkynyl, optionally substituted C2-C20 het-
eroalkynyl, optionally substituted C3-C20 -cycloalkyl,
optionally substituted C3-C20 heterocycloalkyl, optionally
substituted C4-C20 cycloalkenyl, optionally substituted
C4-C20 heterocycloalkenyl, optionally substituted C8-C20
cycloalkynyl, optionally substituted C8-C20 heterocy-
cloalkynyl, optionally substituted C5-C15 aryl, or optionally
substituted C2-C15 heteroaryl.

[0214] In some embodiments of any of the aspects
described herein, L or L' is oxo substituted. In some embodi-
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ments, the backbone of L. or L' comprises no more than 250
atoms. In some embodiments, L. or L' is capable of forming
an amide, a carbamate, a sulfonyl, or a urea linkage. In some
embodiments L or L' is a bond. In some embodiments, L or
L' is an atom. In some embodiments, L or L' is a nitrogen
atom.

[0215] In some embodiments of any of the aspects
described herein, L includes a polyethylene glycol (PEG)
linker. A PEG linker includes a linker having the repeating
unit structure (—CH,CH,0—),, wherein n is an integer
from 2 to 100. A polyethylene glycol linker may covalently
join a first anti-influenza moiety (e.g., neuraminidase inhibi-
tor) and a second anti-influenza moiety (e.g., neuraminidase
inhibitor) (e.g., in a conjugate of any one of formulas
(D-D-(D-VIID)). A polyethylene glycol linker may cova-
lently join a anti-influenza moiety (e.g., neuraminidase
inhibitor) dimer and E (e.g., in a conjugate of any one of
formulas (D-1)-(D-VIID)). A polyethylene glycol linker may
be selected any one of PEG, to PEG,, (e.g., PEG,, PEG;,
PEG,, PEGs, PEG5-PEG,,, PEG,-PEG,,, PEG,,-PEG;,
PEG;y-PEG.,, PEGs5,-PEGg,, PEGg-PEG,,, PEG,,-
PEGy,,, PEG4,-PEGy,, PEG,-PEG,,,). In some embodi-
ments, L° includes a PEG linker, where L° is covalently
attached to each of Q and E.

[0216] Intermediates of Table 1 may be conjugated to an
Fc domain or Fc domain monomer (e.g., by way of a linker)
by any suitable methods known to those of skill in the art,
including any of the methods described or exemplified
herein. In some embodiments, one or more nitrogen atoms
of one or more surface exposed lysine residues of E or one
or more sulfur atoms of one or more surface exposed
cysteines in E is covalently conjugated to a linker (e.g., a
PEG,-PEG,, linker). The linker conjugated to E may be
functionalized such that it may react to form a covalent bond
with any of the Ints described herein (e.g., an Int of Table 1).
In some embodiments, E is conjugated to a linker function-
alized with an azido group and the Int (e.g., an Int of Table
1) is functionalized with an alkyne group. Conjugation (e.g.,
by click chemistry) of the linker-azido of E and linker-
alkyne of the Int forms a conjugate of the disclosure, for
example a conjugate described by formula (5). In yet other
embodiments, E is conjugated to a linker functionalized with
an alkyne group and the Int (e.g., an Int of Table 1) is
functionalized with an azido group. Conjugation of the
linker-alkyne of E and linker-azido of the Int forms a
conjugate of the disclosure, for example a conjugate
described by any one of formulas (D-I)-(D-VIII). In yet
other embodiments, the Int (e.g., an Int of Table 1) is
functionalized with a phenyl ester group (e.g., a trifluoro-
phenyl ester group or a tetrafluorophenyl ester group).
Conjugation (e.g., by acylation) of E and the linker-phenyl
ester (e.g., trifluorophenyl ester or tetrafluorophenyl ester) of
the Int forms a conjugate of the invention, for example a
conjugate described by any one of formulas (D-I)-(D-VIII).
Conjugation (e.g., by acylation) of E and the linker-phenyl
ester (e.g., trifluorophenyl ester or tetrafluorophenyl ester) of
the Int is conducted, e.g., by methods described herein.
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[0217] In some embodiments, E is an Fc domain mono-
mer. In some embodiments, n is 2 and each E dimerizes to
form an F¢ domain. In some embodiments, the Fc domain
monomer is human IgG1 or human IgG2, or a variant (e.g.,
mutational variant comprising between 1 and 10 amino acid
substitutions) thereof.

[0218] In some embodiments, the squiggly line connected
to E indicates that the L of each A-L or A,-L-A, is
covalently attached to a nitrogen atom of a solvent-exposed
lysine of E.

[0219] In some embodiments, the squiggly line connected
to E indicates that the L of each A|-L or A-L-A, L is
covalently attached to a sulfur atom of a solvent-exposed
cysteine of E.

[0220] In some embodiments of any of the aspects
described herein, the squiggly line of any one of formulas
M-I) or (D-D-(D-VIII) may represent a covalent bond
between E and the L of A;-L or A,-L-A,. In some embodi-
ments of any of the aspects described herein, the squiggly
line of any one of formulas (M-I) or (D-)-(D-VIII) may
represent that one or more amino acid side chains of E (e.g.,
one or more nitrogen atoms of one or more surface exposed
lysine residues of E or one or more sulfur atoms of one or
more surface exposed cysteines in E) have been conjugated
to a linker (e.g., a PEG,-PEG,, linker) wherein the linker
has been functionalized with a reactive moiety, such that the
reactive moiety forms a covalent bond with the L. of any
A,-L or any A,-L-A, described herein.

[0221] In some embodiments, T is an integer from 1 to 20
(eg.,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20).

[0222] In another aspect, the disclosure provides a popu-
lation of conjugates having the structure of any of the
conjugates described herein (e.g., a population of conjugates
having the formula of any one of formulas (M-I) or (D-)-
(D-VIID)), wherein the average value of T is 1 to 20 (e.g., the
average valueof Tis 1t0 2, 1to3,1to 4, 1t0 5, Sto 10,
10t0 15,151020,1.5t03.5,2.5t04.5,3.5105.5,4.51t0 6.5,
5510 7.5,6.5t0 8.5, 7.5 t0 9.5, or 8.5 to 10.5).

[0223] In some embodiments of any of the aspects
described herein, A; and/or A, have the structure described
by (A-D):

A1
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[0224] In preferred embodiments, wherein A; and/or A,
have the structure described by (A-I): R, is —NHC(—NH)
NH,, R, is —CO,H, R4 is —COCH;, and/or X is —O—. In
preferred embodiments, A; and/or A, have the structure of
zanamivir described by:

H
N
H,N
NH
[0225] In preferred embodiments, A, and/or A, have the

structure of zanamivir, where Y is —O(C—O)NCH;—,
described by:

LN

[0226] In some embodiments of any of the aspects
described herein, A, and/or A, have the structure described
by (A-1I):

(A-TD)

Rlllllll--

R;

[0227] In preferred embodiments, wherein A; and/or A,
have the structure described by (A-II): R, is —NHC(—NH)
NH,, R, is Hor F, R; is H or F, R, is —CO,H, R, is
—COCHj;, and/or X is —O—. In preferred embodiments,
A, and/or A, have the structure described by:
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[0230] In some embodiments of any of the aspects
described herein, A, and/or A, have the structure described

by (A-IV):

(A-IV)

or

[0231] In preferred embodiments, wherein A, and/or A,
have the structure described by (A-IV): R, is —NHC(—NH)
NH,, R, is Hor F, R; is H or F, R, is —CO,H, Rs is
—COCHj;, and/or X is —O—. In preferred embodiments,
A, and/or A, have the structure described by:

[0228] In some embodiments of any of the aspects
described herein, A; and/or A, have the structure described

by (A-1ID):
(A-IID)

Ry

[0229] In preferred embodiments, wherein A, and/or A,
have the structure described by (A-I1I): R, is —NHC(—NH)
NH,, R, is —CO,H, R, is —COCHj;, and/or X is —O—. In
preferred embodiments, A; and/or A, have the structure of
zanamivir described by:

O
)k HOmu:-
NH

H
N

HZN\\<

NH

HO

LN

[0232] In some embodiments of any of the aspects
described herein, A; and/or A, have the structure described

by (A-V):
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(A-V)

[0233] In preferred embodiments, wherein A, and/or A,
have the structure described by (A-V): R, is —NHC(—NH)
NH,, Rs is —COCH;, and/or X is —O—. In preferred
embodiments, A, and/or A, have the structure described by:

[0236] In some embodiments of any of the aspects
described herein, A, and/or A, have the structure described

by (A-VII):

HNiise

LN
(A-VID)

[0234] In some embodiments of any of the aspects
described herein, A, and/or A, have the structure described

by (A-VI):

(A-VT)

[0237] In preferred embodiments, wherein A, and/or A,
have the structure described by (A-VII): R, is —NHC
(=NH)NH,, R; is H, R5 is —COCH,, and/or X is —O—.
In preferred embodiments, A, and/or A, have the structure of
sulfozanamivir described by:

[0235] In preferred embodiments, wherein A, and/or A,
have the structure described by (A-VI): R, is —NHC(—NH)
NH,, R, is Hor F, R; is H or F, R5 is —COCHj;, and/or X
is —O—. In preferred embodiments, A, and/or A, have the

structure described by:
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[0238] In some embodiments of any of the aspects
described herein, A, and/or A, have the structure described
by (A-VIID):

(A-VIIT)

RsHN
Ryt
[0239] In some embodiments, each A, and each A, is

described by formula (A-VIII-1):

(A-VIII-1)

HNuoe
HN
NH,
[0240] In some embodiments, each A, and each A, is

independently selected from any one of formulas (A-VIII-
la)-(A-VIII-1d):
(A-VIII-12)

(A-VIII-1b)

HNe

NH,
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-continued
(A-VIIL-1c)

(A-VIII-1d)

Definitions

[0241] To facilitate the understanding of this disclosure, a
number of terms are defined below. Terms defined herein
have meanings as commonly understood by a person of
ordinary skill in the areas relevant to the present disclosure.
Terms such as “a”, “an,” and “the” are not intended to refer
to only a singular entity, but include the general class of
which a specific example may be used for illustration. The
terminology herein is used to describe specific embodiments
of the disclosure, but their usage does not delimit the
disclosure, except as outlined in the claims.

[0242] The term “anti-influenza moiety,” as used herein,
refers to a compound or composition that inhibits a function
of the influenza virus. For example, and anti-influenza
moiety may inhibit viral entry into a host cell or inhibit viral
replication or proliferation. An anti-influenza moiety may
target the virus or the host cell (e.g., a viral protein or a
receptor on the host cell). In some embodiments, the anti-
influenza moiety is a small molecule. Small molecule inhibi-
tors of influenza (e.g., inhibitors of host cell entry or viral
replication of influenza) are known in the art and include, for
example, pimovidir, oseltamivir, zanamivir, sulfozanamivir,
peramivir, laninamivir, amantadine, rimantadine, baloxavir
(e.g., baloxavir acid or baloxavir marboxil), and chemical
analogs thereof. Methods for measuring anti-viral activity
are known in the art. An anti-influenza moiety may inhibit
influenza A, B, C, parainfluenza, or any combination
thereof.

[0243] The term “small molecule,” as used herein, refers
to a low molecular weight compound (e.g., a compound
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(e.g., an organic compound) having less than 900 Da, that
may regulate a biological process, with a size on the order
of 1 nm. In some instances, a therapeutic agent is a small
molecule therapeutic agent. In some instances, the small
molecule agent is between about 300 and about 700 Da (e.g.,
about 325 Da, about 350 Da, about 375 Da, about 400 Da,
about 425 Da, about 450 Da, about 475 Da, about 500 Da,
about 525 Da, about 550 Da, about 575 Da, about 600 Da,
about 625 Da, about 650 Da, or about 675 Da).

[0244] The term ‘“neuraminidase inhibitor” or “viral
neuraminidase inhibitor,” as used herein, refers to com-
pounds that decreases the activity of the enzyme influenza
virus neuraminidase (e.g., from influenza virus A, B, or C).
A neuraminidase inhibitor may be identified by methods
known to those of skill in the art, for example, by reduction
of viral replication in an influenza viral plaque reduction
assay, e.g., at concentrations less than 20 uM (e.g., less than
10 uM, 5 uM, 2 uM, 1 uM, 500 nM or 100 nM). Viral
neuraminidase inhibitors known to those of skill in the art
include zanamivir, sulfozanamivir, and analogs thereof (see,
for example, Hadhazi et al. A sulfozanamivir analogue has
potent anti-influenza virus activity. Chem Med Chem Comm.
13:785-789 (2018)). In particular, zanamivir and analogs
thereof include viral neuraminidase inhibitors of formulas
(A-D-(A-XIID).

[0245] The term “inhibits neuraminidase activity,” as used
herein refers to an 1Cs,, of less than or equal to 1,000 nM.
Specifically, the ICs, represents the concentration of the
influenza virus neuraminidase inhibitor that is required for
50% inhibition in vitro. In some aspects, an IC,, of less than
or equal to 100 nM or less than or equal to 10 nM in
accordance with neuraminidase inhibition assay is indicative
of' a compound inhibiting neuraminidase activity.

[0246] By “viral infection” is meant the pathogenic
growth of a virus (e.g., the influenza virus) in a host
organism (e.g., a human subject). A viral infection can be
any situation in which the presence of a viral population(s)
is damaging to a host body. Thus, a subject is “suffering”
from a viral infection when an excessive amount of a viral
population is present in or on the subject’s body, or when the
presence of a viral population(s) is damaging the cells or
other tissue of the subject.

[0247] As used herein, the term “Fc domain monomer”
refers to a polypeptide chain that includes at least a hinge
domain and second and third antibody constant domains
(C42 and C,3) or functional fragments thereof (e.g., frag-
ments that that capable of (i) dimerizing with another Fc
domain monomer to form an Fc domain, and (ii) binding to
an Fe receptor. The Fc domain monomer can be any immu-
noglobulin antibody isotype, including 1gG, IgE, IgM, IgA,
or IgD (e.g., IgG). Additionally, the Fc domain monomer can
be an IgG subtype (e.g., 1gG1, 1gG2a, IgG2b, IgG3, or IgG4)
(e.g., IgG1). An Fc domain monomer does not include any
portion of an immunoglobulin that is capable of acting as an
antigen-recognition region, e.g., a variable domain or a
complementarity determining region (CDR). Fc¢ domain
monomers in the conjugates as described herein can contain
one or more changes from a wild-type Fc domain monomer
sequence (e.g., 1-10, 1-8, 1-6, 1-4 amino acid substitutions,
additions, or deletions) that alter the interaction between an
Fc domain and an Fc receptor. Examples of suitable changes
are known in the art. In some embodiments, the N-terminus
of the variant Fc domain monomer is any one of amino acid
residues 198-205. In some embodiments, the N-terminus of
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the variant Fc domain monomer is amino acid residue 201
(e.g., Asn 201). In some embodiments, the N-terminus of the
variant Fc domain monomer is amino acid residue 202 (e.g.,
Val 202). In some embodiments, the C-terminus of the
variant Fc domain monomer is any one of amino acid
residues 437-447. In some embodiments, the C-terminus of
the variant Fc domain monomer is amino acid residue 446
(e.g., Gly 446). In some embodiments, the C-terminus of the
variant Fc domain monomer is amino acid residue 447 (e.g.
Lys 447). C-terminal Lys447 of the Fc region may or may
not be present, without affecting the structure or stability of
the Fc region. C-terminal Lys 447 may be proteolytically
cleaved upon expression of the polypeptide. Unless other-
wise specified herein, numbering of amino acid residues in
the IgG or Fc domain monomer is according to the EU
numbering system for antibodies, also called the Kabat EU
index, as described, for example, in Kabat et al., Sequences
of Proteins of Immunological Interest, Sth Ed. Public Health
Service, National Institutes of Health, Bethesda, MD, 1991.
[0248] As used herein, the term “Fc¢ domain™ refers to a
dimer of two Fc domain monomers that is capable of binding
an Fc receptor. In the wild-type Fc domain, the two Fc
domain monomers dimerize by the interaction between the
two C3 antibody constant domains, in some embodiments,
one or more disulfide bonds form between the hinge
domains of the two dimerizing Fc domain monomers. The
term “covalently attached” refers to two parts of a conjugate
that are linked to each other by a covalent bond formed
between two atoms in the two parts of the conjugate.
[0249] As used-herein, a “surface exposed amino acid” or
“solvent-exposed amino acid,” such as a surface exposed
cysteine or a surface exposed lysine refers to an amino acid
that is accessible to the solvent surrounding the protein. A
surface exposed amino acid may be a naturally-occurring or
an engineered variant (e.g., a substitution or insertion) of the
protein. In some embodiments, a surface exposed amino
acid is an amino acid that when substituted does not sub-
stantially change the three-dimensional structure of the
protein.

[0250] The terms “linker,” “L,” and “L',” as used herein,
refer to a covalent linkage or connection between two or
more components in a conjugate (e.g., between two
neuraminidase inhibitors in a conjugate described herein,
between a anti-influenza moiety (e.g., neuraminidase inhibi-
tor) and an Fc domain in a conjugate described herein, and
between a dimer of two neuraminidase inhibitors and an Fc
domain in a conjugate described herein). In some embodi-
ments, a conjugate described herein may contain a linker
that has a trivalent structure (e.g., a trivalent linker). A
trivalent linker has three arms, in which each arm is cova-
lently linked to a component of the conjugate (e.g., a first
arm conjugated to a first neuraminidase inhibitor, a second
arm conjugated to a second neuraminidase inhibitor, and a
third arm conjugated to an Fc domain).

[0251] Molecules that may be used as linkers include at
least two functional groups, which may be the same or
different, e.g., two carboxylic acid groups, two amine
groups, two sulfonic acid groups, a carboxylic acid group
and a maleimide group, a carboxylic acid group and an
alkyne group, a carboxylic acid group and an amine group,
a carboxylic acid group and a sulfonic acid group, an amine
group and a maleimide group, an amine group and an alkyne
group, or an amine group and a sulfonic acid group. The first
functional group may form a covalent linkage with a first
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component in the conjugate and the second functional group
may form a covalent linkage with the second component in
the conjugate. In some embodiments of a trivalent linker,
two arms of a linker may contain two dicarboxylic acids, in
which the first carboxylic acid may form a covalent linkage
with the first anti-influenza moiety (e.g., neuraminidase
inhibitor) in the conjugate and the second carboxylic acid
may form a covalent linkage with the second anti-influenza
moiety (e.g., neuraminidase inhibitor) in the conjugate, and
the third arm of the linker may for a covalent linkage with
an Fc domain in the conjugate. Examples of dicarboxylic
acids are described further herein. In some embodiments, a
molecule containing one or more maleimide groups may be
used as a linker, in which the maleimide group may form a
carbon-sulfur linkage with a cysteine in a component (e.g.,
an Fc domain) in the conjugate. In some embodiments, a
molecule containing one or more alkyne groups may be used
as a linker, in which the alkyne group may form a 1,2,3-
triazole linkage with an azide in a component (e.g., an Fc
domain) in the conjugate. In some embodiments, a molecule
containing one or more azide groups may be used as a linker,
in which the azide group may form a 1,2,3-triazole linkage
with an alkyne in a component (e.g., an Fc domain) in the
conjugate. In some embodiments, a molecule containing one
or more bis-sulfone groups may be used as a linker, in which
the bis-sulfone group may form a linkage with an amine
group a component (e.g., an Fc domain) in the conjugate. In
some embodiments, a molecule containing one or more
sulfonic acid groups may be used as a linker, in which the
sulfonic acid group may form a sulfonamide linkage with a
component in the conjugate. In some embodiments, a mol-
ecule containing one or more isocyanate groups may be used
as a linker, in which the isocyanate group may form a urea
linkage with a component in the conjugate. In some embodi-
ments, a molecule containing one or more haloalkyl groups
may be used as a linker, in which the haloalkyl group may
form a covalent linkage, e.g., C—N and C—O linkages,
with a component in the conjugate.

[0252] In some embodiments, a linker provides space,
rigidity, and/or flexibility between the two or more compo-
nents. In some embodiments, a linker may be a bond, e.g.,
a covalent bond. The term “bond” refers to a chemical bond,
e.g., an amide bond, a disulfide bond, a C—O bond, a C—N
bond, a N—N bond, a C—S bond, or any kind of bond
created from a chemical reaction, e.g., chemical conjuga-
tion. In some embodiments, a linker includes no more than
250 atoms. In some embodiments, a linker includes no more
than 250 non-hydrogen atoms. In some embodiments, the
backbone of a linker includes no more than 250 atoms. The
“backbone” of a linker refers to the atoms in the linker that
together form the shortest path from one part of a conjugate
to another part of the conjugate (e.g., the shortest path
linking a first anti-influenza moiety (e.g., neuraminidase
inhibitor) and a second neuraminidase inhibitor). The atoms
in the backbone of the linker are directly involved in linking
one part of a conjugate to another part of the conjugate (e.g.,
linking a first anti-influenza moiety (e.g., neuraminidase
inhibitor) and a second neuraminidase inhibitor). For
examples, hydrogen atoms attached to carbons in the back-
bone of the linker are not considered as directly involved in
linking one part of the conjugate to another part of the
conjugate.

[0253] In some embodiments, a linker may comprise a
synthetic group derived from, e.g., a synthetic polymer (e.g.,
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a polyethylene glycol (PEG) polymer). In some embodi-
ments, a linker may comprise one or more amino acid
residues, such as D- or L-amino acid residues. In some
embodiments, a linker may be a residue of an amino acid
sequence (e.g., a 1-25 amino acid, 1-10 amino acid, 1-9
amino acid, 1-8 amino acid, 1-7 amino acid, 1-6 amino acid,
1-5 amino acid, 1-4 amino acid, 1-3 amino acid, 1-2 amino
acid, or 1 amino acid sequence). In some embodiments, a
linker may comprise one or more, e.g., 1-100, 1-50, 1-25,
1-10, 1-5, or 1-3, optionally substituted alkylene, optionally
substituted heteroalkylene (e.g., a PEG unit), optionally
substituted alkenylene, optionally substituted heteroalk-
enylene, optionally substituted alkynylene, optionally sub-
stituted heteroalkynylene, optionally substituted cycloal-
kylene, optionally substituted heterocycloalkylene,
optionally substituted cycloalkenylene, optionally substi-
tuted  heterocycloalkenylene, optionally  substituted
cycloalkynylene, optionally substituted heterocycloalky-
nylene, optionally substituted arylene, optionally substituted
heteroarylene (e.g., pyridine), O, S, NR’ (R is H, optionally
substituted alkyl, optionally substituted heteroalkyl, option-
ally substituted alkenyl, optionally substituted heteroalk-
enyl, optionally substituted alkynyl, optionally substituted
heteroalkynyl, optionally substituted cycloalkyl, optionally
substituted  heterocycloalkyl, optionally  substituted
cycloalkenyl, optionally substituted heterocycloalkenyl,
optionally substituted cycloalkynyl, optionally substituted
heterocycloalkynyl, optionally substituted aryl, or optionally
substituted heteroaryl), P, carbonyl, thiocarbonyl, sulfonyl,
phosphate, phosphoryl, or imino. For example, a linker may
comprise one or more optionally substituted C1-C20
alkylene, optionally substituted C1-C20 heteroalkylene
(e.g., a PEG unit), optionally substituted C2-C20 alkenylene
(e.g., C2 alkenylene), optionally substituted C2-C20 het-
eroalkenylene, optionally substituted C2-C20 alkynylene,
optionally substituted C2-C20 heteroalkynylene, optionally
substituted C3-C20 cycloalkylene (e.g., cyclopropylene,
cyclobutylene), optionally substituted C3-C20 heterocy-
cloalkylene, optionally substituted C4-C20 cycloalkenylene,
optionally substituted C4-C20 heterocycloalkenylene,
optionally substituted C8-C20 cycloalkynylene, optionally
substituted C8-C20 heterocycloalkynylene, optionally sub-
stituted C5-C15 arylene (e.g., C6 arylene), optionally sub-
stituted C2-C15 heteroarylene (e.g., imidazole, pyridine), O,
S, NR’ (R’ is H, optionally substituted C1-C20 alkyl, option-
ally substituted C1-C20 heteroalkyl, optionally substituted
C2-C20 alkenyl, optionally substituted C2-C20 heteroalk-
enyl, optionally substituted C2-C20 alkynyl, optionally sub-
stituted C2-C20 heteroalkynyl, optionally substituted
C3-C20 cycloalkyl, optionally substituted C3-C20 hetero-
cycloalkyl, optionally substituted C4-C20 cycloalkenyl,
optionally substituted C4-C20 heterocycloalkenyl, option-
ally substituted C8-C20 cycloalkynyl, optionally substituted
C8-C20 heterocycloalkynyl, optionally substituted C5-C15
aryl, or optionally substituted C2-C15 heteroaryl), P, carbo-
nyl, thiocarbonyl, sulfonyl, phosphate, phosphoryl, or
imino.

[0254] The terms “alkyl,” “alkenyl,” and “alkynyl,” as
used herein, include straight-chain and branched-chain mon-
ovalent substituents, as well as combinations of these,
containing only C and H when unsubstituted. When the alkyl
group includes at least one carbon-carbon double bond or
carbon-carbon triple bond, the alkyl group can be referred to
as an “alkenyl” or “alkynyl” group respectively. The mon-
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ovalency of an alkyl, alkenyl, or alkynyl group does not
include the optional substituents on the alkyl, alkenyl, or
alkynyl group. For example, if an alkyl, alkenyl, or alkynyl
group is attached to a compound, monovalency of the alkyl,
alkenyl, or alkynyl group refers to its attachment to the
compound and does not include any additional substituents
that may be present on the alkyl, alkenyl, or alkynyl group.
In some embodiments, the alkyl or heteroalkyl group may
contain, e.g., 1-20. 1-18, 1-16, 1-14, 1-12, 1-10, 1-8, 1-6,
1-4, or 1-2 carbon atoms (e.g., C1-C20, C1-C18, C1-C16,
C1-C14, C1-C12, C1-C10, C1-C8, C1-C6, C1-C4, or
C1-C2). In some embodiments, the alkenyl, heteroalkenyl,
alkynyl, or heteroalkynyl group may contain, e.g., 2-20,
2-18, 2-16, 2-14, 2-12, 2-10, 2-8, 2-6, or 2-4 carbon atoms
(e.g., C2-C20, C2-C18, C2-C16, C2-C14, C2-C12, C2-C10,
C2-C8, C2-C6, or C2-C4). Examples include, but are not
limited to, methyl, ethyl, isobutyl, sec-butyl, tert-butyl,
2-propenyl, and 3-butynyl.

[0255] The term “cycloalkyl,” as used herein, represents a
monovalent saturated or unsaturated non-aromatic cyclic
alkyl group. A cycloalkyl may have, e.g., three to twenty
carbons (e.g., a C3-C7, C3-C8, C3-C9, C3-C10, C3-Cl1,
C3-C12, C3-C14, C3-C16, C3-C18, or C3-C20 cycloalkyl).
Examples of cycloalkyls include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cyclo-
heptyl. When the cycloalkyl group includes at least one
carbon-carbon double bond, the cycloalkyl group can be
referred to as a “cycloalkenyl” group. A cycloalkenyl may
have, e.g., four to twenty carbons (e.g., a C4-C7, C4-CS8,
C4-C9, C4-C10, C4-Cl1, C4-Cl2, C4-Cl4, C4-Cl6,
C4-C18, or C4-C20 cycloalkenyl). Exemplary cycloalkenyl
groups include, but are not limited to, cyclopentenyl, cyclo-
hexenyl, and cycloheptenyl. When the cycloalkyl group
includes at least one carbon-carbon triple bond, the cycloal-
kyl group can be referred to as a “cycloalkynyl” group. A
cycloalkynyl may have, e.g., eight to twenty carbons (e.g.,
a C8-C9, C8-Cl0, C8-Cl11, C8-C12, C8-C14, C8-C16,
C8-C18, or C8-C20 cycloalkynyl). The term “cycloalkyl”
also includes a cyclic compound having a bridged multicy-
clic structure in which one or more carbons bridges two
non-adjacent members of a monocyclic ring, e.g., bicyclo
[2.2.1.]heptyl and adamantane. The term “cycloalkyl” also
includes bicyclic, tricyclic, and tetracyclic fused ring struc-
tures, e.g., decalin and spiro cyclic compounds.

[0256] The term “aryl,” as used herein, refers to any
monocyclic or fused ring bicyclic or tricyclic system which
has the characteristics of aromaticity in terms of electron
distribution throughout the ring system, e.g., phenyl, naph-
thyl, or phenanthrene. In some embodiments, a ring system
contains 5-15 ring member atoms or 5-10 ring member
atoms. An aryl group may have, e.g., five to fifteen carbons
(e.g., a C5-C6, C5-C7, C5-C8, C5-C9, C5-Cl10, C5-Cl1,
C5-Cl12, C5-C13, C5-C14, or C5-C15 aryl). The term “het-
eroaryl” also refers to such monocyclic or fused bicyclic
ring systems containing one or more, e.g., 1-4, 1-3, 1, 2, 3,
or 4, heteroatoms selected from O, S and N. A heteroaryl
group may have, e.g., two to fifteen carbons (e.g., a C2-C3,
C2-C4, C2-C5, C2-C6, C2-C7, C2-C8, C2-C9. C2-C10,
C2-Cl11, C2-C12, C2-C13, C2-C14, or C2-C15 heteroaryl).
The inclusion of a heteroatom permits inclusion of 5-mem-
bered rings to be considered aromatic as well as 6-mem-
bered rings. Thus, typical heteroaryl systems include, e.g.,
pyridyl, pyrimidyl, indolyl, benzimidazolyl, benzotriazolyl,
isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl, thienyl,
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furyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, benzoxa-
zolyl, benzoisoxazolyl, and imidazolyl. Because tautomers
are possible, a group such as phthalimido is also considered
heteroaryl. In some embodiments, the aryl or heteroaryl
group is a 5- or 6-membered aromatic rings system option-
ally containing 1-2 nitrogen atoms. In some embodiments,
the aryl or heteroaryl group is an optionally substituted
phenyl, pyridyl, indolyl, pyrimidyl, pyridazinyl, benzothi-
azolyl, benzimidazolyl, pyrazolyl, imidazolyl, isoxazolyl,
thiazolyl, or imidazopyridinyl. In some embodiments, the
aryl group is phenyl. In some embodiments, an aryl group
may be optionally substituted with a substituent such an aryl
substituent, e.g., biphenyl.

[0257] The term “alkaryl,” refers to an aryl group that is
connected to an alkylene, alkenylene, or alkynylene group.
In general, if a compound is attached to an alkaryl group, the
alkylene, alkenylene, or alkynylene portion of the alkaryl is
attached to the compound. In some embodiments, an alkaryl
is C6-C35 alkaryl (e.g., C6-C16, C6-C14, C6-C12, C6-C10,
C6-C9, C6-C8, C7, or C6 alkaryl), in which the number of
carbons indicates the total number of carbons in both the aryl
portion and the alkylene, alkenylene, or alkynylene portion
of the alkaryl. Examples of alkaryls include, but are not
limited to, (C1-C8)alkylene(C6-C12)aryl, (C2-C8)alk-
enylene(C6-C12)aryl, or (C2-C8)alkynylene(C6-C12)aryl.
In some embodiments, an alkaryl is benzyl or phenethyl. In
a heteroalkaryl, one or more heteroatoms selected from N,
O, and S may be present in the alkylene, alkenylene, or
alkynylene portion of the alkaryl group and/or may be
present in the aryl portion of the alkaryl group. In an
optionally substituted alkaryl, the substituent may be present
on the alkylene, alkenylene, or alkynylene portion of the
alkaryl group and/or may be present on the aryl portion of
the alkaryl group.

[0258] The term “amino,” as used herein, represents
—N(R”), or —N*(R™);, where each R™ is, independently, H,
alkyl, alkenyl, alkynyl, aryl, alkaryl, cycloalkyl, or two R*
combine to form a heterocycloalkyl. In some embodiment,
the amino group is —NH,.

[0259] The term “alkamino,” as used herein, refers to an
amino group, described herein, that is attached to an
alkylene (e.g., C1-C5 alkylene), alkenylene (e.g., C2-C5
alkenylene), or alkynylene group (e.g., C2-CS5 alkenylene).
In general, if a compound is attached to an alkamino group,
the alkylene, alkenylene, or alkynylene portion of the alka-
mino is attached to the compound. The amino portion of an
alkamino refers to —N(R”), or —N*(R™),, where each R" is,
independently, H, alkyl, alkenyl, alkynyl, aryl, alkaryl,
cycloalkyl, or two R combine to form a heterocycloalkyl. In
some embodiment, the amino portion of an alkamino is
—NH,. An example of an alkamino group is C1-C5 alka-
mino, e.g., C2 alkamino (e.g., CH,CH,NH, or CH,CH,N
(CH;),). In a heteroalkamino group, one or more, e.g., 1-4,
1-3,1, 2, 3, or 4, heteroatoms selected from N, O, and S may
be present in the alkylene, alkenylene, or alkynylene portion
of the heteroalkamino group. In some embodiments, an
alkamino group may be optionally substituted. In a substi-
tuted alkamino group, the substituent may be present on the
alkylene, alkenylene, or alkynylene portion of the alkamino
group and/or may be present on the amino portion of the
alkamino group. The term “alkamide,” as used herein, refers
to an amide group that is attached to an alkylene (e.g., C1-C5
alkylene), alkenylene (e.g., C2-CS5 alkenylene), or alky-
nylene (e.g., C2-C5 alkenylene) group. In general, if a
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compound is attached to an alkamide group, the alkylene,
alkenylene, or alkynylene portion of the alkamide is
attached to the compound. The amide portion of an alkamide
refers to —C(O)—N(R™),, where each R™ is, independently,
H, alkyl, alkenyl, alkynyl, aryl, alkaryl, cycloalkyl, or two
R* combine to form a heterocycloalkyl. In some embodi-
ment, the amide portion of an alkamide is —C(O)NH,. An
alkamide group may be —(CH,),—C(O)NH, or —CH,—
C(O)NH,. In a heteroalkamide group, one or more, e.g., 1-4,
1-3, 1, 2, 3, or 4, heteroatoms selected from N, O, and S may
be present in the alkylene, alkenylene, or alkynylene portion
of the heteroalkamide group. In some embodiments, an
alkamide group may be optionally substituted. In a substi-
tuted alkamide group, the substituent may be present on the
alkylene, alkenylene, or alkynylene portion of the alkamide
group and/or may be present on the amide portion of the
alkamide group.

[0260] The terms “alkylene,” “alkenylene,” and “alky-
nylene,” as used herein, refer to divalent groups having a
specified size. In some embodiments, an alkylene may
contain, e.g., 1-20, 1-18, 1-16, 1-14, 1-12, 1-10, 1-8, 1-6,
1-4, or 1-2 carbon atoms (e.g., C1-C20, C1-C18, C1-C16,
C1-C14, C1-C12, C1-C10, C1-C8, C1-C6, C1-C4, or
C1-C2). In some embodiments, an alkenylene or alkynylene
may contain, e.g., 2-20, 2-18, 2-16, 2-14, 2-12, 2-10, 2-§,
2-6, or 2-4 carbon atoms (e.g., C2-C20, C2-C18, C2-C16,
C2-C14, C2-C12, C2-Cl10, C2-C8, C2-C6, or C2-C4).
Alkylene, alkenylene, and/or alkynylene includes straight-
chain and branched-chain forms, as well as combinations of
these. The divalency of an alkylene, alkenylene, or alky-
nylene group does not include the optional substituents on
the alkylene, alkenylene, or alkynylene group. For example,
two neuraminidase inhibitors may be attached to each other
by way of a linker that includes alkylene, alkenylene, and/or
alkynylene, or combinations thereof. Each of the alkylene,
alkenylene, and/or alkynylene groups in the linker is con-
sidered divalent with respect to the two attachments on
either end of alkylene, alkenylene, and/or alkynylene group.
For example, if a linker includes -(optionally substituted
alkylene)-(optionally substituted alkenylene)-(optionally
substituted alkylene)-, the alkenylene is considered divalent
with respect to its attachments to the two alkylenes at the
ends of the linker. The optional substituents on the alk-
enylene are not included in the divalency of the alkenylene.
The divalent nature of an alkylene, alkenylene, or alky-
nylene group (e.g., an alkylene, alkenylene, or alkynylene
group in a linker) refers to both of the ends of the group and
does not include optional substituents that may be present in
an alkylene, alkenylene, or alkynylene group. Because they
are divalent, they can link together multiple (e.g., two) parts
of a conjugate, e.g., a first anti-influenza moiety (e.g.,
neuraminidase inhibitor) and a second neuraminidase inhibi-
tor. Alkylene, alkenylene, and/or alkynylene groups can be
substituted by the groups typically suitable as substituents
for alkyl, alkenyl and alkynyl groups as set forth herein. For
example, C—0O is a C1 alkylene that is substituted by an oxo
(=0). For example, —HCR—C=C— may be considered as
an optionally substituted alkynylene and is considered a
divalent group even though it has an optional substituent, R.
Heteroalkylene, heteroalkenylene, and/or heteroalkynylene
groups refer to alkylene, alkenylene, and/or alkynylene
groups including one or more, e.g., 1-4, 1-3, 1, 2, 3, or 4,
heteroatoms, e.g., N, O, and S. For example, a polyethylene
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glycol (PEG) polymer or a PEG unit —(CH,),—0O—in a
PEG polymer is considered a heteroalkylene containing one
or more oxygen atoms.

[0261] The term “cycloalkylene,” as used herein, refers to
a divalent cyclic group linking together two parts of a
compound. For example, one carbon within the cycloal-
kylene group may be linked to one part of the compound,
while another carbon within the cycloalkylene group may be
linked to another part of the compound. A cycloalkylene
group may include saturated or unsaturated non-aromatic
cyclic groups. A cycloalkylene may have, e.g., three to
twenty carbons in the cyclic portion of the cycloalkylene
(e.g., a C3-C7, C3-C8, C3-C9, C3-C10, C3-C11, C3-C12,
C3-C14, C3-C16, C3-C18, or C3-C20 cycloalkylene). When
the cycloalkylene group includes at least one carbon-carbon
double bond, the cycloalkylene group can be referred to as
a “cycloalkenylene” group. A cycloalkenylene may have,
e.g., four to twenty carbons in the cyclic portion of the
cycloalkenylene (e.g., a C4-C7, C4-C8, C4-C9. C4-C10,
C4-Cl11, C4-C12, C4-C14, C4-C16, C4-C18, or C4-C20
cycloalkenylene). When the cycloalkylene group includes at
least one carbon-carbon triple bond, the cycloalkylene group
can be referred to as a “cycloalkynylene” group. A
cycloalkynylene may have, e.g., four to twenty carbons in
the cyclic portion of the cycloalkynylene (e.g., a C4-C7,
C4-C8, C4-C9. C4-Cl0, C4-Cll, C4-Cl2, C4-Cl4,
C4-C16, C4-C18, or C8-C20 cycloalkynylene). A cycloal-
kylene group can be substituted by the groups typically
suitable as substituents for alkyl, alkenyl and alkynyl groups
as set forth herein. Heterocycloalkylene refers to a cycloal-
kylene group including one or more, e.g., 1-4, 1-3, 1, 2, 3,
or 4, heteroatoms, e.g., N, O, and S. Examples of cycloal-
kylenes include, but are not limited to, cyclopropylene and
cyclobutylene. A tetrahydrofuran may be considered as a
heterocycloalkylene.

[0262] The term “arylene,” as used herein, refers to a
multivalent (e.g., divalent or trivalent) aryl group linking
together multiple (e.g., two or three) parts of a compound.
For example, one carbon within the arylene group may be
linked to one part of the compound, while another carbon
within the arylene group may be linked to another part of the
compound. An arylene may have, e.g., five to fifteen carbons
in the aryl portion of the arylene (e.g., a C5-C6, C5-C7,
C5-C8, Cs5-C9. Cs-Clo, Cs5-Cll, C5-Cl2, C5-Cl3,
C5-C14, or C5-C15 arylene). An arylene group can be
substituted by the groups typically suitable as substituents
for alkyl, alkenyl and alkynyl groups as set forth herein.
Heteroarylene refers to an aromatic group including one or
more, e.g., 1-4, 1-3, 1,2, 3, or 4, heteroatoms, e.g., N, O, and
S. A heteroarylene group may have, e.g., two to fifteen
carbons (e.g., a C2-C3, C2-C4, C2-C5, C2-C6, C2-C7,
C2-C8, C2-C9. C2-Cl0, C2-Cll, C2-Cl2, C2-Cl3,
C2-C14, or C2-C15 heteroarylene).

[0263] The term “optionally substituted,” as used herein,
refers to having 0, 1, or more substituents, such as 0-25,
0-20, 0-10 or 0-5 substituents. Substituents include, but are
not limited to, alkyl, alkenyl, alkynyl, aryl, alkaryl, acyl,
heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl, het-
eroalkaryl, halogen, oxo, cyano, nitro, amino, alkamino,
hydroxy, alkoxy, alkanoyl, carbonyl, carbamoyl, guanidinyl,
ureido, amidinyl, any of the groups or moieties described
above, and hetero versions of any of the groups or moieties
described above. Substituents include, but are not limited to,
F, Cl, methyl, phenyl, benzyl, OR, NR,, SR, SOR, SO,R,
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OCOR, NRCOR, NRCONR,, NRCOOR, OCONR,, RCO,
COOR,  alkyl-OOCR, SO;R, CONR,, SO,NR,,
NRSO,NR,, CN, CF;, OCF;, SiR;, and NO,, wherein each
R is, independently, H, alkyl, alkenyl, aryl, heteroalkyl,
heteroalkenyl, or heteroaryl, and wherein two of the optional
substituents on the same or adjacent atoms can be joined to
form a fused, optionally substituted aromatic or nonaro-
matic, saturated or unsaturated ring which contains 3-8
members, or two of the optional substituents on the same
atom can be joined to form an optionally substituted aro-
matic or nonaromatic, saturated or unsaturated ring which
contains 3-8 members.

[0264] An optionally substituted group or moiety refers to
a group or moiety (e.g., any one of the groups or moieties
described above) in which one of the atoms (e.g., a hydrogen
atom) is optionally replaced with another substituent. For
example, an optionally substituted alkyl may be an option-
ally substituted methyl, in which a hydrogen atom of the
methyl group is replaced by, e.g., OH. As another example,
a substituent on a heteroalkyl or its divalent counterpart,
heteroalkylene, may replace a hydrogen on a carbon or a
hydrogen on a heteroatom such as N. For example, the
hydrogen atom in the group —R—NH-—R— may be sub-
stituted with an alkamide substituent, e.g., —R—N[(CH,C
(O)N(CH;),]—R. Generally, an optional substituent is a
noninterfering substituent. A “noninterfering substituent”
refers to a substituent that leaves the ability of the conjugates
described herein (e.g., conjugates of any one of formulas
(M-I) or (D-)-(D-VIII)) to either bind to viral neuramini-
dase or to inhibit the proliferation of influenza virus. Thus,
in some embodiments, the substituent may alter the degree
of such activity. However, as long as the conjugate retains
the ability to bind to viral neuraminidase or to inhibitor viral
proliferation, the substituent will be classified as “noninter-
fering.” For example, the noninterfering substituent would
leave the ability of the compound to provide antiviral
efficacy based on an IC50 value of 10 uM or less in a viral
plaque reduction assay. Thus, the substituent may alter the
degree of inhibition based on plaque reduction or influenza
virus neuraminidase inhibition. However, as long as the
compounds herein such as compounds of formulas (A-I)-
(A-XIID) retain the ability to inhibit influenza virus
neuraminidase activity, the substituent will be classified as
“noninterfering.” A number of assays for determining viral
plaque reduction or the ability of any compound to inhibit
influenza virus neuraminidase are available in the art, and
some are exemplified in the Examples below.

[0265] The term “hetero,” when used to describe a chemi-
cal group or moiety, refers to having at least one heteroatom
that is not a carbon or a hydrogen, e.g., N, O, and S. Any one
of the groups or moieties described above may be referred
to as hetero if it contains at least one heteroatom. For
example, a heterocycloalkyl, heterocycloalkenyl, or hetero-
cycloalkynyl group refers to a cycloalkyl, cycloalkenyl, or
cycloalkynyl group that has one or more heteroatoms inde-
pendently selected from, e.g., N, O, and S. An example of a
heterocycloalkenyl group is a maleimido. For example, a
heteroaryl group refers to an aromatic group that has one or
more heteroatoms independently selected from, e.g., N, O,
and S. One or more heteroatoms may also be included in a
substituent that replaced a hydrogen atom in a group or
moiety as described herein. For example, in an optionally
substituted heteroaryl group, if one of the hydrogen atoms in
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the heteroaryl group is replaced with a substituent (e.g.,
methyl), the substituent may also contain one or more
heteroatoms (e.g., methanol).

[0266] The term “acyl,” as used herein, refers to a group
having the structure:

RZ

wherein R” is an optionally substituted alkyl, alkenyl, alky-
nyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl,
alkamino, heteroalkyl, heteroalkenyl, heteroalkynyl, hetero-
cycloalkyl, heterocycloalkenyl, heterocycloalkynyl, het-
eroaryl, heteroalkaryl, or heteroalkamino.

[0267] The term “halo” or “halogen,” as used herein,
refers to any halogen atom, e.g., F, Cl, Br, or 1. Any one of
the groups or moieties described herein may be referred to
as a “halo moiety” if it contains at least one halogen atom,
such as haloalkyl.

[0268] The term “hydroxyl,” as used herein, represents an
—OH group.
[0269] The term “oxo,” as used herein, refers to a sub-

stituent having the structure —O, where there is a double
bond between an atom and an oxygen atom.

[0270] The term “carbonyl,” as used herein, refers to a
group having the structure:

[0271] The term “thiocarbonyl,” as used herein, refers to
a group having the structure:

[0272] The term “phosphate,” as used herein, represents
the group having the structure:
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[0273] The term “phosphoryl,” as used herein, represents
the group having the structure:

(€] (€]

| l

Il’—O O—Il’—O

OR or R .

[0274] The term “sulfonyl,” as used herein, represents the
group having the structure:

0] O

N7
[0275] The term “imino,” as used herein, represents the
group having the structure:

NR

wherein R is an optional substituent.

[0276] The term “N-protecting group,” as used herein,
represents those groups intended to protect an amino group
against undesirable reactions during synthetic procedures.
Commonly used N-protecting groups are disclosed in
Greene, “Protective Groups in Organic Synthesis,” Sth Edi-
tion (John Wiley & Sons, New York, 2014), which is
incorporated herein by reference. N-protecting groups
include, e.g., acyl, aryloyl, and carbamyl groups such as
formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloro-
acetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, phth-
alyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, car-
boxybenzyl (CBz), 4-chlorobenzoyl, 4-bromobenzoyl,
4-nitrobenzoyl, and chiral auxiliaries such as protected or
unprotected D, L or D, L-amino acid residues such as
alanine, leucine, phenylalanine; sulfonyl-containing groups
such as benzenesulfonyl and p-toluenesulfonyl; carbamate
forming groups such as benzyloxycarbonyl, p-chlorobenzy-
loxycarbonyl, p-methoxybenzyloxycarbonyl, p-nitrobenzy-
loxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzy-
loxycarbonyl,  3,4-dimethoxybenzyloxycarbonyl,  3,5-
dimethoxybenzyl oxycarbonyl, 2.4-
dimethoxybenzyloxycarbonyl,
4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxyben-
zyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl, 1-(p-
biphenylyl)-1-methylethoxycarbonyl, a,a-dimethyl-3,5-di-
methoxybenzyloxycarbonyl, benzhydryloxy carbonyl,
t-butyloxycarbonyl (BOC), diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl,
allyloxycarbonyl, 2,2,2,-trichloroethoxycarbonyl, phenoxy-
carbonyl, 4-nitrophenoxy carbonyl, fluorenyl-9-methoxy-
carbonyl (Fmoc), cyclopentyloxycarbonyl, adamantyloxy-
carbonyl, cyclohexyloxycarbonyl, and phenylthiocarbonyl;
alkaryl groups such as benzyl, triphenylmethyl, and benzy-
loxymethyl; and silyl groups such as trimethylsilyl.
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[0277] The term “amino acid,” as used herein, means
naturally occurring amino acids and non-naturally occurring
amino acids.

[0278] The term “naturally occurring amino acids,” as
used herein, means amino acids including Ala, Arg, Asn,
Asp, Cys, Gln, Glu, Gly, His, lie, Leu, Lys, Met, Phe, Pro,
Ser, Thr, Trp, Tyr, and Val.

[0279] The term “non-naturally occurring amino acid,” as
used herein, means an alpha amino acid that is not naturally
produced or found in a mammal.

[0280] As used herein, the term “percent (%) identity”
refers to the percentage of amino acid residues of a candidate
sequence, e.g., an Fc-IgG, or fragment thereof, that are
identical to the amino acid residues of a reference sequence
after aligning the sequences and introducing gaps, if neces-
sary, to achieve the maximum percent identity (i.e., gaps can
be introduced in one or both of the candidate and reference
sequences for optimal alignment and non-homologous
sequences can be disregarded for comparison purposes).
Alignment for purposes of determining percent identity can
be achieved in various ways that are within the skill in the
art, for instance, using publicly available computer software
such as BLAST, ALIGN, or Megalign (DNASTAR) soft-
ware. Those skilled in the art can determine appropriate
parameters for measuring alignment, including any algo-
rithms needed to achieve maximal alignment over the full
length of the sequences being compared. In some embodi-
ments, the percent amino acid sequence identity of a given
candidate sequence to, with, or against a given reference
sequence (which can alternatively be phrased as a given
candidate sequence that has or includes a certain percent
amino acid sequence identity to, with, or against a given
reference sequence) is calculated as follows:

100x(fraction of 4/B)

where A is the number of amino acid residues scored as
identical in the alignment of the candidate sequence and the
reference sequence, and where B is the total number of
amino acid residues in the reference sequence. In some
embodiments where the length of the candidate sequence
does not equal to the length of the reference sequence, the
percent amino acid sequence identity of the candidate
sequence to the reference sequence would not equal to the
percent amino acid sequence identity of the reference
sequence to the candidate sequence.

[0281] Two polynucleotide or polypeptide sequences are
said to be “identical” if the sequence of nucleotides or amino
acids in the two sequences is the same when aligned for
maximum correspondence as described above. Comparisons
between two sequences are typically performed by compar-
ing the sequences over a comparison window to identify and
compare local regions of sequence similarity. A “comparison
window” as used herein, refers to a segment of at least about
15 contiguous positions, about 20 contiguous positions,
about 25 contiguous positions, or more (e.g., about 30 to
about 75 contiguous positions, or about 40 to about 50
contiguous positions), in which a sequence may be com-
pared to a reference sequence of the same number of
contiguous positions after the two sequences are optimally
aligned.

[0282] The term “treating” or “to treat,” as used herein,
refers to a therapeutic treatment of a viral infection in a
subject. In some embodiments, a therapeutic treatment may
slow the progression of the viral infection, improve the
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subject’s outcome, and/or eliminate the infection. In some
embodiments, a therapeutic treatment of a viral infection in
a subject may alleviate or ameliorate of one or more symp-
toms or conditions associated with the viral infection, dimin-
ish the extent of the viral, stabilize (i.e., not worsening) the
state of the viral infection, prevent the spread of the viral
infection, and/or delay or slow the progress of the viral
infection, as compare the state and/or the condition of the
viral infection in the absence of the therapeutic treatment.
[0283] The term “average value of T,” as used herein,
refers to the mean number of dimers of neuraminidase
inhibitors conjugated to an Fc domain within a population of
conjugates. In some embodiments, within a population of
conjugates, the average number of dimers of neuraminidase
inhibitors conjugated to an Fc domain monomer may be
from 1 to 20 (e.g., the average value of Tis 1 to 2, 1 to 3,
1to4,1t05,5t010,10t0 5, 151020, 1.51t0 3.5, 2.5 t0
45,351055,45106.5,55107.5,651085,7.510 9.5,
or 8.5 to 10.5). In some embodiments, the average value of
Tis1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18,
19, or 20.

[0284] The term “subject,” as used herein, can be a human,
non-human primate, or other animal, such as but not limited
to dog, cat, horse, cow, pig, turkey, goat, fish, monkey,
chicken, rat, mouse, and sheep.

[0285] The term “therapeutically effective amount,” as
used herein, refers to an amount, e.g., pharmaceutical dose,
effective in inducing a desired effect in a subject or in
treating a subject having a condition or disorder described
herein (e.g., a viral infection, such as an influenza infection).
It is also to be understood herein that a “therapeutically
effective amount” may be interpreted as an amount giving a
desired therapeutic and/or preventative effect, taken in one
or more doses or in any dosage or route, and/or taken alone
or in combination with other therapeutic agents (e.g., an
antiviral agent described herein). For example, in the context
of administering a conjugate described herein (e.g., a con-
jugate of any one of formulas (M-I) or (D-I)-(D-VIII)) that
is used for the treatment of a viral infection, an effective
amount of a conjugate is, for example, an amount sufficient
to prevent, slow down, or reverse the progression of the viral
infection as compared to the response obtained without
administration of the conjugate.

[0286] As used herein, the term “pharmaceutical compo-
sition” refers to a medicinal or pharmaceutical formulation
that contains at least one active ingredient (e.g., a conjugate
of any one of formulas (M-]) or (D-I)-(D-VIII)) as well as
one or more excipients and diluents to enable the active
ingredient suitable for the method of administration. The
pharmaceutical composition of the present disclosure
includes pharmaceutically acceptable components that are
compatible with a conjugate described herein (e.g., a con-
jugate of any one of formulas (M-I) or (D-I)-(D-VIID)).
[0287] As used herein, the term “pharmaceutically accept-
able carrier” refers to an excipient or diluent in a pharma-
ceutical composition. For example, a pharmaceutically
acceptable carrier may be a vehicle capable of suspending or
dissolving the active conjugate (e.g., a conjugate of any one
of formulas (M-I) or (D-I)-(D-VIII)). The pharmaceutically
acceptable carrier must be compatible with the other ingre-
dients of the formulation and not deleterious to the recipient.
In the present disclosure, the pharmaceutically acceptable
carrier must provide adequate pharmaceutical stability to a
conjugate described herein. The nature of the carrier differs
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with the mode of administration. For example, for oral
administration, a solid carrier is preferred; for intravenous
administration, an aqueous solution carrier (e.g., WFI, and/
or a buffered solution) is generally used.

[0288] The term “pharmaceutically acceptable salt,” as
used herein, represents salts of the conjugates described
herein (e.g., conjugates of any one of formulas (M-I) or
(D-D-(D-VIID)) that are, within the scope of sound medical
judgment, suitable for use in methods described herein
without undue toxicity, irritation, and/or allergic response.
Pharmaceutically acceptable salts are well known in the art.
For example, pharmaceutically acceptable salts are
described in: Pharmaceutical Salts: Properties, Selection,
and Use (Eds. P. H. Stahl and C. G. Wermuth), Wiley-VCH,
2008. The salts can be prepared in situ during the final
isolation and purification of the conjugates described herein
or separately by reacting the free base group with a suitable
organic acid.

[0289] The term “drug-to-antibody ratio” or “DAR” refers
to the average number of small molecule drug moieties (e.g.,
the average number of small molecule drug dimers) conju-
gated to an antibody or Fc domain, described herein. In some
embodiments described herein, the DAR is represented by
“T” (e.g., in formulas (M-I) or (D-)-(D-VIID)). As used
herein, each dimer moiety (e.g., each zanamivir dimer)
conjugated to the Fc domain or antibody corresponds to a
DAR or “T” value of 1.0. DAR values may affect the
efficacy, potency, pharmacokinetics, or toxicity of the drug.
[0290] The term “secondary infection,” as used herein,
refers to an infection that occurs in a subject during or after
another (referred to as primary) infection in that subject
(e.g., during or after a primary influenza infection). A
secondary infections may be caused by the primary infection
or may be caused by treatment of the primary infection. In
some cases, primary infections alter the immune system
making the subject more susceptible to a secondary infec-
tion. In some cases, treatment of the primary infection
makes the subject more susceptible to a secondary infection.
For example, the influenza virus has been associated with
secondary infections (e.g., increased risk of developing a
secondary infection), such as bacterial secondary infections,
for example of the respiratory tract. Secondary infections
associated with influenza infection increase the morbidity
and mortality of influenza. Secondary infections include
co-infections. The terms “secondary infection” and “co-
infection” are used interchangeably herein.

[0291] The term “about,” as used herein, indicates a
deviation of up to +5%. For example, about 10% refers to
from 9.5% to 10.5%.

[0292] Any values provided in a range of values include
both the upper and lower bounds, and any values contained
within the upper and lower bounds.

[0293] The term “(D-I)-(D-VIII)”, as used herein, repre-
sents the formulas of any one of (D-I), (D-II), (D-II-1),
(D-11-2), (D-11-3), (D-11-4), (D-II-5), (D-1I-6), (D-I1I-7),
(D-11-8), (D-11-9), (D-11-10), (D-I11), (D-IV), (D-V), (D-VI),
(D-VI), and (D-VIID).

[0294] Other features and advantages of the conjugates
described herein will be apparent from the following
Detailed Description and the claims.

DETAILED DESCRIPTION

[0295] The disclosure features methods and intermediates
for synthesizing conjugates useful for the treatment of viral
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infections (e.g., influenza viral infections) and related con-
ditions. The conjugates disclosed herein include dimers of
viral neuraminidase inhibitors (e.g., zanamivir or analogs
thereof) conjugated to Fc monomers, Fc domains, or albu-
min protein. The anti-influenza moiety (e.g., neuraminidase
inhibitor) (e.g., zanamivir or analogs thereof) in the conju-
gates targets neuraminidase on the surface of the viral
particle. The Fc monomers or Fc domains in the conjugates
bind to FcyRs (e.g., FcRn, FcyRI, FeyRIla, FeyRlIle,
FeyRIlla, and FeyRIIIb) on immune cells, e.g., neutrophils,
to activate phagocytosis and effector functions, such as
antibody-dependent cell-mediated cytotoxicity (ADCC),
thus leading to the engulfment and destruction of viral
particles by immune cells and further enhancing the antiviral
activity of the conjugates. The albumin or albumin-binding
peptide may extend the half-life of the conjugate, for
example, by binding of albumin to the recycling neonatal Fc
receptor. Such compositions are useful in methods for the
inhibition of viral growth and in methods for the treatment
of'viral infections, such as those caused by an influenza virus
A, influenza virus B and influenza virus C.

[0296] The compounds and methods described herein are
valuable in generating conjugates useful for the treatment of
viral infections (e.g. influenza infections) and conditions
thereof.

[0297] The methods disclosed herein can provide a num-
ber of advantages, such as higher overall yield and higher
purity (e.g., efficient elimination of impurities) of the final
product (e.g., a conjugate of formula (D-I) or (M-])), as well
as reduced waste stream (e.g., reducing the total number of
reaction steps or reducing loss of starting material (e.g., E
and/or compound of formula (DF-1), (DF-II), (MF-I), or
(MF-II)) and mild reaction conditions (e.g., step (c) or step
(e) of the methods described herein). The methods of the
disclosure can also enable reliable synthesis of the final
product (e.g., a conjugate of formula (D-I) or (M-)) having
preferred characteristics, e.g., drug-to-antibody ratio (DAR).

1. Viral Infections

[0298] The conjugates described herein (e.g., a conjugate
of formula (D-I) or (M-I)) can be used to treat a viral
infection (e.g., an influenza viral infection, such as influenza
A, B, C, or parainfluenza).

[0299] Viral infection refers to the pathogenic growth of a
virus (e.g., the influenza virus) in a host organism (e.g., a
human subject). A viral infection can be any situation in
which the presence of a viral population(s) is damaging to a
host body. Thus, a subject is suffering from a viral infection
when an excessive amount of a viral population is present in
or on the subject’s body, or when the presence of a viral
population(s) is damaging the cells or other tissue of the
subject.

[0300] Influenza, commonly known as “the flu”, is an
infectious disease caused by an influenza virus. Symptoms
can be mild to severe. The most common symptoms include:
a high fever, runny nose, sore throat, muscle pains, head-
ache, coughing, and feeling tired. These symptoms typically
begin two days after exposure to the virus and most last less
than a week. The cough, however, may last for more than
two weeks. In children, there may be nausea and vomiting,
but these are less common in adults. Complications of
influenza may include viral pneumonia, secondary bacterial
pneumonia, sinus infections, and worsening of previous
health problems such as asthma or heart failure. Severe
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complications may occur in subjects having weakened
immune systems, such as the young, the old, those with
illnesses that weaken the immune system, and those under-
going therapy treatment resulting in a weakening of the
immune system.

[0301] Subjects infected with influenza are also at
increased risk of developing secondary infections (e.g.,
secondary bacterial, viral, or fungal infections), in particular,
bacterial infections such as methicillin-resistant Staphylo-
coccus aureus (MRSA), Streptococcus pneumoniae,
Pseudomonas aeruginosa, and/or Haemophilus influenzae.
Bacterial secondary infections further increase morbidity
and mortality of influenza infection.

[0302] Three types of influenza viruses affect human sub-
jects, namely Type A, Type B, and Type C. Usually, the virus
is spread through the air from coughs or sneezes. This is
believed to occur mostly over relatively short distances. It
can also be spread by touching surfaces contaminated by the
virus and then touching the mouth or eyes. A person may be
infectious to others both before and during the time they are
showing symptoms. The infection may be confirmed by
testing the throat, sputum, or nose for the virus. A number of
rapid tests are available; however, people may still have the
infection if the results are negative. A type of polymerase
chain reaction that detects the virus’s RNA may be used to
diagnose influenza infection.

II. Conjugates of the Disclosure

[0303] Described herein are synthetic conjugates useful in
the treatment of viral infections (e.g., influenza infections).
The conjugates described herein include an Fc domain or an
albumin protein conjugated to one or more anti-influenza
moieties.

[0304] In some embodiments, the conjugates described
herein include an Fc domain or albumin protein conjugated
to one or more dimers of two anti-influenza moieties (e.g.,
neuraminidase inhibitors selected from zanamivir or analogs
thereof). For example, the dimers of two anti-influenza
moieties includes a first anti-influenza moiety (e.g., of
formula (A-I)-(A-XIII)) and a second anti-influenza moiety
(e.g., of formula (A-I)-(A-XIII)). The first and second
neuraminidase inhibitors are linked to each other by way of
a linker.

[0305] In some embodiments, the conjugates described
herein include an Fc domain or albumin protein conjugated
to one or more monomers of an anti-influenza moiety (e.g.,
of formula (A-I)-(A-XIID)).

[0306] Without being bound by theory, in some aspects,
conjugates described herein bind to the surface of a viral
particle (e.g., bind to viral neuraminidase enzyme on the
surface on an influenza viral particle) through the interac-
tions between the neuraminidase inhibitor moieties in the
conjugates and proteins on the surface of the viral particle.
The neuraminidase inhibitor disrupts neuraminidase, an
envelope glycoprotein that cleaves sialic acids, i.e., terminal
neuraminic acid residues, from glycan structures on the
surface of infected host cells, releasing progeny viruses and
allowing the spread of the virus from the host cell to
uninfected surrounding cells.

[0307] Conjugates of the disclosure include neuramini-
dase inhibitor dimers conjugated to an Fc domain or Fc
monomer. The Fc domain in the conjugates described herein
binds to the FcyRs (e.g., FcRn, FeyRI, FeyRIla, FeyRlIlc,
FeyRlIlla, and FeyRIIIb) on immune cells. The binding of the
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Fc domain in the conjugates described herein to the FcyRs
on immune cells activates phagocytosis and effector func-
tions, such as antibody-dependent cell-mediated cytotoxic-
ity (ADCC), thus leading to the engulfment and destruction
of viral particles by immune cells and further enhancing the
antiviral activity of the conjugates.

[0308] In some embodiments, the conjugates described
herein include one or more dimers of neuraminidase inhibi-
tors conjugated to an Fc domain. In some embodiments,
when n is 2, E (an Fc domain monomer) dimerizes to form
an Fc domain.

[0309] Conjugates described herein may be synthesized
using available chemical synthesis techniques in the art. In
cases where a functional group is not available for conju-
gation, a molecule may be derivatized using conventional
chemical synthesis techniques that are well known in the art.
In some embodiments, the conjugates described herein
contain one or more chiral centers. The conjugates include
each of the isolated stereoisomeric forms as well as mixtures
of stereoisomers in varying degrees of chiral purity, includ-
ing racemic mixtures. It also encompasses the various
diastereomers, enantiomers, and tautomers that can be
formed.

Anti-Influenza Moieties

[0310] In some embodiments, a component of the conju-
gates described herein is an anti-influenza moiety. An anti-
influenza moiety is a compound or composition that inhibits
a function of the influenza virus. For example, and anti-
influenza moiety may inhibit viral entry into a host cell or
inhibit viral replication or proliferation. An anti-influenza
moiety may target the virus or the host cell (e.g., a viral
protein or a receptor on the host cell). In some embodiments,
the anti-influenza moiety is a small molecule. Small mol-
ecule inhibitors of influenza (e.g., inhibitors of host cell
entry or viral replication of influenza) are known in the art
and include, for example, pimovidir, oseltamivir, zanamivir,
sulfozanamivir, peramivir, laninamivir, amantadine, riman-
tadine, baloxavir (e.g., baloxavir acid or baloxavir mar-
boxil), and chemical analogs thereof. Methods for measur-
ing anti-viral activity are known in the art. An anti-influenza
moiety may inhibit influenza A, B, C, parainfluenza, or any
combination thereof.

Neuraminidase Inhibitors

[0311] In some embodiments, a component of the conju-
gates described herein is an influenza virus neuraminidase
inhibitor moiety. An influenza virus neuraminidase inhibitor
disrupts neuraminidase, an envelope glycoprotein that
cleaves sialic acids, i.e., terminal neuraminic acid residues,
from glycan structures on the surface of infected host cells,
releasing progeny viruses and allowing the spread of the
virus from the host cell to uninfected surrounding cells.
Examples of an influenza virus neuraminidase inhibitor
include zanamivir (Relenza), sulfozanamivir, peramivir, and
analogs thereof that retain neuraminidase inhibitor binding
and/or activity.

[0312] Viral neuraminidase inhibitors of the disclosure
include zanamivir, sulfozanamivir, peramivir, and analogs
thereof, such as the viral neuraminidase inhibitors of for-
mulas (A-1)-(A-XIII).
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[0313] Preferably the viral neuraminidase inhibitor is
selected from zanamivir or sulfozanamivir:

HO

HOmu-
AcHN

Sulfozanamivir

Conjugates of Monomers of Anti-Influenza Moieties (e.g.,
Neuraminidase Inhibitors) Linked to an Fc Domain or an
Albumin Protein

[0314] In some embodiments, the conjugates described
herein include an F¢ domain monomer, F¢ domain, Fc-
binding peptide, albumin protein, or albumin protein-bind-
ing peptide covalently linked to one or more monomers of
an anti-influenza moiety. Conjugates of an Fc domain mono-
mer or albumin protein and one or more monomers of an
anti-influenza moiety may be formed by linking the Fc
domain or albumin protein to each of the monomers of RSV
F protein inhibitors through a linker, such as any of the
linkers described herein.

[0315] In the conjugates having an Fc domain or albumin
protein covalently linked to one or more monomers of an
anti-influenza moiety described herein, the squiggly line
connected to E indicates that one or more (e.g., 1,2,3,4, 5,
6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20)
monomers of an anti-influenza moiety may be attached to an
Fc domain monomer, Fc domain, Fe-binding peptide, albu-
min protein, or albumin protein-binding peptide. In some
embodiments, when n is 1, one or more (e.g., 1, 2, 3, 4, 5,
6,7, 8,9, or 10) monomers of an anti-influenza moiety may
be attached to an Fc domain monomer or an albumin protein.
In some embodiments, when n is 2, one or more (e.g., 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or
20) monomers of an anti-influenza moiety may be attached
to an Fc domain. The squiggly line in the conjugates
described herein is not to be construed as a single bond
between one or more monomers of an anti-influenza moiety
and an atom in the Fc¢ domain monomer, Fc¢ domain,
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Fc-binding peptide, albumin protein, or albumin protein-
binding peptide. In some embodiments, when T is 1, one
monomer of an anti-influenza moiety may be attached to an
atom in the Fc domain monomer, Fc domain, Fc-binding
peptide, albumin protein, or albumin protein-binding pep-
tide. In some embodiments, when T is 2, two monomers of
an anti-influenza moiety may be attached to an atom in the
Fc domain monomer, Fc domain, Fe-binding peptide, albu-
min protein, or albumin protein-binding peptide.

[0316] In some embodiments, when T is greater than 1
(eg,Tis2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20), each A -L. may be independently selected
(e.g., independently selected from any of the A, -L structures
described herein). In some embodiments, E may be conju-
gated to 2, 3, 4, 5, 6, 7, 8, 9, 10, or more different A -L.
moieties. In some embodiments, E is conjugated to a first
A,-L moiety, and a second A,-L, moiety. In some embodi-
ments, A, of each of the first A -L. moiety and the second
A,-L moiety is independently selected from any one of
formulas (A-I)-(A-XIII).

[0317] In some embodiments, the first A -L. moiety is
conjugated specifically to lysine residues of E (e.g., the
nitrogen atoms of surface exposed lysine residues of E), and
the second A |-L moiety is conjugated specifically to cysteine
residues of E (e.g., the sulfur atoms of surface exposed
cysteine residues of E). In some embodiments, the first A -L.
moiety is conjugated specifically to cysteine residues of E
(e.g., the sulfur atoms of surface exposed cysteine residues
of E), and the second A, -L moiety is conjugated specifically
to lysine residues of E (e.g., the nitrogen atoms of surface
exposed lysine residues of E).

[0318] As described further herein, a linker in a conjugate
having an Fc domain monomer, Fc domain, Fc-binding
peptide, albumin protein, or albumin protein-binding pep-
tide covalently linked to one or more monomers of an
anti-influenza moiety described herein (e.g., L or L") may be
a divalent structure having two arms. One arm in a divalent
linker may be attached to the monomer of an anti-influenza
moiety and the other arm may be attached to the Fc domain
monomer, Fc domain, Fe-binding peptide, albumin protein,
or albumin protein-binding peptide.

[0319] In conjugates having an Fc domain covalently
linked to one or more monomers of an anti-influenza moiety,
as represented by the formulae above, when n is 2, two Fc
domain monomers (each Fc domain monomer is represented
by E) dimerize to form an Fc domain.

Conjugates of Dimers of Anti-Influenza Moieties (e.g.,
Neuraminidase Inhibitors) Linked to an Fc Domain or an
Albumin Protein

[0320] The conjugates described herein include an Fc
domain or an Fc monomer covalently linked to one or more
dimers of an anti-influenza moiety. The dimers of two
anti-influenza moieties include a first anti-influenza moiety
(e.g., a first viral neuraminidase inhibitor of formulas (A-I)-
(A-VIID)) and a second anti-influenza moiety (e.g., a second
viral neuraminidase inhibitor of formulas (A-1)-(A-XIII)).
The first and second anti-influenza moieties are linked to
each other by way of a linker, such as a linker described
herein. In some embodiments of the dimers of anti-influenza
moieties, the first and second anti-influenza moieties are the
same. In some embodiments, the first and second anti-
influenza moieties are different.
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[0321] In the conjugates described herein, the squiggly
line connected to E indicates that one or more (e.g., 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20)
dimers of an anti-influenza moiety may be attached to an Fc
domain monomer or F¢ domain. In some embodiments,
when n is 1, one or more (e.g., 1,2,3,4,5,6,7,8,9,or 10)
dimers of an anti-influenza moiety may be attached to an Fc
domain monomer or F¢ domain. In some embodiments,
when n is 2, one or more (e.g., 1,2,3,4,5,6,7,8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20) dimers of an
anti-influenza moiety may be attached to an Fc domain. The
squiggly line in the conjugates described herein is not to be
construed as a single bond between one or more dimers of
an anti-influenza moiety and an atom in the Fc domain. In
some embodiments, when T is 1, one dimer of an anti-
influenza moiety may be attached to an atom in the Fc
domain monomer or F¢ domain. In some embodiments,
when T is 2, two dimers of an anti-influenza moiety may be
attached to an atom in the Fc domain monomer or Fc
domain.

[0322] As described further herein, a linker in a conjugate
described herein (e.g., L. or L") may be a branched structure.
As described further herein, a linker in a conjugate described
herein (e.g., L or L") may be a multivalent structure, e.g., a
divalent or trivalent structure having two or three arms,
respectively. In some embodiments when the linker has three
arms, two of the arms may be attached to the first and second
anti-influenza moiety and the third arm may be attached to
the Fc domain monomer or Fc domain.

[0323] In conjugates having an Fc domain covalently
linked to one or more dimers of an anti-influenza moiety, as
represented by the formulae above, when n is 2, two Fc
domain monomers (each Fc domain monomer is represented
by E) dimerize to form an Fc domain.

Regioisomers of Conjugates Including Zanamivir or
Analogs Thereof

[0324] Conjugates may be produced as a mixture or
regioisomers. A particular regioisomer or mixture of regioi-
somers may be preferred for reasons such as ease of syn-
thesis, thermostability, oxidative stability, pharmacokinetics
(e.g., metabolic stability or bioavailability), effector binding,
or therapeutic efficacy.

[0325] In some embodiments, a conjugate of the disclo-
sure includes zanamivir or an analog thereof (e.g., any of
(A-D-(A-VIID)). Zanamivir or an analog thereof may be
conjugated to an Fc domain (e.g., by way of a linker)
through, for example, the C7 position (see, e.g., (A-]),
(A-ID), (A-VID), or (A-VIID)) or through the C9 position (see,
e.g., (A-III) or (A-IV)):

A1

C7 conjugation
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-continued

(A-TD)

Ryt

R3

C7 conjugation

(A-VID)

C7 conjugation

(A-VIIT)

(A-TIT)

C9 conjugation
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-continued
(A-IV)

C9 conjugation

[0326] The present disclosure describes a population of
conjugates (e.g., a population of conjugates of any one of
formulas (M-I) or (D-1)-(D-VIII)) wherein the population of
conjugates includes any of the monomeric or dimeric con-
jugates described herein and one or more of its correspond-
ing regioisomers. For example, a population of conjugates
may include a (1) a C7 monomer or C7-C7 dimer (e.g., both
zanamivir or analog thereof moieties of the dimer are
conjugated (e.g., by way of a linker) at their respective C7
positions to an Fc domain), (2) a C9 monomer or a C9-C9
dimer (e.g., both zanamivir or analog thereof moieties of the
dimer are conjugated (e.g., by way of a linker) at their
respective C9 positions to an Fc domain), and/or (3) a C7-C9
dimer (e.g., one zanamivir or analog thereof moiety is
conjugated (e.g., by way of a linker) to and Fc domain
through its C7 position and the other zanamivir or analog
thereof moiety is conjugated (e.g., by way of a linker) to an
Fc domain through its C9 position).

[0327] The population of dimeric conjugates may have a
specified ratio of C7-C7 linked conjugate to C7-C9 linked
conjugate to C9-C9 linked conjugate. For example, the
population of conjugates may have substantially 100%
C7-C7 linked conjugate, and substantially 0% C7-C9 or
C9-C9 linked conjugate. The population of conjugates may
have substantially 100% C9-C9 linked conjugate, and sub-
stantially 0% C7-C7 or C7-C9 linked conjugate. The popu-
lation of conjugates may have substantially 100% C7-C9
linked conjugate, and substantially 0% C7-C7 or C9-C9
linked conjugate.

[0328] The population of conjugates may have greater
than 99%, 98%, 97%, 96%, 95%, 90%, 85%, 80%, 75%,
70%, 60%, 65%, 60%, 55%, or 50% C7-C7 linked conju-
gate.

[0329] The population of conjugates may have less than
50%, 40%, 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%,
or 1% C9-C9 linked conjugate.

[0330] The population of conjugates may have less than
50%, 40%, 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%,
or 1% C7-C9 linked conjugate.

[0331] For any of the above-described populations of
regioisomers, A, and/or A, may be selected from zanamivir
or any of the zanamivir analogs described herein (e.g., any
of (A-D)-(A-VIID)). In particular, the C7-linked zanamivir or
analogs thereof is described by (A-I), (A-II), (A-VII), and
(A-VIID), and C9-linked zanamivir or analogs thereof is
described by (A-III) or (A-IV). In some instances, it may be
preferable to have 95% or more, 96% or more, 97% or more,
98% or more, 99% or more, or substantially 100% C7-C7
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linked dimer conjugates. In these instances, it may be
preferable to prepare the intermediate with a method that
forms substantially C7-C7 linked dimer intermediates.
[0332] Zanamivir analogs having a modification (e.g., a
substituent other than OH) at position C9 (e.g., Zanamivir
analogs described by (A-XIII)) may increase the ratio of
C7-linked zanamivir to C9-linked zanamivir by preventing
the migration from C7-linked zanamivir to C9-linked zan-
amivir. Exemplary C9-modified zanamivir analogs are
described herein (see, e.g., conjugates described by D-XI or
M-XD).

[0333] In preferred embodiments, the conjugate is a con-
jugate of any one of formulas (M-I) or (D-D)-(D-VIII),
wherein A| and/or A, are described by formula (A-I), (A-II),
(A-VIID), or (A-VIID) and Y is

Ry
O N.
\H/ ?ﬁ (—OC=0NR;— ),
o]

wherein R, is selected from H, C1-C20 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl; C5-C15 aryl, and
C2-C15 heteroaryl. In preferred embodiments, A, and/or A,
are described by formula (A-I) (e.g., zanamivir). In preferred
embodiments, R, is C1-C20 alkyl (e.g., —CH,, —CH,CH,,
—CH,CH,CH,;). Such conjugates have been shown to
exhibit increased stability of the C7-linkage, resulting in less
C7 to C9 migration (see, e.g., conjugates described by
D-1I-6 or D-II-7). The resulting product is therefore
expected to be more homogenous and exhibit increased
efficacy. The preferred conjugate is more homogenous, has
an increased proportion (e.g., substantially pure, such as
greater than 95%, 96%, 97%, 98%, or 99% pure) C7-linked
zanamivir, and retains efficacy against influenza.

[0334] Exemplary syntheses of intermediates including
zanamivir or analogs thereof are described in WO 2020/
051498 and WO 2021/046549, each of which is hereby
incorporated by reference.

III. Fc Domain Monomers and F¢ Domains

[0335] An Fc domain monomer includes a hinge domain,
a Cz2 antibody constant domain, and a C,3 antibody
constant domain. The Fc domain monomer can be of immu-

SEQ ID NO: 1:
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noglobulin antibody isotype IgG, IgE, IgM, IgA, or IgD. The
Fc domain monomer can also be of any immunoglobulin
antibody isotype (e.g., [gG1, 1gG2a, 1gG2b, 1gG3, or IgG4).
The Fc domain monomer can be of any immunoglobulin
antibody allotype (e.g., IGHG1*01 (e, Glm(za)),
IGHG1*07 (ie., Glm(zax)), IGHG1*04 (i.e., Glm(zav)),

IGHG1*03 (Glm(), IGHGI*08 (e, Glm(fa)),
IGHG2*01,  IGHG2*06, IGHG2%02, IGHG3*01,
IGHG3*05, IGHG3*10, IGHG3*04, IGHG3*09,
IGHG3*11, IGHG3*12, IGHG3*06, IGHG3*07,
IGHG3*08, IGHG3*13, IGHG3*03, IGHG3*14,
IGHG3*15, IGHG3*16, IGHG3*17, IGHG3*18,
IGHG3*19, IGHG2*04, IGHG4*01, IGHG4*03, or

IGHG4%*02) (as described in, for example, in Vidarsson et al.
IgG subclasses and allotypes: from structure to effector
function. Frontiers in Immunology. 5(520):1-17 (2014)).
The Fc domain monomer can also be of any species, e.g.,
human, murine, or mouse. A dimer of F¢ domain monomers
is an Fc domain that can bind to an Fc receptor, which is a
receptor located on the surface of leukocytes. In some
embodiments, an Fc domain monomer in the conjugates
described herein may contain one or more amino acid
substitutions, additions, and/or deletion relative to an Fc
domain monomer having a sequence of any one of SEQ ID
NOs: 1-14. In some embodiments, an Asn in an Fc¢ domain
monomer in the conjugates as described herein may be
replaced by Ala in order to prevent N-linked glycosylation.
In some embodiments, an F¢ domain monomer in the
conjugates described herein may also containing additional
Cys additions.

[0336] In some embodiments, an F¢ domain monomer in
the conjugates as described herein includes an additional
moiety, e.g., an albumin-binding peptide, a purification
peptide (e.g., a hexa-histidine peptide), or a signal sequence
(e.g., IL.2 signal sequence) attached to the N- or C-terminus
of the Fc domain monomer. In some embodiments, an Fc
domain monomer in the conjugate does not contain any type
of antibody variable region, e.g., V, V,, a complementarity
determining region (CDR), or a hypervariable region
(HVR).

[0337] In some embodiments, an F¢ domain monomer in
the conjugates as described herein may have a sequence that
is at least 95% identical (e.g., 97%, 99%, or 99.5% identical)
to the sequence of any one of SEQ ID NOs: 1-14 shown
below. In some embodiments, an Fc domain monomer in the
conjugates as described herein may have a sequence of any
one of SEQ ID NOs: 1-14 shown below.

mature human Fc¢ IgGl, Z; is Cys or Ser, and wherein X, is Met or Tyr, X, is Ser or

Thr, X; is Thr or Glu, X, is Asp or Glu, and Xs is Leu or Met, X4 is Met or Leu, and X; is Asn or

Ser

NVNHKPSNTKVDKKVEPKSZ DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLX, IX,RX;PEVTCVVVDVSH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS

KAKGQPREPQVYTLPPSRX  EX;TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVXHEALHX HYTQKSLSLSPGK

SEQ ID NO: 2:

mature human Fc¢ IgGl, Cys to Ser substitution (#),

and wherein X, is Met or Tyr,

X, is Ser or Thr, X; is Thr or Glu, X, is Asp or Glu, and X5 is Leu or Met, ¥, is Met or Leu, and

X; is Asn or Ser

NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLX, IX,RX;PEVTCVVVDVS

HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
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-continued
SKAKGQPREPQVYTLPPSRX,EX;TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVXHEALHX,;HY TQKSLSLSPGK
SEQ ID NO: 3: mature human IgGl Fc¢, Cys to Ser substitution (#), X, is Asp or Glu, and X5 is
Leu or Met
NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRX4EXsTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 4: mature human IgGl Fc, Cys to Ser substitution (#), allotype Glm(f) (bold italics)
NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

SEQ ID NO: 5: mature human IgGl Fc, Cys to Ser substitution (#), allotype Glm(fa) (bold italics)
NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQOGNVFEFSCSVMHEALHNHY TQKSLSLSPGK

SEQ ID NO: 6: mature human IgGl Fc, Cys to Ser substitution (#), YTE triple mutation (bold and
underlined), allotype Glm(fa) (bold italics)
NVNHKPSNTKVDKKVEPKSS(#)DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLXIEREPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQOGNVFEFSCSVMHEALHNHY TQKSLSLSPGK

SEQ ID NO: 7: mature human IgGl Fc, Cys to Ser substitution (#), YTE triple mutation (bold and
underlined), allotype Glm(f) (bold italics)
NVNHKPSNTKVDKKVEPKSS(#)DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLXIEREPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQOGNVFEFSCSVMHEALHNHY TQKSLSLSPGK

SEQ ID NO: 8: mature human Fc¢ IgGl, Z, is Cys or Ser, and wherein X, is Met or Tyr, X, is Ser or
Thr, X; is Thr or Glu, X, is Asp or Glu, and X5 is Leu or Met, X4 is Met or Leu, and X; is Asn
or Ser

NVNHKPSNTKVDKKVEPKSZ,DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLX | IX,RX,PEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRX4EXsTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVXHEALHX HYTQKSLSLSPG

SEQ ID NO: 9: mature human Fc IgGl, Cys to Ser substitution (#), and wherein X, is Met or Tyr,
X, is Ser or Thr, X; is Thr or Glu, X, is Asp or Glu, and X5 is Leu or Met, X, is Met or Leu, and
X; is Asn or Ser

NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLX, IX,RX;PEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI

SKAKGQPREPQVYTLPPSRX,EX;TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF

FLYSKLTVDKSRWQQGNVFSCSVXHEALHX,;HYTQKSLSLSPG
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-continued

SEQ ID NO: 10:
Leu or Met
NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSH

mature human IgGl Fe¢, Cys to Ser substitution (#), X,; is Asp or Glu, and X5 is

EDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRX4EXsTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

SEQ ID NO: 11: mature human IgGl Fc, Cys to Ser substitution (#), allotype Glm(f) (bold italics)
NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPG

SEQ ID NO: 12:

ics)
NVNHKPSNTKVDKKVEPKSS (#) DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSH

mature human IgGl Fc, Cys to Ser substitution (#), allotype Glm(fa) (bold ital-

EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQOGNVEFSCSVMHEALHNHY TQKSLSLSPG

SEQ ID NO: 13: mature human IgGl Fc, Cys to Ser substitution (#), YTE triple mutation (bold and
underlined), allotype Glm(fa) (bold italics)
NVNHKPSNTKVDKKVEPKSS(#)DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLXIEREPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQOGNVEFSCSVMHEALHNHY TQKSLSLSPG

SEQ ID NO: 14: mature human IgGl Fc, Cys to Ser substitution (#), YTE triple mutation (bold and
underlined), allotype Glm(f) (bold italics)
NVNHKPSNTKVDKKVEPKSS(#)DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLXIEREPEVTCVVVDVSH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS

KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
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YSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPG

[0338] As defined herein, an Fc domain includes two Fc
domain monomers that are dimerized by the interaction
between the C;,3 antibody constant domains, as well as one
or more disulfide bonds that form between the hinge
domains of the two dimerizing Fc¢ domain monomers. An Fc
domain forms the minimum structure that binds to an Fc
receptor, e.g., Fc-gamma receptors (i.e., Fcy receptors
(FeyR)), Fc-alpha receptors (i.e., Fca receptors (FcaR)),
Fc-epsilon receptors (i.e., Fce receptors (FceR)), and/or the
neonatal Fc receptor (FcRn). In some embodiments, an Fc
domain of the present disclosure binds to an Fcy receptor
(e.g., FcRn, FcyRI (CD64), FcyRIla (CD32), FcyRIIb
(CD32), FeyRIlla (CD16a), FeyRIIIb (CD16b)), and/or
FeyRIV and/or the neonatal Fc receptor (FcRn).

[0339] In some embodiments, the Fc domain monomer or
Fc domain of the disclosure is an aglycosylated Fc domain
monomer or Fc domain (e.g., an Fc domain monomer or and
Fc domain that maintains engagement to an Fc receptor
(e.g., FcRn). For example, the Fc domain is an aglycosylated
IgG1 variants that maintains engagement to an Fc receptor
(e.g., an IgG1 having an amino acid substitution at N297
and/or T299 of the glycosylation motif). Exemplary agly-

cosylated Fc domains and methods for making aglycosy-
lated Fc domains are known in the art, for example, as
described in Sazinsky S. L. et al., Aglycosylated immuno-
globulin G1 variants productively engage activating Fc
receptors, PNAS, 2008, 105(51):20167-20172, which is
incorporated herein in its entirety.

[0340] Insome embodiments, the Fc domain or Fc domain
monomer of the disclosure is engineered to enhance binding
to the neonatal Fc receptor (FcRn). For example, the Fc
domain may include the triple mutation corresponding to
M252Y/S254T/T256E (YTE) (e.g., an IgGl, such as a
human or humanized IgG1 having a YTE mutation). The Fc
domain may include the double mutant corresponding to
M4281./N434S (LS) (e.g., an IgGl, such as a human or
humanized IgG1 having an LS mutation). The Fc domain
may include the single mutant corresponding to N434H
(e.g., an IgG1, such as a human or humanized IgG1 having
an N434H mutation). The Fc domain may include the single
mutant corresponding to C220S (e.g., and IgG1, such as a
human or humanized 1gG1 having a C220S mutation). The
Fc domain may include a quadruple mutant corresponding to
C220S/L309D/Q311H/N434S (CDHS) (e.g., an IgG1, such



US 2024/0024497 Al

as a human or humanized 1gG1 having a CDHS mutation).
The Fc domain may include a triple mutant corresponding to
L309D/Q211H/N434S (DHS) (e.g., an IgGl, such as a
human or humanized IgG1 having a DHS mutation).
[0341] The Fc domain may include a combination of one
or more of the above-described mutations that enhance
binding to the FcRn. Enhanced binding to the FcRn may
increase the half-life Fc domain-containing conjugate. For
example, incorporation of one or more amino acid mutations
that increase binding to the FcRn (e.g., a YTE mutation, an
LS mutation, or an N434H mutation) may increase the half
life of the conjugate by 5%, 10%, 15%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%,
500% or more relative to a conjugate having an the corre-
sponding Fc domain without the mutation that enhances
FcRn binding. Exemplary Fc domains with enhanced bind-
ing to the FCRN and methods for making Fc domains having
enhanced binding to the FCRN are known in the art, for
example, as described in Maeda, A. et al., Identification of
human IgG1 variant with enhanced FcRn binding and with-
out increased binding to rheumatoid factor autoantibody,
MABS, 2017, 9(5):844-853, which is incorporated herein in
its entirety. As used herein, an amino acid “corresponding
t0” a particular amino acid residue (e.g., of a particular SEQ
ID NO.) should be understood to include any amino acid
residue that one of skill in the art would understand to align
to the particular residue (e.g., of the particular sequence).
For example, any one of SEQ ID NOs: 1-14 may be mutated
to include a YTE mutation, an LS mutation, and/or an
N434H mutation by mutating the “corresponding residues”
of the amino acid sequence. As used herein, an amino acid
“corresponding to” a particular amino acid residue (e.g., of
a particular SEQ ID NO.) should be understood to include
any amino acid residue that one of skill in the art would
understand to align to the particular residue (e.g., of the
particular sequence). For example, any one of SEQ ID NOs:
1-14 may be mutated to include a YTE mutation, an LS
mutation, and/or an N434H mutation by mutating the “cor-
responding residues” of the amino acid sequence.

[0342] As used herein, a sulfur atom “corresponding to” a
particular cysteine residue of a particular SEQ ID NO.
should be understood to include the sulfur atom of any
cysteine residue that one of skill in the art would understand
to align to the particular cysteine of the particular sequence.
[0343] As used herein, a nitrogen atom “corresponding to”
aparticular lysine residue of a particular SEQ ID NO. should
be understood to include the nitrogen atom of any lysine
residue that one of skill in the art would understand to align
to the particular lysine of the particular sequence.

Activation of Immune Cells

[0344] Fc-gamma receptors (FcyRs) bind the Fc portion of
immunoglobulin G (IgG) and play important roles in
immune activation and regulation. For example, the IgG Fc
domains in immune complexes (ICs) engage FcyRs with
high avidity, thus triggering signaling cascades that regulate
immune cell activation. The human FcyR family contains
several activating receptors (FcyRI, FcyRIla, FcyRlle,
FeyRIlla, and FcyRIIb) and one inhibitory receptor
(FeyRIIb). FeyR signaling is mediated by intracellular
domains that contain immune tyrosine activating motifs
(ITAMs) for activating FcyRs and immune tyrosine inhibi-
tory motifs (ITIM) for inhibitory receptor FcyRIIb. In some
embodiments, FcyR binding by Fc domains results in I[TAM
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phosphorylation by Src family kinases; this activates Syk
family kinases and induces downstream signaling networks,
which include PI3K and Ras pathways.

[0345] In the conjugates described herein, the portion of
the conjugates including dimers of neuraminidase inhibitors
bind to and inhibits viral neuraminidase leading to inhibition
of viral replication, while the Fc domain portion of the
conjugates bind to FcyRs (e.g., FcRn, FeyRI, FeyRlIla,
FeyRlIle, FeyRIlla, and FeyRIIIb) on immune cells and
activate phagocytosis and effector functions, such as anti-
body-dependent cell-mediated cytotoxicity (ADCC), thus
leading to the engulfment and destruction of viral particles
by immune cells and further enhancing the antiviral activity
of the conjugates. Examples of immune cells that may be
activated by the conjugates described herein include, but are
not limited to, macrophages, neutrophils, eosinophils, baso-
phils, lymphocytes, follicular dendritic cells, natural killer
cells, and mast cells.

Tissue Distribution

[0346] After a therapeutic enters the systemic circulation,
it is distributed to the body’s tissues. Distribution is gener-
ally uneven because of different in blood perfusion, tissue
binding, regional pH, and permeability of cell membranes.
The entry rate of a drug into a tissue depends on the rate of
blood flow to the tissue, tissue mass, and partition charac-
teristics between blood and tissue. Distribution equilibrium
(when the entry and exit rates are the same) between blood
and tissue is reached more rapidly in richly vascularized
areas, unless diffusion across cell membranes is the rate-
limiting step. The size, shape, charge, target binding, FcRn
and target binding mechanisms, route of administration, and
formulation affect tissue distribution.

[0347] In some instances, the conjugates described herein
may be optimized to distribute to lung tissue. In some
instances, the conjugates have a concentration ratio of
distribution in epithelial lining fluid of at least 30% the
concentration of the conjugates in plasma within 2 hours
after administration. In certain embodiments, ratio of the
concentration is at least 45% within 2 hours after adminis-
tration. In some embodiments, the ratio of concentration is
at least 55% within 2 hours after administration. In particu-
lar, the ratio of concentration is at least 60% within 2 hours
after administration.

IV. Albumin Proteins

[0348] The disclosure also provides conjugates of an albu-
min protein with one or more dimers of an anti-influenza
moiety (e.g., zanamivir). In particular, the disclosure pro-
vides method of making a conjugate including a polypep-
tide, E, conjugated to one or more anti-influenza moiety
(e.g., zanamivir) monomers or dimers, e.g., defined by A,-L.
or A;-L-A, as described herein. In some embodiments, E is
an albumin protein. In some embodiments, nis 1 and E is an
albumin protein.

Albumin Proteins

[0349] An albumin protein may be a naturally-occurring
albumin or a variant thereof, such as an engineered variant
of a naturally-occurring albumin protein. Variants include
polymorphisms, fragments such as domains and sub-do-
mains, and fusion proteins. An albumin protein may include
the sequence of an albumin protein obtained from any
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source. Preferably the source is mammalian, such as human
or bovine. Most preferably, the albumin protein is human
serum albumin (HSA), or a variant thereof. Human serum
albumins include any albumin protein having an amino acid
sequence naturally occurring in humans, and variants
thereof. An albumin protein coding sequence is obtainable
by methods know to those of skill in the art for isolating and
sequencing cDNA corresponding to human genes. An albu-
min protein of the invention may include the amino acid
sequence of human serum albumin (HSA), provided in WO
2020/051498, WO 2020/252393, or WO 2020/252396, each
of which is hereby incorporated by reference, or the amino
acid sequence of mouse serum albumin (MSA), provided in
WO 2020/051498, WO 2020/252393, or WO 2020/252396,
each of which is hereby incorporated by reference, or a
variant or fragment thereof, preferably a functional variant
or fragment thereof. A fragment or variant may or may not
be functional, or may retain the function of albumin to some
degree. For example, a fragment or variant may retain the
ability to bind to an albumin receptor, such as HSA or MSA,
by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, or 105% of the ability of the parent albumin
(e.g., the parent albumin from which the fragment or variant
is derived). Relative binding ability may be determined by
methods known in the art, such as by surface plasmon
resonance.

[0350] The albumin protein may be a naturally-occurring
polymorphic variant of an albumin protein, such as human
serum albumin. Generally, variants or fragments of human
serum albumin will have at least 5%, 10%, 15%, 20%, 30%,
40%, 50%, 60%, or 70%, and preferably 80%, 90%, 95%,
100%, or 105% or more of human serum albumin or mouse
serum albumin’s ligand binding activity.

[0351] The albumin protein may include the amino acid
sequence of bovine serum albumin. Bovine serum albumin
proteins include any albumin having an amino acid sequence
naturally occurring in cows, for example, as described by
Swissprot accession number P02769, and variants thereof as
defined herein. Bovine serum albumin proteins also includes
fragments of full-length bovine serum albumin or variants
thereof, as defined herein.

[0352] The albumin protein may comprise the sequence of
an albumin derived from one of serum albumin from dog
(e.g., Swissprot accession number P49822-1), pig (e.g.,
Swissprot accession number PO8835-1), goat (e.g., Sigma
product no. A2514 or A4164), cat (e.g., Swissprot accession
number P49064-1), chicken (e.g., Swissprot accession num-
ber P19121-1), ovalbumin (e.g., chicken ovalbumin) (e.g.,
Swissprot accession number P01012-1), turkey ovalbumin
(e.g., Swissprot accession number 073860-1), donkey (e.g.,
Swissprot accession number Q5XI.E4-1), guinea pig (e.g.,
Swissprot accession number Q6WDNO9-1), hamster (e.g., as
described in DeMarco et al. International Journal for Para-
sitology 37(11): 1201-1208 (2007)), horse (e.g., Swissprot
accession number P35747-1), rhesus monkey (e.g.,
Swissprot accession number Q28522-1), mouse (e.g.,
Swissprot accession number P07724-1), pigeon (e.g., as
defined by Khan et al. Int. J. Biol. Macromol. 30(3-4), 171-8
(2002)), rabbit (e.g., Swissprot accession number P49065-
1), rat (e.g., Swissprot accession number P02770-1) or sheep
(e.g., Swissprot accession number P14639-1), and includes
variants and fragments thereof as defined herein.

[0353] Many naturally-occurring mutant forms of albumin
are known to those skilled in the art. Naturally-occurring
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mutant forms of albumin are described in, for example,
Peters, et al. All About Albumin: Biochemistry, Genetics and
Medical Applications, Academic Press, Inc., San Diego,
Calif., p. 170-181 (1996).

[0354] Albumin proteins of the invention include variants
of naturally-occurring albumin proteins. A variant albumin
refers to an albumin protein having at least one amino acid
mutation, such as an amino acid mutation generated by an
insertion, deletion, or substitution, either conservative or
non-conservative, provided that such changes result in an
albumin protein for which at least one basic property has not
been significantly altered (e.g., has not been altered by more
than 5%, 10%, 15%, 20%, 25%, 30%, 35%, or 40%).
Exemplary properties which may define the activity of an
albumin protein include binding activity (e.g., including
binding specificity or affinity to bilirubin, or a fatty acid such
as a long-chain fatty acid), osmolarity, or behavior in a
certain pH-range.

[0355] Typically an albumin protein variant will have at
least 40%, at least 50%, at least 60%, and preferably at least
70%, at least 80%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% amino acid
sequence identity with a naturally-occurring albumin pro-
tein, such as the albumin protein described in WO 2020/
051498, WO 2020/252393, or WO 2020/252396, each of
which is hereby incorporated by reference.

[0356] Methods for the production and purification of
recombinant human albumins are well-established (Sleep et
al. Biotechnology, 8(1):42-6 (1990)), and include the pro-
duction of recombinant human albumin for pharmaceutical
applications (Bosse et al. J Clin Pharmacol 45(1):57-67
(2005)). The three-dimensional structure of HSA has been
elucidated by X-ray crystallography (Carter et al. Science.
244(4909): 1195-8(1998)); Sugio et al. Protein Eng. 12(6):
439-46 (1999)). The HSA polypeptide chain has 35 cysteine
residues, which form 17 disulfide bonds, and one unpaired
(e.g., free) cysteine at position 34 of the mature protein.
Cys-34 of HSA has been used for conjugation of molecules
to albumin (Leger et al. Bioorg Med Chem Lett 14(17):
4395-8 (2004); Thibaudeau et al. Bioconjug Chem 16(4):
1000-8 (2005)), and provides a site for site-specific conju-
gation.

Conjugation of Albumin Proteins

[0357] An albumin protein of the invention may be con-
jugated to (e.g., by way of a covalent bond) to any thera-
peutic agent. An albumin protein may be conjugated to a
compound (e.g., a dimer of zanamivir or an analog thereof)
by the methods described herein.

[0358] An albumin protein of the invention may be con-
jugated to any compound of the invention by way of an
amino acid located within 10 amino acid residues of the
C-terminal or N-terminal end of the albumin protein. An
albumin protein may include a C-terminal or N-terminal
polypeptide fusion of 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 15, or 20
or more amino acid. The C-terminal or N-terminal polypep-
tide fusion may include one or more solvent-exposed cys-
teine or lysine residues, which may be used for covalent
conjugation of a therapeutic agent.

[0359] Albumin proteins of the invention include any
albumin protein which has been engineered to include one or
more solvent-exposed cysteine or lysine residues, which
may provide a site for conjugation to a compound of the
invention. Most preferably, the albumin protein will contain
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a single solvent-exposed cysteine or lysine, thus enabling
site-specific conjugation of a compound of the invention.
[0360] Exemplary methods for the production of engi-
neered variants of albumin proteins that include one or more
conjugation-competent cysteine residues are provided in
U.S. Patent Application No. 2017/0081389, which is incor-
porated herein by reference in its entirety. Briefly, preferred
albumin protein variants are those comprising a single,
solvent-exposed, unpaired (e.g., free) cysteine residue, thus
enabling site-specific conjugation of a linker to the cysteine
residue.

[0361] Albumin proteins which have been engineered to
enable chemical conjugation to a solvent-exposed, unpaired
cysteine residue include the albumin protein described in
WO 2020/051498, WO 2020/252393, or WO 2020/252396,
each of which is hereby incorporated by reference.

[0362] In some embodiments of the invention, the net
result of the substitution, deletion, addition, or insertion
events of (a), (b), (¢) and/or (d) is that the number of
conjugation competent cysteine residues of the polypeptide
sequence is increased relative to the parent albumin
sequence. In some embodiments of the invention, the net
result of the substitution, deletion, addition, or insertion
events of (a), (b), (¢) and/or (d) is that the number of
conjugation competent-cysteine residues of the polypeptide
sequence is one, thus enabling site-specific conjugation.
[0363] Preferred albumin protein variants also include
albumin proteins having a single solvent-exposed lysine
residue, thus enabling site-specific conjugation of a linker to
the lysine residue. Such variants may be generated by
engineering an albumin protein, including any of the meth-
ods previously described (e.g., insertion, deletion, substitu-
tion, or C-terminal or N-terminal fusion).

V. Linkers

[0364] A linker refers to a linkage or connection between
two or more components in a conjugate described herein
(e.g., between two neuraminidase inhibitors in a conjugate
described herein, between a neuraminidase inhibitor and an
Fc domain in a conjugate described herein, and/or between
a dimer of two neuraminidase inhibitors and an Fc domain
in a conjugate described herein).

Linkers in Conjugates Having an Fc Domain Covalently
Linked to Dimers of Neuraminidase Inhibitors

[0365] In a conjugate containing an Fc domain monomer
or an Fc domain covalently linked to one or more dimers of
neuraminidase inhibitors as described herein, a linker in the
conjugate (e.g., L. or L') may be a branched structure. As
described further herein, a linker in a conjugate described
herein (e.g., L or L") may be a multivalent structure, e.g., a
divalent or trivalent structure having two or three arms,
respectively. In some embodiments when the linker has three
arms, two of the arms may be attached to the first and second
neuraminidase inhibitors and the third arm may be attached
to the Fc domain monomer or an Fc domain. In some
embodiments when the linker has two arms, one arm may be
attached to an Fc domain and the other arm may be attached
to one of the two neuraminidase inhibitors. In other embodi-
ments, a linker with two arms may be used to attach the two
neuraminidase inhibitors on a conjugate containing an Fc
domain covalently linked to one or more dimers of
neuraminidase inhibitors.
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Linking Groups

[0366] In some embodiments, a linker provides space,
rigidity, and/or flexibility between the neuraminidase inhibi-
tors and the Fc domain monomer or an Fc domain in the
conjugates described here or between two neuraminidase
inhibitors in the conjugates described herein. In some
embodiments, a linker may be a bond, e.g., a covalent bond,
e.g., an amide bond, a disulfide bond, a C—O bond, a C—N
bond, a N—N bond, a C—S bond, or any kind of bond
created from a chemical reaction, e.g., chemical conjuga-
tion. In some embodiments, a linker (e.g., L or L' as shown
in any one of formulas (M-]) or (D-I)-(D-VIII)) includes no
more than 250 atoms (e.g., 1-2, 1-4, 1-6, 1-8, 1-10, 1-12,
1-14, 1-16, 1-18, 1-20, 1-25, 1-30, 1-35, 1-40, 1-45, 1-50,
1-55, 1-60, 1-65, 1-70, 1-75, 1-80, 1-85, 1-90, 1-95, 1-100,
1-110, 1-120, 1-130, 1-140, 1-150, 1-160, 1-170, 1-180,
1-190, 1-200, 1-210, 1-220, 1-230, 1-240, or 1-250 atom(s);
250, 240, 230, 220, 210, 200, 190, 180, 170, 160, 150, 140,
130, 120, 110, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45,
40, 35, 30, 28, 26, 24, 22, 20, 18, 16, 14, 12, 10,9, 8, 7, 6,
5, 4,3, 2, or 1 atom(s)). In some embodiments, a linker (L.
or L) includes no more than 250 non-hydrogen atoms (e.g.,
1-2, 1-4, 1-6, 1-8, 1-10, 1-12, 1-14, 1-16, 1-18, 1-20, 1-25,
1-30, 1-35, 1-40, 1-45, 1-50, 1-55, 1-60, 1-65, 1-70, 1-75,
1-80, 1-85, 1-90, 1-95, 1-100, 1-110, 1-120, 1-130, 1-140,
1-150, 1-160, 1-170, 1-180, 1-190, 1-200, 1-210, 1-220,
1-230, 1-240, or 1-250 non-hydrogen atom(s); 250, 240,
230, 220, 210, 200, 190, 180, 170, 160, 150, 140, 130, 120,
110, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35,
30, 28, 26, 24, 22, 20, 18, 16, 14, 12, 10,9, 8,7, 6, 5, 4, 3,
2, or 1 non-hydrogen atom(s)). In some embodiments, the
backbone of a linker (L. or L) includes no more than 250
atoms (e.g., 1-2, 1-4, 1-6, 1-8, 1-10, 1-12, 1-14, 1-16, 1-18,
1-20, 1-25, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, 1-60, 1-65,
1-70, 1-75, 1-80, 1-85, 1-90, 1-95, 1-100, 1-110, 1-120,
1-130, 1-140, 1-150, 1-160, 1-170, 1-180, 1-190, 1-200,
1-210, 1-220, 1-230, 1-240, or 1-250 atom(s); 250, 240, 230,
220, 210, 200, 190, 180, 170, 160, 150, 140, 130, 120, 110,
100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 28,
26, 24, 22, 20, 18, 16, 14,12, 10,9, 8,7,6,5,4,3,2,0r 1
atom(s)). The “backbone” of a linker refers to the atoms in
the linker that together form the shortest path from one part
of the conjugate to another part of the conjugate. The atoms
in the backbone of the linker are directly involved in linking
one part of the conjugate to another part of the conjugate.
For examples, hydrogen atoms attached to carbons in the
backbone of the linker are not considered as directly
involved in linking one part of the conjugate to another part
of the conjugate.

[0367] Molecules that may be used to make linkers (L or
L") include at least two functional groups, e.g., two carbox-
ylic acid groups. In some embodiments of a trivalent linker,
two arms of a linker may contain two dicarboxylic acids, in
which the first carboxylic acid may form a covalent linkage
with the first neuraminidase inhibitor in the conjugate and
the second carboxylic acid may form a covalent linkage with
the second neuraminidase inhibitor in the conjugate, and the
third arm of the linker may for a covalent linkage (e.g., a
C—O bond) with an Fc domain monomer or an Fc domain
in the conjugate. In some embodiments of a divalent linker,
the divalent linker may contain two carboxylic acids, in
which the first carboxylic acid may form a covalent linkage
with one component (e.g., a neuraminidase inhibitor) in the
conjugate and the second carboxylic acid may form a
covalent linkage (e.g., a C—S bond or a C—N bond) with
another component (e.g., an Fc domain monomer or an Fc
domain) in the conjugate.
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[0368] Insomeembodiments, dicarboxylic acid molecules
may be used as linkers (e.g., a dicarboxylic acid linker). For
example, in a conjugate containing an Fc domain monomer
or an Fc domain covalently linked to one or more dimers of
neuraminidase inhibitors, the first carboxylic acid in a dicar-
boxylic acid molecule may form a covalent linkage with a
hydroxyl or amine group of the first neuraminidase inhibitor
and the second carboxylic acid may form a covalent linkage
with a hydroxyl or amine group of the second neuraminidase
inhibitor. In some embodiments, dicarboxylic acid mol-
ecules are further functionalized to contain one or more
additional functional groups. Dicarboxylic acids may be
further functionalized, for example, to provide an attach-
ment point to an Fc domain monomer or an Fc domain (e.g.,
by way of a linker, such as a PEG linker).

[0369] In some embodiments, when the neuraminidase
inhibitor is attached to Fc domain monomer or an Fc
domain, the linking group may comprise a moiety compris-
ing a carboxylic acid moiety and an amino moiety that are
spaced by from 1 to 25 atoms. In some embodiments, a
linking group may include a moiety including a carboxylic
acid moiety and an amino moiety may be further function-
alized to contain one or more additional functional groups.
Such linking groups may be further functionalized, for
example, to provide an attachment point to an Fc domain
monomer or an Fc domain (e.g., by way of a linker, such as
a PEG linker).

[0370] In some embodiments, when the neuraminidase
inhibitor is attached to Fc domain monomer or an Fc
domain, the linking group may comprise a moiety compris-
ing two or amino moieties (e.g., a diamino moiety) that are
spaced by from 1 to 25 atoms. In some embodiments, a
linking group may include a diamino moiety may be further
functionalized to contain one or more additional functional
groups. Such diamino linking groups may be further func-
tionalized, for example, to provide an attachment point to an
Fc domain monomer or an Fc domain (e.g., by way of a
linker, such as a PEG linker).

[0371] In some embodiments, a molecule containing an
azide group may be used to form a linker, in which the azide
group may undergo cycloaddition with an alkyne to form a
1,2,3-triazole linkage. In some embodiments, a molecule
containing an alkyne group may be used to form a linker, in
which the alkyne group may undergo cycloaddition with an
azide to form a 1,2,3-triazole linkage. In some embodiments,
a molecule containing a maleimide group may be used to
form a linker, in which the maleimide group may react with
a cysteine to form a C—S linkage. In some embodiments, a
molecule containing one or more sulfonic acid groups may
be used to form a linker, in which the sulfonic acid group
may form a sulfonamide linkage with the linking nitrogen in
a neuraminidase inhibitor. In some embodiments, a molecule
containing one or more isocyanate groups may be used to
form a linker, in which the isocyanate group may form a urea
linkage with the linking nitrogen in a neuraminidase inhibi-
tor. In some embodiments, a molecule containing one or
more haloalkyl groups may be used to form a linker, in
which the haloalkyl group may form a covalent linkage, e.g.,
C—N and C—O linkages, with a neuraminidase inhibitor.

[0372] In some embodiments, a linker (L or L') may
comprise a synthetic group derived from, e.g., a synthetic
polymer (e.g., a polyethylene glycol (PEG) polymer). In
some embodiments, a linker may comprise one or more
amino acid residues. In some embodiments, a linker may be
an amino acid sequence (e.g., a 1-25 amino acid, 1-10 amino
acid, 1-9 amino acid, 1-8 amino acid, 1-7 amino acid, 1-6
amino acid, 1-5 amino acid, 1-4 amino acid, 1-3 amino acid,
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1-2 amino acid, or 1 amino acid sequence). In some embodi-
ments, a linker (L or ') may include one or more optionally
substituted C1-C20 alkylene, optionally substituted C1-C20
heteroalkylene (e.g., a PEG unit), optionally substituted
C2-C20 alkenylene (e.g., C2 alkenylene), optionally substi-
tuted C2-C20 heteroalkenylene, optionally substituted
C2-C20 alkynylene, optionally substituted C2-C20 het-
eroalkynylene, optionally substituted C3-C20 cycloalkylene
(e.g., cyclopropylene, cyclobutylene), optionally substituted
C3-C20 heterocycloalkylene, optionally substituted C4-C20
cycloalkenylene, optionally substituted C4-C20 heterocy-
cloalkenylene, optionally substituted C8-C20 cycloalky-
nylene, optionally substituted C8-C20 heterocycloalky-
nylene, optionally substituted C5-C15 arylene (e.g., C6
arylene), optionally substituted C2-C15 heteroarylene (e.g.,
imidazole, pyridine), O, S, NR? (R’ is H, optionally substi-
tuted C1-C20 alkyl, optionally substituted C1-C20 heteroal-
kyl, optionally substituted C2-C20 alkenyl, optionally sub-
stituted C2-C20 heteroalkenyl, optionally substituted
C2-C20 alkynyl, optionally substituted C2-C20 heteroalky-
nyl, optionally substituted C3-C20 cycloalkyl, optionally
substituted C3-C20 heterocycloalkyl, optionally substituted
C4-C20 cycloalkenyl, optionally substituted C4-C20 hetero-
cycloalkenyl, optionally substituted C8-C20 cycloalkynyl,
optionally substituted C8-C20 heterocycloalkynyl, option-
ally substituted C5-C15 aryl, or optionally substituted
C2-C15 heteroaryl), P, carbonyl, thiocarbonyl, sulfonyl,
phosphate, phosphoryl, or imino.

Conjugation Chemistries

[0373] Neuraminidase inhibitor dimers (e.g., in a conju-
gate of any one of formulas (M-I) or (D-1)-(D-VIII)) may be
conjugated to an Fc domain monomer or an Fc domain, e.g.,
by way of a linker, by the methods described herein. The
following conjugation chemistries can be contemplated,
e.g., for conjugation of a PEG linker (e.g., a functionalized
PEG linker) to an Fc domain monomer or an Fc domain.

[0374] For example, in the methods disclosed herein, E
(e.g., Fc domain monomer or an albumin protein (e.g., by
way of a linker)) is reacted with intermediate compounds of
formula (DF-I) or (DF-II), which are functionalized with a
phenyl ester group (e.g., a trifluorophenyl ester group or a
tetrafluorophenyl ester group). Conjugation (e.g., by acy-
lation) of E and the intermediate compound of formula
(DF-I) or (DF-II) forms a conjugate (e.g., a conjugate
described by formula (D-I)).

[0375] Intermediate compounds of formula (DF-I) or (DF-
II) can be synthesized by reacting a phenol (e.g., tetrafluo-
rophenol or trifluorophenol) with a compound including

A—L—A,

and a linker including an activated carboxylic acid.

[0376] Intermediate compounds of formula (DF-I) or (DF-
II) can also be synthesized by reacting a compound (e.g., a
compound of formula (D-G3-A)) comprising a functional
group (e.g., G%), a linker (e.g., L"), and a phenyl ester (e.g.,
trifluorophenyl ester or tetrafluorophenyl ester) with a com-
pound (e.g., a compound of formula (D-G3-B) comprising a
functional group (e.g., G®) and
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A—L'—A,.

[0377] Reaction of two or more components in an inter-
mediate compound (e.g., a compound of formula (DF-I) or
(DF-11)) may be accomplished using well-known organic
chemical synthesis techniques and methods. Complemen-
tary functional groups (e.g., G* and G”) on two components
may react with each other to form a covalent bond. Comple-
mentary functional groups (e.g., G* and G®) on two com-
ponents may react with each other to form a chemical
moiety, e.g., G. Examples of complementary reactive func-
tional groups include, but are not limited to, e.g., maleimide
and cysteine, amine and activated carboxylic acid (e.g., to
form an amide linkage), thiol and maleimide, activated
sulfonic acid and amine, isocyanate and amine, azide and
alkyne (e.g., click chemistry to form a triazole), and alkene
and tetrazine.

[0378] Other examples of functional groups capable of
reacting with amino groups include, e.g., alkylating and
acylating agents. Representative alkylating agents include:
(1) an a-haloacetyl group, e.g., XCH,CO— (where X—Br,
Cl, or I); (i1)) a N-maleimide group, which may react with
amino groups either through a Michael type reaction or
through acylation by addition to the ring carbonyl group;
(iii) an aryl halide, e.g., a nitrohaloaromatic group; (iv) an
alkyl halide; (v) an aldehyde or ketone capable of Schiff’s
base formation with amino groups; (vi) an epoxide, e.g., an
epichlorohydrin and a bisoxirane, which may react with
amino, sulthydryl, or phenolic hydroxyl groups; (vii) a
chlorine-containing of s-triazine, which is reactive towards
nucleophiles such as amino, sulfhydryl, and hydroxyl
groups; (viii) an aziridine, which is reactive towards nucleo-
philes such as amino groups by ring opening; (ix) a squaric
acid diethyl ester; and (x) an a-haloalkyl ether.

[0379] Examples of amino-reactive acylating groups
include, e.g., (i) an isocyanate and an isothiocyanate; (ii) a
sulfonyl chloride; (iii) an acid halide; (iv) an active ester,
e.g., a nitrophenylester or N-hydroxysuccinimidyl ester; (v)
an acid anhydride, e.g., a mixed, symmetrical, or N-car-
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boxyanhydride; (vi) an acylazide; and (vii) an imidoester.
Aldehydes and ketones may be reacted with amines to form
Schiffs bases, which may be stabilized through reductive
amination.

[0380] It will be appreciated that certain functional groups
may be converted to other functional groups prior to reac-
tion, for example, to confer additional reactivity or selec-
tivity. Examples of methods useful for this purpose include
conversion of amines to carboxyls using reagents such as
dicarboxylic anhydrides; conversion of amines to thiols
using reagents such as N-acetylhomocysteine thiolactone,
S-acetylmercaptosuccinic anhydride, 2-iminothiolane, or
thiol-containing succinimidyl derivatives; conversion of
thiols to carboxyls using reagents such as o-haloacetates;
conversion of thiols to amines using reagents such as
ethylenimine or 2-bromoethylamine; conversion of carbox-
yls to amines using reagents such as carbodiimides followed
by diamines; and conversion of alcohols to thiols using
reagents such as tosyl chloride followed by transesterifica-
tion with thioacetate and hydrolysis to the thiol with sodium
acetate.

[0381] In some embodiments, the intermediate compound
(e.g., a compound of formula (DF-I) or (DF-II)) is synthe-
sized via click chemistry (e.g., where G* of formula (D-G3-
A) is an azido group and G° of formula (D-G3-B) is an
alkynyl group; or where G of formula (D-G3-A) is an
alknyl group and G? of formula (D-G3-B) is an azido group).
In some embodiments, the click chemistry includes the use
of a Cu(l) source.

EXAMPLES

[0382] The following examples are put forth so as to
provide those of ordinary skill in the art with a description
of how the compositions and methods described herein may
be used, made, and evaluated, and are intended to be purely
exemplary of the invention and are not intended to limit the
scope of what the inventors regard as their invention.

Example 1. Tetrafluorophenyl Ester Conjugation
[0383]

NH,

a) Click reaction

b) Purify by
RPLC

¢) Lyopholize

O~ O~

Me-
0
OHO 0
HO™ Y ] Ol
AN
HN_ NI,
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-continued

a) Add TFP ester to Fe

b) Adjust pH to ~7

¢) Purify by protein A
and SEC

® indicates text missing or illegible when filed
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Step a. Synthesis of Int-93
[0384]

N=N

F
F\E;io\[(\/o\/\o/\/o\/\o/\/N\)\/O\/\o/\/o\/\o/\
(@]
F
F

[0385] A solution of azido-PEG4-TFP ester (0.1 g, 0.067
mmol) and alkyne functionalized dimer (0.0383 g, 0.0871
mmol) in DMF (2.0 mL), were treated with a solution of
copper(IDsulfate (0.0027 g, 0.0168 mmol), sodium ascor-
bate (0.0133 g, 0.067 mmol), and THPTA (0.0116 g, 0.027
mmol) at room temperature, in water (1.5 mL). The reaction
was then vacuum flushed with nitrogen 3x and stirred under
an atmosphere of nitrogen. LCMS after 30 min shows
complete consumption of starting material. The reaction was
acidified with 400 pl. of acetic acid, and then purified

Jan. 25, 2024

HO™™N O o

directly by reverse phase chromatography eluting with a
gradient of 5% to 100% acetonitrile/water with 0.1% TFA.
The product containing fractions were combined, frozen,
and lyophilized overnight. Yield of triple TFA salt was 69%.
Ton(s) found by LCMS: (M+2H)"=795.4, (M+3H)**=530.
8, (M+4H)**=398.4.

Step b
[0386]
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[0387] A solution of Fc (0.100 g in 5.2 mL,, 1.717 umol,
MW=58,218, SEQ ID NO: 11) in pH=7.4 PBS buffer was
treated with solid TFP ester (0.0273 g, 17.17 umol) from the
previous step. The pH was adjusted to ~7.0 with borate
buffer (120 uL, 1 M, pH 8.5) then was gently rocked at room
temperature. Maldi TOE after 1.5 hr shows an average OAR
of 3.3, which did not change upon further mixing. After 24
hr additional TEP ester (0.0073 g, 4.6 nmol) was added and
rocking was continued for another 3 h. The crude conjugate
was purified Protein A and SEC according to general puri-
fication methods. Total yield after Protein A was ~83%, and
after SEC ~77%. Maldi TOE of the purified conjugate
showed an average mass of 63,574, which equates to an
average OAR of 4.0.

[0388] The synthesis described in Example 1 is advanta-
geous at it avoids exposing the Fc to copper+2 and sodium
ascorbate (for example, as described in described in WO
2020/051498 and WO 2021/046549), leading to a cleaner
crude conjugate that is 98.9% pure by analytical SEC after
protein A purification alone. At this level of purity it may be
possible to eliminate the SEC purification which is time very
consuming and costly. Initial by attempts with an azido-
PEG4-NHS ester were only partially successful because the
NHS ester is too reactive to be purified, and the crude click
reaction mixture had to be mixed with the Fc, thus neces-
sitating copper removal and high molecular weight aggre-

N

r
/C[O\“/\/O\/\O/\/O\/\O/\/N\\N
o >
F F

//
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gate removal (from exposure to sodium ascorbate). Also this
approach did not generate OAR’s greater than 2. Subsequent
attempts using a less reactive active ester (TEP tetrafluoro-
phenol) that is stable enough to withstand reverse phase
purification and lyophilization, allows the click reaction
with azido TEP ester to be done separate from the Fc,
purified, and then mixed with the Fc. An average OAR 0f4.0
was achieved and higher DARs are possible by adding more
of the TEP ester.

[0389] The nucleic acid construct encoding the Fc
included a nucleic acid encoding the amino acid sequence of
SEQ ID NO: 4, which includes a C-terminal lysine residue.
Upon expression, the C-terminal lysine of the Fc is prote-
olytically cleaved, resulting in an Fc having the sequence of
SEQ ID NO: 11. The presence or absence of a C-terminal
lysine does not alter the properties of the Fc or the corre-
sponding conjugate.

[0390] The synthetic intermediate prior to the click con-
jugation (e.g., the zanamivir dimer conjugated to an alkyne-
functionalized linker) was produced as described in WO
2020/051498 or WO 2021/046549, each of which is hereby
incorporated by reference.

Example 2. Trifluorophenyl Ester Conjugation

[0391]
%
N
2 a) Click reaction
0 b) Purify by
RPLC
¢) Lyopholize
O~ O™~ ™
go
Me—-N
=0
e} I o e}
HO™ Yy | OH
AdI
HN_ NI,
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-continued

a) Add TriFP ester to Fc
b) Adjust pH to ~9.0
¢) Purify by Dialysis

@
N=N

H 1
N\[I/\/O\/\O/\/O\/\O/\/N\)\/O\/\O/\/O\/\O/\
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Step a. Synthesis of Int-94
[0392]

F N=N
/@ioj]/\/o\/\o/\/o\/\o/\/N\)\/o\/\o/\/o\/\o/\
(6]
F F

[0393] A solution of azido-PEG4-TriFP ester (0.405 g,
0.96 mmol) and alkyne functionalized dimer (Int-83, 0.850
g, 0.74 mmol) in DMF (4.0 mL), were cooled to 0° C. To this
solution was added a solution of copper(ID)sulfate (0.030 g,
0.18 mmol) and sodium ascorbate (0.146 g, 0.74 mmol), in
water (4.0 mL). The reaction was then vacuum flushed with
nitrogen 3x and stirred under an atmosphere of nitrogen.
LCMS after 30 min shows complete consumption of starting
material. The reaction was acidified with acetic acid (0.1
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£
1

g
|

O 2 S 2N S 2O
T U S g

ml, 1.75 mmol), and then purified directly by reversed
phase chromatography eluting with a gradient of 0% to 80%
acetonitrile/water with 0.1% TFA. The product containing
fractions were combined frozen, and lyophilized. Yield of
triple TFA salt was 65%, 920 mg. lon(s) found by LCMS:
(M+2H)*2=786.4, (M+3H)*=524.8, (M+4H)™=393.8.

Step b
[0394]
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[0395] A solution of polypeptide having sequence of SEQ
ID NO: 13 (2.0 g in 100 mL, 0.034 mmol, MW=58,200,
YTE) in acetate buffer at pH 5.0 was treated with carbonate
buffer (pH 9.5, 0.1 M, 24-30 mL) to adjust the requisite pH
to 9.0. Solid TFP ester (0.710 g, 0.39 mmol) from the
previous step was then added at which point the pH
decreased back to 6.0-7.0. The pH was again adjusted to
~9.0-9.5 with the carbonate buffer (12-18 mL). The solution
was then gently rocked at room temperature for 3 h. Maldi
TOF after 1.5 hr shows an average DAR of 3.5-4.0. After an
additional 1 h the DAR had risen to 4.4-4.6 and the reaction
was quenched with the addition of concentrated NH,OH
(0.100 mL). The crude conjugate was dialyzed with the
following buffer: 120 mM NaCl, 250 mM Arginine, 0.1%
sucrose pH 6 buffer. Total yield was ~80%. Maldi TOF of'the
purified conjugate showed an average mass of 64,724, which
equates to an average DAR of 4.6.

[0396] Trifluorophenyl ester compounds (e.g., the com-
pound resulting from step a of this example or compounds
of formula (F-D), (F-1I), (F-II-A), (F-1I-B), (G1-A), and
(G2-A)) provide further advantages in the synthesis of
protein-drug conjugates. For example, trifluorophenyl ester
compounds exhibit increased stability, which allows for,
e.g., purification by reverse phase chromatography and
lyophilization with minimal hydrolysis of the activated ester.

[0397] The synthetic intermediate prior to the click con-
jugation (e.g., the zanamivir dimer conjugated to an alkyne-
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functionalized linker) was produced as described in WO
2020/051498 or WO 2021/046549, each of which is hereby
incorporated by reference.

OTHER EMBODIMENTS

[0398] While the invention has been described in connec-
tion with specific embodiments thereof, it will be understood
that it is capable of further modifications and this application
is intended to cover any variations, uses, or adaptations of
the invention following, in general, the principles of the
invention and including such departures from the invention
that come within known or customary practice within the art
to which the invention pertains and may be applied to the
essential features hereinbefore set forth, and follows in the
scope of the claims. All publications, patents, and patent
applications mentioned in the above specification are hereby
incorporated by reference to the same extent as if each
individual publication, patent or patent application was
specifically and individually indicated to be incorporated by
reference in its entirety.

[0399] Detailed descriptions of one or more preferred
embodiments are provided herein. It is to be understood,
however, that the present invention may be embodied in
various forms. Therefore, specific details disclosed herein
are not to be interpreted as limiting, but rather as a basis for
the claims and as a representative basis for teaching one
skilled in the art to employ the present invention in any
appropriate manner.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO 1

<211> LENGTH: 247

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (20)..(20

<223> OTHER INFORMATION: Xaa is Cys or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (52)..(52)

<223> OTHER INFORMATION: Xaa is Met or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (54)..(54)

<223> OTHER INFORMATION: Xaa is Ser or Thr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (56)..(56)

<223> OTHER INFORMATION: Xaa is Thr or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (156)..(156)

<223> OTHER INFORMATION: Xaa is Asp or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (158)..(158)

<223> OTHER INFORMATION: Xaa is Leu or Met
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (228)..(228)

<223> OTHER INFORMATION: Xaa is Met or Leu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (234)..(234)
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-continued

<223> OTHER INFORMATION: Xaa is Asn or Ser
<400> SEQUENCE: 1

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Xaa Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Xaa Ile Xaa Arg Xaa Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
65 70 75 80

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Xaa Glu Xaa Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Xaa His Glu Ala Leu His Xaa His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly Lys
245

<210> SEQ ID NO 2

<211> LENGTH: 247

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (52)..(52)

<223> OTHER INFORMATION: Xaa is Met or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (54)..(54)

<223> OTHER INFORMATION: Xaa is Ser or Thr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (56)..(56)

<223> OTHER INFORMATION: Xaa is Thr or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (156) .. (156)

<223> OTHER INFORMATION: Xaa is Asp or Glu
<220> FEATURE:
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<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (158)..(158)

<223> OTHER INFORMATION: Xaa is Leu or Met
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (228)..(228)

<223> OTHER INFORMATION: Xaa is Met or Leu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (234)..(234)

<223> OTHER INFORMATION: Xaa is Asn or Ser

<400> SEQUENCE: 2

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Xaa Ile Xaa Arg Xaa Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
65 70 75 80

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Xaa Glu Xaa Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Xaa His Glu Ala Leu His Xaa His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly Lys
245

<210> SEQ ID NO 3

<211> LENGTH: 247

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (156) .. (156)

<223> OTHER INFORMATION: Xaa is Asp or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (158) .. (158)
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<223> OTHER INFORMATION: Xaa is Leu or Met
<400> SEQUENCE: 3

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
65 70 75 80

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Xaa Glu Xaa Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly Lys
245

<210> SEQ ID NO 4

<211> LENGTH: 247

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 4

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
65 70 75 80
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Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly Lys
245

<210> SEQ ID NO 5

<211> LENGTH: 247

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 5

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175
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Ile

Thr

Lys

Cys

225

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Thr

Leu

210

Ser

Ser

Val

Pro

195

Thr

Val

Leu

Glu

180

Pro

Val

Met

Ser

PRT

<400> SEQUENCE:

Asn

1

Pro

Glu

Asp

Asp

65

Gly

Asn

Trp

Pro

Glu

145

Asn

Ile

Thr

Lys

Cys

225

Leu

Val Asn His

Lys

Leu

Thr

50

Val

Val

Ser

Leu

Ala

130

Pro

Gln

Ala

Thr

Leu
210

Ser

Ser

Ser

Leu

35

Leu

Ser

Glu

Thr

Asn

115

Pro

Gln

Val

Val

Pro

195

Thr

Val

Leu

Ser

20

Gly

Tyr

His

Val

Tyr

100

Gly

Ile

Val

Ser

Glu

180

Pro

Val

Met

Ser

<210> SEQ ID NO

Trp

Val

Asp

His

Pro
245

SEQ ID NO 6
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

247

6

Lys

5

Asp

Gly

Ile

Glu

His

85

Arg

Lys

Glu

Tyr

Leu

165

Trp

Val

Asp

His

Pro
245

Glu

Leu

Lys

Glu

230

Gly

Pro

Lys

Pro

Thr

Asp

70

Asn

Val

Glu

Lys

Thr

150

Thr

Glu

Leu

Lys

Glu
230

Gly

Ser

Asp

Ser

215

Ala

Lys

Synthetic Construct

Ser

Thr

Ser

Arg

55

Pro

Ala

Val

Tyr

Thr

135

Leu

Cys

Ser

Asp

Ser
215

Ala

Lys

Asn
Ser
200

Arg

Leu

Asn

His

Val

Glu

Glu

Lys

Ser

Lys

120

Ile

Pro

Leu

Asn

Ser
200

Arg

Leu

Gly
185
Asp

Trp

His

Thr

Thr

25

Phe

Pro

Val

Thr

Val

105

Cys

Ser

Pro

Val

Gly

185

Asp

Trp

His

Gln

Gly

Gln

Asn

Lys

10

Cys

Leu

Glu

Lys

Lys

90

Leu

Lys

Lys

Ser

Lys

170

Gln

Gly

Gln

Asn

Pro

Ser

Gln

His
235

Val

Pro

Phe

Val

Phe

75

Pro

Thr

Val

Ala

Arg

155

Gly

Pro

Ser

Gln

His
235

Glu Asn Asn

Phe
Gly
220

Tyr

Asp

Pro

Pro

Thr

60

Asn

Arg

Val

Ser

Lys

140

Asp

Phe

Glu

Phe

Gly
220

Tyr

Phe
205

Asn

Thr

Lys

Cys

Pro

45

Cys

Trp

Glu

Leu

Asn

125

Gly

Glu

Tyr

Asn

Phe
205

Asn

Thr

190

Leu

Val

Gln

Lys

Pro

30

Lys

Val

Tyr

Glu

His

110

Lys

Gln

Leu

Pro

Asn

190

Leu

Val

Gln

Tyr

Tyr

Phe

Lys

Val

15

Ala

Pro

Val

Val

Gln

95

Gln

Ala

Pro

Thr

Ser

175

Tyr

Tyr

Phe

Lys

Lys

Ser

Ser

Ser
240

Glu

Pro

Lys

Val

Asp

80

Tyr

Asp

Leu

Arg

Lys

160

Asp

Lys

Ser

Ser

Ser
240
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<211> LENGTH: 247

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 7

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Tyr Ile Thr Arg Glu Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly Lys
245

<210> SEQ ID NO 8

<211> LENGTH: 246

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (20)..(20)

<223> OTHER INFORMATION: Xaa is Cys or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (52)..(52)

<223> OTHER INFORMATION: Xaa is Met or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (54)..(54)

<223> OTHER INFORMATION: Xaa is Ser or Thr
<220> FEATURE:
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-continued

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (56)..(56)

<223> OTHER INFORMATION: Xaa is Thr or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (156)..(156)

<223> OTHER INFORMATION: Xaa is Asp or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (158)..(158)

<223> OTHER INFORMATION: Xaa is Leu or Met
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (228)..(228)

<223> OTHER INFORMATION: Xaa is Met or Leu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (234)..(234)

<223> OTHER INFORMATION: Xaa is Asn or Ser

<400> SEQUENCE: 8

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Xaa Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Xaa Ile Xaa Arg Xaa Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
65 70 75 80

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Xaa Glu Xaa Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Xaa His Glu Ala Leu His Xaa His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly
245

<210> SEQ ID NO 9

<211> LENGTH: 246

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (52)..(52)

<223> OTHER INFORMATION: Xaa is Met or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (54)..(54)

<223> OTHER INFORMATION: Xaa is Ser or Thr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (56)..(56)

<223> OTHER INFORMATION: Xaa is Thr or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (156) .. (156)

<223> OTHER INFORMATION: Xaa is Asp or Glu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (158) .. (158)

<223> OTHER INFORMATION: Xaa is Leu or Met
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (228)..(228)

<223> OTHER INFORMATION: Xaa is Met or Leu
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (234)..(234)

<223> OTHER INFORMATION: Xaa is Asn or Ser

<400> SEQUENCE: 9

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Xaa Ile Xaa Arg Xaa Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Xaa Glu Xaa Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Xaa His Glu Ala Leu His Xaa His Tyr Thr Gln Lys Ser
225 230 235 240



US 2024/0024497 Al

102

-continued

Jan. 25, 2024

Leu

Ser Leu Ser Pro Gly
245

<210> SEQ ID NO 10
<211> LENGTH: 246
<212> TYPE: PRT

<213>

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (156) .. (156)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (158) .. (158)
<223> OTHER INFORMATION: Xaa

<400> SEQUENCE: 10

Asn

1

Pro

Glu

Asp

Asp

65

Gly

Asn

Trp

Pro

Glu

145

Asn

Ile

Thr

Lys

Cys

225

Leu

Val Asn His Lys Pro Ser
Lys Ser Ser Asp Lys Thr
20

Leu Leu Gly Gly Pro Ser
35

Thr Leu Met Ile Ser Arg
50 55

Val Ser His Glu Asp Pro
70

Val Glu Val His Asn Ala
85

Ser Thr Tyr Arg Val Val
100

Leu Asn Gly Lys Glu Tyr
115

Ala Pro Ile Glu Lys Thr
130 135

Pro Gln Val Tyr Thr Leu
150

Gln Val Ser Leu Thr Cys
165

Ala Val Glu Trp Glu Ser
180

Thr Pro Pro Val Leu Asp
195

Leu Thr Val Asp Lys Ser
210 215

Ser Val Met His Glu Ala
230

Ser Leu Ser Pro Gly
245

<210> SEQ ID NO 11
<211> LENGTH: 246
<212> TYPE: PRT

<213>

<220> FEATURE:

is

is

Asn

His

Val

40

Thr

Glu

Lys

Ser

Lys

120

Ile

Pro

Leu

Asn

Ser

200

Arg

Leu

ORGANISM: Artificial Sequence

Asp

Leu

Thr

Thr

25

Phe

Pro

Val

Thr

Val

105

Cys

Ser

Pro

Val

Gly

185

Asp

Trp

His

ORGANISM: Artificial Sequence

or Glu

or Met

Lys

10

Cys

Leu

Glu

Lys

Lys

90

Leu

Lys

Lys

Ser

Lys

170

Gln

Gly

Gln

Asn

Val

Pro

Phe

Val

Phe

75

Pro

Thr

Val

Ala

Arg

155

Gly

Pro

Ser

Gln

His
235

Asp

Pro

Pro

Thr

60

Asn

Arg

Val

Ser

Lys

140

Xaa

Phe

Glu

Phe

Gly

220

Tyr

Lys

Cys

Pro

45

Cys

Trp

Glu

Leu

Asn

125

Gly

Glu

Tyr

Asn

Phe

205

Asn

Thr

Lys

Pro

30

Lys

Val

Tyr

Glu

His

110

Lys

Gln

Xaa

Pro

Asn

190

Leu

Val

Gln

Val

15

Ala

Pro

Val

Val

Gln

95

Gln

Ala

Pro

Thr

Ser

175

Tyr

Tyr

Phe

Lys

Glu

Pro

Lys

Val

Asp

80

Tyr

Asp

Leu

Arg

Lys

160

Asp

Lys

Ser

Ser

Ser
240
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<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 11

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
65 70 75 80

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly
245

<210> SEQ ID NO 12

<211> LENGTH: 246

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 12

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
65 70 75 80
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Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
180 185 190

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
195 200 205

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
210 215 220

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
225 230 235 240

Leu Ser Leu Ser Pro Gly
245

<210> SEQ ID NO 13

<211> LENGTH: 246

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 13

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
1 5 10 15

Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
20 25 30

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
35 40 45

Asp Thr Leu Tyr Ile Thr Arg Glu Pro Glu Val Thr Cys Val Val Val
50 55 60

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
85 90 95

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
100 105 110

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
115 120 125

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
130 135 140

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
145 150 155 160

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
165 170 175
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Ile

Thr

Lys

Cys

225

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Thr

Leu

210

Ser

Ser

Val

Pro

195

Thr

Val

Leu

Glu

180

Pro

Val

Met

Ser

PRT

<400> SEQUENCE:

Asn

1

Pro

Glu

Asp

Asp

65

Gly

Asn

Trp

Pro

Glu

145

Asn

Ile

Thr

Lys

Cys

225

Leu

Val Asn His

Lys

Leu

Thr
50

Val

Val

Ser

Leu

Ala

130

Pro

Gln

Ala

Thr

Leu

210

Ser

Ser

Ser

Leu

35

Leu

Ser

Glu

Thr

Asn

115

Pro

Gln

Val

Val

Pro

195

Thr

Val

Leu

Ser

20

Gly

Tyr

His

Val

Tyr

100

Gly

Ile

Val

Ser

Glu

180

Pro

Val

Met

Ser

Trp

Val

Asp

His

Pro
245

SEQ ID NO 14
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

246

14

Lys

Asp

Gly

Ile

Glu

His

85

Arg

Lys

Glu

Tyr

Leu

165

Trp

Val

Asp

His

Pro
245

Glu

Leu

Lys

Glu

230

Gly

Pro

Lys

Pro

Thr

Asp

70

Asn

Val

Glu

Lys

Thr

150

Thr

Glu

Leu

Lys

Glu

230

Gly

Ser

Asp

Ser

215

Ala

Synthetic Construct

Ser

Thr

Ser

Arg

55

Pro

Ala

Val

Tyr

Thr

135

Leu

Cys

Ser

Asp

Ser

215

Ala

Asn
Ser
200

Arg

Leu

Asn

His

Val

Glu

Glu

Lys

Ser

Lys

120

Ile

Pro

Leu

Asn

Ser

200

Arg

Leu

Gly
185
Asp

Trp

His

Thr

Thr

25

Phe

Pro

Val

Thr

Val

105

Cys

Ser

Pro

Val

Gly

185

Asp

Trp

His

Gln

Gly

Gln

Asn

Lys

10

Cys

Leu

Glu

Lys

Lys

90

Leu

Lys

Lys

Ser

Lys

170

Gln

Gly

Gln

Asn

Pro

Ser

Gln

His
235

Val

Pro

Phe

Val

Phe

75

Pro

Thr

Val

Ala

Arg

155

Gly

Pro

Ser

Gln

His
235

Glu

Phe

Gly

220

Tyr

Asp

Pro

Pro

Thr

60

Asn

Arg

Val

Ser

Lys

140

Glu

Phe

Glu

Phe

Gly

220

Tyr

Asn
Phe
205

Asn

Thr

Lys

Cys

Pro

45

Cys

Trp

Glu

Leu

Asn

125

Gly

Glu

Tyr

Asn

Phe

205

Asn

Thr

Asn
190
Leu

Val

Gln

Lys

Pro

30

Lys

Val

Tyr

Glu

His

110

Lys

Gln

Met

Pro

Asn

190

Leu

Val

Gln

Tyr

Tyr

Phe

Lys

Val

15

Ala

Pro

Val

Val

Gln

95

Gln

Ala

Pro

Thr

Ser

175

Tyr

Tyr

Phe

Lys

Lys

Ser

Ser

Ser
240

Glu

Pro

Lys

Val

Asp

80

Tyr

Asp

Leu

Arg

Lys

160

Asp

Lys

Ser

Ser

Ser
240
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1. A method of synthesizing a conjugate of formula (M-I) 4. The method of claim 1, wherein each A, and each A,
or (D-I): is independently selected from any one of formulas (A-I)-
(A-XT1D):
(O-D
By
] (A-D
Ar—L—Ay)p
M-)
(B
(A—1L )r

wherein A, and A, are each, independently, an anti-
influenza moiety;

nis 1 or2;

each E includes an Fc domain monomer or an albumin
protein;

L is a linker covalently attached to E and to A, or A, and
Ay (A-ID)

T is an integer from 1 to 20; and

each squiggly line in formula (M-I) or (D-I) indicates that
L is covalently attached to each E,

the method comprising the steps of:

(a) providing a first composition comprising E;

(b) providing a second composition comprising a com-
pound of formula (DF-I), (MF-I), or a salt thereof:

(DF-I) Rs Ry

(A-TIT)

(MF-T)

/ Rytnre

A—L ,

wherein

L' is the remainder of L;

mis 0, 1, 2, 3, or 4; and

each R is, independently, halo, cyano, nitro, optionally

substituted C,-C alkyl group, or optionally substituted
C,-C; heteroalkyl group; and

(c) combining the first composition, the second compo-

sition, and a buffer to form a mixture.

2. The method of claim 1, wherein each anti-influenza
moiety is a small molecule.

3. The method of claim 1 or 2, wherein each anti-influenza
molecule is selected from pimovidir, oseltamivir, zanamivir,
sulfozanamivir, peramivir, laninamivir, amantadine, riman-
tadine, baloxavir, or an analog thereof.

(A-IV)
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-continued -continued
(A-V) AIX)
HO
HOw-
RsHN, OH,
H
Ry
HO—P=0
/
O
F}f Ax)
(A-VI)
(A-XT)
(A-VID)
(A-XII)

(A-XIIT)

(A-VIIT)

R4

wherein R, is selected from —OH, —NH,, —NHC
(=NH)NH,, and —NHC(—NH)NHR;

R, and R; are each independently selected from —H,
—OH, —F, —Cl, and —Br;

R, is selected from —CO,H, —P(=0)(OH),, —SO,;H;

Rs is selected from —COCH;, —COCF;, —SO,CHj;

X is selected from —O— and —S—;
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Y is selected from:

%o?; (—o—), g—s?re‘ (—s—),
Ry
N?re’ (—NR;—),

Ry

o\”/ N
(@]

Ry

O N
T
O\ﬂ/o?;J (—OC=0)0—),
O

(— O(C=0O)NR;—),

(—O(C=8)NR;—),

-TTTT T OTT T OTT T T

o (—oc=0)—),
O

H

N\”/O?f (—NH(C=0)0—),
O

H

N (—NHC=0)—),
O

H

N (— NHC=NH—),
NH

H Ry

N\”/N?f (— NH(C=O0)NR;—),
O

H Ry

N\”/N?f (— NH(C==NH)NR;—),
NH

H Ry

N\”/N}f (—NH(C=S)NR;—),
S

H

%Nﬁ (—NH(EC=S5)—),

S

108

Jan. 25, 2024
-continued
O
O —OCH,(C=0)NR;,—
%\)kN}L&( o )NR7—),
Ry
I
N—S (—NHEO0z)—),
%‘H ||
(@]
O
| &
g—S—N (—NH(SO,)NR;—),
I
(@]
%—O—RS% (—ORg—),
%—g—h% (—NRg—), and
%S_RS% (—SRg—);

R; is selected from

g
4

NO,,

N

¥:
it
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-continued -continued
?}\/ OCH;,
OCH;

e}

Ny

.

H;CO

Br

{ldddt

FsC

NH,,

7T

353
33
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R, is selected from H, C1-C20 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl; C5-C15 aryl, and C2-C15
heteroaryl;

Ry is selected from C3-C20 heterocycloalkyl, C5-C15
aryl, and C2-C15 heteroaryl;

R, is selected from —H, a halogen (e.g., Clor F),—OR,,
—NHC(=—0)R,, optionally substituted C1-C20 alkyl,
C3-C20 cycloalkyl, C3-C20 heterocycloalkyl; C5-C15
aryl, and C2-C15 heteroaryl; and

R,, is selected from C1-C20 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl; C5-C15 aryl, and C2-C15
heteroaryl;

nis 1 or2;

each E comprises an Fc domain monomer or an albumin
protein;

L is a linker;
T is an integer from 1 to 20; and

each squiggly line indicates that L is covalently attached
to each E.

5. A method of synthesizing a conjugate of formula (M-I)
or (D-I):

-
B

A—L—Ayr,

M-T)
By

(A—L )p

or a pharmaceutically acceptable salt thereof,

wherein each A, and each A, is independently selected
from any one of formulas (A-I)-(A-XIII):

A1

Rlllln-.

(A-TD)

Jan. 25, 2024

-continued
(A-IID)
OH,
(A-IV)
RsHN OH,
R FULLIELY
R
(A-V)
RsHN OH,
Ry
HO—P=0
/
(A-VI)
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-continued

X

..,,”H

“UINHR;

.'”"Zd

111

(A-VID)

(A-VIIT)

(A-IX)

(A-X)

(A-XT)

Jan. 25, 2024

-continued

(A-XIT)

(A-XIIT)

Ry OMe

wherein R, is selected from —OH, —NH,, —NHC
(=NH)NH,, and —NHC(—NH)NHR;

R, and R; are each independently selected from —H,
—OH, —F, —Cl, and —Br;

R, is selected from —CO,H, —P(=0)(OH),, —SO,;H;
Rs is selected from —COCH;, —COCF;, —SO,CHj;
X is selected from —O— and —S—;

Y is selected from:

Y Y

(—O0—), (—S—), (—NR;—),
L
O\”/N?; O\”/N?\Yé

0 S
(—O(C=0O)NR7;—), (—O(C=8)NR;—),
%—O\H/Of’ %—ow‘}iL ’

0 0
(—O(C=0)0—) (—O(C=0)—)
§—§\"/O?F‘f, %—%ﬁ ’

0 0
(=NHC=0)0—)  (—NH(C=0)—)
%H\’% %‘H N

N N\”/N?ef‘

NI 0

(—NHC=NH)—), (—NI{C=0)NR;—),

(—NH(C=NI)NR;—), (—NHC=S)NR;—),
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-continued -continued
o 0 0
§-§\’% %‘O\)k EL%\ s
N
R, . ;
S
(—NH(C=S8)—), (—OCH(C=0)NR;—/),
O (@]
I | =
N—=S N—S—N
HAl EA 0
(@] (@]
(—NH(SOy)—),  (——NH(SOy)NR;—),
%—O—RS%, %—g—&;%, and
O
(—ORg—) (—NRg—) S
%S_RS%,
O
(—SRs—)

Rg is selected from

0 0
% , , H;CO
0
0 0
Br
0
NO, N~

F5C
0

, NH,,
[@]
PO M
O | | O
[@]
h ‘*Agj
0 T,
l
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-continued

OCH;

E § |
Q
o]
&

OCH;

¥

7

T
G
.

E
o

5
5

R, is selected from H, C1-C20 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl; C5-C15 aryl, and C2-C15
heteroaryl;

Ry is selected from C3-C20 heterocycloalkyl, C5-C15
aryl, and C2-C15 heteroaryl;

R, is selected from —H, a halogen (e.g., Clor F),—OR,,
—NHC(=—0)R,, optionally substituted C1-C20 alkyl,
C3-C20 cycloalkyl, C3-C20 heterocycloalkyl; C5-C15
aryl, and C2-C15 heteroaryl; and

R,, is selected from C1-C20 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl; C5-C15 aryl, and C2-C15
heteroaryl;

nis 1 or2;

113
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each E comprises an Fc domain monomer or an albumin
protein;

L is a linker;

T is an integer from 1 to 20; and

each squiggly line indicates that L is covalently attached
to each E,

the method comprising:

(a) providing a first composition comprising E;

(b) providing a second composition comprising a com-
pound of formula (DF-II), (MF-II), or salt thereof:

(DF-IT)

Rm
| *
Y
@) (0]
L
/
G
\
AI—L'_AZ
(MF-II)
Ry,
| *
P
(@) (0]
L
/
G
\
A—L
wherein

G is optionally substituted C,-C, alkylene, optionally
substituted C,-C; heteroalkylene, optionally substi-
tuted C,-C; alkenylene, optionally substituted C,-C
heteroalkenylene, optionally substituted C,-Cg alky-
nylene, optionally substituted C,-C, heteroalkynylene,
optionally substituted C;-C,, cycloalkylene, optionally
substituted C,-C,, heterocycloalkylene, optionally sub-
stituted C4-C,, arylene, or optionally substituted
C,-C,,, heteroarylene;

L'-G-L" is the remainder of L;

mis 0, 1,2,3,or4; and

each R is, independently, halo, cyano, nitro, optionally
substituted C,-C, alkyl group, or optionally substituted
C,-Cg heteroalkyl group;

and

(¢) combining the first composition, the second compo-
sition, and a buffer to form a mixture.

6. The method of any one of claims 1-5, wherein each R

is halo.

7. The method of claim 6, wherein each R is, indepen-

dently, F, Cl, Br, or L.

8. The method of claim 7, wherein each R is F.
9. The method of any one of claims 1-8, wherein m is 1,

2,3,4,0r5.

10. The method of claim 9, wherein m is 3 or 4.
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11. The method of any one of claims 1-10, wherein m is 15. The method of claim 14, wherein
3.

12. The method of claim 11, wherein F
is . (o) >
O
X
Y /o F
/ Y~ Ry 5
R

is
or
i@[(}g,
F F
F
Fj f ,o?;f " E
F

F
F o >‘f{ , or 16. The method of claim 15, wherein
F
F
O>§' | AN O?Te’
/"
F F Ry

13. The method of claim 12, wherein is

0 F
N ?; |
| F o)
o v
Ry
F
F
. 17. The method of any one of claims 1-10, wherein
o>‘55 :
O
N ?‘:"
F F |

14. The method of any one of claims 1-10, wherein m is
4.

i

L,
L,

is
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is 19. The method of claim 17, wherein

F F
or .
F. O?é(( O?r(e
0)
N ?r‘
F F F |
S
F Ry
18. The method of claim 17, wherein
O
Y
/ F F
R .
F O}r‘:(
is
F
F

20. The method of any one of claims 1-19, wherein the
compound of (D-FI) or (DF-II) has the structure:

NH,

HN NH
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-continued

or

N=N

F
!
/ﬁjio\[I/\/O\/\O/\/O\/\o/\/N\/\/O\/\o/\/o\/\o/¥
O
F F

21. The method of any one of claims 1 to 20, wherein the
buffer comprises borate or carbonate.

22. The method of any one of claims 1 to 21, wherein the
buffer has a pH of about 7.0 to 10.0.

23. The method of claim 22, wherein the buffer has a pH
of about 7.5 to 9.5.

24. The method of claim 22 or 23, wherein the buffer has
a pH of about 7.5.

25. The method of claim 22 or 23, wherein the buffer has
a pH of about 8.5.

26. The method of claim 22 or 23, wherein the buffer has
a pH of about 9.5.

27. The method of any one of claims 1 to 26, wherein step
(c) is conducted at a temperature of 20 to 30° C.

28. The method of claim 27, wherein step (¢) is conducted
at a temperature of 22 to 27° C.

29. The method of claim 27, wherein step (¢) is conducted
at a temperature of about 25° C.

30. The method of any one of claims 1 to 29, wherein step
(c) is conducted for 2 to 12 hours.

31. The method of claim 30, wherein step (¢) is conducted
for about 2 hours.

32. The method of any one of claims 1 to 31, wherein the
first composition comprises phosphate-buffered saline buf-
fer.

33. The method of any one of claims 1 to 32, wherein the
buffer has a pH of about 7.0 to 8.0.

34. The method of claim 33, wherein the buffer has a pH
of about 7.5.

35. The method of any one of claims 1 to 34, wherein the
second composition comprises DMF.

36. The method of any one of claims 1 to 35, wherein the
method further comprises a purification step.

37. The method of claim 36, wherein the purification step
comprises dialysis in arginine buffer.

38. The method of claim 36 or 37, wherein the purification
step comprises a buffer exchange.

39. A method of synthesizing a conjugate of formula
(M-D) or (D-I):

-
En

A—L—Ayr

M-I)
B

A—Dr,

or a pharmaceutically acceptable salt thereof,
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wherein each A, and each A, is independently selected -continued
from any one of formulas (A-I)-(A-XIII):
(A-V)
(A-T) HO,
HOmu-
RsHN OH,
RsHN ,
H
Ryt
Ryt
HO—P=0
/
‘OJ}HJJ
(A-ID)
(A-VI)
RsHN >
Ry
Rz
(A-IID)
RsHN (A-VID)
Ryt
(A-IV)

(A-VIIT)
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R, is selected from —CO,H, —P(=0)(OH),, —SO,;H;
Rs is selected from —COCH;, —COCF;, —SO,CHj;
(A-IX) X is selected from —O— and —S—;
Y is selected from:

g_o?r.f (—o—), %—s?@’ (—s—),
N?f (—NR;—),
(AX) R;
O\"/N?;( (—OC=0)NR;—),
(@]
R;
g—o\"/N>eaj (—OC=S)NR;—),
S
%O\H/Of (—O(C=0)0—),
(A-XD) O
%—o\’% (—Oo(C=0)—),
(@]
H
%N\"/OFF (—NH(C=0)0—)
(@]
H
N (—NH(C=0)—),
(A-XTI) % \”}\LLL
(@]
%Hﬁ‘}ﬁ
N (—NH(C=NH)—),
NH

H Ry
(A-XIII) N\"/N?.f (— NH(C=0)NR;—),
o}
H Ry
N\"/NFF‘; (— NH(C=NH)NR;—),
NH
H Ry
NTNFF\; (— NH(C=S8)NR;—),
S

RS
wherein R, is selected from —OH, —NH,, —NHC

(=NH)NH,, and —NHC(—NH)NHR;
R, and R; are each independently selected from —H,

—OH, —F, —Cl, and —Br;
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-continued -continued

%_ 0 0

)it

N\’% (—NH(C=8)—),

s oL YO
NO,, N/,

O
%O\)kN}% (— OCH;(C=0)NR;—),
Ry

I
%—g—ﬁ% (—NH(S02)—),

O OO
(@]

I =

g—S—N (—NH(SO2)NR;—),
I
(@]

O ‘ m
e ) T
~

(€]
g—g—&;% (—NRg—), and I I

?—S—Rg% (—SRg—); 0 Q
11%‘\/5
Rg is selected from

YOy Vg

o
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-continued -continued

O
yf}\/ §
\© OCH3

OCH;,

E § |
Q
3
&

NH,,

.

H;CO G
) \%k/\/\@
0
Br
0
Q %/\ ,
0
F5C M
0

NH,,

4dg
O bod
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R, is selected from H, C1-C20 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl; C5-C15 aryl, and C2-C15
heteroaryl;

Ry is selected from C3-C20 heterocycloalkyl, C5-C15
aryl, and C2-C15 heteroaryl;

R, is selected from —H, a halogen (e.g., Clor F),—OR,,
—NHC(—O)R., optionally substituted C1-C20 alkyl,
C3-C20 cycloalkyl, C3-C20 heterocycloalkyl; C5-C15
aryl, and C2-C15 heteroaryl; and

R,, is selected from C1-C20 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl; C5-C15 aryl, and C2-C15
heteroaryl;

nis 1 or2;

each E comprises an Fc domain monomer or an albumin
protein;

L is a linker;

T is an integer from 1 to 20; and

each squiggly line indicates that L is covalently attached
to each E,

the method comprising:

(a) providing a first composition comprising formula

(D-G3-A) or (M-G3-A) or a salt thereof:

NGENG
©/\"/ o
// o]

Rm

(D-G3-A) or (M-G3-A)

wherein G is a functional group that reacts with G® to
form G;

(b) providing a second composition comprising formula
(D-G3-B) or (M-G3-B), or a salt thereof:

A

Gh /
7
Al

(D-G3-B)

G
\L’

/

Al
(M-G3-B)

wherein G” is a functional group that reacts with G* to
form G;
and
(c) combining the first composition and the second com-
position to form a first mixture, wherein mis 0, 1, 2, 3,
or 4; and each R is, independently, halo, cyano, nitro,
optionally substituted C,-C, alkyl group, or optionally
substituted C,-Cg heteroalkyl group.
40. The method of claim 39, wherein each R is halo.
41. The method of claim 40, wherein each R is, indepen-
dently, F, Cl, Br, or 1.
42. The method of claim 41, wherein each R is F.
43. The method of any one of claims 39-42, wherein m is
1,2,3,4,or5.
44. The method of claim 43, wherein m is 3 or 4.

3.

4.

Jan. 25, 2024

45. The method of any one of claims 39-44, wherein m is

46. The method of claim 45, wherein

oY Y
Joes

47. The method of claim 46, wherein

Y

o

48. The method of any one of claims 39-44, wherein m is

49. The method of claim 48, wherein

Y



US 2024/0024497 Al

is
F F
> , or
F O?f F. f o?f
F F F
F
F
F o?,f'
F
F
50. The method of claim 49, wherein

7

51. The method of any one of claims 39-44, wherein

7

Yociives

is

is

Jan. 25, 2024

52. The method of claim 51, wherein

o

53. The method of claim 51, wherein

Y

54. The method of any one of claims 39-53, wherein step
(c) comprises the use of a Cu(I) source.

55. The method of any one of claims 39-54, wherein the
method further comprises:

(d) providing a third composition comprising E; and

(e) combing the third composition, the first mixture, and

a buffer to form a second mixture.

56. The method of any one of claims 39-55, wherein G*
comprises optionally substituted amino.

57. The method of claim 56, wherein G® comprises a
carbonyl.

58. The method of any one of claims 39-55, wherein G*
comprises a carbonyl.

59. The method of claim 58, wherein G® comprises
optionally substituted amino.

60. The method of any one of claims 39-55, wherein G*
comprises an azido group.

61. The method of claim 60, wherein G’ comprises an
alkynyl group.

62. The method of any one of claims 39-55, wherein G*
comprises an alkynyl group.

63. The method of claim 62, wherein G® comprises an
azido group.
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64. The method of any one of claims 1-63, wherein the
conjugate of formula (D-I) has the structure:

En
I

65. The method of any one of claims 1-64, wherein n is 67. The method of claim 66, wherein each E comprises
2 and each E is an Fe¢ domain monomer. the amino acid sequence of any one of SEQ ID NO: 11, SEQ
ID NO: 12, SEQ ID NO: 13, or SEQ ID NO: 14.
66. The method of any one of claims 1-65, wherein each 68. The method of any one of claims 1-64, wherein n is
E comprises the amino acid sequence of any one of SEQ ID 1 and E is an albumin protein.

NOs: 1-14. % % % % %



