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TITLE

Compounds and Methods for Treating, Ameliorating, or Preventing Arthnitis

{CROSK-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Appheation No.
63/482 486G enuiled "COMPOUNDS, COMPOUNDS, AND METHODS FOR TREATING,
AMELIORATING, OR PREVENTING ARTHRITIS.” filed January 31, 2023 and U.S.
Provisional Patent Application No. 63/606,161 entitled “COMPOUNDS AND METHODS
FOR TREATING, AMELIORATING, OR PREVENTING ARTHRITIS,” filed December 5,

2023, the disclosures of which are mcorporated herein by reference in their entireties.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This invention was made with government support under GMO67543 awarded by

National institutes of Health. The government has certain rights in this invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED AS ATEXT FILE
VIA THE OFFICE ELECTRONIC FILING SYSTEM
This invention contains one or More sequences in a conmputer readable format m an
accompanving text file titled “047162-7400W0 {02160} Sequence Listing ST 26.xml.”
which is 112 KB m size and was created January 29, 2024, the contents ol which are

ncorporated herein by reference in their entivety.

BACKGROUND

o rheumatoid arthritis (RA), the body’'s iramune system attacks s own tissue,
including joints, and eventually internal organs. RA affects joint linings, causing paintul
swelling. Over long periods of time, the inflammation associated with RA can cause bone
erosion and joint deformity. Existing treatiments for RA, such as methotrexate, adaliroumab
{(HUMIRA®), and others, are associated with significant undesirable side effects, mcluding
but not limited to loss of appetite, sore mouth. diarrhea, headaches. and/or hair loss.

Accordingly, there 13 an ongoing need for more selective and rapidly active treatment

of RA. The present disclosure fulfills this need.

BRIEF SUMMARY OF THE INVENTION

In various aspecis, provided herewn are compounds of Formuwa fl. ot a

-1-



WO 2024/163610 PCT/US2024/013767

pharmaceutically acceptable salt, sterecisomer, solvate, or polymorph thereof, having the

struciure;

[PBA jemmeefcON {s:mm{ LINKER- s CON sl CREM],
if £ b

Formuda 11,
S wherein:
FBM 15 an anti-cvelic citrullinated peptide {anti-CCP) antibody binding moiety;
CON and LINKER-2 are independently at each occurrence:

\n/\ Attt Aol

CI’ '\ Hz \\ HZ} =L

a) 3 . o i I . whereain:
each oceurrence of R is independently H or C1-Cs atkyl; and
10 each occurrence of n”’ is independently 1,2, 3,4, 5, 6,7, 8,9, 10, 11,12, 13,

14, 15,16, 17,18, 19, or 20; or

!
Ao AN AL~ M &f\/om
b) \ A . \ , OF /n . wherain:
gach occurrence of n is independently 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, or 25,
15 each occurrence of n is independentlv 1,2,3.4, 3 C8.9.10, 11,12, 13,
14,15, 16, 17, 18,19, 20, 21, 22, 23, 24, or 25,
each pocurrence of n™” 15 independently 1, 2,3, 4, 5, 6,7, 8,9, 10, 11,12, 13,

14,15, 16, 17, 18, 19, 0r 20; or

"~ -y _..D\__ -~ .

¢} "{ Tz ﬁ\ , wherein:

20 Z and Z" are each independently a bond, (CH2)i-O-, (CH2 3-8~ ~(CH-N(R)-
R? R? R?

?‘ N““§ %"’fCH vh’ }_(w?,):i;%w@?iz)[ = gﬁor
o
f'}\v’ﬂ A

each occurrence of R? is independently H or C1~Cs alkyl;

each occurrence of Y is independently a bond. -O-, -8, or -N{R}-.

B2
W

each ocowrrence of 1 1s independently an integer ranging from 4 to 100;
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d)

)

the proviso that Z, 27, and I are not each simultaneously bonds;

115 an mteger ranging from 1 to 100;

m’ is an integer ranging from 1 to 100;

n is an inieger ranging from 1 io 100,

X1is -0-, -8-, or -N(R)-;

each R is mdependently H or {1-Cs alky! optionally substituted with 1-3
hydroxyi groups; or

a structure selecied from the group consisting of

O

S
%——'?‘J\/;::i:\i YL\EX YX"

-
V , wheren
X?is independently at each occurrence ~CHa-, -Q-, -8-, -N(R%)-. -C(Q)-. -

S(0), -S{O -, -S(0N0-. -0${O)-, or ~O8{(O)0-

X% is independently at each occurrence -O-, -8-, or -N(R*)-;

R* is independently at each occurrence H, C1-Cs alkyl, C1-Cs alkanol, or -
COHC-Ca alkyl); or

Csas aryl, Csas heteroovelyl, Ceae biaryl, or Ceas heterobiarvl, each of which
15 optionally substituted by 1-6 substituents selected from the group consisting
of F, Ci, Br, L, O(RG), OCIOIN(RG), TN, NO, NGOz, ONO», CF3, OCFs, -
(RG). N(RGh, S{RG), SORG). SOARG), SOMN(RGY, and SO5(RG),
wherein each occurrence of RG is independently H, optionally substituted Ch.
10 alkyl, optionally substituted Cs-io cycloalkyl, optionally substituted Csx

arvl, or optionally substituted Cs-1s heteroaryl;
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CRBM has the structure:

RG!
LG RG
z\g‘ )" \)J\ /J<
Q . wherain
f?(‘“
3o~
gach RG! is independently AG /Y

each occurrence of XG 1s independently selected from the group consisting of ~CHa-,
~C{=0}-, -NH-, and -0-;

each occurrence of ZG 15 independently selected froro the group consisting of -CHa-, -
C(=0)-, -NH-, and -0-;

AG ts independentiy at each oceurrence

oH JOH

oH OH
¢ N?@Ru

NRNRG’ or HO-
RG* and RG? are at each occurrence independently selected from the group consisting
of hvdrogen and -C(=0}R, which is optionally substituted by 1-5 groups selected from the
group consisting of halogen, optionally substituted Cr-10 alky!, optionally substituted Ciae
alkoxy. optionally substituted Crio aminoalkyl, and combinations thereof, or
RG? and RG? taken together with the nitrogen atom to which they are
attached, form a C5 heterocycle that is optionally sabstituted by 1-S
substituenis selected from the group consisting of optionally substituted Cie
alkyl, optionally substituted Ci-10 alkoxy, optionally substituted Cioro
aminoalkvi, optionally substituted Co10 arvl, optionally substituted Cs.0
heteroaryl, halogen, and combinations thereof,
each occurrence of R is independently H, optionally substituted Ci10 alkyl, optionally
substituted Ci-10 cycloalkyl, optionally substituted Csais arvl, or optionally substituted Cs-is
heteroarvl;
each occurrence of mis independently 2, 3,4, 5.6, 7, 8,9, or 10;
each occurrence of 1 is independently an mteger ranging from 1 to 100;
each pecurrence p is independently an integer ranging from 1 to 50;
K'is1,2,3, 4,5, 6,7,8,9,10, 11,12, 13, 14, or 13;
s, 2,345, 6,789 10, 11, 12,13, 14,01 15;
hand b’ are each independentlv G, 1. 2.3, 4,5,6,7, 8,9, 10, 11,12, 13, 14, or 15;
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mis0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15, and

with the proviso that at least one of h, W and iv s at least 1

in various aspects, provided herein are compounds of Fornwla la, or a
pharmaceutically acceptable sali, sterecisomer, solvate, or polymorph thereof, having the

5 structure:

N
e \N/LB

\..

Formula {a,

wherein:

------ is a carbon-carbon single or double bond;

{0 A1s a Ce1s aryl, Csare heterocyelvl, Ceis brarvl, or Ceie heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F. C1, Br, L,
O(RG), OCOMNRG), ON, NG, NO», ONQGz, CFa, OCF;, -(RG), N(RG)2, S(RG), SORG),
SOARG), SCNRG), and SO3{RGY;

0 RG!
~ H Re!
{XG)
VA in N
Y r‘\ﬂ/ ‘\./U\ﬁ RG1
L* is an ASGPR binding moiety with the structure & .
(CHm
A
HaN
15 L9 15 an anii-CCPY binding moiety with the structure G

AA is an anuino acid sequence at least 80% homologous to SEQ ID NG 1,

A OAZ oY
gach occurrence of RG! is independently hydrogen or :

AG 15 an aminosaccharide;
each oecurrence of RG is independently H, optionally substituted Croio alkyl,
20 optionally substituted Cs-e eycloalkyl, optionally substituted Ce-1s arvl, or optionally
substituted Cs-13 heteroaryl;
each occurrence of XG is independently selected from the group consisting of -{Hoa-,
~C{=0), -NH-, and -0,
each occurrence of ZG is independently selected from the group consisting of ~-CHz-, -
25  C(=0)-, -NH-, and -0O-;
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mis2, 3,4, 56,7, &9 or 1

n i3 an nteger ranging from 1 to 100; and

p is an integer ranging from { 1o 50,

Compounds of Formula Ia, Formula I, Formuda b, and any other compounds
described herein are useful m methods of preventing, treating, and/or ameliorating arthritis in
a subject in need thereof The methods jnchude, in varnious aspects, administering fo the
subject a therapeutically effective amount of a compound of Formula fa, Fornmila 1. Formula
Ifb. or other compounds described herein, wherein the compound(s) i1s/are optionally
formuated as a pharmaceutical composition comprising at least one pharmaceutically

acceptable carrier or excipient.

BRIEF DESCRIPTION OF THE FIGURES

The drawings lustrate generally, by wav of exarople, but not by way of limitation,
various embodiments of the present application.

FIG. 1 15 a schematic iflustration of one mode of action of compounds of Formulal, in
accordance with various embodiments. Without wishing to be bound by theory, the mode of
action of the compounds here is at least in part as follows: Step 1. MoDE-A binds target
profein of interest; Step 2: MoDE-A/protein complex binds ASGPR (asialogly coprotein
receptor) on hepatocytes; Step 3: ASGPR/MoDE-A/protein {ernary complex is endocytosed
nto hepatocyie, Step 4; Ternary complex dissociates: Step 5: Endocyiosed target protein s
degraded: and Step 6 ASGPR and MoDE-A are recveled back outside of the cell.

FIG. 2A shows an ASGPR binding fragment, according to some embodiments.

FIG. 2B shows a structure of Formufa 1, according to some embodiments.

FIGs. 3A-3D coliectively show a scheme for svnthesizing the compound Target
AQOOTA, accordmg to some embodiments. FIG. 3A shows a scheme for synthesizing
PEGvlated sugar 4, according to some embodiments. FIG. 3B shows a scheme for
svothesizing tricarboxylic acid 8, according to various embodiments. FIG. 3C shows a
scheme for svnthesizing an astaloglveoprotein binder 19, according to some embodiments.
FIG. 3D shows the synthesis of compound Target AGUCLA, according 1o some embodiments.

FIGs. 4A-4C collectively show a scheme for synthecizing the compound of Formula {,
CCP1-GN4, according to some embodiments. FIG. 4A shows the svuthesis of peptidic
mtermediate nE-00002. FIG. 4B shows the synthesis of an alkynyl dertvative of the
compound Target AOOG1A, according to some embodiments. FIG. 4C shows the synthesis of

CCPL-GN4, according to some embodiments.
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FIG. 5A shows anti-CCP1 SPR {swrface plasmon resonance) binding data for the
compound CCPI-GN4, according to some ersbodiments. Ko (anti-CCP) was 75 uM for
CCP1-GN4.

FIG. 5B shows ASGPR SPR binding data for the compound CUP1-GN4, according to

5 some embodiments. Kp (ASGPR) was 1.92 oM for CCP1-GN4.

FIG. 6A shows plasma stability data for CCP1-GN4 in mouse, ral, and human,
according to some embodiments. All Tiz were greater than 290 nun.

FIG. 6B shows plasma protein binding data for CCP1-GN4 in mouse, rat, and human.

FIG. 7 shows data for COP1-GN4 mediated internalization of anti-CCP1 into

10 ASGPR"HEK-293 cells. according to some embodiments.

FIG. 8A shows data for anti-CCP1 depletion compared (o controls with CCP1-GN4,
according to some embodiments.

FIG. 8B shows AUC (area under the curve) data for CCP1-GN4 compared to control

with reference to the depletion study shown in FIG. 8A, according to some embodiments.

13
DETAILED DESCRIPTION
Reference will now be made in detail to certain embodiments of the disclosed subject
matter, examples of which are illusirated in part in the accompanying drawings. While the
disclosed subject matter will be described in conjunciion with the enumerated claims, it will
20 be undersiood that the exemplified subject matter 1s not intended to Limit the claims to the

disclosed subject matter.

Throughout this document, values expressed in a range format should be interprated
in a flexible manner to include not only the numerical values exphicitly recited as the Himits of
the range, but also to include all the individual numencal values or sub-ranges encompassed

25 within that range as it each numerical value and sub-range 1s explicitly recited. For example,
a vange of “about 0.1% 1o about 5% or “about 0.1% 10 5% should be mterpreted (o include
not just about 0.1% to about 5%. but also the individual values {e.g., 1%, 2%, 3%, and 4%)
and the sub-ranges {e.g., 0.1% 10 0.5%. 1.1% 10 2.2%. 3.3% 10 4.4%) within the indicated
range. The statement “about X to Y™ has the same meaning as “about X to about Y,” unless

30 indicated otherwise. Likewise, the statement “about X, Y, or about 77" has the same meaning
as “about X, about Y, or about Z,” unless indicated otherwise.

In this document. the terms “a,” “an,” or “the™ are used to include one or more than
one unless the context clearly dictates otherwise. The term “or™ i3 used to referfo a

nonexclusive “or” unless otherwise mdicated. The staternent “at teast one of A and B” or “at

3
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least one of A or B” has the same meaning as “A, B, or A and B.” In addition, it 13 to be
understood that the phraseology or terminology emiployed herein, and not otherwise defined.
is for the purpose of description only and not of limitation. Any use of section headings is
intended to aid reading of the document and s not to be interpreted as limiting; information
that is relevant to a section heading may occur within or outside of that particular section. All
publications, patents, and patent documents referred to in this document are incorporated by
reference herein in their entirety. as though individually incorporated by reference.

In the methods described herein, the acts can be carried out in any order, except when
atemporal or operational sequence is explicitly recited. Furthermore, specified acts can be
carried out concurrently unless explicit claim language recites that they be carded out
separately. For example. a claimed act of doing X and a claimed act of doing Y ¢an be
conducted simubtaneously within a single operation, and the resulting process will fall within

the literal scope of the claimed process.

Befinitions

The ferm “about”™ as used hereim can allow for a degree of vanability in a valae or
range, for example, within 10%, withun 5%, or within 1% of a stated value or of a stated it
of a range, and includes the exact stated value or range.

The term “substantially™ as used herein refers to a majority of, or mostly, as in at feast
about 50%, 60%. 70%. &(%, 90%, 95%. 96%, 97%, 98%, 99%. 99.5%. 99.9%, 99 99%. ot at
Teast about 99 999% or more. or 100%. The term “substantially free of” as used herein can
mean having none or having a trivial amount of, such that the amount of material present
does not affect the material properties of the composition including the material, such that the
composition 1s about 0 wi% to about S wit% of the matenial, or about & wi% 10 about 1 wi%,
or about 5 wt% or less, or less than, equal to, or greater than about 4.5 wi%. 4, 3.5, 3.2.5. 2,
15,1,09,08, 0.7, 06,05,04, 03,02,0.1, 0.01, or abowt 0.001 wi% or less. The term
“substantially free of” can mean baving a irivial amount of, such that a composition is about
0 wi% to about 5 wt% of the matenal, or about 0 wi% to about 1 wt%, or about 3 wi% or
lgss, or less than. equal to, or greater than abowt 4.5 wt%. 4. 35,3, 25,2, 1.5, 1, (49,08, 0.7,
0.6,05 04,03, 02, 01,001, or about 3.001 wi% or less, or about ¢ wi%,.

The term “organic group” as used herein refers to any carbou-containing functional
group. Examples can include an oxygen-containing group such as an atkoxy group. aryloxy
group, aralkyioxy group, oxof{carbonvl) group; a carboxyl group including a carboxylic acid,

carboxvlate, and a carboxylate ester; a sulfur-containing group such as an alky] and arvl
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sutfide group; and other hetercatom-containing groups. Non-limiting examples of organic
groups include OR, OOR, OC(OIN(R )2, CN, CFs. QCF3, R, C(0), methvlenedioxy,
ethvienedioxy, N{R}):. SR. SOR, SR, SO:N(R )2, SO:R, CIOR, CIOC(OIR,
COCHC(OMR, CBIR, CUOHIOR, OC(OR, CIOMN{R )y, OTOIN(R )2, CISIN(R )2, (CHzjo-

S ANERICIMHR, (CH2)o-2NRIN{R 1z, N{RINRICIOIR, NERIN{RIC(OHOR, NRIN(RYCON(R )z,
NRISOR, N{RISONR 2 NRCOWR, NRYCIOR, NRIC(SIR, N{RIC(ON{R )z,
NEICEIN{R ), NICORYCOR. N(ORIR, C{E=NH)N(R )2, CIOIN(ORIR. C{=NORJR. and
substituted or unsubstituted (C1-Croothvdrocarbvl, wherein R can be hydrogen {in examples
that include other carbon atoms) or a carbon-based rooiety, and wherein the carbon-based

10 moiety can be substituted or unsubstituted.

The term “substituted”™ as used herein in conjunction with a molecule or an organic
group as defined herein refers to the state in which one or more hvdrogen atoms contained
therein are replaced by one or more non-hydrogen atoms. The terms “functional group” or
“substituent” as used herein refers to a group that can be or is substituted onto a molecule or

15 onto an organic group. Examples of substituents or functional groups include, but are not
limited 0, a halogen (e g, F. CL. Br. and 1), an oxygen atom in groups such as hvdroxy
aroups, alkoxy groups, arvioxy groups, aralkyvloxy groups, oxof{carbonyl) groups, carboxy]
groups including carboxvlic acids, carboxylates, and carboxvlate esters; a sulfur atom in
groups such as thiol groups, alkyl and arvl sulide groups. sulfoxide groups, sulfone groups,

20 sulfonvl groups, and sulfonamide groups; a nilrogen atom in groups such as amines,

hydroxvamines, mitriles, nitro groups, N-ovides, hvdrazides. azides. and enanunes; and other
heteroatoms in varipus other groups. Non-limiting examples of substituents that can be
bonded to a substituted carbon (or other) atom include F, CI, Br, T, OR, OC(OMN{R ), TN,

NQ, NGO, ONG2, azido, CFs, OCF3, R, O {(oxa}, S {thiono}. C(O), S{0}, methylenedioxy,

ethvienedioxy, N{R}z, SR, SOR, SC:R, SO2MN(R R, SOsR, C{OR, CIOXC(OIR,

C{OMCH2CIOIR, CSHR, CUMHOR, OCOHR, CIOMN(R )2, OCOINR ), CSINR)2, (CHao-

NRICIOOR, (CHDoN{RIN(R 2, NIRIN(R)C(O)R, NRIN(R)C(OOR, N(RIN(R)CON(R)z,

NEISOR, NEOSONR Y, NRICIOYOR, NIC(OIR, NR)C(SIR, NEYCIOIN(R )2,

MN{RICEMNR p, N(CORYCOR, N(ORIR, C(=NHN(R ), C{ON(ORIR, and C(=NOR)R,

o
h

30 wherein R can be hydrogen or a carbon-based moiety; for example, R can be hydrogen, {Ci-
Cieoyhydrocarbyl, alkyi, acvl, cyvcloalkyl, aryl, aralkyl, heterocvelyl, heteroarvl. or
heteroarylalkyl; or wherein two R groups bonded to a nitrogen atom or to adjacent nitrogen
atoms can together with the nitrogen atom or atoras form a heterocvelvl,

The term “alkyl” as used herein refers to straight chain and branched alkyl groups and
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cveloalkyl groups having fromi 1 to 40 carbon atoms, 1 1o about 20 carbon atoms, 1 1o 12
carbons or, in some embodiments. from 1 to 8 carbon atoms. Examples of straight chain alkyl
groups include those with from 1 1o 8 carbon atoms such as methvl, ethyl n-propvl, n-butyl,
n-pentvl, n-hexyl, n-hepiyl, and n-oetvl groups. Examples of branched alkyl groups include,
but are not limited to, isopropyl, iso-butyl, sec-butvl, t~butyl, neopentyvl, isopentyl, and 2,2-
dimethyipropyl groups. As used herein, the term “alkvl” encompasses n-alkyl, isoatkyl, and
anteisoalkvl groups as well as other branched chain forms of alkyl Representative substituted
atkvl eroups can be substituted one or more times with any of the groups listed herein, for
example, amino, hydroxy, cyano, carboxy, nitro, thio, afkoxy, and halogen groups.

The term “aminoalkyl” as used herein refers to an alkyl group as defined herein
wherein at least one hvdrogen atom in the alkvl group is repiaced by nitrogen, forming a
primary, secondary, or tertiary amine, depending upon the substitution of the nitrogen.
Additionally, an aminoalkyl can have one or more nitrogen atoms between any two carbons
in the alkyl chain, forming a secondary or tertiary amine, depending upon the substitution of
the nitrogen.

The term “alkenvl” as used herein refers (o straight and branched chain and cyclic
atkyvl groups as defined herein, except that at least one double bond exists between two
carbon atoms. Thus, alkenyl groups have from 2 1o 40 carbon atoms, or 2 to about 20 carbon
atorns, or 2 10 12 carbon atoms or, in some embodiments, from 2 {0 8 carbon atoms.
Examples include, but are not himited to vinyl, ~CH=C=CCHy, -CH=CH{CH3). -
CH=C{CH:), -C(CH3z)=CH,, ~C{UH: =CH{CHa), -C{CHCH=CH>, cvclohexenvl
cvelopentenyl, cvelohexadienyl, butadienvi, pentadienyl, and hexadienvi among others.

The term “alkyvnyl” as used herein refers to straight and branched chain alkyl groups,
except that at least one triple bond exists between two carbon atoms. Thus, alkyoyl groups
have from 2 1o 40 carbon atoms, 2 to about 20 carbon atoms, or from 2 to 12 carbons or. in
some embodiments, from 2 {o & carbon atoms. Examples include, but are niot limited to —
C=CH, -C=C{CH;), -C=C(CHCHs), ~-CH2C=CH, -CH2C=C(CHs), and -CH2C=C{CHCH3)
among others.

The term “acyl” as used herein refers to a group containing a carbonvi woisty wherein
the group is bonded via the carbonyi carbon atom. The carbonyl carbon atom 1s bonded to a
hydrogen forming a “formyl” group or is bonded to another carbon atom, which can be part
of an alkvl, arvl, aralky! cycloalkyl, cycloatkylalkyl, heterocyclyl, heterocyclylalkyl,

heteroarvi, heteroarvialkyvl group or the hike. An acvl group can include O to about 12. 0 to
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about 20, or 0 1o about 40 additional carbon atoms bonded to the carbonyl group. An acyl
group can include double or triple bonds within the meaning herein, An acrviovl group is an
example of an acvl group. An acyl group can also include heteroatoms within the meaning

herein. A nicotinoyl group (pyridyi-3-carbonyt} is an example of an acvl group within the

N

meaning herein. Gther examples include acetyl, benzoyl, phenylacetyl, pyvridylacetyl,
cirmamovl, and actviovl groups and the like. When the group containing the carbon atorn that
1s honded to the carbonyl carbon atom contains a halogen, the group is termed a “haloacyl”
group. An example is a trifluoroacetyl group.
The term “cvcloalky]” as used herein refers to cyclic alkyl groups such as, but not
10 hoited to, cyvclopropyl, evclobuityl, cyclopentyl, eyvclohexyl, cycloheptvl, and cycloocivl
groups. In some embodiments, the cvcloalkvi group can have 3 to about &-12 ring members,
whereas in other embodiments the mumber of ring carbon aloms range from 3404, 5,6, or 7.
Cycloalkvl groups further include polyeyche cycloalkyl groups such as, but not limited to,
norbornyl, adamantyl, bornyl. camphenyl, isoccamphenyl, and carenyl groups. and fused rings
15 such as, but not limited 1o, decalinvi, and the like. Cyeloalky! groups also include rings that
are substituted with strasght or branched chain alkyl groups as defined herein. Representative
substituted cvcloalkyl groups can be mono-substituted or substituted more than once, such as,
but not limited to, 2,2-, 2,3, 2.4- 2,5~ or 2,6-disubstituted cyclohexyl groups or mono-, di- or
tri-substituted norbomyl or cycloheptyl groups, which can be substituled with, for example,
20 amuno, hyvdroxy, evano, carboxy, nuiro, thio, alkosy, and halogen groups. The tetm
“cycloalkenvl” alone or in combination denotes a cyclic alkenyl group.

The term “arvi” as used herein refers to cvelic aromatic hvdrocarbon groups that do
not contain heleroators in the nng. Thus anv groups include, but are not limited to, phenyl,
azulenyl, heptalenvl, biphenyl, indacenyl, fluorenvl. phenanihrenvl, triphenvienyl, pyrenyl,

25  naphthacenvi, chivsenyl. biphenvlenvl, anthracenyl, and naphthv! groups. In some
embodiments, arvl groups contain about 6 to about 14 carbons in the ring portions of the
groups. Arvl groups can be unsubstituted or substituted, as defined herein. Representative
substituted ary! groups can be mono-substtiuted or substituted more than once, such as, but
not limited to, a phenyl group substituted at any one or more of 2-, 3-, 4~ 5-_ or &-positions of

30 the phenyl ring, or a naphthyl group substituted at any one or more of 2- to §-positions

thereof.
The term “aralkyl” as used herein refers to alkyl groups as defined herein in which a
hydrogen or carbon bond of an alkyl group is replaced with a bond to an arvl group as

defined heren. Representative aralkvl groups include benzyt and phenylethy] groups and
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fused {cycloalkylarylyalkyl groups such as 4-ethyl-indanyl. Aratkenyl groups are alkenyl
aroups as defined herein in which a hydrogen or carbon bond of an alkyl group 1s replaced
with a bond to an arvi group as defined herein.

The term “heterocyclyl” as used herein refers to aromatic and non-aromatic ring

N

compounds containing three or more ring members, of which one or more is a heteroatom
such as, bul not limuted to, N, O, and S. Thus, a heterocyclyl can be a cycloheteroalkyl, ora
heteroarvi. or if polyevclic, any combination thereof. In some embodiments, heterocvelyl
groups include 3 to about 20 ring members, whereas other such groups have 3 to about 15
ring members. The term heterocvelyvt includes rings where a CHz group in the ring 1s replaced
10 by one or more C=0 groups. such as found in cyclic ketones, lactones, and lactams.
Examples of heterocvelyl groups containing a C=0 group include, but are not limited to, -
propiolactam, y-butyrolaciam, d-valerolactam, and e-caprolaciam, as well as the
corresponding lactones. A heterocvely! group designated as a Co-heterocyelyt can be a S-ring

with two carbon atoms and three heteroatoms, a 6-ring with two carbon atoms and four

ek
W

heteroatoms and so forth. Likewise a Cs-heterocyelvl can be a 5-ring with one heteroatom, a
G-ring with two heteroatoms, and so forth. The number of carbon atoms phus the number of

heteroatoms equals the total number of ring atoms. A heterocyclyl ring can also include one
or more double bonds. A hetercaryi ring 15 an embodiment of a heterocyclyl group. The

phrase “heterocy clvl group™ includes {used ring species including those that include fused

2
<

aromatic and non-aroroatic groups. For example, a dioxolanyl ring and a benzdioxolanyl ring

svstem {methylenedioxyphenyl ring svstem) are both heterocvelyl groups within the meanimg

herein. The phrase also includes polveyclic ring systems containing a heteroatom such as, but
not limited to, guinuchidyl Heterocyclyl groups can be unsubstituted, or can be substituted as
discussed herein. Heterocyelyl groups include, but are not limiled to, pyrrolidinyl,

25 pipenidinyl, piperazinvl. morpholinvi. pyvrrolvl, pvrazolvl. tnazolyi, tetrazolvl. oxazolyl,
wsoxazolyl, thiazolvl, pyridingl, thiophenyl, benzothiophenyl, benzoforanyl,
dihydrobenzofuranyl, ndolyl, dihydromdolvl, azaindolyl, indazolyl, benzinudazolyl,
azabenzimadazolyl, benzoxazolyi, benzothiazoivl. benzothiadiazolyvl, imidazopyndinyl,
tsoxazolopynidinyl, thianaphthalenvl, purinvl, xanthinvi, adeninvi, guaninyl, quinolinyl,

30 isoquinolinyl, tetrabydroquinolinyt, quinoxalinyl, and quinazolinyt groups. Representative

substituted heterocyclyl groups can be monoe-substituied or substituted more than once. such

as, but not limited to. pipertdiny! or quinolinyl groups, which are 2-, 3-, 4-, 3-, o1 6-

substituted, or disubstituied with groups such as those lisied herein

The term “heteroaryl” as used herein refers 1o aromatic ring compounds containing 5
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or more ning members, of which, one or more is a hetercatom such as, but not limited to, N,
O, and S: for instance, heteroaryi rings car have S 1o about 8-12 ring members. A heteroaryl
group is a variety of a heterocvelyl group that possesses an aromatic electronic structure. A
heteroarvi group designated as a Cr-heteroaryl can be a S-ring with two carbon atoms and
three heteroatoms, a 6-ring with two carbon atoms and four heteroatoms and so forth.
Likewise a Ca-heteroaryl can be a S-uing with one heteroatom, a 6-ring with two heteroatoms,
and so forth. The number of carbon atoms plus the number of heteroatoms sums up 1o equal
the total mumber of ring atoms. A heterocyelvl ring designated Ci.y can be any ring containing
<" members up to 'y’ members, including all intermediate integers between "X’ and v’ and
that contains one or more heteroatoms, as defined herein. In a ring designated Cy.y, all non-
heteroatom members are carbon. Heterocvelyi rings designated Ce.y can also be polyeyclic
ring svatems, such as bicvelic or tricyclic ring systems. Heteroaryl groups include, but are not
limited to, groups such as pyrrolvl, pyrazolyl, triazolvl, tetrazoivl, oxazolyl, isoxarolvl,
thiazolyvl, pynidinyl, thiophenyl, benzothiophenyl, benzofuranyl, indolyl, azaindolyl,
indazolvl, benzimidazolyl, azabenzimidazolyvl, benzoxazolvl, benzothiazolvl.
benzothiadiazolvl, imidazopyvridinv, isoxazolopyvridinvl, thianaphthalenvl, purinvl, xanthinyl,
adenimvl, guaninvl, quinehinyl, isoquinehinyl, tetrahvdroguinolingl, guinoxahnyl, and
quinazolinyl groups. Hetercary! groups can be unsubstituted, or can be substituted with
groups as is discussed herein. Representative substituied helercaryl groups can be substifuted
one or mnore limes with groups such as those listed herein.

Additional examples of aryl and hetercarvl groups include but are not limited to
phenyl, biphenyl, indenvl, naphthyl {(1-naphthyl, 2-naphthyl}, N-hydroxytetrazolyl. N-
hydroxvtriazolvl, N-hydroxyimidazolyl, anthraceny! (-anthracenyl, 2-anthracenyl, 3~
anthracenyl). thiopheny! (Z-thienyl, 3-thienyt), furyl (2-furyl, 3-furyl) |, imdolyl, oxadiazolyl,
isoxazolvl, guinazolinyl, fluorenvl, xanthenyl. iscindanvl, benzhydryvl, acridinvl, thiazolvl.
pyvirolyl Z-pvrrolyl), pyrazolyl (3~-pyrazolyl), imidazolvl (Taimidazolyl, Z-imidazolyl,
4-imudarolyl, S-umdazolyh), triazolyl (1.2 3-tnazol-1-y1, 1,2, 3-triazob-2~v1 1.2 3-triarol-4-v1,
.2,4-trtazol-3-v1), oxazolyl (2-oxazolyl. 4-oxazolyl. S-oxazoiyl), thiazolyl (2-thiazolyl, 4-
thiazolyl, S5-thiazolyl). pyvridyl (2-pyridyl, 3-pyridyl. 4-pyridyl). pyrimndinyl (2-pyrimidinyd,
4-pvrimidinyl, S-pyrimmdinvl, 6-pyrimidinyl}, pvrazinyl, pyridazingt (3~ pyridazinvi, 4-
pynidazinyl, S-pyridazinvl), quinolyl (2-guinolyl, 3-qunolyl, 4-quinoly], S-quinelyl, 6-
quinolyl, 7-quinolyl, 8-quinolyi). isoquinolyl (1-isoquinolyl, 3-isoquinolyl, 4-tsoquinolyl, 5-
isoquinolyl, s-isoguinolvl, 7-isoquinolyl, 8-isoguinolvl), benzolblfuranyl {2-benzobifuranyl,

3-benzo|blfuranvl, 4-benzofhifuranvl, S-benzo[blfuranyl, 6-benzolblfuranvl, 7-
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benizo|bifuranyl}, 2,3-dihydro-benzo{bifuranvl (2-(2,3-dihydro-benzofb{furanyl), 3-(2,3-
dihyvdro-benzolblfuranyly, 4-(2,3~dihvdro-benzolbifuranyl). 5-(2.3-dihwdro-benzofblfuranvl),
6-(2,3~-dihwvdro-benzo{ bifuranvl). 7-(2.3-dihydro-benzolb|furany!), benzolbjthiophenvi (2-
benzofbithiophenyl, 3-benzo{bjthiopheny!, 4-benzof{blthiophenyl, 5-benzo{bthiophenvi, 6-
benzo{bithiophenyl, 7-benzolbithiophenyl), 2,3-dihy dro-benzo| blthiophenyl, (2-(2,3-
dihydro-benzo{blthiophenvl), 3-(2.3-dihvdro-benzofblthiophenyl}, 4-(2,3-dihydro-
benzo[bithiophenvl). 5-(2.3-dihvdro-benzo{bjthiophenvi)y, 6-(2.3-dihydro-
benzo|bithiophenvl), 7-(2.3-dihv dro-benzo{bithiophenvi), indolyl {I-indolvl, 2-indolyi,
3-indolyl, 4-indolyl, S-indolyl, 6-indolyl, 7-indoiy1), indazole (1-indazolyl, 3-indazolvi,
4-jndazolyl, S-indarolyl, 6-indazolyl, 7-indazolyl), benzimdazelvl (1-benzinudazolyl,
2-benzimidazolyl, 4-benzimidazolyl, S-benzimidazolvl, 6-benzimidazolyl, 7-benzimidazolyvi,
8-benzimidarolyl), benzoxazolyl (I-benzoxazolyl, 2-benzovarolvl}, benzothiazolvl (1-
benzothiazolvl, 2-henzothiazolyl, 4-benzothiazolyl, S-benzothiazolyl, 6-benzothiazolyl,
7-benzothiazolyl), carbarolyl (1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolvl),
5H-dibenz{b.flazepine (SH-dibenz{b, flazepin-1-vi, SH-dibenzlb flazepine-2-v1,
SH-dibenzib.flazepine-3-yl, SH-dibenzib, flazepine-4-v1, SH-dibenzib flazepine-S-vi).

10,1 1 -dihydro-SH-dibenz]b flazepine (10,1 {~dihydro-5H-dibeneb flazepine-1 -y,

10,1 I-dihydro-SH-dibenz{ b, flazepine-2-yi, 10,11-dihydro-SH-dibenz{b.flazepine-3-yi,

10,1 t-dihy dro-SH-dibenz{b, {facepine-4-yi, 10, 11-dihydro-SH-dibenslb,[lazepine-S+1), and
the like.

The term “heterocyclvialkyi™ as used herein refers to alkyvl groups as defined herein in
which a hydrogen or carbon bond of an alkyl group as defined hersin is replaced with a bond
1o a heterocychvl group as defined herein. Representative heterocvelyl alkyl groups include,
but are not limted to. furan-2-yl methyl, furan-3-v1 methyl. pyridine-3-y1 methyl,
tetrahydrofuran-2-vi ethyl, and indol-2-v1 propvi.

The term “heteroarviallovl”™ as used herein refers to alkyl groups as defined herein in
which a hydrogen or carbon bond of an alkyl group 1s replaced with a bond to a heteroaryl
group as defined herein.

The term “alkoxy™ as used herein refers t¢ an oxygen atom connected to an alkyl
group, including a cycloalkyl group, as are defined herein. Examples of linear alkoxy groaps
include but are not imited to methoxy, ethoxy, propoxy. butoxy, pentyloxy, hesyloxy, and
the like. Examples of branched alkoxy include but are not imited to isopropoxy, sec-butoxy,
tert-butoxy, isopentyloxy, ischexvioxv, and the hike. Examples of cvelic atkoxy include but

are not hmited to cvclopropyioxy, evclobutyloxy, eyclopentyloxy, cyclohexvioxy, and the
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like. An alkoxy group can include about 1 to about 12, about 1 to about 20, or about 1 to
about 40 carbon atoms bonded to the oxygen atom, and can further include double or triple
bonds, and can also include heteroatoms. For example, an allyloxy group or a methoxyethoxy
group is also an alkoxy group within the meaning herein, as is a methylenedioxy groupina
comtext where two adjacent atoms of a structure are substituted therewith,

The term “anune” as used herein refers to primary, secondary, and tertiary anunes
having. e.g, the formula N{group}: wherein each group can independently be H or non-H.
such as alkvi, aryl, and the like. Amines include but are not limited to R-NHz, for example,
atkylaoines, arylamines, atkylarylamines; ReNH wherein each R 15 independently selected,
such as dialkylamines, diarylamines, aralkylamines, heterocyclviamines and the like: and
R3N wherein each R is independently selected, such as trialkyvlamines, diatkylarvlamines,
alkvidiarviamines, triarylamines, and the like. The term “amine” also includes ammoniom
ons as used herein.

The term “aminoc group™ as used herein refers to a substituent of the form -NHz, -
NHR, -NR2, -NRs", wherein each R is independently selected, and protonated forms of each,
except for -NR3", which cannot be protonated. Accordingly, any compound substituied with
an amino group can be viewed as an amine. An “amino group” within the meaning herein can
be a primary, secondary, tertiary, or quaternary amino group. An “alkylamino” group
includes a monoatkviamine, diatkviaming, and trialkylamine group.

The terms “hale,” “halogen,” or “halide™ group. as used herein, by themselves or as
part of another substituent, mean, unless otherwise stated, a fluorine, chlovine, bromine, or
iodine atom.

The term “haloalkyl™ group, as used herein, inchudes mono-halogen alkyvl groups,
poly-halogen alkvl groups wherein all halogen atoms can be the same or different, and per-
halogen alkvl groups. wherein all hvdrogen atoms are replaced by halogen atoms, such as
fluoro. Examples of haloalkel include trifluoromethyl, 1, 1-dichloroethyl, 1.2-dichloroethyl,
1.3-dibromo-3,3-diflacropropyl, perfluorobutvl, and the like.

The term “monovalent™ as used herein refers 1o a substituent connecting via g single
bond to a substituted molecule. When a substituent 13 monovalent, such as, for example, F or
Cl, 1t 15 bonded to the atom i1 18 substituting by a single bond.

The term “hydrocarbon™ or “hvdrocarbyl” as used herein refers to a molecule or
functional group that includes carbon and hvdrogen atoms. The term can also referto a
molecule or functional group that normally includes both carbon and hvdrogen atoms but

wherein all the hvdrogen atoms are substituted with other functional groups.
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As used herein, the term “hydrocarbyl” refers io a functional group derived from a
straight chain, branched. or cvelic hvdrocarbon, and can be alkyl. alkenyl, alkynvl, awvl,
cvcloalkyl, acvl. or anv combination thereof. Hyvdrocarby!l groups can be shown as (Ce-

Cpihyvdrocarbyl, wherein a and b are integers and mean having any of a to b number of carbon

N

atoms. For example, (Ci-Cahvdrocarbyl means the hvdrocarbyl group can be methyl (Ci},
ethyt (Ca), propyl {Cs), or butyl (Ca), and (Co-Chihydrocarbyl means in certan ernbodiments
there is no hvdrocarbyl group.

The term “solvent™ as used herein refers to a liquid that can dissolve a solid, liquid, or
gas. Non-limiting examples of solvents are stlicones, organic compounds, water, alcohols,
10 1ownic hiquids, and supercritical fluids.

The term “independently salected from” as used herein refers to referenced groups
being the same, different, or a mixture thereof, unless the context clearly indicates otherwise.
Thus. under this definition, the phrase “X!, X% and X* are independently selected from noble

gases” would include the scenario where, for example, X!, X°, and X7 are all the same, where

15 X1 X2 and X° are all different, where X' and X are the same but 3 is different. and other
analogous perrutations.
The term “room temperature” as used hevein refers 1o a temperature of about 13°C to
28°C.
The term “standard temperature and pressure”™ as used herein refers o 20 °C and 101
20 kPa

As used heremn. the term “composition” or “pharmaceutical composition” refersto a
mixture of at feast one compound described herein with a pharmaceutically acceptable
carrier. The pharmaceutical composttion facilitates administration of the compound 1o a
patient or subject. Multiple techmiques of admimistering a compound exist 1n the ant including,

25 butnot linuted to, miravenous, oral, asrosol. parenteral, ophthalnic, pulmonary and topical
administration.

A “disease” 1s a state of health of an anumal wheremn the animal cannot maintain
homeostiasis, and wherein if the disease ts not ameliorated then the animal’s health continues
to deteriorate.

30 In contrast, a “disorder” in an animal i3 a state of healih in which the animal is able to
maintain homeostasis, but in which the animal’s state of health is Tess favorable than it would
be it the absence of the disorder. Left untreated, a disorder does not necessarily cause a
further decrease in the animal’s state of health,

s

Ags used heren, the terms “effective amount,” “pharmaceutically effective amount™

- 16 -



WO 2024/163610 PCT/US2024/013767

and “therapeutically effective amount” refer to a nontoxic but sufficient amount of an agent
to provide the desired biological result. That result may be reduction and/or alleviation of the
signs, symyptoms, or causes of a disease, or anv other desired alteration of a biological system.

An appropriate therapeutic amount in any ndividaal case may be determined by one of

N

ordinary skill in the art using routine experimentation.

As used herein, the term “efficacy™ refers to the maximal effect (Emax) achieved
within an assay.

As used herein, the term “pharmaceutically acceptable” refers to a material, such as a
casrier or diluent, which does not abrogate the biological activity or properties of the

10 compound, and 1s relatively non-toxic, i.e., the material mayv be administered to an individual
without causing undesirable biological effects or interacting in a deleterious manner with any
of the components of the composition in which it is contamed.

As used heren, the language “pharmaceutically acceptable salt” vefers to a salt of the
administered compounds prepared from pharmaceutically acceptable non-toxic acids or

15 bases, including inorganic acids or bases, organic acids or bases, solvates, hydrates, or
clathrates thereof.

Suitable pharmaceutically acceptable acid addition salts mav be prepared from an
inorganic acid or from an organic acid. Examples of inorganic acids include hydrochloric,
hydrobromuc, hydriodic, nitric, carbonic, sulfuric {(including sulfale and hydrogen sulfate),

20 and phosphoric acids (including hvdrogen phosphate and dihvdrogen phosphate). Appropriale
organic acids may be selected trom aliphatic, cyvcloaliphatic. aromatic, araliphatic,
heterocyclic, carboxvlic and sulfonic classes of organic acids, examples of which include
formic, acetic, propionic, succinie, glveolic, gluconic, lactic, malic, tartaric, citric, ascorbic,
glucuronic. maleie, malonie, saccharin, fumaric, pyruvic, aspariic, glutaric, benzote,

25 anthranilic. 4-hydroxvbenzoic, phenviacetic, mandelic, embonic (pamoic). methanesulfonic,
sthanesulfonic, benzenesulfonic, pantothenic, irifluoromethanesulfonic, 2-
hydroxyethanesulfonic, p-ioluenesulfonic, sulfamlic, eyclohexylaminosulfonic, steanc,
alginic, B-hydroxybutyric, salicylic, galactaric and galacturonic acid.

Suitable pharmaceutically acceptable base addition salts of compounds described

30 herein include, for example, ammoniom salts, metallic salis including alkal wetal, alkaline

earth metal and fransition metal salts such as, for example, calcium, magnestum, potassium,

sodium and zine salts. Pharmaceutically acceptable base addition salts also include organic
salts made from basic amines such as. for example, NN -dibenzylethviene-diamine,

chloroprocaine, choline, dicthanolamine. ethylenediamive, meghumine (N-methylglucanune)
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and procaine. All of these salts may be prepared from the corresponding compound by
reacting, for example, the appropriaie acid or base with the compound.

As used herein, the term “pharmaceutically acceptable carrier” or “pharmaceutically
acceptable excipient” means a pharmaceutically acceptable material, composition or carrier,
such as a liquid or solid filler, stabilizer, dispersing agent, suspending agent, diluent,
excipient, thickening agent, solvent or encapsulating material, wvolved in carrving or
transporiing a compound described herein within or o the patient such that 1t may perform i
intended function. Typically. such constructs are carried or transported from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier must be
“acceptable” i the sense of being compatible with the other ingredients of the formulation,
including the compound(s) described herein, and not injurious o the patient. Some examples
of materials that may serve as pharmaceutically acceptable carriers include: sugars, such as
lactose, glucose and sucrose; starches, such as com starch and potato starch; cellulose, and its
derivatives, such as sodium carboxymethyi cellulose, ethyl cellulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc: excipients, such as cocoa butter and suppository
waxes, oils, such as peanut oil, cotionsesd oil, safflower oil, sesame oil, olive oil, corn ol and
sovbean ail; glveols, such as propylene glveol; polyols, such as glveerin, sorbitol, maonnitol
and polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar: buffering agents,
such as magnesium hydroxide and aluminum hydroxide; surface active agents; alginic acid,
pyvrogen-free waier; isotonic saline: Ringer’s solution: ethyl alcohol; phosphate buffer
solutions; and other non-toxic compatible substances emploved in pharmaceutical
formudations. As used herein, “pharmacewtically acceptable carrier™ also inclodes anv and all
coatings, antibacterial and antifingal agents, and absorption delaying agents, and the hike that
are compaiible with the activity of the compound(s) described herein, and are physiologically
acceptable to the patient. Supplementary active compounds may also be incorporated into the
compositions. The “pharmaceuticallv acceptable carvier” may further include a
pharmaceutically acceptable saltl of the compound(s) described herein. Gther additional
ingredients that may be included m the pharmaceutical compositions used with the methods
or compounds described herein are known in the art and described, for example in
Remington’s Pharmaceutical Sciences (Genaro, Ed., Mack Publishing Co., 1985, Easton,
PA), which is incorporated herein by reference.

The terms “pattent.” “subject,” or “individual” are used mnterchangeably herein. and
refer to any amimal, or cells thergof whether in vitro or in situ, amenable to the methods

described herem. In a non-limiting embodument, the patient, subject or individual is a human.
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As used herein, the term “potency” refers to the dose needed to produce half the
maximal response (EDse).

A “therapeutic” treatment 1S a treatiment administered 1o a subject who exhibits signs
of pathology, for the purpose of diminishing or eliminating those signs.

As used heremn, the term “treatment” or “treating” is defined as the application or
admanistration of a therapeutic agent, i.e., a compound or compounds as described herein
{alone or in combination with another pharmaceutical agent). to & patient, or application or
administration of a therapeutic agent to an isolated tissue or cell Hine from a patient {e.g., for
diagnosis or ex vive applications), who has a condition countemnplated herein or a symptom of
a condition contemplaied herein. with the purpose to cure, heal, alleviate, relieve, alier,
remedy, ameliorate, improve or affect a condition contemplated herein, or the sympioms of a
condition contermplated herein. Such ireatwents may be specifically tallored or modified,
based on knowledge obtained from the field of pharmacogenomics.

As used herein, the term “cellular receptor binding moiety” (CREM) refers to a
muoiety of the compounds described herein that binds to a receptor on a cell capable of
degrading circulating proteins in the subject. CRBM’s can be moieties that bind o receptors
present in or on hepatocytes. For example, the CRBM can be an asialoglyeoprotein receptor
(ASGPR), LRPR, LDLR (fow density lipoprotein recepetor), ReyRIL, FeRN, transferrin
receptor, macrophage scavenger receptor {e.g., membrane receplors of degradation cells), and

the hike.

Compounds

Compounds of Formula T or otherwise described herein can be prepared by the
ceneral schemes described herein, using the synthetic method known by those skilled in the
art. The foliowing examples illusirate non-limiting embodiments of the compound(s)
described herein and their preparation.

In various embodiments, a compound of Formula [, or a pharmaceutically acceptable

salt or N-oxide thereof is provided, and has the structure:

Formuta 1

In various embodiments, CON represents 1 to 15 independenily selected groups as detined
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herein for [CON] or | LINKER-2] that form a connecting linker between L* and LF, and LA
and L are covalently bonded to open valences in a CON. In various embodiments, LY is a
cellular receptor binding moiety (CRBM}. In various embodiments, L is an anti-CCP1 {anti-
cyclic crtrullinated peptide) binding moiety.

iIn various embodiments, the compound of Formula 1 can also be represented as:

LACONw—LE,
where wis [.2.3,4.5,6,7.8.9, 10,11, 12, 13, 14. or 13, and each {CON] is independenty
selacted from any [CON] or {LINKFR-2] group described herein.

Auntoantibodies are known to play a role in rheumaioid arthritis. Treatment with
rituxiroab 15 more effective in patienis that have anti-citrullinated protein antibodies
(ACPAS), and seroreactivity towards cyclic citruthinated peptides (CCP)isused as a
diagnostic ool for RA. Recently, several groups have developed improved CCPs that are
more specific and sensitive for the diagnosis of RA, and there is a growing call to make use
of these peptides to neutralize pathogenic autoantibodies as a therapy.

In various embodiments, the compounds described herein can target CCPL, CCP2,
and CCP3 peptides. In various erbodiments, the LB is an anti-CCP1 binding moiety. fo
various embodiments, L is an amti-CCP2 binding moiety. In varicus embodiments, L® is an
anti-CCP3 binding moiety. In various embodiments, L® can bind to autoantibodies implicated
in autormmune arthritis and relaled avtoimmune diseases.

In addition to the neutralization strategies described above, there are several existing
strategies to treat, ameliorate. and/or prevent autoimmune diseases by depleting
autoantibodies. Depletion of whole IgG ex vivo {(plasmapheresis) or immunotherapeutically
{rituxirnab) can lead to treatment, amelioration, and/or prevention of autoinumune disease, but
is associated with imnmunosuppression arising {rom the depietion of the healthy antibody

repertoire.

A. Structare of CON Linkers

in various embodiments, each CON is independently a cyclic or acyclic moiety, and

can be:
{31 Ff’l O o (.:} o
A ?\f‘cf}\.’i\" = A As}a’ ] .(«\rﬂ\m}\ f’i‘qr"ch/‘vﬁ\st
O \ F 2j {i’ R1 ‘ HZ } 523\1 Rq ( “:} R1
a) " , Vo . I8 wherein:

)

each occurrance of R! is independently H or C1-Ca alkyl, and
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b}

d}

each occurrence of n™” s independently 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13,

14,15, 16, 17, 18, 19, or 20; or
; ; y \
koo / o \ S

each occurrence of nis independently 1, 2.3, 4,5, 6,7, 8,9, 10. 11, 12,13,

14,15, 16,17, 18, 19,20, 21, 22, 23. 24. or 25;

. wherein:

each occurrence of nis independently 1,2, 3.4.5.6, 7,8 9 10, 11, 12,13,
14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, or 25,
each occurrence of 0™ 1s independently 1, 2, 3,4, 3.6, 7. 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, or 20 or

'I{“ Oz , wherein:

Zand 77 are eauh independently a bond, -{CH2)i-0-, «{TH2}-S-, ~«(TCH23-N(R -,

rR?  R? R?
..... ..\ N ennene
E—N N-§ f—*(’:Hn‘:) S,y E—(cay), R? %—(C& 7} ] or

each occurrence of R? is independently H or C1-Cs alkyl;

each ocawrrence of Y 1s ndependently a bond, -0-, -8-, or ~-N{R)~:

each occurrence of 113 independently an integer ranging from O to 100;

D s (CHay-Y-C=0)-Y-(CHi-, (CHo e, -~ [(CH2w-2C -, or a bond, with the

proviso that Z, Z°, and D are not each simubtansously bonds;

18 an indeger ranging {rom | to 100:

m’ 1s an integer ranging from 1 to 100

1t is an integer ranging from 1 to 100;

X ig 0=, -8~ or -N{R}-;

each R is independently H or C:-Cs aikvi optiovally substituted with 1-3 hydroxyl
ZIOUPs: of

a structure selected from the group consisting of

-1
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N
KJ\X
cand \K\/ s
wherein
X? 1s independently at each oceurrence -CHo-. -O-. -8~ -N{RH-. -C(O}-. -8(0)-, -

S{O-, -B{ORO-, ~-05(0)2-, or ~05(0):0-,

o

s TS

X3 is independently at each occurrence -0-, -8-, o1 -N(RH)-:
R*is independently at each oceurrence H, C1-Cs alkyl, C1-Cs alkanol. or -C(OXCi1-Cs
alkvi); or
&) Cs-1s arvl, Caag heteroeyelyl, Coais biaryl, or Co.is heterobiarvi, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F, €},
10 Br, I, ORG), OCOMN{RGY, CN, NO, NO2, ONO», CFs, OCFs, ~{(RG), N(RG)e,
S(RG). SORG), SOARG), SON(RG)z, and SO{(RGY,
wherein each occurrence of RG 1s independently H, optionally substituted Cr.o alkyl,
optionally substituted (5.1 cvcloalkyl, optionally substituted Co.1z arvl, or optionally

substituted Cs-1g heteroarvl.

15
B Stracctures of 1
in various embodiments, L.* is a celiular receptor binding moiety (CRBM). For
example, and without limitation, a CRBM can be:
a) an LRP! (low density lipoprotein receptor-related protein 1) binding moiety having

20 the amino acid sequence:

Ac-VEKFNKPFVFLNIgIEQNTK-NH: (SEQ 1D NO: 23,
VEFNKPFVFLMIEQNTK (SEQ ID NG: 3),
TWPRKHFDEHTFYSILKLGKH-OH (SEQ ID NO: 4),
TFFYGGSRGKRNNFKTEEY-0H (SEQ 1D NO: S),

25 LRKLRKRLLRDADDLLRKLRKRLLEDADDL (SEQ ID NG: 6),
TEELRVRLASHLRKLRERLL (SEQID NG 7).
FAKIEKHNHYQKOQLEIAHEKLR (SEQ ID NO: 8). or
TFFYGGSROGKRNNFKTEEY (SEQ ID NO: 93 or

b) a LBLR {low density lipoprotein receptor) binding motely having the amino acid

30 sequence:

)
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CM-Thz-RLRG-Pen (cyelized c-Pen)y (SEQ ID NO: 10},
CMPRLRGC (cyclized C-C) (SEQ ID NO: 1),
HEDCMPRGCEFRN (cvchized C-Cy (SEQ 1D NG 12).
COVKSMPRU (cyclized C-Cy (SEQ 1D NG 133,

CTTPMPRLC (cyclized C-C) (SEQ 1D NO: 14),

CKAPOQMPRC (cychized C-C) (SEQ 1D NG: 153,

CENPSMPRUC (cyclized C-C) (SEQ 1D NO: 16),

CLVSSMPRC (cyelized C-C) (SEQ D NO: 17),

CLOPMPRLC (cyclized C-C) (SEQ 1D NO: 18),

CPVSSMPRC (cyclized C-C) (SEQ ID RO 19),

COQSPMPRLC (cyclized C-C) (SEQ ID NO: 20),
CLTPMPRLC(cyclized C-C) (SEQ ID NG: 21),
DSGLCMPRLRGCDPR (SEQ ID NG: 22,
TPSAHAMALQSLSVG (SEQ 1D NO: 23),
AC-DSGLCMPRLRGCDPR-NHz (SEQ 1D NG: 24),

Pr VH434: Pr-CMPRLRGC-NH2 (SEQ 1D NO: 25),
Pr-CMPRLRGC-NH» {cvclized C-C) (SEQ ID NO: 26),
Pr-CMThzRLRG-Pen-NH: {(cvelized C-Pen) (SEQ 1D NO: 273,
Ac-CMPRLGC-NH2 (cyclized C-Cy {SEQ T NG: 283,
AC-CMPRLRGC-NH2 (cvchized C-Cy (SEQ 1D NO: 29),
Ac-D-Pen-M-Thz-RLRGC-NH? (cyclized Pen-C) (SEQ TD NQG: 30),
Pr-CM-Thz-RLRG-Pen-NHz (eyclized c-Pen} (SEQ D NQG: 31},
Pr-CM-Thz-RLR-Sar-Pen-NH: (cyelized C-Pen) (SEG TD NO: 323
Pr-UM-Pip-RLR-Sar-C-NHo» {cyclized C-C) (SEQ 1D NO: 33),
Pr-CM-Pip-RLRG-Pen-NH> (cyclized ¢-Pen) (SEQ ID NG: 34), or
Pr-CM-Pip-RLR-Sar-Pen~+-NHz (eyclized c-Pen) {(SEQ 113 NG: 35},

wherein any of the LDLR binding moieties containing two cysteine residues or a cysteine and

penicillamine residue {Pen) optionally form a cyclic disuffide bond: or

c)

a FeyRI binding motety according to the amino acid sequence:
TDT C LMLPLLLG C DEE (cyclized C-C) (SEQ ID NO: 36),
DPIC WYFPRLLG C TTL (cvelized C-C) (SEQ ID NO: 37),
WYP C YIYPRLLG C DGD (cvdclized C-C) (SEQ ID NO: 38},
ONE C MLIPGLLG C SYE {(cvclized C-C) (SEQ TR NO: 39),
VNS C LLLPNLLG C GDD (cvclized C-C) (SEQ 1D NO: 40),

23 -
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TPV CILLPSLLG C DTQ (cyclized C-C) (SEQ ID NQO: 41),

TVL C SLWPELLG C PPE (cychized C-C) (SEQ D NG: 42),

TES C LMWPWLLG C ESL {cyclized C-C) (SEQ 1D NO: 433,

FGT C YTWPWLLG € EGF (cvclized C-C) (SEQ ID NO: 44),

SLF C RLLLTPVG C VSG (evclized C-C) (SEQ ID NO: 43},

HLL V LPRGLLG € TTLA (cvelized C-C) (SEQ ID NO: 46),

TSL C SMFPDLLG C FNL (cyelized C-C) (SEQ D NO: 47).

SHP € GRLPMLLG € AES {cyclized C-C) (8EQ ID NO: 48),

TST C SMVBGPLGAV STW (cvclized C-C) (SEQ ID NO: 49),

KDP C TRWAMLLG C DGE (cvdlized C-C) (SEQ ID NO: 50),

IMT C SVYPFLLG C VDK (cyclized C-C)y (SEQ ID NO: 513, o

IHS C AHVMRLLG C WSR (cyclized C-Cy (SEQ TR NG: 523,

wherein any of the FeyRI binding moieties containing two cysteine residues
optionally form a eyclic disulfide bond; or
d} a FeRN binding moiety having the amino acid sequence:

Ac-NH-OQRFCTGHFGGLY PCNGP-CONH2 (cychized C-C) (SEQ 1D NO: 53),

Ac-NH-RF-Pen-TGHFG-Sar-NMeLeu-YPC-CONH2 (cyvclized C-C) (SEQ ID NO:
54}, or

suceinic anhydride N-N dimerised SYNI327 {each cyehized C-C},

wherein any of the FcRN binding moieties containing two cysieine residues
optionally form a evclic disuffide bond: or
e) a transferrin recepior binding group according to the amino acid sequence:

CGGGPFWWWEP (SEQ ID NG: 55},

COOGHKYLRW (SEQ 1D NQ: 563,

CGGGKRIFMV (SEQ IR NG: 573,

COGGKWHYLR (SEQ D NO: 58),

THRPPMWSPVWE (SEQ 1D NG 59),

HATYPRH (SEG 1D NO: 60),

THRPPMWSPYWP (BEQ ID NO: 61), or

THRPPMWSPVWP (SEG 1D NO: 62); or
£ a macrophage scavenger receptor binding motiety having the amino acid sequence:

LSLERFLRCWSDAPA (SEQ ID NG: 63},

LERFLRCWSDAPA (SEQ 1D NO: 64},

RFLRCWSDAPA (SEQ ID NG: 65),

- 24 -
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LRCWSDAPA (SEQ ID NQG: 66},
CWSDAPA (SEQ D NO: 67), or
DWFKAFYDKVAEKFKEAF (SEQ 1D NQO: 68);

3] a group having the structurs:
NH.
= 1PN
L jrNH HOT Yo
NA S o M
o 1 /;‘;-‘,b

\“'
..»-\,

3 \‘\‘""NH Lo
hy a group having the structure:
P
e a 30
HN 3 LHWAGHY
~rOWYLEGH :
\;r A Cg\‘/ —S
& s L or
i} a group having the structure:

\{,-(X(}},lﬂ/ Y \/U\ /L, }?C.;‘

O . wherein

0L _Z6)
16 RG! s AGTTTTPNTY

(ZGpn
each cecurrence of RG! is mdependenily hydrogen or G \?i :
each ocaurrence of XG is independently selected from the group consisting of
-CHa-, -C(=0)-, -NH-, and -0,
each occurrence of Z{ is independently selected from the group consisting of
13 -CHo-, -C(=0)-, -NH-, and -0,

11 i3 an integer ranging from 1 to 100;

- 25 -
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p is an integer ranging from 1 to 50; and
AG 15 a monosacchande, disaccharide, or an oligosaccharide of up to 20 of
any monosaccahride units described herein,

Suitable monosaccharides inchude:

N

aldoses such as aldotriose, D-glveeraldehyde, and the ike;
aldotetroses such as D-ervthrose, D-threose, and the like;
aldopentoses, such as D-ribose, D-arabinose, D-xviose. D-lyxose, and the like:
aldohexoses such as D-allose, D-altrose, D-Glucose. D-Mannose, D-gutose, B-idose, D-
galactose and D-talose, and the like;
10 Ketoirioses. such as dibydroxyacetone. and the like;
ketotetroses such as D-erythrolose and the like;
ketopentose such as D-ribulose, D-xylulose, and the like;
ketohexoses such as D-psicone, D-fructose, D-sorbose, [3-tagatose, and the like;
aminosugars, such as galactoseanune, sialic acid, N-acetyigiucosamine, and the like;
15 sulfosugars, such as sulfoquinovose, and the like.

Suitable disacchanides include: sucrose, lactose, maltose. trehalose, cellobiose,
kojibiose, migerose, somaliose, B.p-trehalose, sophorose, lanunanbiose, gentiobiose,
turanose, maltulose, palatinose, gentiobiluose, mannobiose, melibiose, melibiulose, rutinose,
rutinulose, xylobiose, and the like.

20 in any monosaccharide, disacchanide, or oligosaccharide described herein, one or
more of the hydroxy (OH) groups in the particular sugar can be replaced with an NRGRG’
group, wherein RG* and RG? are each independently selected from the group consisting of
hydrogen and -C(=O)R, which is optionally substituted by 1-5 groups selected from the

group consisting of halogen. optiounally substituied Ciie alkyl, optionally substituted Crio

o
h

atkoxy. optionally substituted Cii0 aminoalkyl, and combinations thereof, or RG* and RG’
taken together with the nitrogen atom to which they are attached, form a CS heterocvcle that
1s optionally substituted by 1-5 substituends selected from the group consisting of ophionatly
substituted Ciw alkyl, optionally substituted Crgo alkoxy, optionally substituted Cre
aminocalkyl, optionally substituted Ce.10 arvi, optionally substituted Cs.10 heteroaryl, halogen.
30 and combinatons thereof. Each occarrence of R in RG? and RGP is independently H,
optionally substituted Ci-10 alkyl, optionally substituted CUs.1c cycloatkyl, optionally
substituted Co-1x arvl, or optionally substituted Cs-15 hetercaryl.

In any monosaccharide, disaccharide, or oligosaccharide described herein, the sugar

-26-
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AG”

A OBy |
(AGYin is connected through the anomenc carbon on the sugar,
E o <

In some embodiments, AG has the structure:

oH JOH
NRG'RG? |

and {ZG)p has the structure of

O :

Ak Ay Ao
HLC 2 N ’ H,C N

. )

A (%O\/’%\ /E‘!\v/\?x‘ A \éfg\,/%\ A
H,C 5 o H,C 5 N

In some emboduments, AG has the structure;

and (ZG)p has the structure of:

;\4\4,11\,\}, Aok,
Aoty Kb

H

10

Iz

-
In vartous embodiments, (X G has a structure selected from the group consisting of -
O-{CHop-, -NH-(CHLH2003-CHo-, and =N*¥C=0}{CH2)CEOINHCHCH-(OCH O H2)0-,
wherein =N* 1s a ring nitrogen in heterocy chic ring svstern; or combinations of the groups a}
15 through 1),

In various embodiments,

g RG
NG H _RG!
\ O /N\/JJ\?%)&R@
L* is an ASGPR binding moiety with the structure & ;

O (ZG)on.
AR WATAE
each RG is A© O/\?; o and
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one of the following is true:

i) each AGin L% is NRG.’SRGQ;

oH JOH

i) two of AG in LA are
ol JoH

HO ey

3 1) oneof AGin L is
on OH

" NRG'RG?
e

iv)  each AGinLYis
In various embodiments, LA or CRBM have the structure:
'S "tH’N\/L\ﬁ’J(‘RG‘
o . wherein
10 each occurrence of XG is independently selected from the group consisting of -CHa-. -

C{=0)~, -NH-, and -O-;

LD (ZC
each RG'is @ Sk O/\f:

11 is an integer ranging from 1 to 100;

AG is independently at each occurrence NRGIRG? or HOmuyuwmmt

e
wr

RG? and RG are independently at each occwrrence independently selected from the group

- 28 -
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consisting of hvdrogen and -C{=()R, which is optionally substituted by 1-3 groups selected
from the group consisting of halogen, optionally substituted Cy.10 alkyl, optionally substituted
C1.10 alkoxy, optionally substituted Cric aminoalkvl, and combinations thereof, or

RG? and RG taken together with the nitrogen atom to which they are attached, form a CS
heterocyele that is optionally substituted by 1-5 substituents selected from the group
consisting of optionally substituted Ci10 alkvl, optionally substituted Ci-10 alkoxy, optionally
substituted Ci-1o anunoalkyl, optionally substituted Co-10 arvl, optionallv substituted Cs.o
heteroaryl, halogen, and combinations thereof’

gach occurrence of R is independently H, optionally substituted Cio alkyl, optionally
substituted Cs.10 cveloalkyl, optionally substituted Co-13 aryi, or optionally substituted Cs-1s
heteroarvi.

In the amino acid sequences herein, non-standard amine acids are defined as follows:

WNon-standard Amino Acid Siructure Name

FPen penicillamine

Thz I.-thiarolidine-d-carboxviic
0 e
0 acid
HO™ ™y NH
N
g
Say SETOOSINE
. "
H i

Pip e L-pipecolic acid
e e OM
O
Niey ) norlencing

- 20
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NMeteu Pe-methy! leucine

o
Hal oA

~

V OH
HC  HN O,

<

o Strusctures of LP
in various embodiments, L.° is an anti-CCP1 (anti~cvelic citrullinated peptide)

antibody binding moiety with the structure

(Ci‘iz)m
oy A
5 o)
wherein AA 15 an amino acid sequence at least 80% homologous to SEQ ID NO: 1,
HQCHQESTCHGRSRGRCGREGS-OH (SEQ IDNO: 1), and mis 2,3, 4,5,6,7,8,9, 0r 10,
By at least 80% homeologous it is meant that an amino acid sequence with an anti-
CCPL antibody binding region that 15 80% homologous to SEQ ID NO- 1, even 1f the anmuno
10 acid sequence contains more residues, including synthetically modified residues, than SEQ
ID NOG: 1. This definition of homologous applies to all sequences described as homologous
herein
In some embodiments, SEQ 1D NO: |15 (3,16) ¢yvche peptide having a disulfide boud
betwean Cvs3 and Cys16. The attachment point of the amino acid residue in AA that is
15 directly bonded to the carbony! group in LB is, in various embodiments, a free valence in a
backbone NH i the amino acid residue such that an amude bond forms.

“C1t” is the g-amine acid citrulline, having the structure:

NN NN
N+ (citrutiine).
In various embodiments, LT is an anti-CCP1 (anti-cvelic citrudlinated peptide)

26 antibody binding motety with the structure

(CH;‘;}m (ﬁHz)m

AA AA

HQNVI\H/
8] . Or its enantiomer

HoN

In various embodiments, L2 has the stracture:
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wherein the bond connecting the cysteine residues represents a disulfide bond.

In various embodiments, the anti-CCP antibody binding moiety has a sequence that is
at least 80, 85, U, or 95% homologous to any one of the sequences in Table A, In various
embodiments, the anti-CCP antibody binding motety has a sequence that is anv one of the
sequences in Table A

Table A: Additional Andi-CCP Antibody Binding Moiety Sequences (44 in LB}

Sequence for AA (X = (i Sequence Mumber
HOHQESTXORSRGCG SEQID NGO oY
HOHQERTXGPSRGCG SEQIDNO: 70
HUHQESTXGRARGUG SEQIDNO: 71
HOHGESTXGRSPGCG SEQID NO: 72
HCHOESTXGPAPGOG SEQIDNG: 73

SHOESTXNGXSXOGRSGREGS SEQIDNO: 74
TXGRS SEQID NG: 75
TXGXS SEQIDNO: 76
TRGXS SEQIDNO: 77

In vartous erabodimuents, in any of sequences SEQ ID NO: 69 10 SEQIDNO: 73,2
disuifide bond is present between CvsZ and Cvsld. In various embodiments, sequences SEQ
ID NG: 6910 SEQ ID NO: 73 are cychic peptides. The sequences in Table A can be
covalently attached in the L moiety at any of the residues in the sequence, and each such
attachment is mdependently contemplated herem as if fully set out. In various embodiments,
the sequences in Table A are covalently attached in the L® moiety at the {irst residue in the
sequence, e.g. H (hustidine} in SEQ ID NO: 69.

In various embodiments, the ant-CCP antibody binding moiety is an anii-CCPI
anttbody binding moiety. anti-CCPZ antibody binding moiety. and/or anti-CCP3 antibody
binding moiety. In various embodiments, the anti-CCP antibody binding moiety LP has an in

vitro ot in vivo polency {as measured by ICso or ECso) against an anii-CCP antibody,
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inclnding anti-CCP1, CCP2, and/or CCP3 antibodies, of less than, at least, or equal to about
20,15, 10,9. 8,7, 6,5, 4, 3, 2 or about 1 ub. The anti-CCP antibody binding meisty L2, in
various embodiments, has an in vifro or in vive potency (as measured by {Cso or ECse) against
an anti-CCP antibody, including anti-CCP1, CCP2, and/or CCP3 antibodies, of less than, at
least, or equal 1o about 900, 800, 700, 600, 500, 400, 300, 200, 100, 90, 80, 70, 60, 50, 40, 30
20,10,9,8 7,6,5,4,3,2.1,0.5,0.1, 005, or about 0.01 oM. The in vitre or in vivo potency
can be as determined in a chinically or experimentally suitable cell-line (in the case of in
vitro) of in a desired organism (in the case of iz vivo), such as mouse, rat, cat, dog. pig,
rabbit, or human. In varicus embodiments, the in vitro potency is determined in 2 human cell-
Iine. In various embodiments, the iz vivo polency 1s determined io a human.

In various embodiments. AA in L¥ is an amino acid sequence containing five (3) to
forty (40) anino acid residues, one 10 {ive of which residues is/are a citrulline residue, and
optionally at least two of the residues in AA are cysteine residues that form a disulfide (-8-8-)
bond. making the AA a cyclic peptide. In various embodiments, the non-ciirulline amino acid
residues in AA are any of the naturally occurring amino acids (L-amino acids) or their D-
amino acid isomers. Tn various embodiments, AA in LB is an anuno acid sequence containing
five {5} to forty {40) amino acid residues and one citrulline residue. In various embodiments,
AAin £ is an amino acid sequence containing five (5) to forty (40} amino acid residues and
two citrulline residues. Tn various embodiments, AA in LP is an amino acid sequence
containing five {5) to forty (40} amino acid residues and three citrulline residues. In various
embodiments, AA in LP is an amino acid sequence containing ten {10} to forty (40} amino
acid residues and four citruliine residues. In various embodiments, AA in L¥ is an amino acid
sequence containing ten {16} to forty (40} amino acid residues and five citrulline residues. If
the at least two cysteine residues are present, they are separaied 1n the amino acid sequence
by at least two non-cysteine aming acid residues.

In various embodiments, the compound of Formuola T has the stroctare:

N
N Nt

Formula fa.
wherein:

T=wEEE is 3 carbon-carbon single or double bond.
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A1s a Co-1s aryl, Csars heterocyelvl, Coots biarvi, or Ce.1s heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F, I, Br, L
ORG, OC{OIN{RG), N, NO. NO2, ONO», CF3, OCFs, RG. N(RGR, SR, SORG. SO2RG,
SOMN{RGh, and SO:RG;

S LA is an asialoglycoprotein receptor {ASGPR) binding moiety with the structure:

G RGE
H RG!
\/ ~TUNT ORGE
H .
O , wherein

LB ig an anfi-CCP1 binding moiety with the structure
(CH2>11‘.
AR
HoNT Y
G
AA s an amino acid sequence ai Jeast 80% homologous to SEQ ID NG: 1,
O (Z3)ge
.. NN ie'd
10 RG s MG oY,
LO_{ZGYe
TN n
each occurrence of RG is independently hydrogenor = O/~>(l;
(7)) has the structure:

whereln pis 2,4, 6, or 8.

15 In various embodiments, pis 2. In various embodiments, p is 4. In various
embodiments, p is 6. In various embodiments, p s 8.
in various embodiments, (X{3), has a structure selected from the group consisting of -
O-(CHa)z-, ~-NH-{CHCH20)3-CHz-, and =N*{C=0)}CHpC (=0 NHCHCH~(OCHCH2 4,
wherein =N¥ s a ring nitrogen in a heterocyclic ning system;
20 A 15 an anunosaccharide:
each occurrence of RG 1s independently H. optionally substituted Ci10 alkyl, optionally
substituted Cz-10 cycloalkyi, optionally substituted Cs.ix arvl, or optionally substituted Cs-is
heteroaryl;
each occurrence of XG 1s independently selected from the group consisting of -CHo-, -

CEOY-, -NH-, and -0-;

S}
9

each occurrence of ZG is independently selected from the group consisting of -CHz-, -
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CE=0Y-, ~NH-, and ~O-;
mis 2. 3.4, 5,6,7.8,9, or 14
It i an integer ranging from 1 to 100; and
p is an integer ranging from | to 50,

in the compound of Formula Ta, A is a ring or ring system that can contain multiple
rings. Thus, A can be a ring system coutaining two, three, four, or more rings fused together
or honded together as in. for example. a bi-arvl ring svstem. Heterocvelyl A rings can be
aromatic or can contain aliphatic carbon or nitrogen atoms in some portion of the ring or
rings in A

To varous embodinents, m1s 2. In vartous embodiments, m s 3.

In various embodiments. AA has the sequence HQCHQESTCRGRSRGRCGRSGS
(SEQ ID NO: 13, wherein the cysteine residaes in the SEQ 1D NOu | optionally combine {o
form a disulfide {-5-8-} bond with each other.

Astaloglycoprotein receptors {ASGPR1) bind asialoglycoproteins and other
elveoproteins from which a sialic acid has been removed. exposing galactose residues. In
various embodiments, L® has the structure:

(CHahn

A UAA
HNT
H

In various embodiments, AG has the structure;

" NRGIRG2

NRGIRG? o HOm et
wherein RG? and RG™ are each independently selected from the group consisting of hydrogen
and -CEOIR, which is optionally substituted by 1-5 groups selected from the group
consisting of halogen, optionally substituted Ci-1o alkvl, optionally substituted Ci.1o alkoxy,
optionatly substituted Ci.16 aminoalkyl, and combinations thereof, or

RG? and RGP taken together with the nitrogen atom to which they are attached, form a
C5 heterocycle that is optionally substituted by 1-3 substituents selected from the group
consisting of optionally substituted Ci0 alkvi, optionally substituted Ci.0 alkoxy, optionally
substituted Ci1o anunoalkyl, optionally sebstituted Ceic arvi. optionally subsiituted Csi0

heteroaryl, halogen, and combinations thereof. In various embodiments, RG? is hvdrogen and
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RG? is C=OW s,

In certain embodiments, each occurrence of R is independently H, optionally
substituted Ciao alkvl, optionally substituted Ca.w cvcloalkyl, optionally substituted Csis
aryl, or optionally substituted Cs-1s heteroarvi.

AQG, in various embodiments, includes other galactosy! analogs that bind to ASGR.

In various emabodiments, AG has the structure;

oH JOH

NRGRG?
In vartous embodiments. AG has the structure:

on OH
¢ NRG'RG?

In various embodiments, {Z); has the structure:

O
~ A o A
)3 HC N
L or z “H

H O A g\é
&E"“Q’QQ\/’%\N AN ~ ‘g\a-fycéo\/;};m AN
L- H , of ‘ i
In varous embodiments, (XGhn has a structure selected from the group consisting of -
O-{CH2)z-, -NH-(CH2CH20)3-CHz-, and =NHC=0)(CH)C(=0)NHCHCH-(OCHCH )4,

wherein =N* is a ring nitrogen in A.

In various erabodiments, AA 1s 2 (3,16) cychce peptide in which the cvsteine residues
at positions 3 and 16 in AA form a disulfide bond. In various embodiments, AA is at least
95% homologous to SEQ 1B NG 1. In various embodiments, AA is an amino acid sequence
of SEQ IDNG: 1.

in various embodinments, the compound of Formula Ia has the structure:
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In various embodiments, the compound of Formuda Ia has the structure:
O

HNN/\O-’\./OV‘\n o Ot
NH\).L ACHW
g NP ,)/\aovf\pf&a,\%?,,w
> A. ACHN

oy

iIMvr\ NJ\,«\ o CH
Ac hN
ASGPR Binding Terminus o H

HoN b Qe e Qe E e G T o o G e G e R e e G G R e G o G S e O

anti-COP Binding Ligand

CCP-MoDE-A

L

in various embodiments, the compound is a compound of Formula IIb:

N
N? SNt

LA (Formula [ih),
where L and LP are as defined herein:
RG‘

L* has the structure Q , wherein

each RGlis AG/OVMG)‘)\O/\Y :

10 each occurrence of XG 15 independently selected from the group consisting of -CHa-,
-C{=0)-, -NH-, and -0O-;
each occurrence of Z( is independently selected from the group consisting of -CHa-. -
C(=0)-, -NH-, and -0~

AG 15 independently at each occurrence

oM LOH

HO e A
15 NRGPRGZ op MO~

RG? and RGS are at each oceurrence independently selected from the group consisting

-36-



WO 2024/163610 PCT/US2024/013767

of hydrogen and -C{(=()R, which is optionally substituied by 1-5 groups selected from the
group consisting of halogen, optionally subsiituted Ci-io alkyl, optionatly substituted Cireio
atkoxv, optionally substituted Ci-10 aminealkyl, and combimations thereof, or

R{G7 and RGP taken together with the nitrogen atom to which they are attached, form a

5 C5heterocycle that ts optionally substituted by 1-3 substituents selected from the group

consisting of optionally substituted Ci.10 alkyl, optionally substituted Ci.10 alkoxy, optionally
substituted Ci-10 anunoalkyi, optionally substituted Co-10 arvl, optionallv substituted Cs.0
heteroaryl, halogen, and combinations thereof;

cach occurrence of R is independently H, optionally substituted Ci-10 alkyl, optionally

10 substituted Cs.o cveloalkyl, optionally substituted Co.13 aryi, or optionally substituted Cs-1s

heteroaryt:

L2 is an anti-CCP binding moiety with the structure 0O , wherein:

AA 1s an anuno acid sequence at least 80% homologous to an amino acid sequence

selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 69-SEQ D NO: 76, and
15 SEQIDNO. 77; and

mis2,3,4,3,6,7.8,9, or 10

In various embodiments. in the compound of Formula 1 or Formula Hb. AA 152 (3.19)
cyclic peptide. In vasious embodiments, in the compound of Formula T or Formuda Hb, AA g
at feast 959 homologous to SEQ 13 NO: 1. In various embodiments, in the compound of

20 Formula | or Formula Ih, AA is an amino acid sequence of SEQ ID NG: 1. In various
embodiments, in the compound of Formula | or Formula Hb, mis 2.

In various embodiments, in the compound of Formda T or Formula Hb, {(ZG)p is -
CH2~-{O-CH2-CH2p-NH{C=0)CH2CH>-. In various embodiments, in the compound of
Formuta [ or Formula Ib, each RG and/or RGY is

o}

Lo O -
AG AN \OA\/ S ﬁ/u\\/’\op\}p”

N
(]

In various embodiments, in the compound of Formula I or Formula Iib, L* has the

structure:
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H
N -~ O AG
I//‘w - \/"\O/ N \/\Q,
o OO N ¢
\ H ; -~
’K/ (XG }nﬁ/ N \//J\N/Q:\O/\\/tLﬁ/“\/O\‘/\O/ \/O\/\G
H H -
o} O\,/\\( N O/\\/O\'/\ o AG
o)

in various embodiments, in the compound of Foromila { or Formula b, (XGh is
selected from the group cousisting of ~-CHz-(OCHCH2)2~, ~-CHo-{OCH2CHz 3, ~-CH2-
{OCH2CH2)4-, and ~CH>-(OCH2CH2)s-. In various embodiments, in the compound of
3 Formula I or Formula b, (XG) 15 -CH2-(OCHCH2 )4,

In various embodiments, in the compound of Formula @ or Formuta Hb, each AG in

in various embodiments. in the compound of Formula 1 or Formula {ib. RG* s H. In
various embodiments, in the compound of Formula I or Formula IIb, RGY is -CE=0Hs.
10 In various embodiments, in the cormpound of Formula T or Formula Tib, each AG in

OH  OH

RG'is o

In various embodiments, 1o the compound of Formula§ or Formula b, gach AGin

OH C}H

in various erubodiments, in the compound of Formula [ or Formula fb, each AGm
oW OoH
¢ NHRG®
! E. :'21:.
1S RG!is HOwAertud o %

In various embodiments, 1o the compound of Formula T or Formula ITh, each AGm

-~ 38 -
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RG!is HOmQmeets

In various embodiments, L in Formula b or CRBM in Formula 11 is;

H
O\/’\nf N\V/\Q’J\N/O\/ﬁ\o/\o OH
Ac’HN&aﬂ%/
HO

/\vécv%rﬂ\'j\ Q/\\/JLN”’\/O\/\ 0
N o H
O O’/\V)Lijwo\/\ A\/Om—‘_\

In various embodiments, in the compound of Formula I or Formula b, LB has the

S structure:

f i
Hem Qe ComHon Qe Lo G T o Gt G R v § o R oo G R oo O oo G R o S G § o= C O OH

In various embodiments, the compound of Formula 1 or Hb has the structare
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CCPI-GN4.

Additional Galactose~ and Talose-based ASGPR Binding Moieties
in some embodiments, the present disclosure is directed to compounds yseful for
removing circuiating proteing which are associated with a disease state or condition in a

patient ot subject according to the general chemucal structure of Formula 1h

- 40 -
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LEBM jemmsic 0N TW% LINKER-2 sl CON §;mw§ CRBM].,
i, !

Formula 11
The term “Extraceliular Protein Targeting Ligand” as used herein 1s mterchangeably
used with the term PBM {protein binding motety}. In various embodiments both
5 “Hxiracellular Protein Targeting Ligand™ and PBM refer to targeiable protems found inside
cells, in the extracellular fuids, as well as membrane-bound proteins present on the surfaces
of cells, for example. including soluble proteins {¢.g., antibodies} and membrane-bound
proteins such as immune checkpoints (e.g, PB1, PD-L1, and the like) for degradation. Thus,
the terms “Extracellular Prolein Targeting Ligand” and PBM are not limited o cellular
10 proteins.
in vartous embodiments, the PBM is an anti-CCP1 binding motety. In various
embodiments, PBM is an anti-CCP2 binding moiety. In various embodiments, PBM is an
anti-CCP3 binding rootety. In various embodirsents, PBM can bind {o autoantibodies
implicated in autoimimune arthritis and related auntoimmune diseases. In various
15 embodiments, PBM has the same structure as any LF woiety described herein,
The term “ASGPR Ligand” as used herein 1s interchangeably used with an
asialoglycoprotein receptor {ASGPR) binding moiety as defined herein,
in the compound of Formula I, each {CON} is an optional connector chemical motety
which, when present, connects directly 10 {PBM} or to [CRBM]| or connects the |LINKER-2]
20 to [PBM] or to [CRBM].
in the compound of Formula I1:
[LINKER-2] is a chemical moiety having a valency from 1 to 15 which covalently
attaches o one or more [CRBM] and/or {[PBM] group, optionally through a [CON], including

a [MULTICON] group, wherein said [LINKER-2] optionaliv tiself contains one or more

25 [CON}or IMULTICON] groupis).
k'131,2,3, 4, 5,6, 7,8 9,10, 11, 12, 13, 14, or 15,
Jis1,2,3,4,5,6,7.8,9,10, 11,12, 13, 14, or 15;
hand i’ are each independently 00, 1,2, 3. 4. 5.6, 7. 8,9, 10, 11,12, 13, 14, or 15
iLis 0 1,2.3,4,5,6,7,8 9,10, 11,12, 13, 14, or 15;

30 with the proviso that at feast one of b, h” and 1 is at leasi |,

or a pharmaceutically acceptable salt, sterecisomer, solvate or polymorph thereof.
In vartous embodiments, k" 1s 1 and " is L.

A MULTICON] group can connect one or more of a [CRBM] or [PBM] to one or

~4] -
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more of a [LINKER-Z]. In various embodiments, [LINKER-2] has a valency of 1 10 10. In
various embodiments, [LINKER-2] has a valency of 1 to 3. In various embodiments,
[LINKER-21 has a valency of 1, 2 or 3. In various embodimenids, in the compound of Formula
11, the [LINKER-2] includes one or more of Linker®, Linker®, Linker”, Linker”, and/or

S combinations thereof as defined herein.

In certain embodiments of the compound of formula I as exernplified elsewhere
herein. R? at each occurrence is independently selected from hydrogen. alkyvl, heteroalkyl,
haloalkyl (including -CFs, -CHF,, -CHoF, ~CHCFz, -CHCHRF, and -CF2(Fs), arylatkvl,
heteroarvialkyl, alkenyl, atkynyl, and, heteroaryl, heterocycle, -OR?, and -NRR®)

10 in certain embodiments of the compound of formula H as exemplified elsewhere
herein, R* is independently selected at each occurrence from hydrogen, heteroallyl, alkyl,
haloalkvi, aryiatkyl, heteroarylalkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocvele, -OR®, -
NRIRT,

in certain embodiments of the compound of formula I as exemplified elsewhere

ek
W

herein, R® and R are independently selected at each occurrence from hydrogen, heteroalksl,
alkyl, arvialkyl, heteroaryi alkyl, alkenvl, alkynyl, and, haloalkvl, heteroaryl. heterocvele, -
alkvl-OR?, -alky-NRAR®, CLOWRE. S(OIR?, C(SIR®, and S{O)RY; and

In certain embodiments of the compound of formula H as exemplified elsewhere
herein, R* and R are independently selected al each occurrance from hydrogen, heteroalkyl,

20 alkyvl arvialkyl, heteroarvialkyl, alkenvl, alkynyl. aryl, heteroaryl, and heterocycle.

A Galaciose-Based ASGPR-Binding Cellular Recepior Binding Moieties of
Formula i1

In certain embodiments, the compound of Formuula 1 s selected fronu

-42 -
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In some embodiments, the compound of Formula II has one of the following

structures:

et Mroia
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In various embodiments, the ASGPR ligand is linked at sither the C! or C° (R! or R®)
position to form a degrading compound. In varions embodiments, the ASGPR ligand 15

linked at C° position to form a degrading compound. For example, when the ASGPR ligand
1 = < =

W

is

3

then non-luniting examples of ASGPR binding compounds of Formula I include:

Py

Ak e

Y
TR

10 or the bi- or tri- substituted versions thereof or pharmaceutically acceptable salis thereof,

- 51 -
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where the bi- or tri- substifution refers fo the nomber additional galactose derivatives attached
to a hnker moigty,

In any of the embodiments herein where an ASGPR ligand 1s dravwn for use in a
degrader the ASGPR ligand is typically linked through to the Extracellular Protein Targeting
Ligand in the O position {e.g.. which can refer to the adjacent C° carbon hydroxyl or other
functional moiety that can be used for linking purposes). When the linker and Extracellular
Protein Targeting Ligand is connected through the C' position, then that carbon is
appropriately funciionalized for linking, for example with a hvdroxvl, amino, alivl, alkyne or
hydroxyi-allyl group.

In various embodiments, the ASGPR ligand is not linked in the C7 or £* position,
because these positions chelate with the calcium for ASGPR binding in the liver. In certain
embodiuments, an ASGPR ligand usefil for incorporation into a compound of Formula 11 is

selected from:

)
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In certain embodiments, the compound of Formula H is selecied from:
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B. Talose-Based ASGPR-Binding Cellvlar Receptor Binding Maoieties of
Formula I

In certain embodiments, the compound of Formula H is selected fromu
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In some embodiments, the compound of Formwla il is an extracellular protein

degrading compound in which the ASGPR ligand is a ligand as described herein

A

in sorse embodiments, in the compound of Formula 11, the ASGPR ligand is linked at
either the C1 or €35 (R' or R%) position to form a degrading compound. In some embodiments,

in the compound of Formula 1, the ASGPR ligand 15 linked at C6. In various embodiments,
when the ASGPR ligand is

then non- limiting examples of ASGPR binding compounds of Formula I include:
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ot the bi- or iri- subsittuied versions thereol or pharmaceutically accepiable salts thereof,
where the bi- or tri- substitution refers to the number additional galactose derivatives attached

5 1o alinker motety. [n certain embodiments the compound of Fornuda 1 1s selected from:
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wherein in certain embodiments R? is selected from -NRSCOR?, -NRO-(5-merobered
heteroarvl}. and-NR®-(6-membered heteroaryl), each of which R? groups is optionally
substituted with |, 2. 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 subsiituents independently selected from F, Cl, Br, haloalkyl, or alkvi

In certain embodiments, the compound of Formula 11 is selected from:
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wherein in certain embodiments R? is selected from -NROCOR?, -NRS-(5-membered
heteroarvl). and-NR®-{6-membered heteroarvi), each of which R? groups is optionally
substituted with 1, 2. 3. or 4 independent, substituents as describad herein, for example 1.2,
3, or 4 substituents independently selected from F, C1, Br, haloalkyi, or alkvi

To certain embodiments, the compound of Formula 1 is selected from:

- 118 -



WO 2024/163610 PCT/US2024/013767

A A A A AT

N
g™

Tvsmavsssasrassy

AR AR AR AN AR AAN

SN

JECITIEIR————

M

N

o5 : o
TN o—
gaing Lgas ;

oo™

E VR RN RNRROR:

\§@\$$M

2N

- 119 -



WO 2024/163610 PCT/US2024/013767

]
{
ey

3
H
%‘.xx\\. N

R

wherein in certain embodiments R7 is selected from -NRSCOR®, -NR -(3-membered
heteroaryl), and-NR -(6-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substifuents as described herein, for example 1, 2,
3, or 4 substituents independently selecied from F, CL, By, hatoalkvl, or alkyvl

in certain embodiments, the coropound of Formula I is selected from:
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wherein in certain embodiments R? is selected from -NRCOR®, -NR%-{5-membered
heteroaryl), and-NR°-(G-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, CI, B, haloaikyl, or alkyl

In certain embodiments, the compound of Formuda H is selected from:
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wherein in certain embodiments R7 is selected from -NRSCOR®. -NR - (3-menmbered
heteroaryl), and-NR -(6-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selecied from F, Cl, Br, haloalkyl, or alkyvl.

in certain embodiments, the coropound of Formula I is selected from:
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whergin in certain embodiments R? is selected from -NROCOR®, -NR®-(3-membered
heteroaryl), and-NR-(6-membered heteroaryl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3. or 4 substituents independently selected from F, Cl. Br, haloatkyl, or alkvl.

in certain embodiments, the compound of Formula I is selected from:
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TRE-S
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wherein in certain embodiments R is selected from -NRECOR®. -NRS-(3-membered
heteroaryl), and-NR -(6-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selecied from F, Cl, Br, haloalkyl, or alkyvl.

in certain embodiments, the coropound of Formula I is selected from:
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wherein in certain embodiments R? is selected from -NRCOR!M, -NRS-{5-membered
heteroaryly, and-NR -(G-membered heteroarvl), each of which RZ groups is optionally
substituted with 1, 2. 3, or 4 independent, substituents as described heren, {or exarople 1, 2,
3, or 4 substituents independently selected from F. Cl, Br, haloatkvl, or alkyl.

In certain embodiments, the compound of Formula H 15 selected from:
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wherein in certain embodiments R? is selected from ~-NRPCOR!Y, -NRS-(5-membered
heteroaryl), and-NR®-(6-merbered heteroaryD), each of which R? groups is optionally
substituted with 1, 2. 3, or 4 independent, substituents as describad herein, for example 1. 2.
3, or 4 substituents independently selected from F, {1, Br, haloalky!, or alkyl

In certain embodiments, the compound of Formuala 1T is selected from:
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whergin in certain embodiments R s selected from -NROCORY, -NRS-(5-membered
heteroarvl), and-NRS-(G-membered heteroarvl), each of which R? groups is optionallv
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl

In certain embodiments, the corspound of Formula I s selected from:
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wherein in certain embodiments R? is selected from -NRPCORY, -NR®-(5-membered
heteroaryl), and-NR®-(6-mernbered heteroarvl), sach of which R groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described hevein, for evample |, 2,
3. or 4 substituenis independently selected from F, Cl. Br, haloalkyl, or alkyl.

in certain embodiments, the compound of Formula H is selected from:
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wherein in certain erobodiments B2 is selected from -NRCOR ! NRS-(3-membered

heteroarvl). and-NR®-{6-membered heteroaryl), each of which R? groups is optionally

substituted with 1, 2. 3, or 4 independent, substituents as described herein, for example 1. 2,

3, or 4 substituents independently selected from F, 1, Br, haloalkyl, or alkyl.

To certain embodiments, the compound of Formula 1 is selected from:
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wherein in certain embodiments R s selected from -NRPCORY, -NRS-(5-membered
heteroaryl), and-NR -(6-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selecied from F, Cl, Br, haloalkyl, or alkyvl.

in certain embodiments, the coropound of Formula I is selected from:
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wherein in certain erobodiments B2 is selected from -NRCOR ! NRS-(3-membered
heteroarvl). and-NR®-{6-membered heteroaryl), each of which R? groups is optionally
substituted with 1, 2. 3, or 4 independent, substitiients as described herein, for example 1. 2,
3, or 4 substituents independently selected from F, C1, Br, haloalkyl, or alkyl.

To certain embodiments, the compound of Formula 1 is selected from:
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In certain embodiments, an ASGPR ligand useful for incorporation into a compound

of Formula U 15 selscted from:
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. The ASGPR Ligand/Binding Maiery in Compounds of Fornusda I

in certain embodiments, in the compound of Formula [1, R'is hydrogen.
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In certain embodiments, in the compound of Formula I, R'is
In certain embodiments, in the compound of Formula I, ®lisg
In certain embodiments, in the compound of Formula I, R is

in certain embodiments, in the compound of Formula [T, R is

Prgue

Prres

5 n certain embodiments. in the compound of Formula [, R) is

srosdsacs

. . o . Tl
In certain embodiments, in the compound of Forpuida I, R'is

In certain embodiments, i the compound of Formula IL R'is Co-Csalkyi-cvano
optionally substituted with 1, 2, 3, or 4 substituents.
In certain embodiments, in the compound of Formula 11, R is allovt optionally
10 substituied with 1, 2, 3, or 4 substifuenis.
In certain embodiments, in the compound of Formula 1§, R' is alkeny! optionally
substituted with 1, 2, 3, or 4 substituents. In certain embodiments, in the compound of
Formula [, R is alkvny! optionally substituted with 1, 2, 3, or 4 substituents. In certain

embodiments, in the compound of Formula {1, R! is haloalkyi opticnally substituted with 1, 2,

15 3, or 4 substituents. In certain embodiments, in the compound of Formula Il R' is F.
i certain embodiments, in the compound of Formula 11, R is CL
in certain embodiments, in the compound of Formula H, R is Br.
In ceriain embodiments, in the compound of Formula i, R' is aryl optionally
substitated with 1, 2, 3, or 4 substituents.
20 In certain embodirnents, tn the compound of Fornutla I R is arvialkyi optionally

substituted with 1. 2, 3. or 4 substituents.

In certain embodiments, in the compound of Fornula [, R'is heteroarvi optionally
substituled with 1, 2, 3, or 4 substituenis.

Tn certain embodiments, in the compound of Formula I, R) is heteroany1 alky]

25 optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Forrmila T, R! is heterocycle optionally
substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Fornmla I, R' is heterocycloalkyl

optionally substituted with 1, 2, 3. or 4 substituents.
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in certain embodiments, in the compound of Formula 11, R! is haloalkoxy optionally
substituted with 1, 2, 3, or 4 substituents.
in certain embodiments, in the compound of Formula i, R? is -O-alkenvi, -O-atkynyl,
Co-Csalkyl-ORE, Co-Coalkyl-8R®, Co-Lsalky -NRR, Co-Coalky HCOIRY, Co-Coalky1-8{0)R?,
5 Co-Craikyl-C(SIRY, Co-Caalkyl-S(01R%, Co-Coalbyl-N(RH-CIOIRY, Co-Coalky-N(R®)-
SR’ Co-Caal kv -N(RY-C(SIRY, Co-Coalky-NRH-S(ORR Co-Coalkyl-O-C(OIR?, Co-
Coalkyl-0-S(0IR?, Co-Coalky1-0-C(S)R, -N=S{O} R, Co-CsalkviNz, or Co-Csalkvl-0-
S{O)RY, each of which is optionally substituted with 1, 2. 3, or 4 substituents.
Tn certain embodiments, in the compound of Formula 11, R? is ary! optionally
10 substituted with 1, 2, 3. or 4 substituents.
In certain embodiments, in the compound of Formuia I1, R is heterocycle optionally
substituted with 1, 2, 3, or 4 substituents,
In certain embodiments, in the compound of Forntula 11, R? is heteroary] containing 1
or Z heteroatons independently selected from N, O, and S optionally substituted with 1, 2, 3.
15 or 4 substituents.

In certain embodiments, in the compound of Formula [, R? is selected from

#
o

in certain embodiments, in the compound of Formula [1. R? is heterocvcle optionally
20 substituted with 1, 2, 3, or 4 substituents.
In certain embodiments, in the compound of Formulda I, R? is -NR&-S(03-R®
optionatly substituted with 1, 2, 3, or 4 substituents.
In certain embodiments. in the compound of Formula I, R*is -NR%-C(S)-R*
optionally sebstituted with 1, 2, 3, or 4 substituents.
25 In certain embodiments, in the compound of Formula I, R? is -NRE:-S(OWNRS)-R?
optionally substituted with 1, 2, 3, or 4 substituents.
in certain embodiments, in the compound of Formula I R? is -N=8{O)}R*)»
optionally substituted with 1, 2, 3, or 4 substituents.

Tn certain embodiments, in the compound of Formula I, R? is -NR3C(OINRIS(ORRT
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optionally substituted with 1, 2, 3, or 4 substituents.
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In certain embodiments, in the compound of Formula I1, R? is -NR®-S(0-R Y

optionally substituted with 1. 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula IT, R* is -NR:-C(NR)-R’

optionally sebstituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Fornmula I, R? is hydrogen.

in certain embodiments, in the compound of Formula [1, R?is R'Y,

In certain embodiments, in the compound of Formula [, R? is alkvi-C(O)-R°.

Tn certain embodiments, in the compound of Formula 11, R? js -C(O)-RY.

In certain embodiments, in the compound of Formula I, R’is alkyl

In certain embodiments, in the compound of Formuia I1, R* is haloalkvl.

In certain embodiments, in the compound of Formula 11, R is -OC{O)R®.

In certain embodiments, in the compound of Fornwla I, R? is -NR*-C(OR !,

In certain embodiments, in the compound of Fornwla I, R? is alkenyl optionally

substituted with 1, 2. 3, or 4 substituents.

In certain embodiments, in the compound of Formula I, R? is allyl optionally

substituted with 1, 2, 3. or 4 substituents.

In certain embodiments, in the compound of Formuda I, R? is alkyny! optionally

substituted wiih |, 2, 3, or 4 substituents.

in certain embodiments, in the compound of Formula B R is -NR*-alkeny! optionally

substituted with 1, 2. 3. or 4 substituents.

In certain embodiments, in the compound of Formula II, R? is -O-atkenyl optionally

substituled with 1, 2, 3, or 4 substituenis.

fn certain embodiments, in the compound of Formula ff, R% is -NRS-alkyayi

optionally substituted with 1. 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formuda T, R% is -NR® -heteroaryl

By

optiounally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Fornula I R? is -NR®-aryl optionally

substituted with 1, 2. 3, or 4 substituents.

In certain embodiments, in the compound of Formula [, R? is -O-heteroaryl

optionally substituted with 1, 2, 3, or 4 subsiituents.

In certain embodiments, in the compound of Formuda H, R* is -O-arv! optionaily

substituted with 1, 2. 3, or 4 substituents.

in certain embodiments, tn the cornpound of Formula I R* is -O-alkynv] optionally
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substituted with 1, 2, 3, or 4 substituenis.

In certain embodiments, in the compound of Formula [, R? is selected from and

In certain embodimenis, in the compound of Formula 1, R? is selecied {rom

4

R

wherein
R 15 an optional substiluent as defined herein.

10 In certain embodiments, in the compound of Formula [1, R? is selected from
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In certain embodiments, in the compound of Formula . R* is selected from
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cand

wherein R
is an optional substituent as defined herein.

In certain embodiments, in the compound of Formula T, R* is selected from
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In certain embodiments, in the compound of Formuda I, R7is
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10 In certain embodiments, it the compound of Formula ff, R® is selected from
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Tn certain embodiments, in the compound of Formula 1, R? is selected from
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To certain

embodiments, in the compound of Formula I, R? is selected from
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In certain embodiments, in the compound of Formuila {1, R? is selected from
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in certain embodiments, in the compound of Formula 11, R? is selected from

is selected from
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10 In certain embodiments, in the compound of Forrmuda I, R is selected from

In certain embodiments, in the compound of Fornuila I, R® is a spirocyclic
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heterocyvele, for example, and without limitation,

in certain embodiments, in the compound of Formula H. R? is a silicon containing

heterocycle, for example, and without limitation,

Tn certain embodiments, in the compound of Formula IT, R? is substituted with SFs,

N

for example, and without Hmitation,
In certain embodiments, in the compound of Fornula I, R? 15 substituted with a

sulfoxime, for example, and without limitation,

In certain embodiments, in the compound of Formula 1. RY is selected from bicyclic
10 heterocyele,
1o certain embodunents, in the compound of Formula I, R is selected from
spirocyclic heterocycle.
In certain embodiments, in the compound of Formula I, RY 15 selected from -NR%-
heterocycle.

15 In certain embodiments, in the corapound of Formula 1L, R¥ 5 selected from

Tn certain embodiments, in the compound of Formula I, R is selected from
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10 certain embodiments, in the compound of Formula I, R™ is selected from:

18

0 .

in the compound of Formula IT, R®

In certain embodiment;

15

200

“Formula [, R?

of

in the compound

embodiments

In certain

all, R s

In certain embodiments, in the compound of Formul

in certain embodiments, in the comapound of Fornuda 1L R¥ 45’
» iy
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T certain embodiments, in the compound of Formula I, R%% s

T certain embodiments, in the compound of Formula 11, R%% 55

In certain embodiments, in the compound of Formula 11, R* is

200 -

In certain embodiments, in the compound of Formula 1. R*" 15

In certain embodiments, in the compound of Formula II, R* ig

in certain embodiments, in the compound of Formuta IL, R* is

In certain embodiments, in the compound of Formula 71, R%%ig

To certain embodiments. in the compound of Formula 1, R%% ig

Linkers
In non-limiting embodimenis, in the compound of Formula 11, Linker® and Linker®

are independently selected fromu

wherein:

RURY2 RE RY RSB R RY R RY and R® are independently at each occurrence
selected from the group consisting of a bond, alkvl. -C(Q)-. -C{OYO-. -OC{O)-, -SO2-, -S(O)-.
L{8)-, C{OINRE- NROC(O)-, -0, -8B -NRS- -C(RZ'RZH). POHRHO-, -PIONR)-, a
divalent residue of a nataral or ennatural amine aecid, alkenyl, alkynyl, haloalkyl, alkoxy, and,

heterocy cle, heteroaryl, -CHCHa-[O-(CHp a0, CHoCH-[O-(CH22]n-NR . -CHoCHo-[O-
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{Cihle-, -|-{(CHz}-OJo-, -fO-(CHz R fon, | O-CH(CH YO (O o, [ C{ORCH{CH:)-O o,
-{O-CH2C(O M-, -[C(0)-CH2-0ls -, a divalent residue of a fatty acid, a divalent

residue of an unsaturated or saturated mono- or di-carboxvlic acid; each of which 18

optionally substituted with 1, 2, 3, or 4 substituents independently selected from R,

5 n s independently selected at cach instance from ¢, 1,2, 3,4, 5,6, 7, 8,9, or 10;

R*! is independently at each occurrence selected from the group consisting of

hydrogen, alkyl, alkenvl, alkvnvl, F. CiL, Br, 1. hvdroxyl, alkoxy, azide, amino, cvano, -

NROR7, -NR¥SO:R?, -NR¥*S(OIR?, haloalkyl, heteroalkyl, and, heteroarvl, and heterocycle;
and the remaming variables are as defined heremn.

10 In some embodiments, in the compound of Formula 11, Linker” is bond and Linker” is

In some embodiments, in the compound of Formula i1, a divalent residue of an amino

18 acid 1 selected from

184 -
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wherein the amino acid can be ortented in either direction and wherein the amino acid can be

in the L- or D-form or a muxiure thereof
In sovoe embodiments, 1o the compound of Formula 11, a divaleni residue of &

dicarboxvlic acid is generated from a nucleophilic addition reaction:
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a nucleophilic addition reaction include:

In some embodiments, in the compound of Formula 11, a divalent residue of 2

dicarboxvlic acid is generated from a condensation reaction:

5
Non-limiting embodiments
a condensation inclade:
16 Non-Hmiting embodiments of a divalent residue of a saturated dicarboxylic acid

mclude:
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Non-limiting embodiments of a divalent residue of a saturated dicarboxylic acid

include:

Non-lumiting embodiments of a divalent residue of a satwrated monocarboxylic acid 13
selected from butyric acid ((OCOHCHRCH2-), caproic acid (FOC{O}CH2)4CH»-), caprylic
acid (OC(OWCH2)sCH2-). capric actd ((OC{OXCH: T He-), lawic acid (-
OC(OHCH2):0CH2-). myristic acid ((OC{O}CH12CH2-), pentadecanoic acid ¢~
OC(OHMCHznaCH2-), palmatic acid (OC{ONCH2)14CH2-), stearic acid (~OC{OYCH2)1sCH2-),
behenic acid (~-OC{OHCH2p0CHz2-), and lignoceric acid (FOC{O}CH2 ) CH2-):

L

Non-limiting embodiments of a divalent residue of a fatty acid include residues
10 selected from linoleic acid, palmitoleic acid, vaccenic acid, paullinic acid, oleic acid, elaidic

acid, gondoic acid, gadoleic acid, nervonic acid, royristoleic acid, and erucic aad:

Non-limiting embodiments of a divalent residue of a fatty aaid 1s selected from
linoleic acid (-C{ONCH U HRCHA{CH p(CHR:CHe-), docosahexaenoic acid (-
COXCH{CHCHCH)6CH2-), eicosapentaenoic acid (~C{OX CH B (CHOHCH)sCH-),
alpha-tinolenic acid {(-COHCH2y{CHCHCH1:CH2-) steanidonic acid (-
C{OHCH2(CHCHCH ) CH2-), v-linoleruc acid (-COYCH)((CHCHCH ) 3(CHu ) CH-),

LA
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arachidonic acid (~-C{OYCH)s, (CHCHCH W{CHCHR-), docosatetraenoic acid {-
CONCH)s{CHCHCH2M{CH2CHz-), palmitoleic acid (CONWCH2yCHCH(CH2)sCH2-,
vaccenic acid (-C{OXCH2)CHCH({CH)sCH2-), paullinic acid (-

COOCHn CHCH(CHR)sCHR-), oleic acid (~C{ONCH ) CHCH(TH2)2UH2-), elaidic acid (-
C{ONCHCHCH{CH2 1 CH2-), gondoic acid (<COXCHzpCHCH{CH2):CHa-), gadoleic
actd (- CLOXCH)»CHCH{CH ) CHz-), nervonic acid (CONCH2psCHCH{CH:CH2-),
mead acid (- COWCHR{(CHCHCH 3{CH)(Hz-), mvristoleic acid (-
C{ONCH ) CHCH(CH 1O Ha-), and erucic acid (-C{ONCH2CHCHCH 1 CHR-),

In certain embodiments, in the compound of Formula 1L, Linker" is sefected from

wherein;

R* is independently at each occurrence selected from the group consisting of alkyl. -
C{OIN-, -NC(O)-, -N-_ -C(RY- -P(OGY0-_ -P(O)-. -P{OY}NRORIN-_ alkenyl, haloalkvl, aryl,
heterocycle, and heteroaryl, each of which is optionally substituted with 1, 2,3, or 4
substituents independently selected from R?";

and the remaining variables are as defined herein.

In certain embodiments, in the corupound of Formula T, Linker® is selected from:

wherein:

R s independently at each cccurrence selected from the group consisting of alkyl,
NX-, -C-_ alkenyl, haloaikyl, arvl, heterocyele, and heteroaryl, each of which is optionally
substituted with 1, 2. 3, or 4 substituents independently selected from R*':

X~ 18 an anionic group, for example Br- or C° and

all other vaniables are as defined herein,

- 188 -
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in certain embodiments, in the compound of Formula I, Linker® is selected from:

wherein each heteroaryl, heterocycle, cycloalkyl, and aryl can optionally be
substituted with 1, 2, 3, or 4 of any combination of halogen, alkvl, haloalkyl, and, heteroaryi,
3 heterocycle, or cyvcloalkyl. as allowed bv valence.

In certain embodiments, in the compound of Formula 1, Linker™ is selected from:

wherein each heteroarvl, heterocyele, cveloalkyl, and and can optionally be
substituted with 1, 2, 3, or 4 of any combination of halogen, alkvi, haloalkyl, arvl, heteroarvl,
10 heterocyele, or cycloalkyl, as allowed by valence.

In certain embodiments, in the compound of Formula i, Linker” is selected frony
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In certain embodiments, in the compound of Formula I1, Linker”, Linkes®, or Linker”

1s selected {romy

g o 33 .

wherein tt 13 independently selected from 1, 2, or 3 and s5 18 3 minus tt (3-t1).
In certain embodiments, in the compound of Formula 11, Linker®, Linker®, or Linker™

1s selected frony

- 191 -



WO 2024/163610 PCT/US2024/013767

wherein t and ss are as defined herein.
In certain embodiments, in the compound of Formula {f, Linker®, Linker", or Linker”

1s selected from:

et

Fe

~ it

X
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wherein each heteroaryl, heterocyele, cveloalkyl, and aryl can optionally be
substituted with 1, 2, 3, or 4 of any combination of halogen. alkyl, haloalkyl, aryl, heteroarvi,
heterocvele. or cveloalkyl, as allowed by valence; and tt and ss are as defined herein.

In certain embodiments, in the compound of Formula I1, Linker”, Linker®, or Linker”

S s selected from

= Wy

P B SR
i

et

R ™ aliyd
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wherein each heteroaryl, heterocycle, cycloalkyl, and arvl can optionally be
substituted with 1, 2 3, or 4 of any combination of halogen, atkvi, haloalkyl, and, heteroarvl,
heterocvele, or cveloalkyvl, as allowed by valence: and it and 3s are as defined herein.

In certain embodiments, in the compound of Formula 1. Linker® | Linker®, or Linker”

18 selected frony:

- 197 -
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TR
S R

wherein each heteroary] and arvl can optionally be substituted with 1. 2, 3, or 4 of any
combination of halogen, alkvl, haloalkyl, aryl, heteroarvi, heterocycle, or cycloalkyl, as
allowed by valence; and tt and ss are as defined herein.

5 T certain embodiments, in the compound of Formula T, Linker® is selected from:

10 In certain embodiments, in the compound of Fonmula 11, Linker® is selected from:
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In certain embodiments, in the compound of Formula 11, Linker” is selected from:
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fo ceriain embodiments, in the compound of Formula [f, Linker® is selected from:
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1o certain embodunents, in the compound of Formula I, Linket" is selected frony

is sefected from:

In certain embodiments, in the compound of Formula H, Linker'
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In certain embodiments, in the compound of Formuda 1T, Linker
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In certain embodiments, it the compound of Formula {1, Linker" is selected from:
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In certain embodiments, in the compound of Formula 1, Linker® is selected from:
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Tn certain embodiments, in the compound of Formula 1, Linker” is selected from:;
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in certain embodiments, in the compound of Formula I, Linker® is selected from:

in certain embodiments, in the compound of Formula [1, Linker™ is selected from:
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AsE

In certain embodiments, in the compound of Formula 11, Linker” is selected from:

In certain embodiments, in the compound of Formula I, Linker” is selected front
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wherein each one is optiovally substituted with L, 2. 3, or 4 substituents substituent selected
from R*!

In certain embodiments, in the compound of Formula 11, Linker® is selected from:

in certain embodiments, it the corapound of Formula B, the Linker® is selected from

- 214 -
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In certain embodiments, in the cornpound of Fornuida H, the Linker® is selected from

In certain embodiments, in the compound of Formula H. the Linker® is selected from

In certain embodiments, in the compound of Formula II, the Linker® is selected from
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in certain embodiments, in the compound of Formula B, the Linker® is selected from
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In certain embodiments, in the compound of Formula H. the Linker’

wewd

13 selected from

SN

In certain embodiments, in the compound of Formula H, the Linker™ 1g selected from

-219 -



WO 2024/163610

PCT/US2024/013767

b

o]
3
3,

selected from

D

s
e,

In certain embodiments, in the cornpound of Formula 1. the Linker® is selected from
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In certain embodiments, in the compound of Fornula I1. the Linker® is selected from

wherein each 1s optionally substituted with 1, 2, 3, or 4 subsiituents subsiituent selected from

10

In certain embodiments, in the compound of Formula I, the Linker® is selected from:
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1 certain embodiments, in the compound of Formula 1T, the Linker® is selected from

I

P

sersieid

In certain embodiments, in the compound of Formula 11, the Linker® is selected from:
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o,
P

In certain embodiments, in the compound of Formuda I, the Linker™ is selected from:
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In certain embodiments, in the compound of Formula 11, Linker®-Linker® is selected

from;
,.ii.\‘,_é-«.\&x :
RV
S In certain embodiments. in the compound of Formula 11, Linker™-Linker® is selected
from:
sl
{0 fo certain embodiments. in the compound of Formula [, the Linker© is selected from:
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in certain embodiments, in the compound of Formula 11, the Linker® is selecied from:

and

Tn certain embodiments, in the compound of Formula 11, the Linkes® is selecied from:
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In certain embodiments, in the compound of Formmula H, the Linker” ig selected from:
wherein each is optionally substituted with 1, 2, 3, or 4 substituents substituent selected from
Rz

In certain embodiments, in the compound of Formula I the Linker® is selected front:

In certain embodiments, in the compound of Formula I, the Linker” is selacted from:

- 229 -
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in certain embodiments, in the compound of Formula I1, the Linker® is selected from:
P
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In certain embodiments, in the compound of Formula I, Linker® «(Linker®): is

selacted from:

(¥4
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in certain embodiments, in the compound of Formula If, Linker® «(Linker®): is

selected fromu

L

P

,‘f;f
H

2

Yt iz

in certain embodiments, in the compound of Formula H. Linker"-(Linker*): is

3 selected from:

In certain embodiments, in the compound of Formula I, Linker“-(Linker™)2 is

selected fronu
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In certain embodiments, in the compownd of Formula 11, Linker” is selected from:
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e

wherein each is optionallyv substituted with 1, 2, 3, or 4 substituents are selected from
RZ}
In certain embodiments, in the compound of Formuia 1i, Linker” -(Linker®) is

selected from
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In certain embodiments, in the compound of Formula I1, Linker“«(Linker™} is selected

from
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In certain embodiments, in the compound of Formula T, Linker”~(Linker®) is selected

from

I various embodiments, R* 1s independently selected at each occurrence from
hydrogen, heteroalkyl, alkyvl, haloalkyl, arylalkyl, heteroarviaikyl. alkenyl, alkynyl aryl.
heteroaryl, heterocyvele, -ORS -NRR7, C{OIRY, S{OHR?, C(SHIRY, and S(ORRS.

In various embodiments, in the compound of Formula 11, R? is independently selected

- 236 -
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from hvdrogen, heteroalkyl, ~ ', Co-Coalkyl-cyano, alkvl, atkenyi, atkvnvl.

haloalkvl, F, Cl, Br, |, arvl, arvialkyl, heteroaryl, heteroarvialkyl, heterocyele,
heterocycloalkyl, haloalkoxy, -O-alkenyl, -O-alkynyl, Co-Cealkyl- ORS®, Co-Cealkyl-SR®, Co-
Coalky I-NRORT, Co-Coalkyl-CIOR3, Co-Csalkyl-S{OIR", Co-Coalkyl- C(SIR?, Co-Coalkyl-
S{ORR?, Co-Coalky -NERM-CIOIR?, Co-Coalkyl-N(RH)-SIOIRY, Co-Caalkyl- NRH-C(SRY,
Co-Cealky I-NRE)-§(O1R3 Co-Coalkyl-0-C{OIR®, Co-CealkyI-0-S(OIR®, Co- Coalkyl-O-
C(SIR®, -N=S{O)Rs2, Co-CoalkylNa, and Co-Csalkyl-0-8{0nR", each of which is optionally

(]

substituted with 1, 2, 3, or 4 substituenis.
In various embodiments, in the compound of Formula 11, R® and R are independently
10 selected at each occurrence from hydrogen, heteroalkyl, alkvi, arvialkyl, heteroaryl alkyl,
alkenvl, aikvuvl, and, haloalkyl, heteroarvi, heterocvele. -alkyl-OR®, -alkvI-NRER®, C{O)RT,
S(OIR?, C(OR?, and S(ORR
Tn various embodiments, in the corpound of Formmula 1, R* and R® are independently

selected at each occurrence from hydrogen, heteroalkyl, alkyl, arvialkyl, beteroarvialkyl

15 alkenyl, alkynyi, aryl. heteroaryl, and heterocyele.
In various embodiments, the compound of Formula 1 has the structure of Formula {i-
A,
In various embodiments, o the compound of Formmla [I-A, L is as defined herein,
20 The present disclosure provides a compound of Formula [I-A, having the structure:
[ L} pme{CON ] LIN e CON };mmi ASGPBM|
' h i i i
L
Formula II-A
wherein:

L% is an anti-CCP1 {(anti-cyvclic eitruliinated peptide) binding moisty, for example as
25 described elsewhere herein,
FASGPBMI is an asialoglycoprotein receptor binding moiety having the structure

selected from
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each

'CONJ is an optional connector chenical motety which, when present, connects
the [LIN] to [PBM] or to JASGPBM]:
FLING 1s JLINKER] or [LINKER-2], each of which is a chemical moiety having a
valency from 1 to 15, which covalently attaches to ong or more {ASGPBM] or {PBM]
5 groups, oplionally through a [CONY, wherein the [LIN] optionally iiself contains one or more
{CON] groups:
Zp 18 absent, (CHxo, COO-{CH2pu-, o CLO(CH2-NRw;

Ruris Hor a -0 alkyl group optionally substituted with one or two hydroxyl

groups;
R:\"i
4
F(CHal—N
p RAM
10 Rzis 0

wherein R*Mig H, C1-C4 alkvl optionallv substituted with up to 3 halo groups and one
or two hydroxyl groups, ~{(CH2uCOOH, -(CH2)C(0YO0-{(1-Cs alky'l) optionally substituted
with 1-3 halo groups, ~O-C{O3(C1-Ca alkvl) optionally substituded with 1-3 halo groups. -
C(ON-(Ci-Ca alky) optionally substituted with 1-3 halo groups. or ~(CH2)-NRFR™ or
(CH )R
15 Rais %M\CHZ)KMN‘N”N
wherein
R is H, ONL NRYIRN (CHowOH. -(CH2eO(C1-Cs alky!) optionally substituted
with 1-3 halo groups, Ci-Cs alkyl optionally substituted with 1-3 halo groups, -
{CHopCOOH, -(CH2xC{OYO-(C1-Ca alkv]) optionally substituted with 1-3 halo groups, -O-
20 CO{Ci-Ca alkyl) optionally substituted with 1-3 halo groups. or ~C{O{C1-Ca alkvl)
optionally substituted with 1-3 halo groups, or
R 15 a C3-Cic aryl or a three- to ten-membered heteroaryl group containing up to 3
heteroaryl atoms, each of the aryl or heteroaryl groups being optionally substituted with up to
three CN, NRVR™, (CHaOH, -(CHxOG(C1-Ca alkyl) optionally substituted with 1-3 halo
groups, C1-Cs alkvi optionally substituted with 1-3 halo groups or 1-2 hvdroxy groups, -O-

{C1-Cz-alkyl) optionally substituted from 1-3 halo groups, -(CHzxCOOH, -{({CHxC{O)O-

a2
W

{C1-Cs alkyly opuionally substituted with 1-3 halo groups, G-C(0)~(C+-Ca alkyl) optionally
substituted with 1-3 halo groups, or {(CHzC{O-(C1-Ca alkyl) optionally substituted with 1-

3 halo groups, or
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| 5 oy HOOTY
,N i %,w_(( H?}K PN l § A\ ){(\\{/N\ﬂ/d\g/
i 7 ON—RM
R N/ O

fN““ \:
N P
or N7 , optionallv substituted with up to three C1-Cs alkyl

groups which arc optionally substituted with up to three halo groups: or

HO

N\
N 0=
&E:?;\\)ﬂCHz}R—o'x-/ Neon

R g HO o or
HO,
.\‘\\
D S TR PR G
N Nt
5 HO b
RY, RNURNZ BN RM are each independently H or C1-Cs alkyl optionally substituted
with one to three halo groups or one or two hydroxyl groups and each -(CH2)x group is
optionally substituted with 1-4 C1-Cs alkyl groups which are optionally substituted with 1-3
fluore groups or 1-2 hydroxyl groups;
10 IM 1s independently at each occurrence an infeger ranging from 0 fo 6,
K 1s independently at each occurrence an integer ranging from 0 1o 4;
K'i51,2,3,4,.5.6,7,8,9,10,11, 12, 13, 14, or 15,
Pist, 23,456,789, 10, 11, 12,13, 14, or 15;
hand b’ are each independently 0, 1,2,3,4.5.6,7,8 9,10, 11, 12 13, 14, or 13;
15 is0, 1,23, 4.5 6,789 10, 11,12, 13, 14, or 15;
with the proviso that at least one of b, by, and i 15 at feast 1,
or a salt, siereoisomer, or solvate thereofl
In various embodiments, in the compound of Formuda [I-A, Ry is -NC(=OCH:
20 o Other-Based ASGPR-Binding Moieties

In some embodiments, the ASGPR binding moteties can be any of the moteties
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described in: Reshitko, G. 8., et al., “Synthesis and Evaluation of New Trivalent Ligands for
Hepatocyte Targeting via the Asialoglycoprotein Receptor,” Bicconjugate Chem, dot
14.1021/acs. biocorgchem. Cc00202; Majouga, A. G, et al., “Idemtification of Novel Smali-
Molecule ASGP-R Ligands,” Current Drug Delivery, 2016, 73, 13031312, dot:
10.2174/1367201813666160719144651; Olshanova, A, S, et al., “Synthesis of a new
betulinic acid glycoconjugate with N-acetyl-D-galactosamine for the targeted delivery to
hepatocellular carcinoma cells.” Russian Chemical Bulletin, International Edition, Vol 69,
No. 1, pp. 158163, Januvarv 2020 Yamansarov, E. Yu., et al,, “New ASGPR-targetad
higands based on glycoconjugated natural triterpenoids,” Russian Chemical Bulletin,
Intemational Edition, Vol 68, No. 12, pp. 2331—2338, December 2019; Congdon, M. D, et
al., “Enhanced Binding and Reduced Immunogenicity of Givcoconjugates Prepared via
Solid-State Photoactivation of Aliphatic Diazirine Carbohydrates,” Bioconjugate Chem, doi:
10102 Vacs bioconjchem. 000353 and Dhawan, V., et al, “Polysaccharide conjugates
surpass monosaccharide ligands in hepatospecific targeting - Synthesis and comparative in
silico and in vifro assessment,” Carbohvdrate Research 509 (2021} 108417, doi:

101016/ carres. 2021, 108417, The following ASGPR binding moteties are iHlustrative and

not intended to be lunating.

1. GalNAc-Tyrosine Based Motelies

in soroe embodiments, the ASGPR binding moiety can be a motety having the
structure of M1, M2, M3. or M4, or a combination thereof. [n the structures of M1, M2, M3,
and M4, X is independently at each occurrence O, NH, or §. In varions embodiments,
compounds of Formula T or Formula 1T can have one, two, or three ASGPR binding moteties

with the structure of M1, M2, M3, or M4,

HO OH HO OH
HO o) - \ O
. N ACHN N
AcHN ,< ’\7 ¢ Q/\%
.//:: -
/7 &
Mi M2
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M3 M4,
iIn various embodiments, ASGPR binding moieties M1 to M4 can be corjugated to

anv suitable JCONY, [Linker], or {Linker-2] as described herein and in Congdon, M. B st al |

[}

“Enhanced Binding and Reduced Immunogenicity of Glycoconjugates Prepared via Solid-
State Photoactivation of Aliphatic Dhasirine Carbohydrates,” Bioconjugare Chem, doi:

10.1021/acs bioconjchem. G¢HUS55S5.

2. Trivalent Triazole-Based Moteties
16 In somwe embodiments, the ASGPR hinding moiety can be a motety having the

structure of M5:

MHA

15 in various embodiments, compounds of Fornwla 1 or Formula I contain an ASGPR

binding moiety with the structure of M35, In various embodiments, each R in M5 is Ry In
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various embodiments, each R in M5 is Ro.
In various embodiments, ASGPR binding moiely M3 can be conjugated/bounded to
any suitable [CON], [Linker], or [Linker-2] as described herein and in Reshitko. G S etal.,

“Synthesis and Evaluation of New Trivalent Ligands for Hepatocyte Targeting via the

3 Astaloglycoprotein Receptor,” Rioconjugate Chem, dot: 10.1021/acs. bioconjchem 0c00202.
3. Galactose~ and Agarose-derived Behenic Acid Hster Moieties
In various embodiments, the ASGPR binding moiety can be the galactose behenic
acid ester-derived moiety M7
O
HO Q" T(CHa)eCHa
SO
HO- G,
10 Y 7 own
In the structure M7. Y is OH or NHAc.
In various embodiments, the ASGPR binding moiety can be the agarose behenic acid
ester-denved motety M&:
~ Q«\‘\\Q\\’ff éij':js-i:'m
\5;*“‘ g $ i (5;9.3 g
‘?"KAK%\\-S Er" o K 1 \&\Q\
Y P A & o A A
N e N
ey e MO “*«ri{
R
£ "
%

15 In various embodiments, ASGPR binding moieties M7 and M8 can be conjugated to
any suitable JCON], {Linker|, or {Linker-2] as described herein and in Dhawan, V., et al
“Polysaccharide conjugates surpass monosaccharide ligands in hepatospecific targeting
Syuthesis and comparative in silico and in vifro assessment,” Carbohydrate Research 509
(2021 108417, doi: 10,1016/} carres. 2021, 108417,

20

4. Other Small Molecule ASGPR Binding Muoteties
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In various embodiments, the ASGPR binding moiety can be any of the compounds 2-

18 below:

17 18,
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In various embodiments, in compounds 15 and 16, R is CH2OA¢, COOH, or CHOH.
Compounds 2-18 can be conjugated/bonded to any suitable [CON], [Linker], or {Linker-2] as
described herein and in Majouga, A. G, et al.. “Identification of Novel Small-Molecule
ASGP-R Ligands,” Current Drug Delivery, 2816, 73, 1303-1312, doi:
10.2174/1367201813666160719144651; Olshanova, A, S, et al., “Synthesis of a new
betulinic acid glycoconjugate with N-acetyl-D-galactosamine for the targeted delivery to
hepatocellular carcinoma cells.” Russian Chemical Bulletin, International Edition, Vol 69,
No. 1, pp. 158163, Januvarv 2020; Yamansarov, E. Yu., et al., “New ASGPR-targetad
higands based on glycoconjugated natural triterpenoids,” Russian Chemical Bulletin,
International Editton, Vol. 68, No. 12, pp. 2331—2338, December 20619, Compounds 2-18
can be attached through any suitable reactive group contained therein. Without limitation,
compounds 2-13 can be attached to a CON], [Linker], or [Linker-2] through or by reaction
with at least one OH, NH, vinyl, alkvnyl, amide, acid, ester, ketone, or aromatic halogen
comntained in compounds 2-18. Suitable reaction modes for attaching compounds 2-18 to a
{CONJ, {Linker]. or {Linker-2] as described herein include, but are not limited to, substitution
{e.g. alkvlation of OH or NH groups). esterification (forming an ester), amidation {forming an
amide)}, fransestenfication (exchanging one ester for another), fransarnidation {exchanging
one amide for another), azide-alkyne cyeloaddition, and other reactions capable of forming
C-C, N-C, or O-C bonds with vinyl and alkynyl groups such as cvcloadditions, aminations,
oxidations, alkvlations, rearrangement reactions {e.g. Claisen, Cope, eic.}, and the like.

The compounds described herein can possess one or more stereocenters, and each
stergocenter can exist independently in etther the (£} or (5) configuration. In certain
embodiments, compounds described herein are present in optically active or racemic forms. It
is to be undersiood that the compounds described herein encorapass racemic, oplically-active,
regioisomeric and stergoisomeric forms. or combinations thereot that possess the
therapeutically useful properties described heremn. Preparation of optically active forms is
achieved in any suitable manuver, including by way of non-tumiing example, by resolution of
the racemic form with recrystallization techniques, synthesis from optically-aciive starting
materials, chiral svnthesis. or chromatographic separation using a chiral stationary phase. In
certain embodiments, a mixisre of one or more isomer 1s utilized as the therapeutic
compound described herein. In other embodiments, compounds described herein contain one
or more chiral centers. These compounds are prepared by any means. including
sterepselective synthesis, enantioselective svnthesis and/or separation of asmxiure of

enantioroers and/ or diastereoroers. Resolution of compounds and isomers thereof 1s achieved
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by any means inchuding, by way of non-limiting example, chemical processes, enzymatic
processes, fractional crystallization, distillation, and chromatography.

The methods and formulations described herein include the use of N-oxides (if
appropriate), crvstalline forms {also known as polvmorphs). solvates, amorphous phases,
and/or pharmaceutically acceptable salis of compounds having the structure of any
compound(s) described herein, as well as metabolites and active metabolites of these
compounds having the same tvpe of activity. Solvates include water, ether (e.g .
tetrahydrofuran, methyl tert-butv| ether) or alcohol {e. g, ethanol) solvates, acetates and the
fike. Tn certain embodiments, the compounds described herein exist in solvated forms with
pharmaceutically acceptable solvents such as water, and ethanol. o other embodiments, the
compounds described herein exist in unsolvated form.

in certain embodiments, the compound(s) described herein can exist as tautomers. All
tautomers are included within the scope of the compounds presented herein.

in all compounds described herein, the variable positions are chosen such that a stable
compound results. In various embodiments, a stable compound is a compound that is or can
be formulated according to at least one formulation or pharmaceutical composition described
herein and is or can be admunistered to a subject by at least one route of administration
described herein to achieve at least one therapeutic effect described herein,

In certain embodiments, compounds described hergin are prepared as prodrugs. A
“prodrug” refers to an agent that is converted into the parent drug & vivo. 1o certain
embodiments, upon /m vive adnunistration, a prodrug is chenically convertad to the
biclogically, pharmaceutically or therapeutically active form of the compound. In other
embodiments, a prodrug is enzymatically metabolized by one or more steps or processes to
the biologically, pharmaceutically or therapeutically active form of the compound.

In certain embodiments, sites on, for example. the aromatic ring portion of
compoumndis} described herein are susceptible to various metabolic reactions. Incorporation of
appropriate substituents on the aromatic ring structures may reduce, minionze or chounate
this metabolic pathway. In certain embodiments, the appropriate substituent to decrease or
eliminate the susceptibility of the aromatic ring to metabolic reactions is. by way of example
onlv, a deuterium, a halogen, or an alkyl group.

Compounds described herein also nclude sotopically-labeled compounds wherein
one or more atoms 1s repiaced by an atom having the sarne atomic number, but an atomnic
mass or mass number different from the atomic mass or mass number usually found in nature.

Exarmples of 1sotopes suttable for inclusion in the corapounds described heren mclude and
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are not Hmited to 2H, 3H, 1, BC, ¥, 3¢y, By, 1B 1257 Py BN, PO, 70, B0, 7P, and ¥'S.
In certain embodiments, isolopically-labeled compounds are useful in drug and/or substrate
tissue distribution studies. fn other embodiments, substitution with heavier isotopes such as
deutertum affords greater metabolic stability (for example, increased in vivo half-life or
reduced dosage requirements). In vet other embodiments, substitution with positron emitiing
isolopes, such as V'C. ™F, O and PN, is useful in Postiron Ernission Topography (PET)
studies for exarmning substrate receptor occupancy. Isotopically-labeled compounds are
prepared by any suitable method or by processes using an appropriate isotopicallv-labeled
reagent 1n place of the nov-labeled reagent otherwise ernploved.

in certain embodiments, the compounds described herein are labeled by other means.
including, but not himited to, the use of chromophores or fluorescent moieties, bichmimescent
fabels, or chemiluminescent labels.

The compounds described herein, and other related compounds baving different
substituents are synthesized using techniques and materials describad herein and as described,
for example, in Fieser & Fieser's Reagents for Organic Synthesis, Volumes 1-17 (John Wiley
and Sons, 1991); Rodd’s Chemustry of Carbon Compounds. Volomes 1-5 and Supplementals
{Elsevier Science Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wilev and
Sons, 1991}, Larock’s Comprehensive Organic Transformations (VCH Publishers Inc.,
19§9), March, Advanced Organic Chemistry 4% Ed., (Wiley 1992); Carev & Sundberg,
Advanced Organic Chemistry 4ih Ed.. Vols. A and B (Plenum 2000,2001). and Green &
Whts, Protective Groups in Organic Svnthesis 3rd Ed., (Wiley 1999) (all of which are
incorporated by reference for such disclosure). General methods for the preparation of
compound as described herein are modified by the use of appropriate reagents and conditions,
for the introduction of the various moieties found in the formula as provided herein.

Compounds described herein are svnthesized using anv suitable procedures starting
from compounds that are available from commercial sources, or are prepared using
procedures described herein.

in certain embodiments, reactive functional groups, such as hyvdroxyl, anuno. imino,
thio or carboxy groups, are protected in order (o avoid their unwanted participation in
reactions. Profecting groups are used (o block some or all of the reactive moieties and prevent
such groups from participating in chemical reactions until the protective group is removed. In
other embodiments, each protective group is removable by a ditferent means. Protective
groups that are cleaved under totally disparate reaction conditions Ruitfill the requirement of

differential removal.
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In certain embodiments, protective groups are removed by acid, base, reducing
conditions (such as, for example, hydrogenolysis), and/or oxidative conditions. Groups such
as mityl, dimethoxyirityl. acetal and t-butyldimethvlsilyl are acid labile and are used 10
protect carboxy and hydroxy reactive moieties in the presence of amino groups protected
with Chz groups, which are removable by hydrogenolysis, and Fmoc groups, which are base
labile. Carboxylic acid and hydroxy reactive moieties are blocked with base labile groups
such as, but not limited to. methvl. ethyvl. and acetyl, inx the presence of amines that are
blocked with acid labile groups, such as t-butvl carbamate, or with carbamates that are both
acid and base stable but hydrolvtically removable.

In certain embodiments, carboxyhic acid and hydroxy reactive moieties are blocked
with hydrolytically removable protective groups such as the benzyl group, while amine
groups capable of hvdrogen bonding with acids are blocked with base labile groups such as
Fmoc. Carboxvhie acid reactive rooieties are protected by conversion fo simnple este
compounds as exemplified herein, which include conversion to alkvl esters, or are blocked
with oxidatively-removable protective groups such as 2 4-dimethoxybenzyl, while co-
existing amino groups are blocked with Hluoride labile silvl carbamates,

Allyl blocking groups are useful in the presence of acid- and base- protecting groups
since the former are stable and are subseguently removed by metal or pi-acid catalysts. For
example, an allyl-blocked carboxylic acid is deprotected with a palladium-cataly zed reaction
n the presence of acid labile t-butyl carbamate or base-~labile acetate amane protecting
groups. Yet another form of protecting group is a resin to which a compound or intermediate
is attached. As long as the residue is attached to the resin, that functional group is blocked
and does not react. Once released from the resin, the fumctional group is available to react.

Typically blocking/protecting groups may be selected from:
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{Other protecting groups, plus a detailed description of techniques applicable to the
creation of protecting groups and their removal are described in Greene & Wuts, Protective
Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY. 1999, and
Kocienski, Protective Groups, Thierme Verlag, New York, NY. 1994, which are incorporated

herein by reference for such disclosure.

Compaesitions

The compositions containing the compound(s) described herein include a
pharmaceutical composition comprising at Jeast one compound as described herein and at
least one pharmaceutically acceptable carrier. In certain embodiments, the coraposition is
formuiated for an admirnistration route such as oral or parenteral, for example, transdermal,
transmucosal {e.g.. sublingual, lingual, (trans)buccal, (fransyurethral, vaginal (e g., trans- and
perivaginally}, (intrajmnasal and {trans)yrectal, intravesical, intrapulmonary, mtraduodenal,
intragastrical, mtrathecal, subcutaneous, intramuscular, intradermal, indra-artenial,

intravenous, intrabronchial, inhalation, and topical adminisiration.

Methods of Treatment, Prevention, and/or Amelioration

The disclosure includes a method of preventing, treating, and/or ameliorating arthritis
using a compound contemplated herein. Non-linuting examples of arthritis include
rheumatoid arthuhs, lupus erythematosus, psoriatic arthritis, ankylosing spondylitis, and axial
spondylarthnitis. The method can be used to treat, amehiorate, and/or prevent other forms of

arthritis or inflammatory disorders that are, or are caused by, an autoimimune

- 249 -



N

30

WO 2024/163610 PCT/US2024/013767

response/disorder. The method mcludes administering to the subject in need thereof a
compound corternplated herein, wherein the compound s optionally admiustered as a
pharmaceutical composition further comprising at least one pharmaceutically acceptable
axcipient or carrier. In various embodiments, the arthritis 1s rheumatoid arthritis.

In various embodiments, the compound/composition is adminstered by a route
selected from the group consisting of oral. transdermal, transmucosal, {Iintramasal,

{trans rectal, intravesical, intrapulmonary. infraduodenal. intragastrical, intrathecal,
subcutanecus, inframuscular, intradermal, intra-arterial, intravenous, intrabronchial,
mbalation, and topical.

In various embodinents, the subject 13 a maromal. In various embodiments, the
subject is human.

The methods described herein include administering {0 the subject a therapeutically
effective amount of at feast one compound described herein, which is optionally formulated
in a pharmaceutical compaosition. In various embodiments, a therapeutically effective amount
of at least one compound described herein present in a pharmaceutical composition is the
onlv therapeutically active compound in a phammaceutical composition. Tu certain
embodiments, the method further comprises administering to the subject an additional
therapeutic agent that treats arthritis or another awtoinmmune disorder.

In certain embodimenis, adminisiering the compound(s) described herein to the
subject allows for administering a lower dose of the additional therapeutic agent as compared
to the dose of the additional therapeutic agent alone that 1s required to achieve similar results
in treating arthritis in the subject. For exarple, in ceriain embodiments, the compound(s)
described herein enhance(s) the activity of the additional therapeutic compound, thereby
allowing for a lower dose of the additional therapeutic compound to provide the same effect,

In certain embodiments, the compound(s) described herein and the therapeutic agent
are co-adminisiered to the subject. In other embodiments, the compound(s) described herein
and the therapeutic agent are coformulated and co-administered to the subject.

in certain embodiments, the subject is a mammal. In other embodiments, the mammal

is a human.

Combination Therapies
The compounds useful within the methods described herein can be used in
combination with one or more additional therapeutic agents useful for trealing, ameliorating,

and/or preventing arthritis or another autoiranume disorder. These additional therapeutic
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agents may comprise compounds that are commercially available or synthetically accessible
to those skilled in the art. These additional therapeutic agents are known to treat, prevent,
and/or reduce the symptoms of arthritis.

In various embodiments, a synergistic effect is observed when a compound as
described herein is administered with one or more additional therapeutic agents or
compounds. A syoergistic effect may be calculated, for example, using suitable methods such
as, for example, the Sigmoid-Emax equation (Holford & Scheiner, 1981, Chin. Pharmacokinet.
6:429-453), the equation of Loewe additivity (Loewe & Muischnek, 1926, Arch. Exp. Pathol
Pharmacol. 114:313-326) and the median-effect equation (Chou & Talalay, 1984, Ady,
Enzyme Regul. 22:27-55). Each equation referred o above may be applied to experimental
data to generate a corresponding graph to aid in assessing the effects of the drog combination.
The corresponding graphs associated with the equations referred to above are the
concentration-effect curve. 1sobologram curve and combination mdex curve, respectively.

in various embodiments, the method includes adnunistering one or more additional
therapeutic agents useful for treating, ameliorating, and/or preventing arthriais or ancther
autoimmune disorder, including disease-modifving anti-rheamatic drugs (DMARDs),
glucocorticoids, nonsteroidal anti-inflammatory drugs (NSAIDg), and analgesics. The
additional therapeutic agents can be admumnistered in any of the doses and by any of the
admanistration routes described herein. In various embodiments, the additional therapeutic
agent can be administered sequentially or concurrently with the corapound. Sequential
administration. in various embodiments, can be | minuie to 12 hours before or after
administration of the compound of Formula 1, Formula la, Formula 1, or Formula b, or any
other compound described herein that binds anti-CCP antibodies,

Non-tinting exarnples of disease-modifying anti-rheumatic drugs include
hydroxvchloroquine sulfate, leflunomide, methotrexate, tofacitinib, baricitinib, sulfasalazine.
upadacitinib, abatacept, adalimumab, adahmumab-atto, anakinra, elanercept, etanercepi-37zs,
nfliximab, inflisitmab-dyvb, infliximab-abda, infliximab-dyvb, rituximab, niuximab-abbs,
golimumab, certolizumab pegol. tocilizumab, sarilumab, and the like,

Non-Hmiting examples of glucocorticoids include betamethasong, prednisone,
methvipredmsolone, and the like.

Now-hnating examples of nonstercidal anti-inflammatory drugs include celecoxib,
diclofenac sodium. ibuprofen, and the like.

Non-limiting examples of analgesics include acetarninophen, tramadol, oxycodone,

hvdrocodone. and the Hke.
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Administration/Dosage/Formulations

The regimen of administration may affect what constitutes an etfective amount. The
therapeutic fornmulations may be administered to the subject either prior to or after the onset
of arthritis, Further, several divided dosages, as well as staggered dosages may be
adnunistered daily or sequentially. or the dose may be continuously infused, or may be a
bolus njection. Further, the dosages of the therapeutic formulations may be proportionally
increased or decreased as indicated by the exigencies of the therapeutic or prophylactic
situation.

Administration of the compositions described herein 10 a patient, preferably a
mamimal, more preferably a human, may be carried out using known procedures, at dosages
and for periods of ime effective 1o treat arthritis in the patient. An effective amount of the
therapeutic compound necessary to achisve a therapeutic effect may vary according to factors
such as the state of the disease or disorder in the patient; the age, sex, and weight of the
patient; and the alulity of the therapeutic compound to treat arthritis in the patient. Dosage
regimens may be adjusted to provide the optimum therapeutic response. For example, several
divided doses may be administered daily or the dose may be proporhionally reduced as
indicated by the exigencies of the therapeutic stfuation. A non-limiting example of an
effective dose range {or a therapeutic compound described herein is from about 1 and S,000
mg/kg of body weight/per dav. One of ordinary skill in the art would be able to study the
relevant factors and make the determination regarding the effective amount of the therapeutic
compound without undue experimentation.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
described herein may be varied 50 as to obtam an arnount of the active ingredient that 1s
effective to achieve the desired therapeutic response for a particular patient, composition, and
mode of adnunistration, without being toxic to the patient.

In particular, the selecied dosage level depends upon a variety of factors including the
activity of the particular compound emploved, the time of admirnistration, the rate of
excretion of the compound, the duration of the treatment, other drugs, compounds or
materials used in combination with the compownd, the age, sex, weight, condition, general
health and prior medical lustory of the patient being treated. and like factors well, known in
the medical arts.

A medical doctor, e.g.. physician or veterinarian, having ordinary skill in the art may

readily deternune and prescribe the effective amount of the pharmaceutical composition
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required. For example, the physician or veterinarian could start doses of the compounds
described herein emaployed in the pharmaceutical composifion at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the dosage

uniif the desired effect is achieved.

N

In particular embodiments, i is especially advantageous to formulate the compound in
dosage unit forro for ease of administration and uniformuty of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the patients 1o be
treated; each unit containing a predeternuned quantity of therapeutic compound calculated to
produce the desired therapeutic effect in association with the required pharmaceutical vehicle.
10 The dosage unit forms of the compound(s) described herein are dictated by and directly

dependent on (a) the unique characteristics of the therapeutic compound and the particular
therapeutic effect 1o be achieved, and (b) the limitations inherent in the art of
compounding/formulating such a therapeutic compound.
In certain embodiments, the compositions describad herein are formulated using one
15 or more pharmaceutically accepiable excipients or carriers. In certain embodiments, the
pharmaceutical compostiions described herein comprise a therapeutically effective amount of
a compound described herein and a pharmaceutically acceptable carrier,
The carrier may be a solvent or dispersion medium containing, for example, waler,
ethanol, polvol {{or example, glycerol, propylene glycol, and hquid polyethylene glycol, and
20 the hike), suitable mixtures thereof. and vegetable oils. The proper fluidity may be
maintained, for example, by the use of a coating such as lecithin, by the mamntenance of the
required particle size in the case of dispersion and by the use of surfactanis. Prevention of the
action of microorganisms may be achieved by various antibacterial and antifungal agents, for
example, parabens, chiorobutanol. phenol. ascorbic acid, thumerosal, and the like. In many
25 cases. it is preferable o include isotonic agents, for example, sugars, sodium chlonde, or
polyaleohols such as manmiol and sorbitol, 1o the composition. Prolonged absorption of the
utjectable compositions may be brought about by including i the composition an agent
which delays absorption, for example, aluminum monostearaie or gelaiin,
In certain embodiments, the compositions described herein are administered 1o the
30 patient in dosages that range from one to five times per day or more. In other embodiments,
the compositions described herein are administered to the patient in range of dosages that
include, but are not limited to, once every day, every two. days. every three days to once a
week, and once every two weeks. Tt is readily apparent to one skilled in the art that the

frequency of administration of the various corabination compositions described herern varies
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from individual fo individual depending on many factors including, but not limited to, age,
disease ot disorder to be treated. gender. overall health, and other factors. Thus,
administration of the compounds and compositions described herein should not be construed
to be limited to any particular dosage regime and the precise dosage and composition to be
5 admunistered to any patient is determined by the attending physician taking all other factors
about the pauent into account.
The compound(s) described herein for administration may be in the range of from

about 1 gg to about 10,000 mg, about 20 pg to about 9,500 mg. about 40 jig to about 9,000
mg, about 75 ug to about 8,560 mg, aboui 150 pg to about 7,500 g, about 200 pg to about

10 7,000 mg, about 350 ug to aboul 6,000 mg, about 500 ug to about 5,000 mg, about 730 pug to
about 4,000 mg, about 1 mg to about 3,600 mg, about 10 mge to about 2,500 mg, about 20 mg
to about 2,000 mg, about 25 mg to about 1,500 mg, about 30 mg to about 1,000 mg, about 40
my to about 900 mg, about 50 myg to about 800 myg, about 60 mg to about 750 mg, about 70

mg to abowt 600 mg, about 80 mg to about 500 myg, and any and all whole or partial

ek
W

increments therebetween. In various embodiments, compounds of Formula 1 are administerad
at adose of 0.01,4.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,0.09,0.1,0.2,03.04,05,0.6,0.7,
0.8.09,1,2.3.4,5,6.7,8 9 10, 11, 12,13, 14,15, 16, 17 18 19, or 20 mg/kg
In some embodiments, the dose of a compound described herein is from about 1 mg
and about 2,500 mg. In some embodiments, a dose of a compound described herein used in
20 compositions described herein s less than about 10.000 mg, or less than about 8.000 mg, or
less than about 6,000 mg. or less than about 5,000 mg. or less than about 3,000 mg, or less
than about 2,000 mg, or less than about 1,000 mg, or less than about 500 mg, or less than
about 200 mg, or tess than about 50 mg. Similasly, in some embodiments, a dose of a second
compound as described herein is less than about 1,000 mg, or less than aboui 800 rug, or less
25 than about 600 mg, or less than about 300 mg. or less than about 400 mg. or less than about
300 mg, or less than about 200 mg, or less than about 100 mg, or less than about 50 mg, or
less than about 40 mg, or less than about 30 mog. or less than about 25 mg, or less than about
20 mg. or less than about 15 mg, or less than about 10 mg, or less than about 5 mg, or less
than about 2 mg. or less than about 1 mg, or less than about ¢.5 mg, and any and all whole or
30 partial increments thereof.
To certain embodiments, a coropostiion as described herein is a packaged
pharmaceutical composition comprising a container holding a therapeutically effective
amount of a compound described herein, alone or in combination with a second

pharmaceutical agent; and mstructions for using the compound to treaf, prevent, or reduce
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one or more symptoms of arthritis in a patient.

Formulations may be emploved in admixtures with conventional excipients, ie.,
pharmaceutically acceptable organic or inorganic carrier substances suitable for oral,
parenteral, nasal, intravenous, subcutaneous, enteral, or any other suitable mode of
administration, known 1o the art. The pharmaceutical preparations may be sterilized and if
desired mixed with auxiliary ageuots, e.g., lubricants, preservatives, stabilizers, wetiing agends,
emulsifiers, salts for influencing osmotic pressure buffers, colonng. flavoring and/or aromatic
substances and the like. Thev may also be combined where desired with other active agents,
e.g., other analgesic agents.

Routes of admunistration of any of the compositions described herein include oral,
nasal, rectal, intravaginal, parenteral, buccal, sublingual or topical. The compounds for use in
the compositions described herein can be formudated for admunistration by any suitable route,
such as for oral or parenteral, for example, transdermal, transmucosal (2. g., sublingual,
lingual, {transbuccal, (transjurethral, vaginal {e¢.g . trans- and perivaginally), (intranasal and
(transrectal), intravesical, intrapulmonary, iniraduodenal, intragasirical, intrathecal,
subcutaneous, intramuscular, ntradermal, intra-artenial, intravenous, intrabronchial,
inhalation, and topical admimstration. In various embodiments, the compounds of Formula |
are adnunistered by intravenous administration.

Suitable compositions and dosage forms include, for example, tablets, capsules,
caplets, pills, gel caps, troches, dispersions, suspensions. solutions, svrups, granules, beads,
transdermal patches. gels, powders, peliets, magmas, lozenges, creams, pastes, plasters,
iotions, discs, suppositories, liquid spravs for nasal or oral admunistration, dry powder or
aerosolized formulations for inhalation, compositions and formulations for infravesical
admitustration and the like. §t should be understood that the formulations aud compositions
described herein are not fimited to the particular formulations and compositions that are
described heremn,

Cral Administration

For oral application, particularly suitable are tablets, dragees, liquids, drops,
suppositories, or capsules, caplets and gelcaps. The compositions intended for oral use may
be prepared according to any method known in the art and such compositions may contain
one or more agents selected from the group consisting of inert, non-toxic pharmaceutically
excipients that are suitable for the manufacture of tablets. Such excipients include, for
example an nert diluent such as lactose: gramdating and disintegrating agents such as

cornstarch; binding agents such as starch; and lubricating agents such as roagnestum stearate,
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The tablets may be uncoated or they may be coated by known techniques for elegance or fo
delay the release of the active ingredients. Formulations for oral use may also be presented as
hard gelatin capsules wherein the active ingredient 1s nuxed with an inert diluent.

For oral admunistration, the compound(s) described herein can be in the form of
tablets or capsules prepared by conventional means with pharmaceutically acceptable
excipients such as binding agents {e.g., polyvinwlpyrrolidone, hydroxypropyicellulose or
hydroxypropyt methvicellulose): fillers (e.g., comstarch. factose. microcrvstaliine cellulose or
calcium phosphate}; lubricants {e g, magnesium stearate, talc. or silica); disintegrates {e.g.,
sodium starch glycollate); or wetling agents (e.g, sodium laurvi sulphate). If desired, the
tablets may be ceated using suttable methods and coating matertals such as OPADRY™ film
coating svstems available from Colorcon, West Point. Pa. {e.g.. OPADRY™ (Y Type, OYC
Type, Organic Enteric OY-P Type, Agueous Enteric OY-A Type, OY-PM Tvpe and
OPADRY™ White, 32K 18400). Liguid preparation for oral adminisiration may be in the
form of solutions, syrups or suspensions. The liquid preparations may be prepared by
conventional means with pharmaceutically acceptable additives such as suspending agents
{e.g.. sorbiiol syrup, methvl cellulose or hvdrogenaied edible fats); emulsifying agent {e.g.,
lecithin or acacia); non~agueous vehicles {e.g., almond oil, oily esters or ethyl alechaol): and
preservatives {e.g., methyl or propyl p-hydrosy benzoates or sorbic acid}.

Compositions as deseribed herein can be prepared, packaged, or sold in a formulation
sutiable for oral or buccal admanistration. A tablet that includes a compound as described
herain can, for evample, be made by compressing or molding the active ingredient, optionally
vith one or more additional ingredients. Compressed {ablets may be prepared by
compressing, in a suitable device, the active ingredient in a free-flowing formsuch as a
powder or granular preparation, optionally mixed with one or more of a4 binder, a lubricant,
an excipient, a surface active agent. and a dispersing agent. Molded tablets may be made by
molding, in a suitable device, a mixture of the active ingredient, a pharmaceuiically
acceptable carmer, and at feast sufficient liquid fo moisten the mixture. Pharmaceutically
acceptable excipients used in the manufacture of tablets include, but are not limited to, inert
diluents, granulating and disintegrating agents, dispersing agenis, surface-active agents,
disintegrating agents, binding agents, and lubricating agents.

Suitable dispersing agents include, but are not limited to, potato starch, sodium starch
glycollate, poloxamer 407, or poloxamer 88, One or more dispersing agents can each be
individually present in the composition in an amount of about 0.01% w/w to about 90% w/w

relative to weight of the dosage forma. Oue or more dispersing agents can each be individually
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present in the composition in an amount of at least, greater than, or less than about 0.01%,
0.05%, 0.1%, 0.5%, 1%. 2%, 3%, 4%. 3%. 10%. 15%, 20%, 25%. 30%, 35%, 40%. 45%,

i

509, 55%, 60%. 65%, T0%, 75%. 80%, 85%, or 90% w/w relative to weight of the dosage

N

Surface-active agents {(surfactants) include cationic, anionic, or non-tonic surfactants,
or combinations thereof Suitable surfactants include, but are not limited to, behentnmontum
chloride, benzalkomum chloride, benzethonium chioride, benzododecinium bromide,
carbethopendecinium bromide, cetalkonium chloride, cetrimonium bromide, cetrimoniom
chloride, cetylpyridine chioride, didecyldimethylammonium chioride,

10 dimethyldioctadecylammonum bromude, dimethyldioctadecylammonium chloride, domiphen
bromide. lauryl methy! gluceth-10 hyvdroxypropyl dimonium chioride, tetramethylammoniom
hydroxide, thonzonium bromide, stearalkomium chloride, octenidine dihydrochlonde, olaflur,
N-oleyi-1,3-propanediamine, 2-acrviamido-2-methyvipropane sulfonic acid, alkvibenzene
sulfonates, ammonium lauryl sulfate, ammonium perfluorononancate, docusate, disodium

15 cocoamphodiacetate, magnesivm laureth sulfate, perfluorobutanesuifonic acid,
perfluorononanoic acid, perfluorooctanesulfonic acid, perflucrooctanocic acid, potassium
Tauryl sulfate, sodium alkyl sulfate, sodium dodecyl sulfate, sodium laurate, sodium laureth
sulfate, sodium lauroyl sarcosinate, sodiom myreth sulfate, sodium
nonanoyloxvbenzenesulfonate, sodium pareth sulfale, sodium stearate, sodium sulfosuccinate

20 eslers, cetomacrogol 1000, cetosteary! alcobol, cetyl aleohol, cocamide diethanolamine,
cocamide monoethanolamine, decvl glucoside. decyi polvglucase, glvcerol monastearate,
octylphenoxypolyethoxyethanol CA-630, isoceteth-20, lauryl glucoside,
octylphenoxy polyethoxyethanol P-40, Nonoxynol-9, Nonoxynoels, nonyl
phenoxypolyethoxylethanol (NP-40), octaethyiene glveol monododecy! ether, N-octyl beta-

25 D-thioglucopvranoside, octvl glucoside, olevi alcohol. PEG-10 sunflower glvcerides,
pentaethylene glvcol monododecyl ether, polidocancl, poloxamer, poloxamer 407,
polyethoxylated tallow amine, polyglveerol polyricinoleate, polysorbate, polvsorbate 20,
polysorbate 80, sorbitan, sorbitan monolaurate, sorbitan monostearate, sorbitan {ristearate,
stearvl alcohol, surfactin, Triton X-100, and Tween &0 One or more surfactants can each be

30 individually present in the comnposition int an amount of about 0.01% w/w to about 90% w/w

relative to weight of the dosage form. One or more surfactants can each be individually

present in the composition in an amount of at least, greater than, or less than abowt 0.01%,

0.05%, 0.1%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,

309, 55%, 6(0%, 65%, 70%, 75%, 80%, 85%, or 20% w/w relative to weight of the dosage
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form.
Suitable diluents include, but are not imited to, calcium carbonate, magnesium
carbonate, magnesium oxide. sodium carbonate, lactose. microcrystalline cellulose, calcium

phosphate, calcium hydrogen phosphate, and sodium phosphate, Cellactose ® 80 (75 % «-

A

lactose monohydrate and 25 % cellulose powder), mannitol, pre-gelatinized starch, starch,
sucrose, sodium chloride, talc, anhydrous lactose. and granulated lactose. One or more
diluents can each be individually present in the composition in an amount of about 0.01%
w/w o about 90% w/w relative to weight of the dosage form. One or more diluents can each
be individually present in the composition in an arount of at least, greater than, or less than
10 about 6.01%, 0.05%. 0.1%, 0.5%, 1%, 2%, 3%, 4%, 3%, 10%, 15%, 20%, 25%, 30%, 35%
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or 90% w/w relative to weight of
the dosage formt.
Suitable granulating and disintegrating agents include, but are not limited to, sucrose,
copovidone, corn starch, microcrystalline cellulose, methyl celhulose, sodium starch
1S glycollate, pregelatinized starch, povidone, sodiam carboxy methyl celhulose, sodium
alginate, citric acid, croscarmellose sodium, cellulose. carboxvmethyicellulose calcinm,
colloidal silicone dioxide, crosspovidone and alginic acid. One or more gramulating or
disintegrating agents can each be individually present in the composition in an amount of
about 0.01% wiw fo about 90% w/w relative 1o weight of the dosage form. One of more
20 granulating or disintegrating agents can each be individually present in the composition in an
amount of at least, greater than, or less than about 0.01%, 0.05%, 0.1%, $.5%, 1%, 2%, 3%,
4%, 3%, 10%, 15%, 209, 25%, 30%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, or 90% w/iw relative to \,veight of the dosage form.

Suitable binding agents include, but are not limited fo, gelatin, acacia, pre-gelatinized

N
W

maize starch, polyvinylpyrrolidone, anhydrous lactose, factose monohydrate, hydroxy propyl
methvicellulose, methylcellulose, povidoue, polyvacrylanudes, sucrose, dexirose, maltose,
gelatin, polyethylene giveol. Oune or more binding agents can each be mmdividually presentin
the composition in an amount of about 0.01% w/w 10 about 909 w/w relative to weight of the
dosage form. One or more binding agents can each be individually present i the composition
30 in an amount of at least, greater than, or less than about 0.01%, 0.05%. 0.1%, 0.5%, 1%, 2%.
3%, 4%, 5%, 10%, 15%, 20%, 259, 30%, 35%. 40%, 45%, 50%. 55%. 60%, 65%, T0%,
75%, 80%. 85%, or 90% w/w relative to weight of the dosage form.

Suitable lubricating ageots 1ochude, but are not limited 1o, magnesium stearate,
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calcium stearate, hydrogenated castor oil, glveeryl monostearate, glyceryi behenate, muneral
oil. polyethyiene glycol, poloxamer 407, poloxamer 188, sodium laureth sulfate, sodium
benzoate, stearic acid, sodium stearvl fumarate, silica, and talc. One or more lubricating

agents can each be individually present in the composition in an amowunt of abowt 0.01% w/w

N

to about 90% w/w relative to weight of the dosage form. One or more lubricating agents can

cach be individually present in the composition in an amwount of at least, grealer than, or less

than about 0.01%, 0.05%, 0.1%. 0.5%. 1%, 2%. 3%, 4%. 5%. 10%, 15%, 20%. 25%, 30%,

35%, 4006, 45%, 30%, S5Y%., 6116, 653%, TO%, 75%, 8%, 85%. or 90% w/w relative to

weight of the dosage form.

10 Tablets can be non-coated or they may be coated using known methods to achieve
delayed disintegration in the gastrointestinal tract of a subject, thereby providing sustained
release and absorption of the active imgredient. By way of example, a material such as
glycervl monostearate or glyceryl distearate may be used to coat tablets. Further by way of
exampie. tablets may be coated using methods described in U.S. Patent Nos. 4,256, 108:;

15 4,160,452; and 4,265,874 to form osmotically controlled release tablets. Tablets may further
comprise a sweelening ageni, a flavoring agent, a coloring agent, a preservative, or some
combination of these 1 order to provide for pharmaceutically elegant and palatable
preparation.

Tablets can also be enterically coated such that the coating begins to dissolve at a

20 certain pH. such as at about pH 5.0 to about pH 7.3, therebyv releasing a compound as
described herem. The coating can contain, for example, EUDRAGIT® L, 8. FS, and/or B
polvmers with acidic or alkaline groups to allow release of a compound as described herein in
a particular location, including in any desired section(s} of the intestine. The coating can also
contain, for example, EUDRAGIT® RL and/or RS polymers with cationic or neutral groups

25 1o allow for ime controlled release of a compound as described hrein by pH-independent
swelling.

Parenteral Adminisiration
For parenteral administration, the compounds as described herein may be formulated
for injection or infusion. for example, intravenous, intramuscudar or subcutansous injection or

30 infusion, or for admimstration in a bolus dose and/or continuous nfusion. Suspensions,

solutions or emulsions in an oily or aqueous vehucle, optionally containing other formulatory

agents such as suspending, stabilizing and/or dispersing agents may be used.
Stertle injectable forms of the compositions described herein may be agueous or

oleaginous suspension. These suspensions may be formulated according to technigues known
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in the art using suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable solution or suspension in anon-ioxic
parenterallv-acceptable diluent or solvent, for example as a solution in 1, 3-butanediol.
Among the acceptable vehicles and solvents that may be emploved are water, Ringer’s
solution and 1sotonic sodium chlonde solution. Sterile, fixed oils are conventionally
emploved as a solvent or suspending mediuny For this purpose, any bland fixed ol may be
emploved including svithetic mono- or di-glycerides. Fatty acids, such as oleic acid and its
elvcenide derivatives are useful i the preparation of injectables, as are natural
pharmaceutically acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as such as laurvi, stearvl. or olevl alcohols, or similar
alcohol.

Additional Adminisiration Forms

Additional dosage forms suitable for use with the compound(s) and compositions
described herein include dosage forms as described in U.S. Patents Nos. 6,340,475,
6,488,962, 6,451,808, 5,972 389; 5,582,837 and 5.007.790. Additional dosage forms suitable
for use with the coropound{(s} and compositions described heren also nclude dosage forms
as described in U.S. Patent Applications Nos. 20030147952, 20030104062, Z0030104053;
20030044466, 20030039688 and 20020051820, Additional dosage {orms suitable for use
with the compound(s) and compositions described herein also include dosage forms as
described in POT Applications Nos. WO 003/35041; WO 03/35040; WO 03/35029;, WO
03735177, WO (03/35039; WO 02/96404; W 02/32416;, WO 01/97733, W 01/56544, WO
O1/32217, WO 98/55107, WO 98/11879, WO 97/472835, W 93/18755; and W 90/11757.

Controfied Release Formulations and Drug Delivery Systems

In certain embodiments, the formulations described herein can be, but are not hmtied
to, short-term, rapid-offset, as well as controlied, for example, sustained release, delayed
release and pulsatile release formulations.

The term sustained release is used in 1is conventional sense {o refer to a drug
fornmdation that provides for gradual refease of a drug over an extended period of time, and
that may. although not necessarily, result in substantially constant blood levels of a drug over
an extended fime period. The pertod of tme may be as long as a month or more and should
be a release which is longer that the same amount of agent administered in bohus form.

For sustained release, the compounds may be fornudated with a suitable polvmer or
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hydrophobic matertal which provides sustained release properties to the compounds. As such,
the compounds for use with the method({s) described herein mayv be adnunisiered in the form
of microparticles, for example, by tnjection or in the form of wafers or discs by implantation.

In some cases, the dosage forms to be used can be provided as slow or controlied-
release of one or more active ingredients therein using, for example, hydropropyimethyl
cellulose, other polymer matnces, gels, perrueable membranes, osmotic systems, multlayer
coatings, microparticles, iposomes, or microspheres or a combination thereof 1o provide the
desired release profile in varving proportions. Suitable controlled-release formulations known
10 those of ordinary skill i the art, including those described herein, can be readily selected
for use with the pharmaceutical compositions described herein. Thus, single unit dosage
forms suitable for oral administration, such as tablets, capsules, gefcaps, and caplets. that are
adapted for controlled-release are encompassed by the compositions and dosage forms
described berem.

Most controlled-release pharmaceutical products have a common goal of improving
drug therapy over that achieved by their non-controlled counterparts. Ideally, the use of an
optimally designed controlled-release preparation in medical treatment is characterized by a
muniroum of drug substance being employed to cure or control the condition ju a nunirmum
amount of time. Advantages of controlied-release formulations include extended activity of
the drug, reduced dosage frequency, and increased patient compliance. In addition,
controlled-release formulations can be used to alfect the time of onset of action or other
characteristics, such as blood level of the drug. and thus can affect the occurrence of side
effects.

Most controlled-release formulations are designed 1o inttially release an amount of
drug that prompily produces the desired therapeutic effect, and gradually and continually
release of other amouris of drug o maintain this leval of therapeutic etfect over an extended
period of time. In order 1o maintain this coustant level of drug in the body, the drug must be
released from the dosage form at a rate that will replace the amount of drug being
metabolized and excreted from the body.

Conirolted-release of an active ingredient can be stiimulated by various inducers, for
example pH, temperatare, enzvmes, water, or other physiological conditions or compounds.
The termo “conirolled-relsase component™ is defined herein as a compound or compounds,
including, but not fimited to, polymers, poelymer matrices. gels, permeable membranes,
liposomes, or microspheres or a combination thereof that faciliiates the controlled-release of

the active ingredient. In some embodiments. the compound(s) described heren are
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admmistered to a patient, alone or in combination with another pharmaceutical agent, using a
sustained release formulation. In some erobodiments, the corapound(s) described herein are
admimstered 1o a patient. alone or in combination with another pharmaceutical agent, using a

sustained release formulation.

N

The term delayed release is used herein in ifs conventional sense to refer to a drug
fornuulation that provides for an imiial release of the drug after soroe delay following drug
adnunistration and that mat, although not necessarily, includes a delay of from about 10
minutes up to about 12 hours.

The term pulsatile release 1s used herein in its conventional sense to refer o a drug
10 formulation that provides release of the drug in such a way as (o produce pulsed plasma

profiles of the drug after drug administration.
The term immediate release is used in s conventional sense 1o refer to a drug
formuiation that provides for release of the drug immediately after drug admunistration.
As used herein, short-term refers to any period of time up to and including about 8
13 hours, about 7 hours. about 6 hours, about 3 hours, about 4 hours. about 3 hours, aboui 2
hours, abowt 1 hour, about 40 mimites, about 20 minotes, or abowt 10 minutes and any or all
whole or partial merements thereof after drug adnunistration after drug admunistration.
As used herein, rapid-offset refers to any period of time up to and including about 8
hours, about 7 hours. about & hours, about S houss, about 4 hours. about 3 hours, about 2
20 bours, about 1 hour, about 40 manutes, about 20 minutes, or about 10 nunutes, and any and all

whole or partial increments thereof after drug admimstration.

Bosing
The therapeutically elffective amount or dose of a compound described herein depends
25 onthe age. sex and weight of the patient, the current medical condition of the patient and the
progression of arthritis in the patient being treated. The skilled artisan is able to determine
appropriate dosages depending on these and other factors.
A suitable dose of a compound described herein can be in the range of from about
G.01 mg 1o about 5,000 mg per dav, such as from about .1 mg to about 1,000 me, for
30 example, from about 1 mg to about 300 mg, such as about 5 mg to about 250 mg per day. The
dose may be admimstered 1o a single dosage or in multiple dosages, for example froro o 4
or more times per day. When multiple dosages are used, the amount of each dosage may be
the same or different. For example, a dose of 1 myg per day may be administered as two 0.3

mg doses, with about a 12-hour interval between doses.
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It is understood that the amount of compound dosed per day may be administered, in
non-luntting examples, every day, every other day, every 2 days, every 3 days, every 4 days.
or every 5 days. For example, with everv other dav administration. a 5 mg per day dose may
be mitiated on Monday with a first subsequent 5 mg per day dose administered on
Wednesday, a second subsequent 3 mg per day dose administered on Friday, and so on.

In the case wherein the patient’s status does tmprove, upon the doctor’s discretion the
administration of the compound({s} described herein is optionally given continuously:
alternatively . the dose of drug being administered is temporarily reduced or temporarily
suspended for a certain length of time (7.e., a “drug holiday ™). The length of the drug holiday
optionally vanes between 2 days and 1 vear, including by way of exaraple ondy, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days. 10 davs, 12 davs. 15 days, 20 davs, 28 days, 35 days, 50
days, 70 days, 100 days, 120 days, 150 days, 180 days, 200 days, 250 days, 280 days, 300
days, 320 davs. 350 days, or 365 days. The dose reduction during a drug hohiday includes
from 10%-100%, mcluding, by way of example only, 10%, 15%, 20%, 25%, 30%., 35%,
40%, 45%, 50%, 35%. 60%, 65%, 70%, 75%. 80%. 85%, 90%. 95%, or 100%

Once improvement of the patient’s conditions has occurred, a maintenance dose 18
admimstered 1f necessary. Subsequently, the dosage or the frequency of admimstration, or
both, is reduced to a level at which the improved disease is retained. In certamn embodiments,
patienis require inlermitient treatment on a long-term basis upon any recurrence of symptoms
and/or infection.

The compounds described herein can be formulated in unit dosage form. The term
“unit dosage form” refers to physically discrete units suitable as unitary dosage for patients
undergoing freatment, with each unit contaiming a predetermined quantity of active material
caleulated to produce the desired therapewtic effect, optionally in association with a suitable
pharmaceutical carrier. The unit dosage form may be for a single dailv dose or one of
multiple daily doses (e.g, about 1 to 4 or more fimes per dav). When multiple daily doses are
used, the unit dosage form may be the same or different for each dose.

Toxicity and therapeutic efficacy of such therapeutic regimens are optionally
determuned in cell cultures or experimental animals. including, but not limited to, the
determination of the LD {the dose lethal to S0% of the population) and the EDse (the dose
therapeutically effective in 50% of the population). The dose ratio hetween the toxic and
therapeutic effects is the therapeutic index, which is expressed as the ratio between LD so and
EDso. The data obtained from cell culture assays and animal studies are optionally used in

formuiating a range of dosage for use in human. The dosage of such compounds Hes
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preferably within a range of circulating concentrations that inchude the EDso with minimal
toxicily. The dosage optionally varies within this range depending upon the dosage form

emploved and the route of admiusiration utitized.

Examples
Varous ernbodimenis of the present application can be betier understood by reference
1o the following Examples which are offerad by way of illustration. The scope of the present

application is not limited to the Examples given herein.

Materials and Methods

Abbreviations Used

DCM = dichloromethane; EA = ethyl acetate; DCE = 1, 2-dichloroethane; PE = petroleurn
ether; TFA = wifluorcacetic acid; HOBt = 1-hydroxvbenzotniazole; DCC =N,N'-
dicyclohexvicarbodiimide: EDCI = 1-gthyl-3-(3-dimethyvlaminopropvijcarbodiimide;
DIPEA/DIEA = N, N-dusopropyiethvlamine, HOAtL = l-hvdroxy-7-azabenzotniazole. Fmoc
= fluorenvimethoxycarbonyl, DIC =N N -diisopropyvlcarboditmide; HATU =

hexafluorophosphate azabenzotriazole tetramethyl wroniom.

Spectroscopy and Binding Assays

With reference to FIG. SA. binding of CCP1-GN4 was assessed using a surface
plasmon resonance {SPR) on a Biacore S200 instrument. Prior to binding studies, 20 ug/mL
mouse anti-citrullinated epitope recombinant antibody clone 12G1 (anti-CCP1) {Creative
Biol.abs) was immobilized 10 a Series § Sensor Chip CM3 using amine coupling 1o a target
of 1.000 response wnits (RU) in 10 mM sodium acetate buffer pH 5.5, In paraliel, normal
human f2G isotype control {(R&D Systems} was immobilized as a reference subiraction
control using identical conditions. Sensor chips and reagenis necessary for amine coupling
were purchased from Cytiva

CCPI-GN4 was serially diluted in 100% DMSO and transferred 1o a 96-well
micropiate. 1X HBS-P buffer (Cvtiva) was added to dilute sample 1o final test concentrations
(1000 nM, 250 oM, 62.5 oM. 156 M, 3.9nM, 1 oM} in 1% DMSO. A solution of 1X HBS-
P {Cytiva) containing 1% DMSQO was prepared as runming buffer inwaediately prior to
binding experiments.

Samples were injected over the sensor chip with a contact tirve of 300 secounds,
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dissociation time of 600 seconds, and a flow rate of 30 ul/minute at 25° C. Between
injections, a solution containing 509% DMSO i 1 X BBS-P buffer was used to wash any
remaining bound analyte from the sensor chip surface.

The response at various fest concentrations of CCP1-GN4 was fit in Biacore Insight

S Evaluation software (Cytiva) using the steady state affinity model to obtain a measurement of
the dissociation constant (KD),

With reference to FIG. 5B, binding to ASGPRI was characterized by surface plasmon
resonance {SPR) on a Biacore 8K instrument. Preceding binding measurement, recombinant
biotin-ASGPRI (Viva Biotech) was diluted to a concentration of 2 ug/mL in a buffer

10 contaning 20 mM Tris pH 8.0, 200 mdM NaCl, 1 mM TCEP, 2 mM Cally, and 0.01%
Tween-2¢. A Sensor Chip SA ({ytiva} was conditioned with three injections of 1 M Nall in
50 oM NaOH prior to capluring 2 pg/ml ASGPR on the sensor chip surface. Capture was
performed at a flow rate of 3 pl/nun with a target level of 1000 RU. CCP1-GN4 was sertally
diluted across 10 points to final test concentrations {25 oM, 83 nM, 2.8 aM, 0.93 nM, 0.3

153 oM, 0.1 oM, 0.03 sM, 6.01 nM, 0.004 nM, 0.0013 M) in buffer composed of 20 mM Tris
pH 3.0, 200 mM Na(l, | mM TCEP, 2 mM Callz, $.01% Tween-20, and a final solvent
composition of 3% DMSO.

Samples were injected over the sensor chip surface with a contact time of 180
seconds, dissociation time of 600 seconds, flow rate of 40 pL/min and temperature of 25° C.

20 Daia files were fit 1o multi-cyele kinetics and steady state models using Biacore Insight
Evaluation software to determine kinetic and affinity binding parameters.

With reference to FIGs. 6A and 6B, plasma stability (PBS) of CCP1-GN4 was
measured at WuXi Biologics. The compound was incubated in human, rat, or mouse plasma
at 37 °C for 2 bours. Aliguots were faken at various fime points and the percent remaining of

25  CCP1-GN4 was quantified by LOCMS. For plasma protein binding (PPB). the compound
(CCPI-GN4) was fncubated with human, rat, or mouse plasma protein and the degree of
plasma protein binding was determined by ultracentrifugation and LOMS.

With reference to FIG. 7, HEK-293-ASGPR cells were harvested with accutase,
filtered through a 40 um cell strainer, and confirmed viable. Cells were plated at 30k/100 L

30 per well in fudl media with 2 ug/mb poly-D-lysine. Anti-CCP1 antibody (12G1) and goat
anti-roouse (Jackson 115-346-071) AF488 were preincubated for 30 mmutes at 37°C {final
concentrations 100 nM and 34 nM, respectively). Cellular media was removed and BHS353
and the CCPI antibody (12G1) and goat anti-mouse AF483 mixture was then added to the

cells (total volume of 100 uk per welly. Cells were then incubated for 20h at 37°C. Cellular
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flugrescence was guantified by Incucyte over the time course.

With reference to FIGs. 8A and 8B, CD-1 mice (n = 3 per group) were dosed with
anti-CCPL antibody (2 mpk, 1V} at time = -1h. Blood draws were taken at ime = 0, 0.08,
(.25, 0.5, 2, 4, and 8h. CCP1-GN4 (1.21 and 0.24 mpk) and a peptide control BHS638 {1.21
mpk eq) were dosed at time = Oh after the first blood draw. Anti-CCP1 concentrations at the
various time points were detennined by MSD assay. CCP1-Gnd PK was determmned at

Touchstone Biosciences bv LUMS.

Synthetic Methods
General Chemisiry bethods

Flash chromatography was performed on a CombiFlash NEXTGEN 300+ system by
Teledyne ISCO running software version 5.0.62. Separation was accomplished on RediSep
Rf Righ performance gold C18 columns {reverse phase) and RediSep Rf flash colurons
{normal phase}. HPLC purification of compounds was performed using a Shimadzu
chromatography system using a Waters SunFire C18 OBD Prep Column {10 mm x 150 mm)
and the LabSolutions Software Version 3,92, NMR analysis was performed on Agilent BD2
400 MHz and Agilert DD2 600 MHz NMR spectrometers. The 600 MHz mstrument was
equipped with a C{H] cold probe. HRMS analysis was performed on a Shimadzu 9030
Quadrupole Time-of-Flight LC-MS system {ollowing separation on a Shum-pack Scepter
CI8~120 1.9 uro (2.1 % 50 mum) reverse phase chromatography columu. Separation was
performed using a gradient of water to acetomitrile with the addition of (.19 formic acid.
Infrared (IR} spectra were collected using neatsamples and recorded using a Thermo Nicolet
6700 equipped with a diamond ATR cell. Select vma are reporied in oy’ Optical rotation was
recorded on a Rudolph Autopol 1Y polariroeter. Chemicals were purchased from Sigma

Aldrich, Fisher, and Carbosynth, Solvents were purchased from Fisher and Macron.

Synthetic Examples

Compound 1 {48}
2-(2-(C-hydroxyethoxy)ethoxy Jethyl 4-methylbenzenesulfonate

. N

Triethylene glycol (17.5 mL, 19.7 g, 131 mymol, 5 eq) was dissolved in

dichloromethane €150 mL) and ttiethvliamine (S48 mb, 398 g 1.5 eq) and cooled 10 0 °C. p-
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Toluenesulfony! chioride (5.06 g, 26.2 mmol, 1.00 eq) was then added and the reaction
mixture stirred at room temperature for 18hours. The reaction was then diluted into
dichloromethane and washed with water {3x} and brine (I1x). The organic laver was dried over
sodium sulfate and concentrated in vacuo to give compound ¥ {6.89 ¢, 22.6 mumol) as a pale
yellow ol 1n 85% vield, which was used without further purification. Spectra matched

previously reporied characterization data.

Compound 2 (48)
2-(2-(2~-azidoethoxy)ethoxyethan-1-ol

HOL oo B

Tosylate 1 (2.00 g, 6.37 mumol) and sodium azide (0,470 ¢, 7.23 mmol, L1 eq) were
dissolved in dimethylformanude (40 b} and stirred overnight at 60 °C. Volure was
reduced by approx. halfby rotary evaporation at 70 °C, and the resulting mixture was diluted
into waler and extracted withethyl acetate (2x}. The combined organic layers were washed
with brine (3x}, dried over sodium sulfate, and evaporated (o give azide 2 as a colorless ol

(932 mg, 5.32 nunol) in 1% vield, whichwas used without further purnification.

Compound 3 (49)

(SR.6RTR.TaR)-S-(acetoxymethvD-2-methy]-3a,6.7 Ta-tetrahydro-3H-pyranof 3. 2-djoxazole-
6,7- divi diacetate

D-Galactosamine pentaacetate (100 mg, 0.257 mmol) was dissolved in dichlorogthans
(1.0 mL} and stirred at room temperature under nitrogen atmosphere before the addition of
trimethylsiyl trifluoromethanesulfonate (70.0 ph. 86.0 mg, 4.387 mmol, 1.50 eq). The
reaction was stirred at 50 °C for 9¢ nunutes, then aliowed (o cool to room temperatire and
stivred for a further 12 hows. Thereaction was then poured into tce cold saturated aqueous
sodiurn bicarbonate and extracted nto dichloromethane. The organic layer was washed with
water {2x} then dried over sodium sulfate and evaporated to give compound 3 (236 mg, 77.7

mimol, 92%) as a dark gum, which was used without further purification.
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Compound 4 (36}
{2R.3R 4R SR 6R)-5-acetamido-2-(acetoxvmethyi}-6-{2-(2-(2~
azidoethoxy )ethoxy jethoxy jtetrahvdro-2H-pyran-3,4-divl

diacetaie

Compound 3 (200 mg, 0.607 mmol) and compound 2 (160 mg, 0.913 mmol, 1.50 eq)
were dissolved in 1.2-dichloroethane (5 mL). 4 A molecular sieves were then added, and the
reaction stirred for 30 minutes. Trimethvisily! triflucromethanesulfonate (55.0 ul, 67.5 mg,
0.304 mamol, 0.5 eq) was then added to the mixture, and the reaction stirred overnight. The
reaction was then diluted into dichloromethane, washed with 1 M sodium bicarbonate (1x) and
waier {1x). then driedover magnesium sulfate and concenirated. The crude o1l was purified on
silica gel (50-100% ethy! acetate in dichloromethane) to give compound 4 {245 mg, 0.486
mmol) as a white solid i 80.1%vield. Spectra matched previously reported characterization

data.

Compound 5 {303

(2R 3R AR SR.6R)-5-acetanudo-2-(acetoxvmethy)-6-(2-(2-(2-
aminoethoxy yethoxyethoxy Metrahy dro-2H-pyran-3,4-diyvl
diacetate

i

Compound 4 (1.80 g, 3.57 nunol) was dissolved in tetrahvdroturan (35 mi).
Triphenylphosphine{1.40 g, 535 mmol, 1.5 eq) and water (257 uL, 14 28 mmol, 4 eq) were
then added and the reactionsiirred at room temperature under nitrogen for 36 hours. The
solvent was removed and the crude product, a colorless oil, was used in the next slep without

further purification.

Compound 6 (57}

3.3’ {{2-anuno-2-({2-cy ancethoxy ymethypropane-1,3-divbis(oxy pydipropanenitrile
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Tristhydroxvmethyllaminomethane (1.00 g, 8.25 mmol, 1.00 eq) was dissolved in
dioxane {30 mL) and agueous KOH (40% w/v, 1 mL) was added dropwise. Acrvionitrite
{6.45 ml, 5.22 g, 25.2 mmol, 3.05 eq) was then added dropwise, and the reaction stirred
overnight. Dioxane was removed i vacie and the resulting aqueous solution was exiracted
with dichioromethane (3x»). The combined organic layers were then washed with brine {1x),
dried over sodium sulfaie, and evaporated to give compound 6 as a colorless ol (1,12 g, 4.04
mmol} in 48 5% vield, which was used i further steps without punification. Spectra matched

previously reported characterization data.

Compound 7 (32)
Dimethvl 3,3°-{(2-amino-2~{{3-methoxy-3-oxopropoxy ymethy propane-1,3-

diylybis{oxy pydipropionate

r

Compound 6 {710 mg, 2.50 mmol) was dissolved i methanol {30 mL) and sulfuric
acid (2.8 mbL)and heated at reflux for 24 hours. The solution was then cooled to 0 °C, then
neutralized with saturated sodium bicarbonate solufion, and extracied into dichloromethane
{3x}. The organic laverwas washed with brine, then dried over sodium sulfate and
concentrated. The residue was purifiedon silica gel {0-10% methanol in dichloromethane) to
give compound 7 as a colorless 01l {656 mg, 1.73 mmol) in 69.0% yield. Spectra matched

previously reporied characterization dala.
Compounnd 8

Methyl 8,8-bis{(3-methoxy-3-oxopropoxy ymethvi}-3,6-dioxo-1 ~phenyl-2, 1 8-dioxa-4,7-

diazatridecan-13-oate
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Compound 7 (723 mg, 1.90 mmol) was dissolved in acetoniirile (25 mL). 1-
hydroxvbenzotriazole hvdrate (291 mg, 1.90 mmol, 1 eq}, N-carbobenzyloxvglycine (397
mg, .90 mmol, 1.00 eq), and N N'-dicyclohexvicarbodiimide {392 mg, 1.90 mmol, 1.00 eq)
were then added, and the reaction stirred ovemnight. Acetonttrile was then evaporated, and
the residue adsorbed onto silica and purified using a gradient of 0-75% ethyi acetaie in

hexanes. Compound 8 (866 myg, 1.52 mmolywas recovered as a colorless oil in 80% vield.

Compeound 9
8,8-bis{(2-carboxyethoxy ymethy1}-3,6-dioxo-1-phenyl-2,10-dioxa-4, 7-diazatridecan-13-0t¢c

acid

ShabiN

Compound 8 (100 mg, 6.175 mmol} was dissolved in dioxane {2 mL) and aqueous
NaOH (2 M, 2mL}. The reaction was stirred for 3 hours, then acidified o approximately pH 3
with 6 M hvdrochloric acid and extracted twice into ethyl acetate. The organic fraction was
washed with | M HCI, then dried over sodium sulfate and evaporated to give compound 9 as a

white sohd, whichwas used in further steps without punification.

Compouvnd 10
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Compound ¥ (372 g, 0.704 nunol, 1 eq) was dissolved in dunethylformamide
{40 mL) and ditsopropvlethylanune (981 pb. 728 mg. 5.63 mmol, .00 eg). N.N,N'N'-
tetramethyl-G-(1H- benzotriazol-1-viuronium hexafluorophosphate (HBTU) (1.01 g, 2.67
mmol, 3.8 eq) was then added, and the reaction stitred for 10 minutes at room temperature
before the addition of compound 8 (1.28 g. 2.67 nunol, 3.8 eq}. The reaction was stirred for
two hours, then diluted into dichloromethane and washed with agueous solutions of
phosphoric acid (1 M, 15}, sodium bicarbonate (1 M, Ix)}, and brine {1x}. The organic layer
was dried over sodium sulfate and evaporated onto silica. The residue was purified (0-20%
methanol in dichloromethane) to give compound 19 (831 mg, 0.436 mumol} as a light brown

solid in 62% yield.

Compouvnd 11
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Compound 18 (710 mg, 0.372 mmol) was dissolved 1o dry methanol (90 ml) and
cooled to 0 °C under nitrogen. Palladium on carbon (71.0 mg, 10% w/w} was then added. and
the reaction stirredunder hydrogen atmosphere {1 atim} at 0 °C for 16 hours. Upon

5 completion, the reaction was filtered through Celite and rethanol was evaporated to give the
intermediate amane (657 mg, 0.370mmol) 1o 99.5% vield, which was used without further
purification. The amine {441 mg, 0.248 mmol} was dissolved in methano! {15 mL) and
cooled to 0 °C. Sodium methoxide solution (400 pL., S.4M in MeQOH) was then added to effect
removal of the G-acetyl groups, and the reaction wasstirred for 30 minutes. Dowex 30WX8

10 was then added unuil the solution was weakly acidic. The resin was filtered and washed

thoroughly with methanol. The combined methanol {ractions were evaporated under reduced
pressure 1o give compound 11 (274 mg, 0.196 mmol) as a colorless oilin 79.0% vield.

Compound 31 was used in further steps withoul purification.

15 Compouvnd 12
benzvl (1-hydroxy-15,13-bis(14-hvdroxy-5-0x0-2,9,1 2-frioxa-6-azatetradecy}- 10,1 7-dioxo-

3.6,13-trioxa-9,16-diazaoctadecan-1 8-yl )carbamate
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Compound 2 (302 mg, 0.572 mmol. 1 eq) was dissolved in dichloromethane
(25 ml} and triethylamine (480 ul, 3.431 mumol, 6.00 eq). 1-Hydroxvbenzotriarole
hydrate (350 mg, 2.28 nunol, 4 eg) and 1-ethyl-3-(3-dimethylaminopropyljcarbodiimide
{417 mg, 2.17 mmol, 3.80 eq) were then added, followed by 2-[2-(2-
Arninoethoxyethoxyiethanol (300 mg, 2.01 mmol, 3.80 eq). The reaction was then stirred
overnight. The solvent was evaporated and the crude material was purified by reverse phase
chromatography without workup using a gradient of 5-35% acetoniirilein water with the
addition of 0.1% formic acid. Compound 12 was recovered in 65% vield as a colorless oil

(345 myg, 0.372 muuol}.

Compound 13
3.3°-((2-2-aminoacetamido}-2-(1 4-hy droxy-5-0x0-2,9, 1 2-trioxa-6-
azatetradecylipropane-1,3-~ diviybis{oxy ) ibis{N-{2-(2-(2-

hydroxyethoxy jethoxy jethyBpropanamide}
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Compound 12 (345 mg, 0.374 mmol, 1.00 eq) was dissolved in methanol (15 mb).
The solation was purged under a stream of nitrogen for five minutes. 10% PA/C (5% wiw,
17.3 mg) was then added under a stream of nitrogen. The mixture was purged with bydrogen
5 gas for 5 minutes and then stirred for 2 hours under a hvdrogen atmosphere. The mixture was
then filtered through a bedof Celite and the filtrate concentrated in vacuo 1o give compound 13
as a colorless o1l 1n 96% yield(282 mg, 0.359 nwool). Corapound 13 was used i further steps

without purification.

10 Compound 14 (33}

sthvi 4-({2-chloroquinolin-6-yjoxy jbutanoate

2-Chloroquinolin-6-ol (1.00 g, 5 57 nuvol) and potassium carbouate (1.33 g, 11.1
mmol, 2.0 eq) were dissolved in dimethyviformamide (20 mL). Ethyl bromobutyrate (1.63 g,
15 1.2wmL, 8.35 mmol, 1.5 eq) was then added and the mixture stirred at 80 °C for 12 hours. The
reaction was dilated intoethyl acetate and washed with water (2x) and brine {(3x). The organic
laver was dried over sodiumsulfate and evaporated to give coropound 14 as a pale vellow
solid, which was used in the next step without further punification. Spectra matched

previously reporied characierization data.

Compound 15 (§3)

ethyl 4-(2-((trimethyvlsitv DethynyDiquinolin-6-vjoxy ybutancate
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Compound 14 (1.52 g, 5.17 mmol) was dissolved in tetrahydrofuran {29 mL) and
triethvlamine (2.8% mL, 20.7 mmol, 4 eq). Copper (1) iodide (49.0 mg, 0.258 mmol,
0.050 eq), Bis(triphenylphosphinejpalladium(Il) dichloride (181 mg, 0.258 mmol, 0.050 eq),

5 and trimethylsilylacetylene (1.07 mL, 762 mg, 7.75 mmol, 1.50 eq) were then added and the
reaction was stirred in a pressurized vessel at 65 °C for 16 hours. The reaction mixture was
then cooled andfiltered through Celite. The Celite was washed extensively with ethyl acetate,
and the combined organic fractions were evaporated. The residue was purified on silica {0-
309 othy] acetate m hexanes) to give compound I8 in 81% vield (149 g, 4. 19 mmoly as a

10 pale vellow solid. Spectra matched previously reporied characterization data.

Compound 16 (53)

sthyl 4-({2-ethynviquinolin-6-yljoxy)butanoate

-
wh

Compound 15 (1.57 g. 4.42 mmol} was dissolved in dichioromethane (45 mL} and
tetrabutylammonium fuonde (.30 mL, | 00 M in THF, 5.30 nwnol, 1.20 eq} was added
dropwise Afler 1 minute of stirring, 10% citric acid (50 rull) was added and the reaction
stirred for 30 nunutes. The organic phase was washed with water (1x), dnied, and evaporated
to give compoundié as a pale vellow solid, which was used in the next step without further

20 purification. Specira maiched previously reported characterization data.

Compound 17 (§3)

ethyl 4-((2-(1-(3-fluoro-4-hydroxypheny -1 H-1,2 3-triazol-4-y Dguinolin-o-yHoxy Jbatanoate

§t€3\,§._\, o
g\;
25 2-Fluoro-4d-iodophenol (126 myg, 0.529 mmol) and sodium azide (38 mg, 0.528 munol,

1.0 2q) were dissolved in DMSO (2.5 mL) and stirred for 2 hours at 70 °C. Compound 32 {130
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mg, 0.529 mmol, 1 eq), trans-N N -dimethvicyclohexane-1,2-diamine (11 mg, 0.079 mmol,
(.15 eq). sodium ascorbate (10 myg, 0.053 mimol, 0.1 eq), copper (T iodide (15 mg, 0.079
mmol, 0.15 eq). and H20(2.5 mL) were then added, and the mixture stirred at 70 °C
overnight. The reaction was diluted with ethvi acetate and washed with water (1x) and brine
(1x). The organic laver was dried over sodium sulfate, evaporaled, and pwified on silica (-
100% ethyl acetate 1n dichloromethane) to give compound 17 as an off-white sohid. Spectra

matched previoushy reported characterization data.

Compound 18 (53)

4-({(2-(1-(3-fluoro-4-hydroxy phenvi)- 15~ 1.2 3-tnazol-4-y Dquinolin-G-vhoxvbutanoic acid

Compound 17 (90.0 mg, 0.206 mumol) was dissolved in dioxane (6.00 mLyand 2 M
Na(H (3.00 mL). The reaction was stirred for 2.5 howrs at room temperature, at which time
the reaction wag difuted with water and the pH adjusted to 3 with 1 M HCL The mixture was
cooled to 4 °C and filtered {0 give compound 18 as a brown powder, which was used without

further purification.

Compound 19 34

2~{2-(2-(2-hydroxvethoxy jethoxy yethoxy jethyvl 4-methylbenzenesulfonate

HG --*""\.wi: (':S\,

Tetraethvlene glvcol (50.0 g, 258 mmol} was dissolved in tetrahydrofuran (10 mL),
cooled to 0 °C, and stirred. Sodiomhydroxade (1.68 g, 41.3 mmol, 1.60 eq) in water (10 mL)
was then added, followed by the dropwise addition of p-toluencsulfonyl chloride (8.00 g, 25.8
mmol, 1.00 eq) in tetrabwdrofuran (3 mL). The reaction mixture was stirred at ¢ °C for 4
hours, then diluted into dichloromethane. The organic laver was washed with ice-cold water
{2x) and brine (1x). then driedover sodium sulfate to give compound 12 (8 84 g 25 4 mmol,

99.0% vield) as a pale vellow oil, which was used in further steps without purification.

Compound 20 (54)
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2-(2-(2-(2-azidoethoxy yethoxy jethoxy yethan-1-of

wo”

Compound 19 (8.84 g, 25 4 mmol} was dissolved in 100% ethanol (200 mL} and
sodinm azide (4.128 g, 63.5 mwnol, 2.50 eq} was added. The reaction was heated to refhux for
16 hours, then cooled 1o room temperature before the addition of water (150 ml.). Ethanol
was then evaporated under reduced pressure and the agueous layer extracted into ethyl
acetate {2x}. The organic layer was washed with water {1x} and brine (1x), dried over sodium
sulfate, and evaporated to give compound 26 (4.82 g, 22.1 mwnol) as a veliow oif in 87.0%

vield Spectra matched previously reported characterization data.
Compound 21 (35)
2-{2-(2-(2-andoethoxy Jethoxy Jethoxy yacetic acid

‘%i '
RO ST

Tce-cold Jones reagent was prepared separately by mixing chromium trioxide (1.37 g,
13.68 munol, 3.00 eq), Ha804(2.38 mb.), and water (26.2 ml) at 0 °C. Jounes reagent was
then added dropwiseio an ice~-cold solution of compound 28 (1.00 ¢ 4.56 mmaol, 1 eg)in
acetone {20 mL}. The reactionwas then warmed {o room femperature and stirred for 16 hours.
Excess Jones reagent was quenchedby the addition of isopropanot (30 mL) and the reaction
concenirated. The agueous residue was then extracted with dichloromethane (4x). The
organic layers were combined. dried over sodium sulfate, and concentrated to give compound
21 (851 mg, 3.65 mmol} as a colorless ot in 80% vield, which was used in further steps

without purification.

Compound 22 (36)

2-{2-(2-(2-amunoethoxyjethoxy)jethoxy acetic acid

Compound 21 {2.4 g, 10.3 nwnol) was dissolved in methanol and the atmosphere
flushed with Nz Pafladium on carbon {240 mg, 10% w/w) was added, and the flask purgad
again with nitrogen. The flask was then purged with Hy gas and stirred under H; atmosphere
for 16 hours. The reactionthen filtered through celite and concentrated to give compound 22

277 -



L

10

WO 2024/163610 PCT/US2024/013767

{2.13 g, 10.3 mmol) as a colorless o1l in quantitative yield Compound 22 was used in further

steps without purification.

Compound 23
2-{2-(2-(2-({2 4-dinitrophenyaminojethoxy yethoxy yethoxy Jacetic acid

LN

{-Chloro-2 4-dimtrobenzene (52.8 mg, 0.261 mmol, 1.00 eq), compound 22 (75.5 mg,
(.365 mmol, 1.40 eq), and sodiom bicarbonate (65.7 mg, 0.782 mmol, 3.00 eq} were
dissolved 1 water (2 mL) v a round bottom flask. The flask was then equipped with a reflux
condenser and the mixture stirred at 95 °C for 16 hours. The reaction was then coolad and
diluted into saturated sodivm bicarbonate solution (10 mL), then washed with
dichloromethane. The aquecus solution was thentreated with concentrated hydrochloric acid
until the pH of the solution was helow 2. The agueouslaver was then extracted twice with
dichloromethane. The combined organic layers were dried over sodium sulfate and
concentrated to give compound 23 (86.8 mg, 0.232 mmol) as a bright vellow oil in 89%

vield, which was used without further purification.
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Compound 24 (D-MoDE-A}

Compound 23 (75.1mg, 0.201 mmol, 1.5 eq) was dissolved in dichloromethane (7
mL) and diisopropvlethviamine (26 mg, 0.201 mmol, 1.5 eq). I-hydroxybenzotriazole
5 hydrate (34.9 mg, 0.2278 mmol, 1.7 eq) and 1-Ethv1-3-(3-
dimethyiaminopropyljearbodiimide (41.0 mg, 0.214 mmol, 1.6 eq) were then added and
stirred for 10 minutes. Chz~-deprotected amine 9-0Ac (238mge, 0.134 munol, 1 eq) was added,
then the reaction mixture stirred overnight. Mixture was diluted intodichloromethane (50 mbL)
and washed with water (2x) and brine (1x}. The organic layer was driedover sodium sulfate
10 and concentrated. The residue was dissolved in methanol (3.5 mL) and chilledto ¢ °C. Sodium
methoxide solution (5.4 M in methanol, 292 pl.) was then added, and the reactionstirred at ¢
*C for 30 minutes. It was then neutralized with Dowex 50W X8, The reaction was filtered and
concentrated. The residue was directly purified on HPLC {0-30% acetonitrile in water. + 0.1%
formic acid) fo give compound 24 as a bright vellow powder in 18.6% yield (0.0249 mmol,

15 437 mg).
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Compound 23 (M-MoDE-A}

Compound 18 (23.5 mg, 0.05375 mmwol, 1.1 eg) and (1~

[Bis{(dimethylanuno)methylenel-1H-1,2.3-triazolo[4,5-blpyndiaum 3-oxide

93

hexafluorophosphate (HATU} (20.0 mg, 0.0522 mmol, 1 eq) were dissolved in dry
dimethyiformamide (5 mL) and diisopropylethylamine (233 pL, 16.9 mg, 0.131 mmol, 2.5
ey and stired for 10 minutes at room temperature. Compound 11 (73.0 mg, 0.0522 nmunol)
was then added, and the reaction stirred for 30 mumites. The nuxture was loaded directly onto
HPLC and purified (20-30% acetonitrile in water, +0.3% trifluorcacetic acid) to give

10 compound 28 (12 mg, 0.0067 mmel) as an off-white powder in 12.8% vield.

Compound 26 (BNP-OH3)
3,37 -{{2- 1 4~((2 4-dinitropheny Damine -4-0x0-6,9, 1 2-trioxa-3-azatetradecanamidop-2-( 14~

hydroxv-3-0x0-2.9,1 2-trioxa-G-azatetradecy Dpropane- 1, 3-divhbis{oxy bis{ V-(2-(2-(2-

[
v 3

hy droxyethoxyyethoxy yethyDpropananude)
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Compound 13 (234 mg. 0.297 mmol. 1 eg) was dissolved in dimethyiformamide
{5 mL) and miethylamine (83 ul, 0.594 mmol, 2 eq). Compound 23 (110.2 mg, 6.297 muinol,
1 eq) and I~ Hydroxvbenzotriazole hydrate (59 mg, 0.386 numol, 1.3 eq) were then added,
3 followed by 1-ethy1-3-(3-dimethylanunopropycarbodiiroide (68.3 rog, 0.356 mmol, 1.2 eq).
The reaction was stirredovernight, then evaporated under a stream of nitrogen. Product was
purified directly via reverse phase HPLC (U-30% acetonitrile in water +0.1% formic acid}

to give compound 26 {178 myg, 0155 mumol} as a bright vellow powder in 52 3% vield.

10 General Synthetic Procedures for COP1-GN3 Compoundy

H H
e QoG oo Qoo S oo T oo G G R G e R oo (G R e o GromnR o G Goner S O

The backbone of M3CCPI (azidohomoealimine)- HQCHOESTCUGRSRGRCGRSGS)
was synthesizad following standard Fmoc-based SPPS conditions. The peptide was cleaved
from resin using 95% TFA, 2.5% TIS. and 2.5% HaQ for 3h. The linear peptide was then

15 resuspendad in DMSO/MeUN/FHZ0 (1:1:1) and stivred for 48h (o factlitate disulfide
formation. The peptide was then purified by HPLC (0 1o 80% MeCN + (.1% TFA over 30

minutes) to vield compound 160
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Compound 11 (NH2GN3) was dissolved in DMF, followed by addition of DBCO-
PEGs-NHS ester (CAS# 1427004-19-0) (1.5 eq) and DIEA (5 eq). The reaction was stirred
overnight at RT, diluted in HaO + 0.1% TFA, and purnified by HPLC (MeCIN/ H0 + 0.1%
S TFA. 0-80% MeCN), vielding 18L

O O HNWQWOV\O}.;
O O
N
4 H HN O
L e g VNP
o )

Compound 12 (NH20H3) was dissolved in DMF, followed by addition of BDBCO-
PEGs-NHS ester (CASH# 1427004-19-0) (1.5 eq) and DIEA (5 eg). The reaction was stirred
10 overnight at RT, dilited in H2Q + 0.1% TFA, and purified by HPLC (MeCN/ H20 + 0.1%
TFA, 0-80% MeCN), vielding 102,
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CCPI-GN3
Compound 100 (I eq) and compound 181 (1.5 eq} were dissolved in HoO/MeCN (111
v/v} and stirred ovemight at room temperatre. The crude mixture was then purified by

HPLC (MeCN / H20 + 0.1% TFA, 0-80% MeCN), to vield CCP-MoDE-A {CCP1-GN3).

i

The terms and expressions emploved herein are used as terms of description and not
of limitation, and there is nno intention in the use of such terms and expressions of excluding
any equivalents of the features shown and described or portions thereof, but it is recognized
that various modifications are possible within the scope of the embodiments of the present
application. Thus, it should be understood that although the preseni application describes
10 specific embodiments and optional features, modification and vanation of the compositions,
methods, and concepts herein disclosed may be resorted to by those of ordinary skall i the
art, and that such modifications and variations are constdered to be within the scope of

embodiments of the present application.

1S Procedure for Preparing Infermediate 40014
Referring to FIGs. 3A-3D, a synthetic scheme for synthesizing intermediate target
AQO01A 1is provided.

Preparation of Intermedinte 2:

o ; :
e )i\ HQ/\,O\JN\O/\,NHQ 1a

HO\I/‘-\,_ ,"\v;ov"‘\ .
: N O NHCbz
[ 2-Methyltetrahydrofuran, 25°C, 2.0 h

1 2
20 To asolution of 1a (60.0 g, 400 mmol. 2.00 equiv.) in 2-methyltetrahy drofuran (450
mL) was added ¥ (34.2 g, 200 mwmol, 1.00 equiv .} in 2-methyltetrahy drofuran {160 mL) at O

°C. The mixture was stisred at 25 °C for 2 b TLC (DCM: MeOH = 20: 1, Re=0.70) showed
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the reaction was completed, one major new spot with lower polanity was detected. To the
reaction muxture was added HCUVEA (ethy] acetate) (1 N, 27.0 ml.} and stirred for 30 nuin,
and the white precipitate was removed by filtration, the filtrate was concentrated under
reduced pressure to afford Intermediate 2 {crude, 105.0 g, 370.6 mmol) as vellow oil.
LCMS: RT = 0.797 min, MS cal.: 283 14, mass observed: [M + Naj® = 306.1. 'H NMR (400
MHz, DMSO-do) S ppm 7.23 - 741 (o, 3H), 5.0 (5, 2H) 460 (brs, LH), 3.45-352{(m, 6
H).338-343(m. 5H).314(q.J=594Hz 2H). 253-255(m. 1 H).

Preparation of Intermediate 3:

ey IO
~ PN CAc
H

OAc T 2a =~ O\/\Or"\./o\/’\r JH

A

bz

O™ O i

1), TMSOTT, DCE, 25~60°C, 3.0 h, ACO"' TNHAG
2). & A molecular sieves (50% wij, "
2 DCE. 25 °C, 16 1 Oae
3

To asolution of 2a (100.0 g, 257 mumol, 1.00 equuv.} in DCE (1,2-dichloroethane)
{500 mL) was added TMSOTI (85.6 ¢, 385 mumol, 1.50 e¢quiv.) and stirred at 60 °C for 2 h.
The reaction was then cooled to room temperature {25 °C) and stirved for another 1 h. A
mixture of Entermediate 2 (80.0 g 282 mmol. 1.10 equiv.) and 4 A powder molecular sieves
(50.0 g) i BCE (500 mL) was added to the reaction. The resulting mixture was stirred for 30
min under N2 atmosphere. Then a solution of Intermediate 2a (100.0 g, 257 mmol, 1.00
equiv.} in BCE was added dropwise to the mixture at 0 °C. The mixture was stirred for 16 h
at 25 °C under N2 atmosphere. TLC (BCM: MeOH = 10: 1, Re= 0.42) indicated
Intermediate 2a was consumed completely, and one major new spot with larger polarity was
detected.

The reaction mixture was filtered and washed with sat. NaHCOs (500 mL ). water
(500 mL). and brine (300 mL}. The organic laver was dried over anhvdrous Na:SO4, filtered.
and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (5102, PE (petroloum ether): EA (ethyl acetate) =3: 1 to 1. 6, then
DCM: MeDH = 20 1) to afford Intermediate 3 (90.0 g, 146.9 mmol, 91.6% purity, 57.2%
yield) as veltow oil. LCMS: RT = 0.860 min, MS cal.: 612.25, mass observed: M +H{ =
613.2. TH NMR (400 MHz, DMSO-ds) 6 ppm 780 (d, J=9.03 Hz, 1 H), 7.24 - 739 (m. 6
H)Y. 522(d, /=351 Hz, 1H),495-5.05(m, 3H),4.53-4.59(m, 1 H), 3.99 - 4.06 (m, 3
FI), 3.84-3.92(m, 1 H), 3.73 - 3.82 (m, 1 FI}, 3.55 - 3.61 (m, 1 H}. 3.45 - 3.53 (m, 7 H), 3.41
(6, J=5S90Hz 2H)L 311 -3 18 m 3H), 210 (s, 3H), 19945, 3H), 189 (3, 3 H), 1.77 (5. 3

43
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H).
Preparation of Intermediate 4:
CA OA
OO O™ Npich: 2 (40 psi), PG, TFA :%OYO‘V’\O”\/O\/“‘NHi TFA
AcQl \Ef/""NHAo THE 257G, 30 Acd \{ “NHAC
L Oad - Oag

Pé/ C (9.00 g, 10% purity) 1n reaction bottle (purged with Ar fo;r three times) was
added THF (180 mL) slowly, then a solution of TFA {16.7 g, 147 mmol, 1.0 equiv.) and
Intermediate 3 (90.0 g 147.0 mmol, .00 equav.) in THF (720 mL) was added to the
reaction slowly under Nz, The reaction was degassed and purged with Nz and Hz for three
times, then stirred at 25 °C for 3 h under Ha atmosphere (40 psi). TLC (DCM: MeGH = 10: 1,
Re= 1.20} indicatled Intermediate 3 was consumed completely. and one major new spol with
larger polarity was detected. The reaction mixture was dissolved in THF (100 mL), filtered
carefully through siliceous earth under N2 atmosphere, the cake was washed with THF (100
mk x 2), and the filirate was concentrated under reduced pressure to get the residue. The
residue was diluted with water {1000 mL}, washed with DCM (300 mL x 3), the aqueous
layer was lvophilized to afford Intermediate 4 (80.0 ¢, 139.0 mmol, 95.1% purity, 91.8%
vield, TFA salt} as a white solid. LOMS: RT = 0.484 min, M5 cal.- 478.22. mass observed:
M+ H|" = 4789, 'H NMR (400 MHz, DMSO-de) § ppm 7.91 (brt, J=9.03 Hz, 4 H), 5.21
(d, /=3 26Hz, 1 H),496(dd, /= 1117, 330 Hz, | 1), 4.54 (d,./=8.53 Hz, 1 H), 398 -
408 (m, 3 H). 3.85-393 {m, 1 H).3.75-3.84 {n L H). 3.59(brt,.J=5.14 Hz, 3 H), 3.50 -
356 (m, 6 HY 298 (brs, 2H). 210 (s, 3 H), 2.00(s, 3 H)L 1.89 (5. 3 H), L78(s, 3 H).

Preparation of Intermediote 6;

OOt

o
COH z ‘
d fau-o”k‘/ N d
HO JOH e
Py NaGH, DMSO. 25 °C, 24 Iy

Bu-O 1/\_,0\, ,O\/\[r,o.»-rﬁu
i NH.,
{ = o]

3
To a mixture of 5 {60.0 g, 495.0 mmol. 1.00 equiv.} in DMSO (166 mL) was added
aquecus NaQH (5.0 M, .91 mi.. 0.10 equiv.) dropwise at 0-15 °C for over 5 min. After

addition, the nyixture was stirred at 0-15 °C for 5 min, then 8a (254.0 g, 1.98 mol, 287 mL,
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4.00 equiv.) was added to the reaction mixtare dropwise at 20 “C. The resulting muxture was
stitred at 25 °C for 16 b TLC (DCM: MeOH = 10 |, Rr= 0.7} indicated Compound S wag
consumed completelv, and one major new spot with lower polarity was detected. The
resulting reaction mixture was concentrated under reduced pressure to give aresidue. The
residue was dissoived in EtOAc {400 mL), quenched by addition of water (400 w1}, and
extracted with EiOAc (400 mL x 3). The combined organic layers were washed with brine
{300 mL x 2), dried over NazSQa, filtered and concentrated under reduced pressure to afford
Intermediate 6 (100.0 g, 197 % mmol, 96.0% purity, 40.0% vield) as colorless il 'H NMR
{400 MHz, DMSO-ds) d ppm 3.51 -3.61 (o, TH)L 317 (. 3 H), 239 (1, /=602 Hz, 6 H).
1.40 (s. 27 H).

Preporation of Intersmediate 7:

QO O
OOt f
;/ opan” Y o d

I o] éa A
A2
{ . S 1R Bu-O Q. . O-iBu
- | . ~ e DCC, HOBE, MeCN, 259C, 16 h AN \/4\/ N
Bu-y n,/\v,o\_/?\/(i\,/\\ﬂ,o-lbu \{I HM. 0 n/
NHz Q
O < le]
‘NHCbz
& ¥

To a solution of Intermediate 6 (40.0 g 79.1 mmol, 100 equiv.) in MeCN (400 ml.)
was added HOBt (10.7 g, 79.1 mmol, 1.00 equiv.}. Then 6a (16.5 g, 79.1 mmol, 1 00 equiv.)
and DCC (16.3 g, 79.1 mmol, 1.00 equiv.} were added. The reaction was stirred at 25 °C for
I6h TLC (PE EA = 1. 1, Re= 0.80) indicaied Intermediate & was consumed completely,
and one ragjor new spot with lower polarity was detected. MeCN was evaporated to get the
residue. The residue was purified by column chromatography (8102, PE: EA=10: 1to 1. 1)
to afford Intermediate 7 (40.0 g, 57.4 mmol, 82.9% purity, 72.5% yield) as a white solid.
LCMS: RT = 1151 nun, MS cal.: 696,38, mass observed: [M +H] = 6973, [M + Na}' =
719.3. "H NMR (400 MHz, DMSO-de) & ppm 7.26 - 7.40 (m. 6 H), 7.06 (s, 1 H). 5.03 (5. 2
H), 3.49-3.61(m, 14 H), 239 (brt. /=602 Hz, 6 H}, 1.40 (s. 27 H).

Prepavation of Intermediate 8:
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SNHCEz S NHobz
7 8

A solution of Intermediate 7 {30.0 g, 43.0 mmol, 1.00 equav.) o HCOOH (300 ml)
was stirred at 25 °C for 1o h. TLC (PE: EA = 1: 1. Re= (1.04) indicated Intermediate 7 was

consumed completelv, and one major new spot with larger polarity was detected. Solvent was

W

evaporated under reduced pressure, then co-evaporated with toluene (50 mL x 3} under
reduced pressure, and dried under reduced pressure to get the residue. The residue was
purified by prep-HPLC (A: 0.1% FA condition/H20, B: MeCN) to afford Intermediate 8
(20.0 ¢, 37.& mmol, Y% 2% purity, 87.9% vield). 'H NMR {400 MHz, DMSO-ds) & ppm
1217 (brs, 3H), 7.26 - 7.43 (m, 6 H), 7.06 (s, 1 H}, $.02 (s, 2 H), 3.49 - 3.65 (m, 14 H), 2.42
10 {(brt,J=6.27 Hz, 5 H). LCMS: RT = 0.790 nun, MS cal.: 528.20, mass observed: [M + HJ"

=529 2.
Preparation of Intermediate 9:
Qe
Ak, A he
H {
Oj,()ﬂ F Oy Mg Ot “Oj:’g
a) i OMC
¢ intermedaite 4, EDGI, HOBY, i " j‘\"xc(y
-2 DIPEA o " Asr--\i,f L.\.C
HOL A~ O D, OH DMF, 25 °C, 2 h conin. A L\’QV’\T'NV/\O’\JO\/\fﬁ !
T N | e : 4 oA
o ¥ o h OAe -
“NHChz i AcHM, _A_s0hc
8 L——OVA\[},N\/\O/\/UV/\O o
Cx Ohe

8

o
W

To astirring solution of Intermediate 8 (20.0 g, 37.8 mmol, 1.00 equiv.} and
Intermediate 4 (78.5 g, 132 mumol, 3.50 equiyv., TFA salt) in DMF (400 ml) was added
HOBt(20.4 g, 151 mmol, 4.00 equiv.). EDCI (290 g, 151 mumol, 4.00 equiv.) and DIPEA
(22.0 g, 170 mmol, 4 50 equiv ) successively. The reaction was stirred at 25 °C for 2 h. TLC
(DCM: MeOH = 101 1, Rr= 0.4} mdicated Intermediate 8 was consumed completely, and
20 one maor new spol with larger polarity was detected. The reaction mixiure was slowly
poured into a stirring cold 0.5 mol/L HCY solution (900 mL) and stirred for 10 min. White

precipiiate was formed and filtered, the aqueous phase was extracted with DCM (600 mL x 2)
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twice. The combined organic layers were washed with 5% NaHCO: (450 mL), dried over
MNaz8Q04, and concentrated under reduced pressure to get a residue. The residue was purified
by columm chromatography (5102, DUM: MeOH = 100: 1 {0 5: 1) to afford Intermediate 9
(58.0 g, 30.4 mmol, 82 7% purity, 80.3% vield} as a white solid 'H NMR (400 Mz,
DMSO-ds) S ppm 792 (brt, =514 Hz, 3H), 781 (4, 7=003 H», 3H), 728-73%{m, 6
H), 7130, 1 H)L 520 (d, J=320H2 3H).3.02 (s, 2H). 457 (dd. J=11.17, 339 Hr, 3 H},
454(d. J=853Hz. 3H.L 403 9H)L384-392(m.3H).375-38]{m 3H) 345~
361 (m 37H). 339 (hrs, 3HYL318-323(m, 6H), 230¢hrt, J=6.15Hz 6 H), 2.10{s, 9
H),2.00 (5, 9H), 1.89 (s, 9H), 1.77 (3, 9 ). LOMS: RT = 3455 mun, MS cal.: 1908 81,

mass observed: [M + 2HPP = 955.7.

Preparation of Intermedinte 10:

QAz (o754
AcHN, A AOAC AGHN, A sChs
H { H HE
Oy g O ey Oy oo e D
! ¢l e Anc i & on CAc
(LA H QAC
o AcHN. A 407G o | AcHn, A 080
7 4 - {7 - ) ¢ K ,[ 7
CthN\‘/\[ q \/.OV/\T?‘L \,z\oz'\_,u\/\e)\o»"‘\l TH <k HZN\/’LY VO\/\ﬁ,N\(/\OA\/C\/\O 0/\1
: ) o M TEA & o4
CAc 2AC
ACHN, OAC ! AcHN,T,i\,OAc
H | K f
O\//\Tr‘N.v/\of'\/ﬁ\/\oxl\o. ; ;O\,«T:,N\/\O/\/O\/\GAO»S
Q OAG o] CAc
9 0

The 500 mL round-bottom flask was purged with Ar gas for 3 times and added dry
Pd/C (1.50 g, 1.41 mmol, 10% purity, 1.00 equvy.) carefullv. Then THF (150.0 mL) was
added to infiltrate the PA/C completely, followed by the solution of Intermediate 8 (150 g,
7.85 mumol, 1.00 equiv.) and TFA (895 mg, 7.85 mmol. 383 gl 1.00 equiv.) in THF (75 mL)
slowly under Ar atmosphere. The resulting mixture was degassed and purged with Ho for 3
times, and then the mixhiure was stirred at 25 °C for 3 h under Hz atmosphere (15 psi). The
reaction was monitored by LCMS, LCMS showed the desired mass {one main peak with
desired mass was detected). The reaction mixture was filtered carefully through siliceous
earth under Nz atmosphere, the cake was washed with THF (100 mL x2 ). Then, the {ilter
cake was added water immediately. The organic layer concentrated under reduced pressure (o
afford Intermediate 10 (13.0 g. 6 54 mumol, 83.2% vield. 99.7% purity, TFA salt) as a white
solid. "H NMR (400 MHz DMSO-ds) § ppm 7.89 - 7.99 (m, S H), 7.82{(d, J = 9.3 Hz, 3 H).
774 (s, VH), 7 14-728(m, P H),522(d, J=33Hz, 3H),497(@d, J=11.3,34Hs, 3 H),
454 (d,/J=85Hz 3H).L384-393(m 3HL3T76-382{m 3 H).347-361{m 43 H),
3.21(q,J = 5.8 Hz, 6 H). 2.29-2.34 (m, 6 H). 2.10 {s. 9 H), 2.00 (s, 9 H). 1.89 (5. 8 H), 1.77
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(s, 2 H). LOMS: RT = 1.333 min, MS cal.. 1774.7, found: |M + 2H}*" = 888.6.

Preparation of Intermediare Tavget ACRIA:

QAc D4
v AcHN, X _0Ac AcHN, | «’\A‘H
sl
D N N
R e e v OV\( PN Ov\o"o"ﬁ
Q Ohc CAc fs) Qi

rin, A s /(IH
Acti AC Ol
Id NaOMe AckiNn e "
HaN_ ,LN \,u\/\,\: NN N N

s OAc

S
HaN A A

,V\/\ﬂ/ "’\/\o Oy
S .o

OAs

AGHN, /Ly,( e

i
ol L fﬁ‘;
&“/\.T PN G P SN ¢ f‘\ e g \1 O, F/ \/\,«\, O oo
a Ac
G o
10 Target ACB1A

To asolution of Intermediate 16 (12.0 g, 6.35 mmol, 1.00 equiv.. TFA) in MeGH
{120.0 mL) was added NaOMe (5.4 M, 5.01 mk, 4.26 equiv.} at § °C. The muxture was
stirred at 0 °C for 0.5 h. The reaction was monitored by LOMS, LCMS showed the desired
mass {one main peak with desired was detected.). The reaction mixture was added with 1.0 M
HCI solution (10.0 mL) 1l the pH = 6. The mixture was diluied with H20 (75.0 mL) and
extracied with DCM (120 mL x 3}. The mixture was freeze-dried to afford Target AGGIA
(9.0 ¢, 5.96 mumol, 93.9% vield, >95% purity, HCI) as a white solid. "H NMR {400 MHz.
DMSO-do) 8 ppm 7.96 (brt,J ~ 5.4 Hz. 3H), 7.67 (d.J ~ 89 Hz. 3 H), 7.51 (s. 1 H). 4.27
(d.J =84 Hz 3H), 3.75 - 3.80 (m, 6 H), 3.70 (br d, J = 10.0 Hz, 6 H), 3.49 (brd.J = 4.0
He, 31 H), 337 -342 (m, 12HYL 330(brd.J =61 H2 4 H)YL 320 ¢brd, /=S8 Hz 6 H),
299(s,2H). 230 (brt. /=64 Hz 6 H)Y, 180 (5. 9 H). LCMS: RT = 0.966 min, M8 cal .
1396.6, found: M + 2H]7 = 699.1.

FPreparation of Peptide Intermediate Di-00002
Referring to FIG. 4A. a synthetic scheme for synthesizing intermediate target

Int-0002 15 provided.

Preparation of {nt-00002;
Peptide was svnthesized using standard Fmoc chemistry (Fmoc-Ser{fBu)-Wang
Resin}.
Resin preparation: DMF (600 ml.} was added to the vessel containing Fmoc-Ser(fBu)-
Wang Resin (15.0 mmof, 41.4 g. sub = 0.361 mmol/g, 1.00 equiv.} with N2 bubbling for 30
min. The resin was washed with DMF {600 mL < 3), followed by adding 20% piperiding in

DMF (400 mi) and bubbled with Nz for 30 nun at 25 *C. The mixture was filtered, and the
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resin was washed with DMFE (600 mL x 5} before proceeding to next step.

Coupling: A solution of Fmoc-Gly~-OH (13.3 g, 45.0 mmol, 3.00 equav.), HOAL(G. 12
& 3.00 equiv.} in DMF (400 mL) was added to the resin with Nz bubbling. Then DIC (3.00

equiv.} was added to the mixture dropwise and bubbled with Nz for 30 min at 25 °C. The

coupling reaction was monitored by ninhydrin test, if it showed colorless, the coupling was

completed. The resin was then washed with DMF (600 ml) x 5.

Deprotection: 20% piperidine in DMF (400 mL) was added to the resin and the

mivture was bubbled with Nz for 30 min at 25 °C. The resin was then washed with DMF (600

miL} x 5. The De-protection reaction was monitored by mnhydrin test, it it showed blue or

brownish red, the reaction was completed.

Steps 2 and 3 were repeated for the following amino acids elongation: Number # 2-

2%, Table 1.

After the last position completed, the resin was then washed with DMF (600 mL) < 5,

MeQOH (600 mL) x 5, and dried under reduced pressure to afford Intermediate 11 (peptide-

bound-resin, 15.0¢ munol).

Table 1: The list of amine acids and the corresponding reagents used on SPPS,

# Materials

Coupling reagents

1 Frmoc-Gly-OH (3.00 equiv.}

DC (3.00 equiv.y and HOAt (3.00 equiv.}

2 Fmoc-Ser{Tri}-OH {3.00 equiv.}

DIC (3.00 equiv.} and HOATL (3.00 equuv.}

(5]

Fmoc~-Arg(P6H-0OH (3.00 equav.)

DIC (3.00 equiv ) and HOAT (3.00 equiv.)

4 Frmoc-Gly-0OH (3.00 equiv.}

DIC (3.00 equiv.} and HOAL (3.00 equiv.}

(9]

Frnoc-Cys(Tri)-OH (3.00 equuv.)

DIC (3.00 equiv.} and HOAL {3.00 equiv .}

6 Fmoc-Arg(Pbf}-OH (3.00 equiv.)

DIC (3.00 equiv.) and HOAL (3.00 equiv.}

7 Frnoc-Gly-OH (3.00 equiv.)

DIC (3.00 equiv.} and HOAL (3.00 equiv )

8 Frmoc-Arg(FbH-0H (3.00 equiv.)

DIC (3.00 equiv.} and HOAL (3.00 equiv.)

9 Froc-Ser(tBu}-OH (2.00 equiv.)

DIC (3.00 equiv.} and HOAL (3.00 equiv.}

10 Foc-Arg(Pbi}-OH (3.00 equiv.)

DIC (3.00 equiv.} and HOAt (3.00 equuv .}

11 Frnoc-Gly-OH (3.00 equiv.}

DIC (3.00 equiv.) and HOAL (3.00 equiv.)

12 Frnoc-Cit-OH (1.50 equiv.)

DIC (1.50 equiv.) and HOAL (1.50 equiv )}

13 Fmoc-Thr(tBu)-OH (3.00 equiv.}

HATU (2.85 equiv.) and DIEA {6.00

equiv.)

14 Frooc-Ser(tBup-OH (3.00 equiv.)

HATU (2 85 equuv.) and DIEA (6.00

S}
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) , ] HATU (2.85 equv.) and DIEA (6.00
15 Fmoc-Glu{OiBu)-OH (3.00 equiv.) o
SqUiv.}
, ( ‘ HATU (2.85 equiv.) and DIEA (6.00
16 Froce-Gln(Trt)-OH (3.00 equiv.} )
2Quiv.)
- . HATU (2.85 equiv.) and DIEA (6.00
17 Fmoc-His{Tri}-OH (3.00 equiv.} )
SqUIV.}
HATU (2.85 equiv.) and DIEA (6.00
18 Frmoc-Cys(Tri)-OH (3.00 equiv.) )
2quiv.)
; HATU (2.85 equiv.) and DIEA (6. 00
19 Froc-Gln{Trt)-OH (3.00 equuv.} )
SOIY.
) ) HATU (285 equiv.) and DIEA (6.00
26 Fmoc-His(Trt}-OH (3.00 equiv.) )
equiv.)
21 Frnoc-Dab{Ns)-OH (1.50 equuv.) DIC (1.50 equiv.} and HOAL{(1.50 equiv.}

Peptide (leavage and disulfide formation:

Cleavage: Intermediate 11 {105 g, Resin} was stirred in a solution of TFA/3-

MPA/Tis/H20 (92.5/2.53/2.5/2.3, viviv/v, 1050 mL) at 25 °C for 2 h. The muxture was

precipitated with isopropyl ether (cold, 10 L), After filtration. the sohid was washed with

isopropyl ether (cold, 10 L) for two additional times, and dried vnder reduced presswwe for 2 h
to afford Intermediate 12 (30.0 g, crude) as a whiie solid. LCMS: RT = 0.310 min, MS
caled.: Mu = 2469 .60, mass observed: [M + 2H]™ = 12355, [M + 3H]" = 824.2.

Disulfide formation: Intermediate 12 (30.0 g, crude} was dissolved in 0 {12 L)

and MeCN (3 L) at 25 °C. Then the mixture was added 0.1 M 12/AcOH dropwise until a

vellow color persisted, then the maxture was stirred at 25 °C for 5 min. After filtration, the

filtrate was purified by prep-HPLC (A: 0.0

73% TFA/H20, B MeCN) directly to afford Int-

i

0002 (3.97 g, 9.68% yield, 90.25% purttyv) as a white solid. LCMS: RT = 1.214 min, MS
caled.: May = 2467 58, mass observed: [M + 2HP? = 12343, [M + 3HIY =823.4.

Preparation of Targer A0014-PEG4-4llyne

AQ01A-PEG4-~Alkyne is provided.

Referring to FIG. 4B, a synthetic schemse for synthesizing intermediaie Target

Preparation of intermediate 14:
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F ! E:\,OH
HOW-;(\/O%‘E/ F 13a R F i . O\/{A\/O.\Z/
s’ EDCH DMF . / . G
F
13 i4

To asolotion of Intermediate 13 (600 mg, 2.31 mmol, 1.0 equiv.), 13a {230 g, 138
mimol, 6.00 equiv.) in DMF (6 mL) was added EOCE (1,33 g 6.92 mmol. 3.00 equuv. y at O

°{. The mixture was stirred at O °C for [ h. The nuxture was purified by prep-HPLC (TFA

5 conditton) directly 1o afford Intermediate 14 (800 mg, 83.4% vield, 98.2 % purity) as yellow
oil. LCMSR: RT = 1.430 min, MS caled.. Mav = 40834, mass observed: [M + Na]" = 431.0.
Preparation of Target AVGIA-PEG4-Alkyne:
w"L
HO,, )L\ O /\O,\,,o\/\_k{ikv,\ Oﬂ
HO \’ I
o
F
- . oy 5 Target AGOIA NNo e
R 6 O e S & SR § H R o2
P ) ‘ DIEA, DMF TN NN P N TN 1 +
i F e H Q
& s
14 Ho” HN"\Q
%
HO,, O \/A\G/\,O\ o~ ,l\ e
o 2
HD/H
Target ABGIA-PEG4-Alkyne
10 To asolution of Intermediate 14 (275 mg, 676 umol, 1.05 equiv.) and Target

ABOLA (1.00 g, 644 pmol, 1.00 equiv.) in DMF (0.25 mL) was added DIEA (166 mg, 230
ul., 2.00 equiv.}. The mixture was stirred at 25 °C for 12 h. The mixture was diluted with
MeCN/H20 {cold, v/v, 3/3, 10 mL), then dried by Ivophilization 1o remove DMF. The residue
was purified by prep-HPLC {AcOH condition) directly o afford Target ADGIA-PEGS-

15 Alkyne (0.60 g, 93 5% purity, 56.8% vield) as colorless ol LCMS: RT = 0.368 min, MS
caled.: Mav = 1639.74, mass observed: [M + Hi' = 16398, [M -sugar + H}' = 1426.6, M -2
X sugar + HJ" = 1233.6. [M — 3x sugar + H}™ = 1030.3, [M + ZHP? = 820.6.
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Freparation of CCPI-GN4:

Referring to FIG. 4C, a synthetic scheme for synthesizing CCP1-GN4 15 provided.

To a solution of Int-B0002 (750 mg, 303 pmol. 110 equiv.) and Target AODIA-
FEG4-Alkyne (453 mg, 276 pmol, 1.00 equiv.} in DMF (7.5 mL) was added a solution of
CuSOq (0.4 M, 690 ul., 1.00 equiv.}, sodium L-ascorbate (0.4 M, 2.76 mL, 4.00 equav.) and
ammumoniurg bicarbonate (0.2 M, 2.09 mb, §.51 equiv.) at 25 °C. The nuxiure was stired at 25
°( for | h under Ny atmosphere. The residue was purified bv prep-HPLC (AcOH condition)
directly to afford CCPL-LEMN4 (412 mg, 93.6 pmol, 33.8% yield. 93.14% purity) as a white
solid. LCMS: RT = 1.295 miin, MS cal.: Moy = 4107.32, [2*M + SH]™ = 16437, [M + 3H]
=1369.9, [M +4H]" = 1027.6, [M - sugar + 4H}* = 976.4, [M + SHY" = 822.3.

Enumeraied Embodiments

The following enumerated embodiments are provided, the numbering of which 15 not
to be construed as designating levels of importance:

Embodiment 11 A compound of Formula H, or a pharmaceutically acceptable salt,

siereoisomer, solvate, or polvmorph thereof, having the struciure:

w{CON fomsem] LINKER-2 | CON Jomm{ CREM]

Formula i1,
wherein:
PBM is an anti-cvelic eitrullinated peptide (anti-CCP) anttbody binding motety:

CON and LINKER-2 are independently at each occurrence:

R’ R j)L o ﬁ e}
/%(N%\C«\(NT}\ Ay Tl\c)rJ\N)\ ’AN e JK])\
}"éf) i i : 1 E’q'; } iﬂ : 1 f:é 1
O \ 2z O R \ 2i R R k 2 R
aj e , e . G . wherein:

each occurrence of RY is independently H or C1-Cs alkyl; and
each occurrence of n”7 1s independently 1,2, 3,4, 5.6, 7, 8,9, 10, 11,12, 13, 14, 13,

16,17, 18, 19, 0 20; or
\ \
MO\/\}J\ /{AOM [ ~OLA
\ / \ Il- //..
g da \ n , OF n

each occurrence of nis independendly 1. 2. 3. 4.5, 6,7, 8.9, 10, 11, 12,13, 14, 15.

b} , whereum:

16,17, 18,19, 20, 21,22, 23,24, or 25,
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)

2
3

each occurrence of nn is independently 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18,19, 20, 21, 22, 23, 24, or 25;

each occurrence of n”" s independently 1,2, 3,4, 5. 6. 7. 8.9, 10, 11, 12, 13,14, 15,
16,17, 18, 19, or 20; or

’;\Z‘ D“Z'}\ wherein:

Z and 27 are each independently a bond, -(CH2)-O-, ~(CH2R-8~, ~{CH2:-N(R)~,

O
LI

each occurrence of R? is independently H or C1-Ca alkvi;

each occurrence of Y is independently a bond, -O-, -S-, or -N{R}-;

gach occurrence of 115 independently an nteger ranging from O o 100;

D is ~{{H-Y-C(=0-Y-{CH)i-, ~(CHobw—, ~[(CH2)-X |-, or a bond, with the
proviso that Z, 27, and D are not each simultaneously bonds;

i is an integer ranging from 1 o 100;

nt 15 an ureger rangig from 1 to 100;

1 is an integer ranging from 1 to 100;

Xt is <O, -8, or -N{R)-:

each R is independently H or Ci-Cs alky! optionally substituted with 1-3 hydroxy!

groups; or

a structure selected from the group consisting of

7 ¢ =
x(—»i?g\ \(:L‘E}\gxﬁfg ,ixixg\ oA Y

H  H 0

R
-

A

wherein

X2 is independently at each occurrence -CHa-, -0-, -8-, -N{R*-, -C(O}-, -8(0)-, -
S(OYo-, -S{OR0-. -08{O)-, or -OS{GR0-
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X3 1s independently at each occurrence -0-, -8-, or -NR"Y)-;
R* s independently at each occurrence H, C1-Cs alkyl, C:-Cs alkanol, or -C{OYC1-Cs
alkvi): or

) Coas arvl, Caag heterocvelyl, Csag biaryl, or Ce1s heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of ¥, CL,
Br, I, O(RG). OC(OMN(RG)z, CN, NO, NO2z, ONO2. CF3, OCFs, -(RG), N(RG)e,
S(RG). SORG), SORG). SONRG). and SO{(R3),
wherein each occurrence of RG is independently H, optionally substitited Ciao alkyl,
optionally substituted Ca10 cycloalkvl, optionally substituted Cs-13 aryl, or optionally

substituted Cs-13 heteroaryl;

(X3}, E\/?\ ﬁ%@’i
Y *ﬁ’ Ej’ RG!

CRBM has the structure: O , wherein

e

each RG! is independently AG/O\AZQJP\O/\;X :

each ocaurrence of X is independently selected from the group consisting of -CHa-,
~C{=0)-, -NH-, and ~O-;

each occurrence of Z(G is independently selected from the group consisting of -CHa-, -
CEQY-, -NH-, and -0,

AG 1s independently at each occurrence

oH LOH

on JOH
¢ NRG'RG?
"NRGIRG? op HOmmrtvany o

RG? and RGP are at each occurrence independently selected from the group consisting
of hydrogen and -C(=0)R, which is optionally substituted by 1-5 groups selected from the
group consisting of halogen, optionally substituted Ciie alkyl, optionally substituted Crae
atkoxy, optionally substituted Ci1o aminoalkyl, and combinations thereof, or

RG? and RG' taken together with the nitrogen atom to which they are
attached, form a 5 heterocycle that is optionally substituted by 1-5
substituents selected from the group consisting of optionally substituted Cr1o
alkyl, optionally substituied Ci-io alkoxy, optionally substituted Ciio
aminoalkvl. optionally substitiked Ce-10 arvl, optionally substituted Cs.i0

heteroarvl, halogen. and combinations thereof;
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each occurrence of R is independently H, optionally substituted Ci-10 allyl, optionally

substituted Ca.10 cycloalkyl, optionally substituted Cs-is aryl, or optionally substituted Cs-i3

hetercarvi;

b

IA

has

each occurrence of mis independently 2,3,4, 5. 6,7, 8,9, or 1D
each occurrence of n is independently an integer ranging from 1 to 100;
each occurrence p 1s independently an integer ranging from | to 50;

Kis1,2,3,4.5.6.7 8,9, 10, 11, 12 13 14, or 15;

Pist, 2345 67,8910, 11,1213, 14, or 15;

b and h' are each independently 0, 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15;
wisQ, 1,2,3,4,5,6,7,8,9 10,11, 12, 13, 14, or 15; and

with the proviso that at feast one of b, It and 15, 15 at least 1.

Ermbodiment 2. The compound of embodiment |, wherein kK™ is Tand§ 15 L

Ersbodiment 3: The compound of embodiment 1 or 2, having the formula of Formula

LA {Formula ITb), wherein:
0 RG
~ H RG!
KGN
O \VJL;{A e
the structure O , wherein

each RG' is independently ra” {Zu‘)pxo/\f

each occurrence of XG is independently selecied from the group consisting of ~{Ho-,
-C(=0)-, -NH-, and -0O-;

gach occurrence of 2G 15 independently selected from the group counsisting of -CHa-, -
C(=0}-. -NH-, and ~0-;

AG 15 independently at each occurrence:

NRGRG? op HO- ey
RG? and RG are at each occwrrence independently selected from the group consisting

of hydrogen and -C(=0)R, which ts optionally substituted by 1-8 groups selected
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from the group consisting of halogen, optionally substituted Ci-10 alkvi, optionally

substituted Cio alkoxy, optionally substituted Ci-oanunoalkyl, and combivations

thereof, or

RG? and RGP, taken together with the nitrogen atom to which thev are attached, form

a 5 heterocycle that is optionally substituted by 1-5 substituents selected from the

group consisitng of optionally substituted Ci-a0 alkyl, optionally substituted Crc

alkoxy. optionally substituted Ci.10 aminoalkyl, optionalhy substituted Co.10 arvi,

optionally substituied Cs.io heteroaryl, halogen, and combinations thereot,

cach occurrence of R is independently H, optionally substituted Ci-10 alkyl, optionally
substituted Cs.10 cveloalkyl, optionally substituted Co.13 aryi, or optionally substituted Cs-1s

heteroaryt:

L2 is an anti-CCP binding moiety with the structure 0O , wherein:

AA 1s an anuno acid sequence at least 80% homologous to an amino acid sequence
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 69-SEQ D NGO: 76, and
SEQID NG: 77; and

mis2,3,4,3,6,7.8,9, or 10

Embodiment 4: The compound of embodiment 3. wherein AA 15 a(3,16) cvclic
peptide.

Ersbodiment 5 The compound of embodiment 3 or 4, wherein AA 15 at least 95%
homologous to SEQ ID NO: L.

Embodiment 6: The compound of any one of embodiments 3-5, wherein AAis an
amino acid sequence of SEQ ID NO: 1

Embodiment 70 The compound of any one of embodiments 3-6, wherein m i 2.

Embodiment 8: The compound of any one of embodiments 1-6, wherein (ZG), is -
CHz-(O-CH2-CH2po-NH C=0nCH2CHz-.

Frobodiment 9 The compound of any one of embodiments 1-6, wherein each RG' is

s}

A g N’j'\/”\:f\f
H

Embodiment 10: The compound of any one of embodiments 1-6, wherein L* or
CRBM has the structure:
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H
‘//\W’ N O AG
g SUDNP o o

¢ PGy ,N\,JLN,/’(:‘O’“V’KN’\/ ~ N G

O=x

O\“’/‘\ﬁ/N\/\D/\V'O\/\O’ AG
O

Embodiment 11: The compound of any one of embodiments 1-6, wherein (XG)s is
selected from the group consisting of -CH2-(OCHLHo o, ~-CHoOCHCHz -, ~CH-
{OCH2CH2)s~, and ~CH2-{OCH2CHz)s-.

) Embodiment 12: The compound of embodiment 11, wherein (XG)y 1s -CHz-
{(OCHCHR -,
Embodiment 13: The compound of any one of embodiments 1-12, wherein each AG
o OH
in RG' is NRG°RG?
Embodiment 14: The compound of embodiment 13, whergin RG? is hydrogen.
10 Embodiment 15 The compound of embodiment 13, whergin RG® is -C(=0)(Ha.
Embodiment 16: The compound of any one of embodiments 1-15, wherein each AG
OoH JOH
inRGis 0
Fmbodiment 17: The compound of any one of embodiments 1-16, wherein L or
CRBM is
n\f\ﬁ/ H\/\QNO\/’\O o OH
& . AcHN %
0 o/\/i\ N N " OH
H AcHNg Q= -CH
HG 5
15 o

Embodiment 18 The compound of any one of embodiments 1-17, which is:
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i

Embodiment 19: A compound of Formula Ia, or a pharmaceuticallv acceptable salt,

sterevisomer, solvate, or polymorph thereof, having the structure:
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Formula Ta, whergin:

------ is a carbon-~carbon single or double bound;

A5 a Ceas aryl, Ces heterocyclyl, Coaz biaryl, or Cos heterobiaryl, each of which is
optionally sebstituted by 1-6 substituents selected from the group consisting of F, Ci, Br, §,
O(RG). OC(ON(RGR. CNL NO, NO». ONO2, CF3, OCFa, -(RG). N(RGh, S(RG), SOIRG).
SOARG), SON(RG), and SUs(RG),;

o 9 RGR’C1
XGh, 3
ke >r'*§(N\/u\N‘l<RG"

s e g . . H
L*is an ASGPR binding moiety with the structure O
(CHz)
L L AA
HNTY
LB is an anti-CCP1 binding moiety with the structure o

AA s an amino acid sequence at least 80% homologous to SEQ 1D NO: 1;

P AG"O\V(ZG)"\O/\,;
each occurrence of RG' s independently hvdrogen or & ;

Ay is an amipnosaccharide;

each occurrence of RG s independently H, optionally substituted Craio alkyl,
optionally substituted Ca1e cycloalkyvl, optionally substituted Ce.13 arvi, or optionally
substituted Cs-15 heteroaryl;

each occurrence of XG is independently selecied from the group consisting of ~CHaz-.
-C{=0)-. -NH-, and -O-;

each occurrence of ZG is independently selecied from the group consisting of -CHo-, -
C(=Q)-, -NH-, and -O-;

mis 2, 3.4,5,6,7.8 9 or10;

n is an integer ranging from 1 to 100; and

p is an integer ranging from 1 1 50.

Embodiment 20: The compound of embodiment 19, wherein each AG independently

- 300 -



WO 2024/163610 PCT/US2024/013767

OH

HO iy
has the structure: NRGIRG? g HO=

. wherein:

RG® and RG? are each independently selected from the group consisting of hydrogen
and -C{=0R, which is optionally substituted by 1-5 groups selected from the group
consisting of halogen, optionally substituted Ci10 alkyvi, optionally substituted Ci10 alkoxy,

5 optionally substituied Ci.xo aminoalkyl, and combinations thereof, or

RG? and RG taken together with the nitrogen atom to which they are attached, form a
(S heterocvele that is optionally substituted by 1-5 substituents selected {rom the group
consisting of optionally substitited Cr10 alkyl, optionally substitated Cio alkoxy, optionally
substituted Ciio aminoalkyl, optionally substituted Ce 1o aryl. optionally substituted Csao

10 hetercaryl, halogen, and combinations thereof, and

each occurrence of R i3 independently H, optionally substituied Ci-10 alkyl, optionally
substituted Cio cycloalkyi, optionally substitied Ceis aryl, or optionally substituted Cs-ig
heteroarvl.

Embodiment 21: The compound of embodiment 19 or 20, wherein RG* is hydrogen
and RG* is CE=0YCHs.

Embodiment 22: The compound of embodiment 19 or 20, wherein AG has the

pnt
(¥

oH JOH

structure: NRGRG?.

Erobodimend 23; The compound of embodiment 19 or 20, wherein AG has the

oH JOH
i ¢ NRGRG?

structure: HO o

20 Embodiment 24 The compound of any one of embodimerds 19-23, wherein each

Ade Sy

Embodiment 25: The compound of anv one of embodimenis 19-24, wherein (XGh is

oceurrence of (£Q)p independently has the structure:

wherein pis 2. 4, 6, or 8.

selected from the group consisting of -O{CH2)s-, -NH-{CHCH03:-CHz-, and
25 =N¥C=0CHpCEOWNHCHCH-{OCH2CH2 -, wherein =N¥ 15 a ring nitrogen in A
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Embodiment 26: The compound of any one of embodiments 19-25, wherein AAis a
(3,16) cyclic peptide.
Embodiment 27: The compound of any one of embodiments 19-26. wherein AA 1s at
least 95% homologous to SEQ ID NO: 1.
5 Embodiment 28: The compound of any one of embodiments 19-27, wherein AA is an
amino acid sequence of SEQ 1D NO: 1.

Embodiment 29 The compownd of any one of embodiments 19-28, wherein

[0} RG!
., H RG!
"k{’ (X‘:?}nw{r‘ N\V/U\N/k 11

H

L% is an ASGPR binding moiety with the structure G

028
cach RG' is AC O/\yf: and

10 one of the following is true: i) each AGin L% is

oH JOH

AGinL* are "NRGIRG? and one of AG in L is HOmdamrbe ™t
o OH
HO e Gy, o
of AGm L is "NRGPRG? and two of AG in L™ are % or iv)
oH OH

NRGPRG?

each AG in L* is HO=

Embodiment 30: The compound of any one of embodimenis 19-29, having the

15 siructure
Embodiment 31: A pharmaceutical composition comprising the compound of any

one of embodiments 1-30 and at least one pharmaceutically acceptable carrier or excipient.
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Embodiment 32: A method of preventing, treating, and/or ameliorating arthritis in a
subject in need thereof, the method comprising: administering 1o the subject a therapeutically
effective amount of the compound of any one of embodiments 1-30, optionally whereain the
compound is formulated as a pharmaceutical composition comprising at least one

5 pharmaceutically acceptable carrier or excipient.

Embodiment 33: The method of embodiment 32, whersin the arthritis is selected from
the group consisting of rheumatoid arthrinis. hupus ervthematosus, psortatic arthritis,
ankviosing spondylitis, and axial spondylarthritis.

Embodiment 34: The method of embodiment 33, wherein the arthritis is rheumatoid

10 arthritis.

Embodiment 35: The method of any one of embodiments 32-34, wherein the
compound is administered by a route selected from the group consisting of oral, transdermal,
transmucosal, (intrajnasal, {frans)rectal, intravesical, mtrapulmonary, intraduodenal,
intragastiical, intrathecal, subcutaneous, intramuscular, intradermal, intra-arterial,

15 intravenous, intrabronchial, inhalation, and topical.

Embodiment 36: The method of anyv one of embodiments 32-34, wherein the
compound is adnunistered mtravenously or orally.

Embodiment 37 The method of any one of embodiments 32-36, wherein the
compound is administered in a dose of about 0.01 mg/kg to about 20 mg/kg.

20 Ermbodiment 38 The method of anv ove of embodiments 32-37, wherein the subject
is a mammal.

Embodiment 39 The method of anv one of embodiments 32-3%, wherein the subject
i3 human.

Embodiment 40; The method of any one of embodimenis 32-39, further comprising

25  admimstering at least one additional therapeutic agent selected from the group consisting of
disease-modifying anti~-rheumatic drugs, ghucocorticoids, nonsteroidal anti-inflammatory
drugs (NS ATDs), and analgesics

Embodiment 41 The method of embodiment 40, wherein the at least one additional
therapeutic agent is adnunistered sequentially or concurrently with the compound, optionally

30 wherein the at least one additional therapeutic agent and the compound ave co-formulated.

Embodiment 42 provides the compound of embodiments 1-30, wherein the PBM or
L comprises a peptide contaming five {5) to forty (40) amino acid residues, one to five of
which residues is/are a citralline residue, and optionally at least two of the residues in the

peptide are cysteine residues that form a disulfide (-8-8-) bond.
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The terms and expressions employed herein are used as terms of description and not
of limitation, and there is no intention in the use of such terms and expressions of excluding
any equivalents of the features shown and described or portions thereof, but it is recognized
that vartous modifications are possible within the scope of the embodiments of the present
application. Thus, it should be understood that although the present application describes
specific embodiments and oplional features, modification and vanation of the compositions,
methods. and concepts herein disclosed mav be resoried to by those of ordinary skill in the
art, and that such modifications and variations are considered to be within the scope of

embodiments of the present application.
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CLAIMS

What 1s claimed s

1. A compound of Formula IL, or a pharmaceutically acceptable salt, sterecisomer,

sofvate, or polymorph thereof, having the structure:

| LINKER-2 EW%C{)N E;;cmé CRBM

Formula I,
wherein:
PBM is an anti-cyclic citrullinaled peptide {anti-CCP) antibody binding moiety;

CON and LINKER-2 are independently at each occurrence:

SN AN
ﬁiﬁi}\ AN

1 R \HQ Rl

a) n
wherein:
each cecurrence of R! is independently H or C1-Cs alkyl: and
each scourrence of 0™ is independently 1, 2,3, 4, 5, 6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, or 20; or
. ; /
/Q,{;O\/’S;«/}’x ,f{\é/:/\e\:\j’\/}\ fq¢f\/o\:‘k/\5\
b) \ /i . \ ,/nv . oF \ /:[ .
wherein:
each occurrence of nt is independently 1, 2. 3.4, 5. 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16,17, 18, 19,20, 21, 22, 23, 24, or 25,
each occurrence of nis independentiv 1,2,3,4,5,6. 7,8, 9. 10, 11, 12, 13,
14,15, 16,17, 18,19, 20, 21, 22, 23, 24, or 25;
each occurrence of 0™ s independently 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13,
415,16, 17,18, 19, or 20; or
c} "I{}\Z"D\Z'A‘,
v\"herem: |

Zand 77 are each independently a bond, ~(CH2%-O-, -(CH23-5-, {CHL-N(R)-

o

= R? R2
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d)

O LY
A Y’u‘ v
each occurrence of R? is independently H or C1-Cz alkyl;
each occurrence of Y is independently a bond, -O-, -8+, o1 -N{R}~;
each occurrence of 1is independently an integer ranging from 0 to T00;
3 15 {(CH2)-Y-C(=0-Y -(CH2 Y-, ~(CH2w—, —[(CH2)n-X i, or a bond, with
the proviso that Z, 27, and D are not each simultanecusly bonds:
i is an integer ranging from 1 to 100;
m’ 18 an nieger ranging from 1o 100;
i is an integet ranging from | to 100;
X'is -O-, -8, or -N(R)-;
sach R is independently H or Ci-Cs alkyl optionally substituted with 1-3
hvdroxy groups; or

a structure selected from the group consisting of

, wherein

X7 is independently at each occurrence L Ho-, -0-, -8- NRH-, -C{O)-, -
SO, -S{0O)-, -S{030-. ~08(0)z-, or ~08(0)20-;

X is independently at each occurrence ~O-, -$-, or -N(R*)-;

R* is independently at each occurrence H. C1-Cs alkyl, C1-Cs alkanol, or -
C(OHC1-Cs alkyl); or

Cs-1s arvl, Csax heterocvelyl, Coais brarvl, or Ceas heterobiaryl, each of which

is optionaily substituted by 1-6 substituents selected from the group consisting
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of F, Ci, Br, I, O{RG), OC(ON(RG), CN, NO, NGz, ONOz, CFs, OCF;, -
(RGY, N(RG)z, S(RG), SO(RG), SOARG), SON(RGz, and SO:(RG),
wherein each occurrence of R(G is independently H, optionally substituted (1.
1o alkyl, optionally substituted Cao cyelgalkyl, optionally substituted Cog
arvl, or optionally substituted Cs-15 hetercaryl;

CRBM has the siructure:

o RG
e o L _Re
\“a/\ ”}rN\’/L\N/k\RGF‘

H

o

wherein

each RG! is independently AG/O\/(L‘J’T,\Q/\Y ;

each occurrence of XG s independently selected from the group consisting of ~-CHz-,
-C(=0)-, -NH-. and -0-;

each occurrence of ZG is independently selecied from the group consisting of -CHa-, -
C(=0)-, -NH-, and -0~

AG 1s independently at each occurrence

OH OH

HO

“NRGIRG? o HOmh et
RG® and RGY are at each ocourrence independently selected from the group consisting
of hydrogen and ~-C(=0)R. which is optionally substituted by 1-5 groups selected from the
group consisting of halogen. optionally substituted Crore alkyl, optionally substituted Cr-io
alkoxy, optionally substituted Crac aminoalkyl, and combinations thereof, or
RG* and RG® taken together with the nitrogen atom to which they are
attached, form a C5 heterocycle that is optionally substituted by 1-5
substituenis selecied from the group consisting of optionally substituted Ci10
alkyl, optionally substituted Ci-10 alkoxy, optionally substituted Cropo
aminoalkvl, optionally substituted Coe arvl, optionally substituted (s
hetersaryl, halogen, and combinations thereof]
each occurrence of R 1s independently H, optionally substituted Ci-10 alkyl, optionally
substituted Cs.wo cvcloalkyl. optionally substituted Ceas arvi, or optionally substituted Cs-i5

heteroarvl;
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each occurrence of m is independently 2,3, 4,5,6, 7,8, 9, or 10,

each occurrence of 0 is independently an nuteger ranging from | to 100;

each occurrence p is independently an integer ranging from 1 to 50;

kiis 1,2, 3.4 5 6,7,8,9 10,11, 12,13, 14, or 15;

P81,2,3,4,5,6,7,8,9 10,11, 12, 13, 14, 0r 15;

h and b’ are each independently 0, £, 2,3, 4,5, 6,7, 8.9, 10, 11, 12, 13, 4. or 13
150, 1, 2.3.4.5.6,7.8,9, 10, 1L 12,13, 14, or 15: and

with the proviso that at least one of h, b and i 1s at least 1.

Z. The compound of claim |, wheremn k™ is L and " 15 1.
3 The compound of claim 1, having the formda of Formula fib
N
F7Z2ERN B
LA (Formula [Ib),
wherein:
O RG!
H i L RGY
(XG), i
e ‘T{N\/ﬂ\ﬁ”{R e
L® has the structure 0

wherein

each RG! is independently AG/OV‘{Z“}MD/\?’;

each occurrence of XG is independently selecied from the group consisting of ~{Ho-,
-C(=0)-, -NH-, and -0O-;

gach occurrence of 2G 15 independently selected from the group consisting of -CHa-, -
C(=0}-. -NH-, and ~0-;

AG 15 independently at each occurrence:

NRGIRG? gp HOmedmrtoon o
RG? and RG are at each occwrrence independently selected from the group consisting

of hydrogen and -C(=0)R, which ts optionally substituted by 1-8 groups selected
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from the group consisting of halogen, optionally substituted Ci-10 alkvi, optionally

substituted Cio alkoxy, optionally substituted Ci-oanunoalkyl, and combivations

thereof, or

RG? and RGP, taken together with the nitrogen atom to which thev are attached, form

a 5 heterocycle that is optionally substituted by 1-5 substituents selected from the

group consisitng of optionally substituted Ci-a0 alkyl, optionally substituted Crc

alkoxy. optionally substituted Ci.10 aminoalkyl, optionalhy substituted Co.10 arvi,

optionally substituied Cs.io heteroaryl, halogen, and combinations thereot,

cach occurrence of R is independently H, optionally substituted Ci-10 alkyl, optionally
substituted Cs.10 cveloalkyl, optionally substituted Co.13 aryi, or optionally substituted Cs-1s
heteroaryt:

L2 is an anti-CCP binding moiety with the structure

(CH?.)m

AA
HaNT Y

G

wherein:

AA s an amino acid sequence ai least 80% homologous 1o an amino actd seguence
selected from the group consisting of SEQ ID NG 1, SEQ 1D NO: 69-SEQ 1D NO: 76, and
SEQID NG: 77: and

mis2. 3.4 56 7,89 or 10

4 The compound of claim 3, wherein AA 1s a (3,16} cyclic peptide.

S. The compound of claim 4, wherein AA 15 at feast 95% homologous to SEQ ID NG: L
£, The compound of claim 4, wherain AA is an amino acid sequence of SEQ ID NO: 1.
7. The compound of any one of clains 3-6, wherein o 15 2.

8. The compound of any one of claims 1-6, wherein {(ZG)p 13 -CH2-(O-CHo-CHo)o-

NH{C=0)CHoCHo-.

S The compound of any one of claims 1-6, wherein each RG is
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G
AG,O\/\OA\,,O\,ANJ'\,AO»V;
H .

10, The compound of any one of claims 1-6, wherein L* or CRBM has the structure:

H
Mg o AG

O 0 9

.9 i il -
\((XG)“‘H’R‘;\,«J\N/L\/\\O/\/A-S’A\/u\/\o/\\/o\/\e
oo d -
o OW N o7 \/D\/'\Cf AG
o
tt. The compound of any one of clmms 1-6, wherein (XG 15 selected from the group

consisting of ~-CH2~(OCH2CH)2-, -CH2-(OCH2CH2)s-, -CH2z-{OCH2CH2)4-, and ~-CH>-
{OCHCH)5-.

12. The coropound of claim 1. wheremn (XGh is -CH{OCH2CH2 )4,

13, The compound of any one of claims 1-12, wherein each AG in RG! is

oH OH

NRG'RG?

14 The compound of claim 13, wherein RG? 15 hvdrogen.

15. The compound of claim 13, wherein RG® is -C(=0)(Hs.

16, The compound of any one of claims 1-13, wherein each AG in RG!is
oM OH

17. The compound of any one of claims 1-16, wherein L4 or CRBM is
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O/\\./'O\/"\Q O OH
AcHN
HO

18 The compound of anv one of claims 1-17, which is:

8,
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i9. A compound of Formula fa, or a pharroaceutically acceptable salt, stereoisorer,

solvate, or polymorph thereof, having the structure:

N
N Nt

Formula la,

wherein:

------ is a carbon-carbon single or double bond;

As a Ces aryl, Co1s heterocyelyl, Cots biaryl, or Co-1z heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F, C1, Br,
O(RG), OC(OINRG), CN, NO, NOz, ONO2, CFs, OCFa, «(RG), N{RG), S(RG), SORG),
SOARG). SOMNRGY, and SO:(RG),

oy, H RG!
AAXGn N
N PO vkﬁk .
L% is an ASGPR binding moiety with the structure &
(CHa)m
’ AA
HZN"\ﬂ’
L is an anti-CCP1 binding moiety with the structure o

AA is an amino acid sequence at feast 80% homologous to SEQ ID NO: 1

A,\/i)\V(ZG}p\O/\?;
each occurrence of RG! is independently hydrogen or * ;

AG s an aminosaccharide;

each accurrence of RG 1s independently H, optionally substituied Crae alkyl
optionally substituted Cs.16 cycloalkvl. optionally substituted Cears arvl. or optionally
substituted {s-1s heteroaryl;

each occurrence of XG is independently selected from the group consisting of -CHz-,
-C{=0)-, -NH-, and -0-;

each occurrence of Z{ is independently selacted from the group consisting of -CHa-, -
CE0Y, -NH-, and -0-;

mis 2, 3,4, 56,789, or 10;

i is an integer ranging from 1 1o 100; and
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p is an integer ranging from 1 1o 590,

20.  The compound of claim 19, wherein each AG independently has the structure:

“or

HON, e\

wherein;

RG? and RGY are each independently selected from the group consisting of hvdrogen
and -C(=0)R, which is optionally substituted by 1-5 groups selected from the group
consisting of halogen, optionally substituted Ciio alkyl, optionally substituted Cir1o alkoxy,
optionatly substituted Ci.10 aminoalkyl, and combinations thereof, or

RG® and RG® taken together with the nitrogen atom to which thev are atiached. form a
{5 heterocvcle that is optionally substituted by 1-5 substituents selected from the group
consisting of optionally substituted Ci10 alkyl, optionally substituted Ci-10 alkosy, optionally
substituted Ci-we anunoalkyl, opticnally substituted Co-10 aryl, optionally substituted Cs.10
heteroaryl, halogen, and combinations thereof; and

each occurrence of R is independently H, optionally substituted C 10 alkyl, optionally
substituted Cs.10 cveloalkyl, optionally substituted Cs.is arvl, or optionally substituted Cs-1x

heteroaryl.

21 The compound of claim 19 or 20, wherein RG? 1s hvdrogen and RG® is C(=0)CHa.

22. The compound of claim 19 or 20, whersin AG has the structre:

OH OH

NRGWRG?

23. The compound of claim 19 or 20, wherein AG has the stncture:
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NRGRG?

HO =,

24, The compound of any one of claims 19-23, wherein each occurrence of (ZG

independently has the structure:

H,C N7
2 P H

wherein pis 2, 4, 6, or &

23, The compound of any one of ¢laims 19-24, wherein (XGh 18 selected {rom the group
consisting of ~O{CH2)a-, -NH-(CH:CHz0:-CHo-, and =N¥{C=C}{CHpCE=ONHCHCH-

{OCH2CHz)sa-, wherein =N* ig a ring nitrogen in A,
26, The compound of any one of claims 19-25, wherein AA 15 a (3,16} cyclic pepude.

27, The compound of any one of claims 19-26, wherein AA is at least 95% homologous

to SEQ ID NGO L

28, The compound of any one of claims 19-27. wherein AA is an amino acid sequence of

SEQ ID NO: 1.

29, The C(}!‘(){)Olmd of any one of clairs 19"28, wherein
2
RG!

O
XG), RG'
S
o :

1% is an ASGPR binding moiety with the structure

O {ZG)oe
o ot o
each RG' is ° O/\f’g; and

one of the following s true:

oH OH

iYeach AGin L% is NRERG? -



WO 2024/163610 PCT/US2024/013767

i) two of AGin LA are

iti) one of AGin L is

” NRGORGE

iv) each AG in LA {5 HOmdmertomd o™

30, The compound of any one of claims 19-29, having the structure

31 A phammaceutical composition comprising the compound of any one of clairos 1-30

and at least one pharmaceutically accepiable camrier or excipient.

32, A method of preventing, treating, and/or amsHorating arthritis in a subject i need
thereof, the method comprising:

adnunistering to the subject a therapeutically effective amount of the compound of
any one of claims 1-30, optionally wheretn the compound 1s formulated as a pharmaceatical

composition comprising at least one pharmaceutically acceptable carrier or excipient.

33, The method of claim 32, wherein the arthritis is selected from the group consisting of

.

(%

pmmt

w
7
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rheumatoid arthritis, lupus erythematosus, psoriatic arthritis, ankylosing spondylitis, and axial

spondylarthnitis.

34 The method of claim 33, wherein the arthritis is rhewmatoid arthritis.

35 The method of any one of claims 32-34, wherein the compound is adounistered by a
route selected from the group consisting of oral, fransdermal, transmucosal, {intraasal.
{trans)rectal, intravesical, intrapulmonary_ intraduodenal, intragastrical, intrathecal,
subcutaneous, intramuscular, intradermal, intra-arierigl, mtravenous, nirabronchial,

inhalation, and topical.

36 The method of any one of claims 32-34, wherein the compound is administerad

wntravenously or orally.

37.  The method of any one of claims 32-36, wherein the compound is adnunistered in a

dose of about 0.01 mg/kg to about 20 me/kg.

38. The method of any one of claims 32-37, wherein the subject is a2 mammal.
39, The method of any one of claims 32-38. wherein the subject is human.
40.  The method of any one of claims 32-39, further comprising administering af least ong

additional therapeutic agent selected from the group consisting of disease-modifying anti-
rheumatic drugs, glucocorticoids, nonsteroidal anti-inflammatory drugs (NSAIDs), and

analgesics.

41, The method of clairn 40, wherein the at least one additional therapeutic agent is
administered sequentially or concurrently with the compound, optionally wherein the at least

one additional therapeutic agent and the compound are co-formulated.



