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WO 2019/204781 PCT/US2019/028394

METHODS AND COMPOUNDS FOR THE TREATMENT OF GENETIC DISEASE

CROSS REFERENCE
{0001} This application ciaiies the benefit of U.S. Apphication No. 62/660,358 filed Apnil 20, 2618, which

18 hereby incorporated by reference in its entirety.

FIELD OF INVENTION
[0002] Disclosed herein are new chimeric heterocyclic polvamide compounds and compositions and their
application as pharmaceuticals for the treatment of discase. Methods to modulate the expression of bean
(brain expressed, associated with NEDD4) in a human or animal subject are also provided for the reatment

diseases such as spinocerebellar ataxia type 31

BACKGROUND
{0003} The disclosure relates to the treatment of inherited genetic diseases characterized by the production

of defective mRNA.

{0004} Spinocerebellar ataxia type 31 (SCA31) is an adult-onset neurodegenerative disease showing
progressive cerebellar ataxia mainly affecting Purkinje celis. SCA31 is a subtype of the spinocerebellar
ataxia family of diseases, which is associated with variable extracerebellar neurological features, including
pyramidal tract signs, exirapyramidal signs, ophthalmoparesis, and sensorv disturbances. In particular,
SCA31 15 charactenized by nystagmus (nvoluntary movement of eves), dysarthria (slurred or slowed
speech), reduced pallesthesia (ability to sense vibration), and auditory difficuitics. The disease is hereditary
and has been observed most frequently in Asian countries, particularly in Japan. Degeneration of cercbellar
Purkinje cells has been observed, and is posited as the cause of this disorder.

{60037 SCA31 has been linked to the presence of imsertion repeats on chromosome 16221, more
specifically at the “brain expressed, assoctated with Nedd4” (“bean”) and thymidine kinase 2 (“/k27) genes,
which are on oppostic strands and are transcribed 1n opposite directions. Insertions of between 2.5 and 3.8 kb
have been observed. In onc patient, the TGGAA sequence was repeated, with over 100 copies identified.
The length of the insertion inversely correlates with age of onset. RNA foci containing UGGAA repeats
have been observed in cell nuclei of SCA31 subjects; therefore, the presence of TGGAA repeats is
imphicated as the causative factor for SCA3! pathogenesis, very possibly through a gain-of-toxic-function

mechanism,

SUMMARY
{0006} This disclosure utilizes regulatory molecules present in cell nuclei that control gene expression.
Eukarvotic cells provide several mechanisms for controlling genc replication, transcription, and translation.
Regulatory molecules that are produced by various biochemical mechanisms within the cell can modulate

the various processes involved in the conversion of genctic mformation fo cellular components. Several

-
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regulatory molecules are known to modulate the production of mRNA and, if directed to bean, would
counderact the production of bean mRNA that causes spinocerebellar ataxia type 31, and thus reverse the
progress of the disease.

{0007} The discloswe provides compounds and methods for recruting 3 regulatory molecule nto close
proximity to bean. The compounds disclosed herein contain: (a) a recruiting moicty that will bind to a
regulatory molecule, hinked to (by a DNA binding moicty that will selectively bind to bean. The compounds
will modulate the expression of bean in the following reanner; the DNA binding moiety will bind selectively
the characteristic TGGAA pentanucleotide repeat scquence of bean; the recruiting moiety, binked to the
DNA binding moiety, will thus be held in proximity to bean; the recruiting moiety, now in proximity (o
bean, will recruit the regulatory molecule into proximity with the gene; and the regulatory molecule will
modulate the expression of bean by direct interaction with the gene.

[0008] In some embodiments, the bean gene is beand,

[0009] The mechanism set forth above will provide an cffective treatment for spinocerebellar ataxia type
31, which is linked to transcription of the hean gene. Correction of the expression of the defective bean gene
thus represents a promising method for the treatment of spinocerebellar ataxia type 31.

{0010} The disclosure provides recruiting moieties that will bind to regulatory molecules. Small molecule
inhibitors of regulatory molecules serve as templates for the design of recruiting moieties, since these
inhibitors generally act via noncovalent binding to the regulatory molecules.

{0011} The disclosure further provides for DNA binding moiceties that will selectively bind to one or more
copics of the TGGAA pentanucleotide repeat that is characteristic of the defective bean gene. Selective
binding of the DNA binding moiety to bean, made possible due to the high TGGAA count associated with
the defective bean gene, will direct the recruiting moicty into proximity of the gene, and recrutt the
regulatory molecule into position to modulate gene transcription.

{06012} The DNA binding motety will comprise a polyamide segment that will bind selectively to the target
TGGAA sequence. Polyamides have been designed by Dervan and others that can selectively bind to
sclected DNA sequences. These polyamides sit in the minor groove of double helical DNA and form
hydrogen bounding bueractions with the Watson-Urick base pairs. Polyamides that selectively bind 1o
particular DNA seguences can be designed by linking monoamide building blocks according to established
chemical rules. One building block is provided for cach DNA base pair, with each building block binding
noncovalently and sclectively to one of the DNA base pairs: A/T, T/A, G/C, and C/G. Following this
guideline, pentanucleotides will bind to molecules with five amide units, 1.¢. pentaamides. In general, these
polvamides will orient in either direction of a DNA sequence, so that the 5'-TGGAA-3 pentanucleotide
repeat sequence of bean can be targeted by polvamides selective either for TGGAA or for AAGGT.
Furthermore, polyamides that bind to the complementary sequence, in this case, ACCTT or TTCCA, will
also bind to the pentanucleotide repeat sequence of Hean and can be emploved as well.

{0013} In principle, longer DNA sequences can be targeted with higher specificity and higher affinity by

combining 3 larger number of moncamide building blocks into longer polyamide chains. Ideally, the binding
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affinity for a polyvamide would simply be equal to the sum of cach individual monocamide / DNA base pair
interaction. In practice, however, due to the geometric mismatch between the fairdy rigid polyamide and
DNA structures, longer polvamide sequences do not bind to longer DNA sequences as tightly as would be
expected from a simple additive contribution. The geometric mismatch between longer polyamide sequences
and longer DNA sequences induces an unfavorable geometric strain that subtracts from the binding affinity
that would be otherwise expected.

{0014} The disclosure therefore provides DNA moictics that comprise pentaamide subunits that are
connected by flexible spacers. The spacers alleviate the geometric strain that would otherwise decrease
binding affinity of a larger polyamide sequence.

{0015} Disclosed herein are polyamide compounds that can bind to onc or more copies of the
pentanucleotide repeat sequence TGGAA, and can modulate the expression of the defective bean genc.
Treatment of a subject with these compounds will modulate expression of the defective bean gene, and this
can reduce the occurrence, severity, or frequency of symptoms associated with spinocerebellar ataxia type
31, Certain compounds disciosed herein will provide higher binding affinity and selectivity than has been

observed previously for this class of compounds.

INCORPORATION BY REFERENCE
{0016] All publications, patents, and patent applications mentioned in this specification arc herein
incorporated by reference to the same extent as if each individual publication, patent, or patent application

was specifically and individually indicated to be incorporated by reference.

BETAILED BESCRIPTION

{0017} The transcription modulator molecule described herein represents an mterface of chemistry, biology
and precision medicine in that the molecule can be programmed to regulate the expression of a target gene
containing nucleotide repeat TGGAA. The transcription modulator molecule contains DNA binding moieties
that will selectively bind to one or more copies of the TGGAA tetranucieotide ropeat that is characteristic of
the defective bean gene. The transcription modulator molecule also contains moieties that bind to regulatory
proteins. The selective binding of the target gene will buing the regulatory protein into proximity io the target
gene and thus downregulates transcription of the target gene. The melecules and compounds disclosed
herein provide higher binding affinity and selectivity than has been observed previously for this class of
compounds and can be more effective in treating discases associated with the defective bean gene.

{0018} Treatment of a subject with these compounds will modulate the expression of the defective bean
gene, and this can reduce the occurrence, severity, or frequency of symptoms associated with spinocerebellar
ataxia type 31. The transcription modulator molecules described herein recrmts the regulatory molecule 1o
modulate the expression of the defective hean gene and effectively treats and alleviates the symptoms

associated with diseases such as spinocerebellar ataxia type 31.
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Transcription Modulaior Molecule

[0019] The transcription modulator molecules disclosed herein possess useful activity for modulating the
transcription of a target gene having one or more TGGAA repeats (e.g., bean), and may be used in the
ircatment or prophylaxis of a discase or condition in which the target gene (e.g., bean) plays an active role.
Thus, in broad aspect, certain embodiments also provide pharmaceutical compositions comprising one or
more compounds disclosed herein together with a pharmaceutically acceptable carrier, as well as methods of
making and using the compounds and compositions. Certain embodiments provide methods for modulating
the expression of bean. Other embodiments provide methods for treating a bean-mediated disorder in a
patient in need of such treatment, comprising administering to said patient a therapeutically effective amount
of a compound or composition according to the present disclosure. Also provided is the use of certam
compounds disclosed herein for use in the manufacture of a medicament for the treatiment of a disease or
condition ameliorated by the modulation of the expression of bean.

[0020] Some embodiments relate to a transcription modulator molecule or compound having a first
terminus, a second terminus, and oligomeric backbone, wherein: a) the first terminus comprises a DNA-
binding moicty capable of noncovalently binding to a nucleotide repeat sequence TGGAA; b) the second
ferrpings comprises 3 protein-binding moiety binding o a regulatory molecule that modulates an expression
of a gene comprising the nucleotide repeat sequence TGGAA; and ¢) the oligomeric backbone comprising a

linker between the first terminus and the second terminus. In some embodimenis, the second terminus is not

a Brd4 binding moiety.
{0021} In certain embodiments, the compounds have structural Formula I
X-L-Y
M

or a salt thereof, wherein:
X comprises a is a recruiting moiety that is capable of noncovalent binding to a regulatory
moiely within the nucleus;
Y comprises a DNA recognition moiety that is capable of noncovalent binding to one or more
copies of the pentanucleotide repeat sequence TGGAA; and
L is a linker;
{00221 Certain compounds disclosed herein may possess usefud activity for modulating the wanscription of
bean, and may be used in the treatment or prophylaxis of a disease or condition in which bean plays an
active role. Thus, 1o broad aspect, certain embodiments also provide pharmaceutical compositions
comprising one or more compounds disclosed herein together with a pharmaceutically acceptable carricer, as
well as methods of making and using the compounds and compositions. Certain embodiments provide
methods for modulating the expression of hean. Other embodiments provide methods for treating a bean-
mediated disorder in a patient in need of such treatment, comprising administering to said patient a

therapeutically effective amount of a compound or composition according to the present disclosure. Also
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provided is the use of certain compounds disclosed herein for use 1 the manufacture of a medicament for
the treatment of a disease or condition ameliorated by the modulation of the expression of hean.
[0023} In certain embodiments, the regulatory molecule s chosen from a bromodomain-containing protein,
a nucleosome remodeling factor (NURF), 3 bromodomain PHD finger transcription factor (BPTE), a ten-
eleven translocation enzyme (TET), methylcvtosine dioxygenase (TET1), a DNA demethylase, a helicase,
an acetyltransferase, and a histone deacetylase CHDAC”).
{0024} In some embodiments, the fust terminus 8 Y, and the second terminus is X, and the oligomeric
backbone is L.
{00251 In certain embodiments, the compounds have stractural Formula I

XL ¥ 1-Y2-Y3-Y =Y 5)- Yo

(1D

or a salt thereof, wherein:

X comprises a recruiting moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus;

L 1s a linker;

Y1, Y2, Y5, Yy, and Ys are internal subunits, each of which comprises a moiety chosen from a
heterocyclic ring or a Cyestraight chain aliphatic segment, and each of which is chemically
linked to its two neighbors;

Yy 15 an end subumt which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor;

each subunit can noncovalently bind 1o an individual nucleotide in the TGGAA repeat
sequence;

n is an integer between 1 and 15, inclusive; and

(Y1-Y-¥3-Y4-Y5)p- Yo combine to form a DNA recognition moiety that is capable of
noncovalent binding to one or more copies of the the pentanucleotide repeat sequence
TGGAA.

{0026} In certain embodiments, the compounds of structural Formula H comprise a subunit for each
individual nucleotide in the TGGAA repeat sequence.

{0027} In certain embodiment, each internal subunit has an amine (-NH-) group and a carboxy (-CO-)
group.

{0028} In certain embodiments, the compounds of structural Formula H comprise amide (-NHCO-) bonds
between each pair of internal subunits,

{00291 In certain embodiments, the compounds of structural Formula I comprise an amide (-NHCO-) bond
between L and the leftmost internal subunit.

{0036} In certain embodiments, the compounds of structural Formula i comprise an amide bond between

the rightmost internal subunit and the end subunit.



WO 2019/204781 PCT/US2019/028394

[0031] In certain embodiments, cach subunit comprises a moiety that is mdependently chosen from a
heterocveie and an aliphatic chain,

[0032} In certain embodiments, the heterocycle is a monocyclic heterocycle. In certain embodiments, the
heterocveie is a monocyclic 3-membered heterocyele. In certain embodiments, cach heterocvele contains a
heteroatom independently chosen from N, O, or S, In certain embodiments, cach heterocycle is
independently chosen from pyrrole, imidazole, thiazole, oxazole, thiophene, and furan.

{0033} In certain embodiments, the aliphatic chaim is a Cissiraight chain aliphatic chaim In certain
embodiments, the aliphatic chain has structural formula {CH,)~, for mchosen from 1, 2, 3, 4, and 5. In
certain embodiments, the aliphatic chain is -CH,CH,-.

{0034} In certain embodiments, cach subunit comprises a moicty independently chosen from

CHj
N’CH3 N"CH:; H /N\ N CHg
N H
W WL VYT —%N—Zl\;“g—ﬂ%
{0035] 0 (Py), G (Im), OH (Hp), O
CHa CH, s CHy
N H
Wl wlis U woln
, N , c S .
(Th), G (py, o (N, OH (HY), (T,
H /A S
LS el Sy el Do %ﬁ—@;‘ﬁiﬁ
H (N, S (@, o (. o
H P Y
%NMQN ~4NH i
O | and S B

0036} In certain embodiments, n 1s an integer between 1 and 5, inclusive.
00
0038

4

71 In certain embodiments, n is an integer between 1 and 3, inclusive.

)

In certain embodiments, n is an integer between 1 and 2. inclusive.

(0040} In certain embodiments, L comprises a Cstraight chain aliphatic segment.

[
{
[0038]
{0039] In certain embodiments, nis 1.
{0040}
{0041} In certain embodimenis, L comprises (CH,OCH,),, and m is an integer between 1 to 20, inclusive.
In certain further embodiments, m is an integer between 1 to 10, inclusive. In certain further embodiments,
m 1§ an integer between 1 to 3, inclusive.
{0042} In certain cmbodiments, the compounds have structural Formula HE
KLY Y5 Y=Yy Y ) W-Y - Y5 Y 3= Y- Y )Y
(11D
or a salt thereof, wherein:
X comprises a recrutting moiety that is capable of noncovalent binding to a regulatory

molecule within the nucleus;

e
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L 1s a linker;

Y1. Y2 Y3, Y4, and Ys are internal subunits, each of which comprises a motety chosen from a
heterocyclic ring or a Cygstraight chain aliphatic segment, and each of which 1s chemically
linked to its two neighbors;

Yo 1s an end subunit which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor;

each subunit can noncovalently bind to an individual nucleotide in the TGGAA repeat
sequence;

W is a spacer;

n is an integer between 1 and 10, inclusive; and

(Y -Y-Y3-Ya- Y5 {(W-Y 1-Y - Y3-Y4-Y 5)- Y combine to form a DNA recognition moiety that
is capable of noncovalent binding to one or more copies of the the pentanucleotide repeat
sequence TGGAA.

{0043} In certain embodiments, In certain embodiments, Yi-Y2-Y3-Ya-Y5 is

/ / / 7/
_ N © N O —N © 0 N O
WA AL P ERL L R T

{0044} In certain embodiments, Y;-Y,-Y3-Y4-Ys is “Py-Im-Im-f-Im”.

(“Py-Im-Im-B-Im™).
[0045] In certain embodiments, Y;-Y,-Y3-Y,4-Ys1s “B-ho-Im-Py-Py”.
[0046] In certain embodiments, Y;-Y,-Y5-Y;-Ysis “Py-Py-Im-Im-B7.
{06047} In certain embodiments, the compounds have structaral Formula I'V:
XLA(Y 1-Y5-Y 5=V Y 5)-G-( Y- Y- Y oY 10)-Yo
v
or a salt thereof, wherein:

X comprises a recruiting moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus;

Y1, Y2 Y3, Yy, ¥s, Y, Yo, Ys, Yy, and Y are internal subunits, each of which comprises a
motety chosen from a heterocyclic 1ing or a C.¢straight chain aliphatic segment, and each
of which is chemically linked to its two neighbors;

Yy is an end subunit which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor;

each subunit can noncovalently bind to an individual nucleotide in the TGGAA repeat
sequence;

L 1s a hinker;

(315 a turn component for forming a hairpin tum; and

-
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Y 1-Yor Y5 Y- Y s)-G-(Ye- Y- Y- Yo- Y 10)-Y o combine to form a DNA recognition moiety that is
capable of noncovalent binding to one or more copies of the the pentanucleotide repeat
sequence TGGAA.

[0048] In certain embodiments, G is -HN-CH,CH,CH,-CO-.

{0049} In certain embodiments, the compounds have structural Formula V:

0 / /o / / o N/Q\\

o 0
Xwﬁ@_&ﬁ% S\—ﬁ—ﬁ—é; j—“—NU«ﬁi_N Hﬁw‘vo

V)
or a salt thereof, wherein:
X comprises a recrutting moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus;
Yy 18 an end subunit which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor; and
1 1s an integer between 1 and 5, inclusive

{0030} In certain embodiments, the compounds have structaral Formula VI

J A o it gite it g,

(V1)
or a salt thereof, wherein:
X comprises a recruiting moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus;
Yy is an end subunit which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which i1s chemically linked to ifs single neighbor; and
n 1s an integer between 1 and 3, inclusive

{0051} In certain embodiments, the compounds have structural Formula VI
/

/ / /
N 0 N o N o 0 N ©
HWS—@}—”—Q—@MN@_}—QQ/

H /T“N O 7
\W-NJ\)—L A )—U—NI )—LNULN—k MAghv,

8-
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(VID
or a salt thereof, wherein:
X comprises a recruiting moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus; and
W is a spacer.
Y 15 an end subunit which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which i1s chemically linked to ifs single neighbor; and
n is an integer between 1 and 3, inclusive.
{00572} In certain emboduments of the compounds of structural Formaula VIL
W is -NHCH,-(CH,0CH,),-CH,CO-; and
p is an integer between 1 and 4, inclusive.

[0053] In certain embodiments, the compounds have structural Formula VHE

\
J\/J_NI ﬁu—ﬁf )—LNH

W@M w«"\ *"‘«FN\

(VI
or a salt thereof, wherein:
X comprises a recruiting moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus;
V is a turn component;
Y 15 an end subunit which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor; and
n is an integer between 1 and 3, inclusive.
{0054} In certain embodiments of the compounds of structural Formmla VIIL V is (CHy)g-NH-(CH.)-; and
q 1s an integer between 2 and 4, inclusive.
{0035} In certain embodiments of the compounds of structural Formula VIIL G is (CH,)q-NH-(CH,),-; and
q i8 an integer between 2 and 4, inclusive.
[00356] In certain embodiments of the compounds of structural Formuda VIH, V is -(CH,)g-NH~«(CH,)g-:
and g is an integer between 2 and 4, inclusive.
[0057] In some embodiments, V is «CH,a-NR'«(CHy)b- «(CHya- -(CH)a-O«CHy)b- —(CHya-
CH(NHRY-, —(CHpa-CH(NHR"-, «(CRR%a-, or -(CHy)a-CH(NR';))'-(CH,)b-, wherein cach a is

.
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independenily an integer between 2 and 4; R' is H, an optionally substituted C . alkyl, an optionally
substituted C;.5 cycloalkyl, an optionally substituted Cs.q¢ arvl, an optionally substituted 4-10 membered
heterocyelyl, or an optionally substituted $-10 membered heteroaryl; each R* and R’ are independently H,
halogen, OH, NHAc, or Cyalky. In some embodiments, R is H. In some embodiments, R is C,4 alky!
optionally substituted by 1-3 substituents selected from -C(O)-phenyl. In some embodiments, V is (CR’RY-
(CHya- or «(CHya-(CR’R’)-(CH, )~ wherein cach a is independently 1-3. b is 0-3, and each R and R’ are
independently H. halogen, OH, NHAc. or C 4 alky. In some embodiments, V is «(CH,)- CHNH,) «(CHy)- or
<{CH,)-CH,CH(MNH;) -

{0038} In one aspect, the compounds of the present disclosure bind to the TGGAA of bean and recruit a
regulatory moiety to the vicinity of bean. The regulatory moiety, due to ifs proximity fo the gene, will be
more likely to modulate the expression of bean.

{0059] Also provided are embodiments wherein any compound disciosed above, tnciuding compounds of
Formulas T - VHI, are singly, partially, or fully deuterated. Methods for accomplishing deuterium exchange
for bvdrogen are known 1o the art.

[0060] Also provided are embodiments wherein any embodiment above may be combined with any one or
more of these embodiments, provided the combination s not mutually exclusive.

{0061} As used herein, two embodiments are “mutually exclusive” when one is defined to be something
which is different than the other. For example, an embodiment wherein two groups combing to form a
cvcloalkyl 1s mutually exclusive with an embodiment in which one group is cthyl the other group is
hydrogen. Similarly, an embodiment wherein one group 1s CH, is mutually exclusive with an embodiment
wherein the same group is NH.

{00627 In one aspect, the compounds of the present disclosure bind to the TGGAA of begn and recrut a
regulatory moiety to the vicinity of bean. The regulatory moicty, due to its proximity to the gene, will be
more likely to modulate the expression of bean.

{0063} In onc aspect, the compounds of the present disclosure provide a polvamide sequence for infcraction
of a single polvamide subunit to cach base pair in the TGGAA repeat sequence. In one aspect, the the
compounds of the present disclosure provide a turn component V, in order to enable hatrpin binding of the
compound to the TGGAA | in which each nucleotide pair interacts with two subunits of the polvamide.
{0064} In one aspect, the compounds of the present disclosure are more likely to bind to the repeated
TGGAA of bean than to TGGAA clsewhere in the subject’s DNA, due to the high number of TGGAA
repeats assoctated with bean.

{00657 In one aspect, the compounds of the present disclosure provide reore than one copy of the polvamide
sequence for noncovalent binding to the TGGAA . In one aspect, the compounds of the present disclosure
bind 1o bean with an affimity that is greater than a corresponding compound that contains a single polyamide
sequence.

[0066] In one aspect, the compounds of the present disclosure provide more than one copy of the polyamide

sequence for poncovalent binding to the TGGAA, and the individual polyamide seguences in this compound

-10-
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are linked by a spacer W, as defined above. The spacer W allows this compound to adjust its geometry as
needed to alleviate the geometric sirain that otherwise affects the noncovalent binding of longer polvamide

SCquUences.

First terminus — DNA binding moiety

[0067] The first terminus interacts and binds with the gene, particularly with the minor grooves of the
TGGAA sequence. In one aspect, the compounds of the present disclosure provide a polyamide sequence for
interaction of a single polyamide subunit to each base pair in the TGGAA repeat sequence. In one aspect, the
compounds of the present disclosure provide a turp component V, in order to enable hairpin binding of the
compound to the TGGAA, in which each nucleotide pair interacts with two subunits of the polyamide.
[0068] In one aspect, the compounds of the present disclosure arc more likely to bind to the repeated
TGGAA of bean than to TGGAA elsewhere in the subject’s DNA, duc to the high number of TGGAA
repeats associated with bean.

[0069] In one aspect, the compounds of the present disclosure provide more than one copy of the polyamide
sequence for noncovalent binding to TGGAA. In one aspect, the compounds of the present disclosure bind
to bean with an affinity that is greater than a corresponding compound that contains a single polvamide
sequence.

{0076} I one aspect, the compounds of the present disciosure provide more thas one copy of the polvamide
sequence for noncovalent binding to the TGGAA, and the individual polyamide sequences in this compound
arce hinked by a spacer W, as defined above. The spacer W allows this compound to adjust its geometry as
needed 1o alleviate the geometric strain that otherwise affects the noncovalent binding of longer polvamide
sequences.

{0071} In certain embodiments, the DNA recognition or binding moicty binds in the minor groove of DNA.
{0072} In certain embodiments, the DNA recognition or binding moiety comprises a polymeric sequence of
monoraers, wherein each monomer in the polymer selectively binds to a certain DNA base pair.

{0073} In certain embodiments, the DNA recognition or binding moicty comprises a polyamide moicty.
{0074} In certain embodiments, the DNA recognition or binding moiety comprises a polyamide moiety
comprising heteroaromatic monomers, wherein gach hetercaromatic monomer binds noncovalently 1o a
spectfic nucleotide, and each heteroaromatic monomer is attached to its neighbor or neighbors via amide
bonds.

{0075} In certain embodiments, the DNA recognition moicty binds to a sequence comprising at least 1000
pentanucleotide repeats. In certain embodiments, the DNA recognition moicty binds to a sequence
comprising at least 300 pentanucieotide repeats. In certain embodiments, the DNA recognition moiety binds
0 a sequence comprising at least 200 pentanucleotide repeats. In certain embodiments, the DNA recognition
moiety binds to a sequence comprising at least 100 pentanucleotide repeats. In certain embodiments, the

DNA recognition moiety binds o a sequence comprising at least 50 pentanucieotide repeats. In certain
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embodiments, the DNA recognition moiety binds to a sequence comprising at least 20 pentanucleotide
repeats.

[0076] In certain embodiments, the compounds comprige a cell-penetrating higand moiety.
{6077F In certain embodiments, the celi-pencirating figand moiety is 3 polypeptide.
{0078} In certain embodiments, the cell-penctrating ligand moicty is a polypeptide containing fewer than 30
amino acid residues.

{0079F In certain embodisents, the polypeptide is chosen from any one of SEQ ID NO. 1t SEQ 1D NG,
37, mclusive

{0080} In certain embodiments, the compounds have stractural Formula I

KLY 1YY~ Y - Y)Y
(1D

or a salt thereof, wherein:

X comprises a recruiting moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus;

L 1s a linker;

Y1, Y2, Y5, Yy, and Ys are internal subunits, each of which comprises a moiety chosen from a
heterocyclic ring or a Cyestraight chain aliphatic segment, and each of which is chemically
linked to its two neighbors;

Yy 15 an end subumt which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor;

each subunit can noncovalently bind 1o an individual nucleotide in the TGGAA repeat
sequence;

n is an integer between 1 and 15, inclusive; and

(Y1-Y-¥3-Y4-Y5)p- Yo combine to form a DNA recognition moiety that is capable of
noncovalent binding to one or more copies of the the pentanucleotide repeat sequence
TGGAA.

{0081} In certain embodiments, the compounds of structural Formula H comprise a subunit for each
individual nucleotide in the TGGAA repeat sequence.

[0082] In certain embodiment, each internal subunit has an amino (-NH-) group and a carboxy (-CO-)
group.

{0083} In certain embodiments, the compounds of structural Formula I comprise amide (-NHCO-) bonds
between each pair of internal subunits,

{0084} In certain ewmbodiments, the compounds of structural Formula IF comprise an amide (-NHCO-) bond
between L and the leftmost internal subunit.

{0083} In certain embodiments, the compounds of structural Formula i comprise an amide bond between

the rightmost internal subunit and the end subunit.
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[0086] In certain embodiments, cach subunit comprises a moiety that is mdependently chosen from a
heterocveie and an aliphatic chain,

[0087} In certain embodiments, the heterocycle is a monocyclic heterocycle. In certain embodiments, the
heterocveie is a monocyclic 3-membered heterocyele. In certain embodiments, each heterocyvele contains a
heteroatom  mdependently chosen from N, O, or S In certain embodiments, cach heterocyele is
independently chosen from pyrrole, imidazole, thiazole, oxazole, thiophene, and furan.

{0088} In certain embodiments, the aliphatic chain is 3 Cissiraight chain aliphatic chaim In certain
embodiments, the aliphatic chain has structural formula {CH,)~, for mchosen from 1, 2, 3, 4, and 5. In
certain embodiments, the aliphatic chain is -CH,CH,-.

{0089} The form of the polyamide selected can vary based on the target gene. The first terminus can include
a polyamide sclected from the group consisting of a linear polvamide, a hairpin polvamide, a H-pin
polvamide, an overlapped polyamide, a shipped polyamide, a cyclic polyamide, a tandem polyamide, and an
extended polyvamide. In some cmbodiments, the first terminus comprises a linear pelyamide. In some
embodiments, the first terminus comprises a hairpin polyamide.

[0090] The binding affinity between the polyamide and the target gene can be adjusted based on the
composition of the polvamide. In some embodiments, the polyamide is capable of binding the DNA with an
affinity of less than about 600 oM, about 500 nM, about 400 nM, about 300 nM, about 230 nM, about 200
nM, about 150 oM, about 100 nM, or about 50nM. In some embodiments, the polyamide is capable of
binding the DNA with an affinity of less than about 300 nM. In some embodiments, the polyamide is
capable of binding the DNA with an affinity of less than about 200 nM. In some embodiments, the
polyamide is capable of binding the DNA with an affinity of greater than about 200 nM, about 150 nM,
about 100 oM, about 50 oM, about 10 oM, or about 1 oM. In some embodiments, the polyamide is capable
of binding the DNA with an affinity in the range of about 1-600 nM, 10-500 nM, 20-500 nM, 50-400 nM, or
100-300 nM.

[0091] The binding affinity between the polyvamide and the target DNA can be determined using a
quantitative footprint titration experiment. The experiment involve measuring the dissociation constant Kd
of the polvamide for target sequence at either 24° C. or 37° ., and using cither standard polvamide assay
solution conditions or approximate intracellular sohution conditions.

{00921 The binding affiuty between the regulatory protein and the ligand on the second terminus can be
determined using an assay suitable for the specific protein. The cxperiment involve measuring the
disscciation constant Kd of the ligand for protein and using ¢ither standard protein assay solution conditions
or approximate infraceliular solution conditions.

[0093] In some embodiments, the first terminus comprises ~NH-Q-C(0)-, wherein O is an optionally
substituted Cq_ arylene group. optionally substituted 4-10 membered heterocyclene, optionally substituted
5-10 membered heteroarylene group, or an optionally substituied alkvlene group. In some embodiments, Q
is an optionally substituted C, o arvlene group or optionally substituted 5-10 membered heteroarvlene group.

In some embodiments, Q is an optionally substituted 5-10 membered heteroarylene group. In some
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embodiments, the 5-10 membered heteroarviene group is optionally substituted with -4 substituents
selected from H, OH, halogen, Cyjpalkyl, NG,, CN, NR'R", C;shaloalkyl, Ci4alkoxyl, Ci4haloalkoxy, (Cy.
s alkoxy)Cyg alkyvl, Coppalkenyl, €y alkynyl, Csy carbocyclyl, 4-10 membered heterocyclvl, Ceo g arvl, 5-10
membered heteroaryi, (CicarbocyclyCi, alkyl, (4-10 membered heterocyclyl)C g alkyl, (Ceyo aryD)Cs
aliyl, (Ceaqo arvDCis alkoxy, (5-10 membered hetercarv)Cis alkyvl, (Ciocarbocyclyh-amine, (4-10
membered heterocyclyDamine, (Copparyhamine, (5-10 membered hetercaryDamine, acyl, C-carboxy, O-
carboxy, C-amido, N-amido, S-sulfonamido, N-sulfonamido, -SR. COOH, or CONR'R"; wherein cach R’
and R" are independently H, Cyypalkvl Cychaloalkyl, Cy 5 atkoxyl
{0094} In some embodiments, the first terminus comprises at least three aromatic carboxamide moieties
selected to correspond to the nucleotide repeat sequence TGGAA and at least onc aliphatic amino acid
residue chosen from the group consisting of glycine, B-alanine, y-aminobutyric acid, 2.4-diamincbutyric
acid, and 3-aminovaleric acid. In some embodiments, the first terminus comprises at least one P-alanine
subunit.
{00937 In some embodiments, the monomer element 1§ independently selected from the group consisting of
optionally substituted pyrrole carboxamide monomer, optionally substituted imidazole carboxamide
monomer, optionally substituted C-C linked heteromonocyclic/heterobicyclic motety, and B-alanine.
{0096} The wanscription reodulator molecule of claim 1, wherein the first terminus corsprises a structure of
Formula (A-1)

L-[AR]E

(A-1)

wherein:

each | A-R} appears p times and p is an integer in the range of 1 to0 10,

L;is a bond, a Cy alkylene, -NR'-C ¢ alkylene-C(O)-, -NR'C(0)-, -NR'-C . alkvlene, -O-
, 01 -0-Cy4 alkvlene;

A is selected from a bond, Cyj alkylene, —CO—, —NR'—, —CONR'— —CONR'C,.
salkylene—, —NRl(ZO-Cl.mikylene—, —COHY0O—, —O0—, —8— —C(=S)}-NH—, —({0)-NH-
NH—, —C(O)-N=N—, or —C{(O)}-CH=CH—;

each R is an optionally substitted (g arylene group, optionally substituted 4-10
membered heterocvclene, optionally substituted 5-1C membered heteroarvliene group, or an
optionally substituted alkylene:;

Eiis selected from the group consisting of optionally substituted Cq.0 aryl, optionally
substituted 4-1G membered heterocyclyl, optionally substituted 5-10 membered hetercaryl, or an
optionally substituted altkyl, and optionally substituted amine.

[0097] In some embodiments, the first terminus can comprise a structure of Formula (A-2)
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[A-Rip-E
e 1

[A-Rlg-E2
(A-2)

wherein:
L is a linker sslected from —Ci.» alkylene-CRI, CH, N, -Cy4 alkylene-N, -C{O)N, -NRL
~Ni(CH2)9” MN:(CR:RZZ)D _CH:(CHZ)pn
Ci¢ alkylene-CH. or -0-Co.g alkylene-CH. (CHalo- (CRRY, (CHzlg—
- i(CRjR?p
(CRIR?), .

p 1s an integer in the range of 1 to 10,

q 1s an integer n the range of 1 to 10,

gach A is independently selected from a bond. Cy.i alkylene, -Cy 0 alkylene-C(G3-, -Ci0

alkylene-NR'-, —CO-—, —NR'"— —CONR'"— —CONR'C,alkylene—, —NR'CO-C,.

satkylene—, —C(0Y0—, —0—, —S§—, —C(=S)-NH—, —C(0)-NH-NH—, —C(0)-

N=N—, or —C{O)}-CH=CH—;

each R is an optionally substituted Csy¢ aryiene group, optionally substituted 4-10

membered helerocyclene, optionally substituted 5-10 membered heteroarylene group, or an

optionally substituted alkviene;

gach Fyand E; are selected from the group consisting of optionally substituted Cs.10 arvi,

optionally substituted 4-10 membered heterocvcelvl, optionally substituted 5-10 membered

heteroaryl, or an optionally substituted alkyl, and optionally substituted amune; and

2=p+g =20,
{0098} The wanscription reodulator molecule of claim 1, wherein the first terminus coraprises a structure of
Formula (A-3)

L A-R},-Ly[R-A]-E, Formula (A-3)

wherein:

Li1s a bond, a Cy alkylens, -NH-Cyy alkvlene-C(O)-, -N{CH;3)-Co alkyiene or ~0-Cyy
alkylene,

L, is a bond , a (4 alkviene, -NH-Co alkviens-C{(3)-, -N(CH;)-Cy alkylene, -0-Cog
alkylene, -(CHy)a-NR'<(CHyb-, -(CHya-, -(CH)a-O-(CH)b-. —~(CH)a-CH(NHR')-, «(CHo)a-
CH(NHR")-, (CR’RM)a-, or (CHy)a-CH(NR'5) -(CH,)b-;

each a and b are independently an integer between 2 and 4;
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R' is H, an optionally substituted C, alkyl, a an optionally substituted Cs.1y cycloalkyl, an
optionally substituted Cs.i¢ arvl, an optionally substituted 4-10 membered heterocyclyl, or an
optionally substituted 5-10 membered heteroaryl;

each R” and R’ are independently H. halogen, OH, NHAc, or C4alky. each [A-R] appears
p times and p is an integer in the range of 1 to 10,

each [R-A}] appears q times and g 15 an integer in the range of 1 o0 10,

cach A is selected from a bond, Cy.q0alkyl, —CO—, —NR'— —CONR'—, CONR'Calkyl—, —
NR'CO-Calkyl —, —CO0O—, —0—, —8—, —C(=S8)-NH—, —C(O)-NH-NH—, —C(O)-N=N—, or
—C()-CH=CH—;

cach R is an optionally substituted Csy arvienc group, optionally substituted 4-10 membered
heterocyclene, optionally substituted 5-10 membered heteroarviene group, or an optionally substituted
alkylene;

E1is selected from the group consisting of optionally substituted Cg6 aryl, optionally substituted 4-
10 membered heterocyelyl, optionally substituted 5-10 membered hetercaryl, or an optionally substituted
aikyl, and optionally substituted amine; and

25p+4¢=20.

[0099] In some embodiments, cach R in [A-R] of formula A-1 to A-3 1s Cq iy arvlene group, 4-10 membered
heterocveiene, optionally substituted 5-1¢ membered heteroarviene group, or Co alkvlene; each optionally
substituted by 1-3 substituents selected from H, OH, halogen, C o alkyl, NG, CN, NR'R", Cy; haloalkyl, -
Cys alkoxyl, Ci; haloalkoxy, (Cis alkoxy)Cis alkyl, Cyalkenyl C, alkynyl, C;; carbocyclyl, 44-10
membered heterocyelyl, Cosaryl, 3-16 membered heteroaryl, -(CsocarbooyelyChsalkyl, (4-10 membered
heterocyelv DO galiyl, (CoaparyBCrsalkyl, (CoparyDCsalkoxy, (5-10 membered heteroary DO galkyl, «(Ca.
<arbocyelvii-amine, (4-10  membered  heterocycivDamine, (Cocarviamine, (5-10  wmembered
heteroaryhamine, acyl, C-carboxy, O-~carboxy, C-amido, N-amidoe, S-sulfonamido, N-sulfonamido, SR,
COOH. or CONR'R"; wherein each R' and R” are independently H, C_ o alkyl, €y jphaloalkyl, -Cy 0 alkoxyl
In some embodiments, each R in [A-R] of formula A-1 to A-3 is a 5-10 membered heteroarviene containing
at least one heteroatoms selected from O, S, and N or a Cy alkylene, and the hetercarylene or the a Cy4
alkyiene i1s optionally substituted with 1-3 substituents selected from OH, halogen, Cyy alkyl, NO,, CN,
NR'R", Cy; haloalkyl, -C 4 alkoxyl, €y haloalkoxy, C;; carbocyclyl, 44-10 membered heterocyelyl, Cs.
jaryl, $-10 membered heteroaryl, -SR . COOH, or CONR'R”; wherein each R’ and R” are independently H,
Ciao alkyl, Cy baloalkyl, -Cq.q0 alkoxyl. In some embodiments, each R in [A-R] of formula A-1 to A-3is a
5-10 membered heteroaryiene containing at least one heteroatoms selected from O, §, and N, and the
heteroaryiene is optionally substituted with 1-3 substituents sclected from OH, Ci alkyl, halogen, and C15
alkoxyl.

[00100] The transcription modulator molecule of claim |, wherein the first terminus comprises Formula A-4
or Formula A-5:

WINH-Q'-C(0)-W-NH-Q*-C(0)-W'—... -NH-Q™'C(O)W™-NH-Q"-C(O)-E  (A-4), or
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W-C(O)-Q - NH-W-C(O)-Q’NH-W—... -C(O)-Q" ' NH-W™-C(O)-Q"--NH-W™LE (A-5)
Wherein:
each Q' Q% .and Q™ are independently an optionally substituted Ce.;y arvlene group,
optionally substituted 4-10 membered heterocyciene, optionally substituted 5-10 membered
heteroarylene group, or an optionally substituted alkylene;
cach W' W2 .and W™ are independently a bond, a C s alkylene, -NH-Cy. alkylene-
C(O)-, -N(CH;3)}-Cy6 alkylene, -C{0)-, -C{0)-C_jpalkylene, or -0-Cq¢ alkylene;
m is an integer between 2 and 10; and
E 1s selected from the group consisting of optionally substituted Ce.10 aryl, optionally
substituted 4-10 membered heterocyclyl, optionally substituted 5-10 membered heteroaryl,
or an optionally substituted alkyl, and optionally substituted amine.
[00101]Tn some embodiments, cach Q' to Q™ of formula A~4 to A-5 is Cg arylene group, 4-10 membered
heterocyclene, optionally substituted 5-10 membered heteroarylene group, or Ci alkvlene; each optionally
substituted by 1-3 substituents selected from H, OH, halogen, Cy.ypalkyl, NO,, CN, NR'R", Cy¢ haloalkyl, -
Cie alkoxyl, Cyg haloalkoxy, (Ci alkoxy)Ci alkyl, Coeatkenyl, C,atkyavl, €5 carbocyelyl, 4-10
membered heterocyclyl4-10 membered heterocvelyl, Coparvl, 5-10 membered hetercaryl, ~(Ci.
scarbocyelyDCgalkyl, (4-10 membered heterocyclyl4-10 membered heterocyclylCisalkyl, (Coq0aryDCy
salkyl, (Copary)Cisalkoxy, (5-10 membered heteroary}Cigalkyl,  «(Cyscarbocyclyl)-amine, (4-10
membered heterocyclyDamine, (Csacarvhamine, (53-10 membered heteroaryDamine, acvl, C-carboxy, O-
carboxy, C-amido, N-amido, S-sulfonamido, N-sulfonamido, SR, COOH, or CONR'R”; wherein each R’
and R"” are mndependently H, Cy_; alkyl, Cyj¢haloalkyl, -Cy_jpalkoxyl In some embodiments, each Ql o Q"
of formula A-4 to A-5 is a 5-10 membered heteroarvlene containing at least one heteroatoms selected from
0, §, and N or a Cy¢ alkylene, and the heteroarvlene or the a Cy¢ alkylene is optionally substituted with 1.3
substituents selected from OH, halogen, Cy alkyl, NO,, CN, NR'R”, {4 haloalkyl, -Ci4 alkoxyl, Ci5
haloalkoxy, C,, carbocyelyl, 4-10 membered heterocyclyl4-10 membered heterocyelyl, Ceqparyl 5-10
membered heteroaryl, -SR, COOH, or CONR'R"; wherein each R’ and R” are independently H, Cy 5 alkyl,
Ci0 haloalkyl, -Cy0 alkoxyl. In some embodiments, each Qi to Q" of formula A4 to A-3 is a 5-10
membered heteroarylene containing at least one heteroatoms selected from O, 5, and N, and the
heteroaryiene is optionally substituted with 1-3 substituents sclected from OH, Ci alkyl, halogen, and C15
alkoxyl.
[00102]In some embodiments, the first ferminus comprises at least one (55 achiral aliphatic or
heteroaliphatic amino acid.
[00103] In some embodiments, the first terminus comprises one or more subunits selected from the group
cousisting of optionally substituted pyrrole, optionally substituted imidazole, optionally substituted

thiophene, optionally substituted furan, optionally substituted beta-alanine, y-aminobutyric acid, (2-
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aminoethoxy)-propanoic  acid, 3((2Z-aminoethyl}(2-ox0-2-phenyl-17-ethyDamino)-propancic  acid, or
dimethvlaminopropylamide monomer.
[00104] In some embodiments, the first terminus comprises a polyamide having the structure of
{al—pt \
b
On
formaula (A-6)
wherein:
cach A'is —-NH- or -NH-(CH,),-CH,-C(O)-NH-;
cach R' is an optionally substituted Cao arylene group. optionally substituted 4-10 membered
heterocyclene, optionally substituted 5-10 membered heteroarylene group, or optionally substituted
alkylene; and
1 18 an integer between 1 and 6.
[00105]In some embodiments, cach R' in JAR'] of formula A-6 is a g0 arylene group, 4-10 membered
heterocyclene, optionally substituted 5-10 membered heteroarylene group, or C4 alkylene; each optionally
substituted by 1-3 substituents selected from H, OH, halogen, C.palkyl, NG,, CN, NR'R", {4 haloalkvl, -
Cis alkoxyl, Ci4 haloalkoxy, (Cys alkoxy)Cis alkyl, Cigealkenyl, C,palkynyl, Ci, carbocyelyl, 4-10
membered heterocyclyl4-10 membered heterocyclyl, Cejearyl. 3-10 membered hetercaryl, -(Ci
scarbocyclyDCrgalkyl, (4-10 membered heterocyclyl4-10 membered heterocyelyhCrgalkyvl, (CooarvDCi.
calkvl, (CyearyDCrsatkoxy, (5-10 membered hetercarv)Cialkyl, ~(Ciscarbocyclyll-amine, (4-10
membered heterocyclybamine, (Coaryijamine, (3-10 membered hetercarvhamine, acyl, C-carboxy, O-
carboxy, C-amido, N-amido, S-sulfonamido, N-sulfonamido, -SSR, COOH, or CONR'R"; wherein each R’
and R” are independently H, Ci.oalkyl, Ci haloalkyl, -Ciyeatkoxyl. In some embodiments, ecach R in [A'-
R of formula A-6 is a 5-10 membered heteroarylene containing at least one heteroatoms selected from O,
S, and N or a C5alkylene, and the heteroarylene or the a C,5 alkvlene is optionally substituted with 1-3
substituents selected from OH, halogen, Ci.y alkyl, NO,;, ON, NR'R”, Ci4 haloalkyl, -Ci4 alkoxyl, Cis
haloalkoxy, Cs, carbocyelyl, 4-10 membered heterocvelyl, Cygearyl, 5-10 membered heteroaryl, SR,
COOH, or CONR'R”; wherein each R’ and R” are independently H, C,_ o alkyl, Cy.phaloalkyl, -C,_,, alkoxyl.
fn some cmbodiments, each R' in [A'-R'] of formula A-6 is a 5-10 membered heteroaryiene containing at
least one heteroatoms selected from O, 5, and N, and the heteroarylene is optionally substituted with 1-3
substituents selected from OH, Calkyl, halogen, and Cyalkoxyl

[00106] In some embodiments, the first termimus has a structure of Formula (A-7):

IRV 2 2 \ 3.3 4 /4
g—@i’%“ i @9&%&@9"%;4 i Nigyuﬂm_g
A\ - ,/m3 /n/f:\ s mﬁ\ /mguj'

(A-T)

or a salt thereof, wherein:

-1&-
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E 1s an end subunit which comprises a moiety chosen from a heterocyclic group or a straight

chain aliphatic group, which is chemically linked to its single neighbor;
Xl, YI, and Z' in each m! unit are independently selected from CrRY N NRY, O, or S
X?, Y%, and Z° in each m’ unit are independently selected from CR', N, NR%, O, or §;
X’ Y’ and 77 in each m” unit are independently selected from CR', N, NR? O, or §;
X* ¥* and 7' in each m’ unit are independently selecied from CR' N, NR? O, or S;

each R is mdependently H, -OH, halogen, C,4 alkyl, C alkoxyl;

each R% is independentlv H, C 4 alkyl or Csalkylamine;

each m', m’, m° and m’ are independently an integer between ¢ and S;

each m”, m* and m°® are independently an integer between 0 and 3, and

m' +m’ + m'+ m*+ m™+ m®+ m’ is between 3 and 15.
[00107]In some embodiments, m' is 3, and X', Y', and Z' in the first unit is respectively CH. N(CH5), and
CH: X', Y, and Z' in the second unit is respectively CH, N(CH,). and N: and X', Y, and Z' in the third unit
is respectively CH, N(CH;), and N. In some embodiments, m’ is 1, and X°, Y7, and 27 in the first unit is
respectively CH, N(CH;), and CH. In some embodiments, m’ is 2, and X°, Y, and Z° in the first unit is
respectively CH, N(CH3), and N; X°, Y, and Z” in the second unit is respectively CH, N(CH;), and N. In
some embodiments, m’ is 2, and X', Y, and Z* in the first unit is respectively CH, N{CH.}, and CH; X4y
and Z' in the second unit is respectively CH, N(CH,), and CH. In some embodiments, each m”, m* and m®
are independently 0 or 1. In some embodiments, each of the X', Y, and Z' in cach m' unit are independently
selected from CH, N, or N(CH,). In some embodiments, cach of the X7, Y°. and Z* in each m’ unit are
independently selected from CH, N, or N(CH;). In some embodiments, each of the X', Y, and Z" in cach
m° unit are independently selected from CH, N, or N(CH;). In some embodiments, cach of the XYY, and
Z* in each m’ unit are independently selected from CH, N, or N(CHy). In some embodiments, each Z' in
cach m' unit is independently selected from CR' or NR”. In some embodiments, each 7’ in cach m’ unit is
independently selected from CR' or NR”. In some embodiments, cach Z° in each m’ unit is independently
selected from CR' or NR’. In some embodiments, each Z* in cach m’ unit is independently sclected from
CR' or NR®. In some embodiments, R'is H, CH,, or OH. In some embodiments, R’isHor CH;.

{00108] In some embodiments, the first terminus has the structure of Formula (A-8):
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or a salt thereof, wherein:
a salt thereof, wherein:

E is an end subunit which comprises a moiety chosen from a heterocyclic group or a straight

chain aliphatic group, which is chemically linked to its single neighbor;

XY, ¥, and Z' in each o' unit are independently selected from CRY, N.NR™ O, or §;

X*,Y*, and Z* in each n’ unit are independently selected from CR,N,NR?, 0. o0r§;

X*. ¥*, and Z* in each n’ unit are independently selecied from CRIL N, NR% O, or S;

X, v". and Z* in each n® unit are mdependently selected from CR, N,NR% O, or §;

X'ﬁ‘, YS: and Z° in each n® unit are independently selected from CRUN,NR’, O, or §;

X, Y%, and Z% in each n'° unit are independently selected from CRLN,NR2L O, or §:

each R is independently H, -OH, halogen, Cy alkyl, C ¢ alkoxyl:

cach R’ is independently H, C. alkyl or C.qalkylaminen is an integer between 1 and 3;

eachn' n’, n°, n® n® and n'® are mdependently an integer between 0 and 5;

eachn’, n* n” and v’ are independently an integer between 0 and 3, and

o'+ o+ '+ ot pt+ 1O+ o7+t n'+ 0! is between 3 and 15.
[00109] In some embodiments, n' is 3, and X", Y', and Z" in the first unit is respectively CH, N(CH;), and
CH. X', Y", and Z" in the second unit is respectively CH, N{CHj;), and N; and XYY", and 2V in the third
unit is respectively CH, N(CH,), and N. In some embodiments, a’is 1, and X°, Y7, and Z7 in the first unit is
respectively CH, N(CH;), and CH. In some embodiments, nis 2, and X7, Y, and Z° in the first unit is
respectively CH, N(CH;), and N; X¥, v, and Z° in the second unit is respectively CH, N(CH3), and N. In
some embodiments, 1’ is 2, and X*, Y*, and Z" in the first unit is respectively CH, N(CHz), and N; X', Y*,
and Z* in the second unit is respectively CH, N(CHa), and N. In some embodiments, the X', Y, and 2" in
cach n' unit are independently selected from CH, N, or N(CH;). In some embodiments, the X*, Y7, and Z%
in each n’ unit are independently selected from CH, N, or N(CH;). In some embodiments, the X°, Y*_ and
7% in each n° unit are independently selected from CH, N, or N(CHs). In some embodiments, the X4‘, ‘1’4’,

and Z* in cach n° unit are independently selected from CH, N, or N(CH,). In some embodiments, the X°
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Y”, and Z° in each n® unit are independently selected from CH, N, or N(CHj;). In some embodiments, the
3(6 Yﬁ), and 7% in cach n'’ unit are independently selected from CH, N, or N(CH;). In some embodiments,
cach Z" in each n' unit is independently selected from CR' or NR”. In some embodiments, each 7% in each
n unit is independently selected from CR' or NR?. In some embodiments, each Z° in ecach n’ unit is
independently sclected from CR' or NR”. In some embodiments, each Z* in cach n° unit is independently
selected from CR' or NR®. In some embodiments, cach Z° in each n® unit is independently selected from
CR' or NR”. In some embodiments, each Z° in cach n'’ unit is independently selected from CR’ or NR”. In
some embodiments, R'is H, CH;, or OH. In some embodiments, R? is H or CH,,

{001 10] In some embodiments, the first terminus has the structure of Formula (A-9):

4 / 7/
N O N O O N O N O
o H i i1 H T s i
HNAQ—‘*NQ%_NUN‘@—LN i

or a salt thereof, wherein:
W 1s a spacer; and
E is an end subunit which comprises a motety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor; and
1 1s an integer between 1 and 5.
[00111]In some embodimenis, the first terminus comprises a polvamide having the structore of formula (A-

10)

Y / \S \
‘fw1@kﬂ/€2\£@?

1 (A-10)

wherein:

cach YL Y. Y are mdependently CRLN,NRL O, 01 S,

each 7', 7*. 7’ are independently CR' N, NR> O, or §;

each W' and W? are independently a bond, NH, a C, alkylene, -NH-C) alkylene, -
N{CH;)-Cos alkvlene, ~-C(0)-, -C{0O)-Ci0alkylene, or -0-Cy alkylene; and

nis an integer between 2 and 11;
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cach R' is independently selected from the group consisting of H, COH, COOH, halogen, NO, N-

acetyl, benzyl,Cys alkyl, Cyi alkoxyl, Cigalkenyl, Cigalkynyl, Ci4alkylamime, -C{(O)NH-(CH;)1.4-

C{OYNH «(CH,);.4-NR*R";

cach R* and R® are independently hydrogen or C 4 alkyl; and

each R is independently selected from the group consisting of H, C s alkyl, and Cis

alkoxyl.

{00112} In some embodiments, cach R'is independently H, -OH, halogen, C,; alkyl, C;4 alkoxyl; and each
R’ is independently H, Cy4 alkyl or Cyealkylamine.
[00113]In some embodiments, R' in formula A-7 to A-8 is independently sclected from H, OH, C ., alkyl,
halogen, and Cyalkoxyl. In some embodiments, R! in formula A-7 to A-8 is sclected from H, OH. halogen,
Ci alkyl, NGQ,, CN, NR'R", Cy; haloalkyl, -Cis alkoxyl, Ci¢ haloalkoxy, (Ci alkoxy)Cis alkyl, Ca
palkenyl, C, oalkynyl, Cs;carbocyelyl, 4-10 membered heterocyclyl, Cqearyl, 5-10 membered heteroaryl, -
{CscarbocyclyDCrsalkyl, (4-10 membered heterocyclviCsalkyl, (CoparyDCoealkyl, (CoparyDCsalkoxy,
(5-1¢ membered heteroaryDCalkyl, «(Cicarbocyelylh-amine, (4-10 membered heterocyelyDamine, (Ce.
warvhamine, (5-1¢ membered hetercarylhamine, acvl, C-carboxy, G-carboxy, C-amide, N-amido, S-
sulfonamido, N-sulfonamido, -SR , COOH, or CONR'R": wherein each R’ and R” are independently H, Cip0
alkyl, Cy g haloallyl, -Cy 0 alkoxyl In some embodiments, In some embodiments, Rin formula A7 to A-8
is selected from O, S, and N or a C;; alkviene, and the heteroaryiene or the a Ci4 alkylene is optionally
substituted with 1-3 substituents selected from OH, halogen, €y alkyl, NO,, N, NR'R", Cy 4 haloalkyl, -
Cis alkoxyl, Cy4 haloalkoxy, Cs, carbocyclyl, 4-10 membered heterocyclyl, Cyparyl, 5-10 membered
heteroarvi, -SSR, COOH, or CONR'R"; wherein cach R’ and R” are independently H, Cy.0 alkvl, Cipg
haloalkyl, -C;_jp alkoxyl
{00114] For the chemical formula A-1 to A-9, each E, E; and E, independently are optionally substituted
thiophene-containing moilety, optionally substituted pyrrole containing moiety, optionally substituted
immidazole containing moiety, and optionally substituted amine. In some embodiments, each E, E; and E,
are independently selected from the group consisting of N-methyvipyrrole, N-methylimidazole,
benzimidazole moiety, and 3-(dimethylamino)propanamidyl, each group optionally substituted by 1-3
substituents selected from the group consisting of H, OH, halogen, Cy alkyl, NG,, CN, NR'R", (4
haloalkyl -Cy, alkoxyl, Cyg haloalkoxy, (€ alkoxy)Cis alkyl, Cogpatkenyl, Gy pallynyl, Cs carbocyclyl
4-10 membered heterocyclyl, Cyparyl, 5-10 membered heteroaryl, amine, acyl, C-carboxy, O-carboxy, C-
amido, N-amido, S-sulfonamido, N-sulfonamido, -SR, COOH, or CONR'R"; wherein cach R’ and R” are
independently H, C, alkyl, Ciy haloalkyl, -Ci alkoxyl In some embodiments, each E; and E,
independently comprises thiophene, benzthiophene, C—C linked benzimidazole/thiophene-containing
motety, or C—C linked hvdroxybenzimidazole/thiophene-containing moiety.
[00115]In some embodiments, cach E, E or E, are independently selected from the group consisting of
isophthalic  acid; phthalic acid;, terephthalic acid;, morpholine; N, N-dimethylbenzamide; N,N-

bis(trifluoromethybenzamide, fluorcbenzene; (triflocromethyhbenzene, unitrobenzene; phenyvl acetate;
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phenyl 2.2 2-trifluorcacetate; phenyl dihvdrogen phosphate; 2H-pyran; 2H-thiopyran; benzoic acid;
isonicotinic acid; and nicotinic acid; wherein one, two or three ring members in any of these end-group
candidates can be independently substituted with C, N, S or O; and where any one, two, three, four or five of
the hydrogens bound o the ring can be substituted with R, wherein Rymay be independently selected for
any substitution from H, OH, halogen, Ci.q alkyl, NO,, NH,, Ci1p haloalkyl, -OCy.p haloalkyl, COOH,
CONR'R”; wherein cach R' and R” are independently H, €y alkyl, €y haloalkyl, -Cy s alkoxyl

{001 16] The DNA recognition or binding molety can include one or more subunits selected from the group

consisting of’

CHg CHy
N N
H / s H \
—%N 'i/ g —%N—é;xz—r—%
S @y C (m, (Thy,
N N’CH3 s—{’CHg
Ho o H
7 \
ANASrE AP
O (), o (w. (Tu),

f O
H (Nh), C  (Fn. (iND),
O
—%Nﬂ%
8 MK g TTNZ o Ry (),

8T e, O (ilm), O (HpBi),

e
2T
NS4

by
pd
el
e ol
i‘i

\\

=

O (ImBi), O (PyBi), H | ¢Dp),
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NHBOC Ot-Bu

S H
NN
]-\>§
NS
ge

[00117]n some embodiments, the first terminus does not have a structure of

Sl sl e %N\/\H*ﬁ -t g0

. and

, wherein Z is H, NH,, C,; allyl or Cy¢ alkyINH,,

{00118]In some embodiments, the first termivus does not contain a polyamide that binds to 3 winucleotide
repeat CGG. In some embodiments, the first terminus does not contain a polyamide that binds to a
tnnucleotide repeat CTG. In some embodiments, the first terminus does not contain a polyamide that binds
to a trinucleotide repeat CCTG.

{00119] The polyamide composed of a pre-sclected combination of subunits can selectively bind o the DNA
m the minor groove. In their hairpin structure, antiparalie] side-by-side pairings of two aromatic amino acids
bind to DNA sequences, with a polyamide ring packed specifically against each DNA bage N-
Methylpyrrole (Py) favors T, A, and C bases, excluding G; N-methylimidazole (Im) 1s a G-reader; and 3-
hydroxyl-N-methylpyrrol (Hp) is specific for thymine base. The nucleotide base pairs can be recognized
using different pairings of the amino acid subunits using the paring principle shown in Table 1A and 1B
below. For example, an [ny/Py patving reads G-C by sviemetry, a Pyv/Im pairing reads C-G, an Hp/Py pauring
can distinguish T-A from AT, G-C, and C-G, and a Py/Py pairing nonspecifically discriminates both AT
and T'Afrom GCand C-G.

{00120} In some embodiments, the first terminus comprises Im corresponding 1o the nucleotide G, Py or §
corresponding to the nucleotide pair C; Py or B corresponding to the nucleotide A, Py, B, or Hp
corresponding to the nucleotide T, and wherein Im is N-methyl imidazole, Py is N-methyl pyrrole, Hpis 3 -
hydroxy N-methyl pyrrole, and P-alanine. In some embodiments, the first terminus comprises Im/Py to
correspond to the nucleotide pair G/C, Py/Im to correspond to the nucleotide pair C/G, Py/Py to correspond
io the nucleotide pair A/T, Py/Py to correspond to the nucleotide pair T/A, Hp/Py to correspond to the
nucleotide pair T/A, and wherein b 1s N-methyl imidazole, Py is N-methyl pyrrole, and Hp is 3 -hydroxy

N~ methyl pyrrole.

Table 1A. Base paring for single amine acid subunit (Favored (+), disfavored (-))

Subunit G C A T
Py - + +
Im + - -
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Ci + -
H
~§N /S\ a
O (CTh
H Q )

%N

NHBoc (Tiab)

WW* (bind to two nucleotides with same selectivity as Hp-

Py}

WW* (bind to two nucleotides with same selectivity as Py-

Py)

GW* (bind to two nucleotides with same selectivity as Im-

Py)

*The subunit HpBi, ImBi, and PyBi function as a conjugate of two monomer subunits and bind to two
nucleotides. The binding property of HpBiy ImBi and PvBi corresponds to Hp-Py, Im-Py, and Py-Py

respectively.

Table 1B. Base paring for hairpin polyamide

GC C-G TA AT
/B + - - -
B/im - + - R
Py/ B - - + +
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p/Py

prp

Pyv/Py

In/Im

Im/Py

Py/Im

Th/Py

Py /Th

Th/Im

Im/Th

B/Th

Thip

Hp/Py,

Py/Hp,

Hp/Im

Im/Hp

Tn/Py

Py/Tn,

HUPy,

Py/HL,

Bi/Py,

Py/Bi,

B/B1

Bi/B

Bi/Im,

Tov/Bi,

Tp/Py,

Py/Tp,

B/Tp

Tp/B

Tp/Im,

Im/Tp

Tp/Tp

Tp/Tn

Tn/Tp

Hz/Py,

8.
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Pv/Hz, - - - +
Ip/Py + - - N
Py/lp, - + - -
Bi/Hz, - - + T
Hz/Bi, - - +
Bi/Bi - + +
Th/Py, - - + I
Py/Th - - + +
Im/gAB + - - -
gAB/Im - + - -
Py/ gAB + - N N
gAB/Py - + - -
gAB/§ - - + +
B/gAB - - + +
Im/Dp + - - -
Dp/lm - + - -
Py/ Dp - - + n
Dp/Py - - +
Dp/p - - + n
Each of HpRi, ImBi, and PyBi can bind to two nucleotides and have binding properties corresponding to
Hp-Py, Im-Py, and Pyv-Py respectively. HpBi, ImBi, and PyBi can be paired with two monomer subuniis
or with themselves in a hairpin structure to bind to two nucleotide pairs.

{00121] The monomer subunits of the polyamide can be strung together based on the paring principles
shown in Table 1A and Table 1B. The monomer subunits of the polyamide can be strung together based on
the paring principles shown in Table 1C and Table 1D

[00122] Table 1C shows an example of the monomer subunits that can bind to the specific nucleotide. The
first terminus can include a polyamide described having four monomer subunits stung together, with a
monomer subunit selected from each row. For example, the polvamide can include Py-Im-Im-B-Im that
binds to TGGAA, with Py selected from the first T column, Im from the G column, Im from the second G
column, P from the A column, and Im from the A column. The polyamide can be any combinations of the
five subunits, with a subunit from the first T column, a subunit from the G column, a subunit from the
second G column, and a subunit from the A column, and a subunit from the second A column, wherein the
five subunits arc strung together following the TGGAA order. In another example, the polyamide can
include Py-Im-Im-B-Py-B-Im-Im that binds to TGGAATGG, with Py selected from the first T column, Im
from the G column, Im from the second G columan, P from the A colummn, Py from the second A column,

from the T columm, Im from the first G column, and Im from the second G column.
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[00123]In addition, the polyamide can also include a partial or multiple sets of the five subunits, such as 1.5,
2,2.5,.3,3.5, or 4 sets of the four subunits. The polyamide can include 3, 4, 5, 6,7, 8,9, 10, 12, 14, and 16
monomer subunits. The multiple sets can be joined together by W. In addition to the five subunits or ten
subunits, the polvamide can also include 1-4 additional subunits that can link multiple sets of the five
subunits.

[00124] The polyamide can mnclude monomer subunits that bind to 2, 3, 4, or 5 nucleotides of TGGAA. For
example, the polyvamide can bind to TG, GG, GA, AA, AT, TGG, GGA, GAA, AAT, ATG, TGGA, GGAA,
or TGGAA. The polyamide can include monomer subunits that bind to 6, 7, & 9, or 10 nuclectides of
TGGAA repeat. For example, the polyamide can bind to TGGAAT, GGAATG, GAATGG, AATGGA,
ATGGAA, TGGAATG, GGAATGG GAATGGA, AATGGAA, ATGGAAT, TGGAATGG,
GGAATGGA, GAATGGAA, AATGGAAT, ATGGAATG, TGGAATGGA, GGAATGGAA,
GAATGGAAT, AATGGAATG, ATGGAATGG, or TGGATGGAA. The nucieotides can be joined by W.
[00125] The monomer subunif, when positioned as a terminal unit, does not have an amine or a carboxylic
acid group at the terminal The amine or carboxylic acid group in the terminal is replaced by a hydrogen. For

CHa

4
g
example, Py, when used as a terminal unit, is understood to have the structure of ; and Im,
c
N
H
L )
N . I addition, when

NG

Ha

when positioned as a terminal unit, is understood to have the structure of

Py or Im 1s used as a terminal unit, Py and Im can be respectively replaced by PyT and JmT

CHis
g

W2

[00126] The linear polvamide can have nonlimiting examples including but not limited to Py-Im-Im-p-Py, B-
Im-Im-Py-Py, Py-Im-Im-Py-§, Py-bn-Im-B-Py-B-Im-Im-p-Py-Py, Py-Im-Im-B-Py-B-bm-Im-B-Py, Py-Im-Im-
B-Py-B-Im-Im-Py, Py-Im-Im-B-Py-B-Im-Im, Py-Im-Im-B-Py-Py-Im-Im, Fm-Im-B-Py--Im-Im-$-Py-Py, Im-
I3e-B-Py-B-Im-Im-B-Py, o-In-B-Py-B-im-Im-Py, Iw-Io-B-Py-B-io-Im, and Im-Ioe-B-Py-Py-Im-Im. In
some embodiments, the poelvamide can be selected from Py-hn-Im-f-Py-f-Im-lin-B-Py-Py, Py-lm-Im-p-Py-
B-Im-Im-8-Py, Py-Im-Im-B-Py-p-Im-Im-Py, Py-Im-Im-B-Py-B-Im-Im, Py-Im-Im-B-Py-Py-Im-Im, Im-Im-B-
Py-p-Im-Im-3-Py-Py, Im-Im-B-Py-B-Im-lm-f-Py, Im-Im-B-Py-f-Im-Im-Py, Im-Im-p-Py-P-lm-Im, Im-im-p-

Py-Py-Im-Im, and combinations thereof.

Table 1C Examples of monomer subunits in a hnear polyamide that binds to TGGAA.

Nucleotide T G G A A

Subunit that 8 Im or fmT Im or fmT Py Py
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selectively binds to

nucleotide Py ilm or ilmT tim or dmT Th Th
Hp PEG PEG Pz Pz
Th CTh CTh Tp Tp
Pz Nt Nt PEG PEG
Tp iPTA iPTA B p
Ht Ip Ip iPP iPP
CTh BP3 BP3 Da Da
PEG CTh CTh Dp Dp
Hz Dab Dab
Bi gAH gAH
Da
Dp
iPP
Dab
gAH

{60127 The DNA-binding moiety can also include 3 hairpin polyamide having subunits that are strung
together based on the pairing principle shown in Table 1B. Table 1D shows some examples of the monomer
subunit pairs that selectively bind to the nuocleotide patr. The hairpin polyamide can include 2n monomer
subunits (n is an integer in the range of 2-8), and the polyanmide also includes a W in the center of the 2n
monomer subunits. W can be -(CHy)a-NR'-(CH)b-. «(CH,)a-, (CHy)a-0-(CH)b-, «CHa-CHINHR"-, -
(CH,)a-CH(NHR Y-, (CR'RMa-or (CHya-CH(NR ;)Y «(CH,)b-, wherein each a is independently an integer
between 2 and 4; R’ is H, an optionally substituted Cy alkyl. an optionally substituted Cs_io cycloalkyl, an
opticnally substituted Cq o aryl, an optionally substituted 4-10 membered heterocyclyl, or an optionally
substituted 5-10 membered heteroaryl; each R? and R’ are independently H, halogen, OH, NHAc, or Cyy
alky. In some embodiments, V is «{CH)-CHINH.)'-(CH,)- or -«(CH)-CH,CH(NHy)'-. In some
embodiments, R' is H. In some embodiments, R’ is Cy alkyl optionally substituted by 1-3 substituents
selected from -C(O)-phenyl. In some embodiments, W is «(CR'RH-(CHya- or ~(CHa-(CR'RH«(CH)y-,
wherein each a is independently 1-3. b is 0-3, and cach R” and R are independently H, halogen, OH. NHAc,
or Ciyalky. W can be an aliphatic amino acid residue shown in Table 4 such as gAB.

[00128] When n is 2, the polyamide includes 4 monomer subunits, and the polvamide also includes a W
joining the first set of two subunits with the second set of two subunits, Q1-Q2-W-(Q3-0Q4, and Q1/0Q4
correspond to a first nucleotide pair on the DNA double strand, Q2/Q3 correspond to a second nucleotide
patr, and the first and the second nucleotide pair is a part of the TGGAA repeat. When n is 3, the polyamide
includes 6 monomer subunis, and the polyamide also includes a W joining the first set of three subunits

with the second set of three subunits, Q1-Q2-Q3-W-(Q4-W-0Q5-Q6, and Q1/Q6 correspond to a first
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nucleotide pair on the DNA double strand, Q2/Q5 correspond to a second nucleotide parr, Q3/Q4 correspond
to g third nuclectide pair, and the first and the second nucleotide pair is a part of the A repeat. When n is 4,
the polyamide includes 8 monomer subunits, and the pelyamide also includes a W jomming the first set of
four subunits with the second set of four subunits, Q1-0Q2-Q3-Q4-W-(Q3-Q6-0Q7-Q8, and Q1/38 correspond
to a first nucleotide pair on the DNA double strand, Q2/Q7 correspond to a second nucleotide pair, Q3/0Q6
correspond to a third nucleotide pair, and Q4/Q5 correspond to a fourth nuclectide pair on the DNA double
strand. When n is 5, the polyamide includes 10 monomer subunits, and the polyamide also includes a W
joining a first set of five subunits with a second set of five subunits, Q1-Q2-0Q3-0Q4-Q5-W-Q6-Q7-(J8-Q9-
Q10, and QL/Q10, Q2/Q9, Q3/Q8, Q4/Q7, Q5/0Q6 respectively correspond to the first to the fifth nucleotide
pair on the DNA double strand. When n 13 6, the polyamide includes 12 monomer subunits, and the
polyamide also includes a W joining a first set of six subunits with a sccond set of six subunits, Q1-Q2-Q3-
Q4-0Q5-06-W- Q7-08-Q9-Q10-011-012, and Q1/Q12, Q2/Q11. Q3/Q10. Q4/Q9, Q5/Q8, Q6/Q7
respectively correspond 1o the first 1o the six nucleotide pair on the DNA double strand. When n s 8, the
polvamide includes 16 monomer subunits, and the polyamide also includes a W joining a first set of eight
subunits with a sccond set of cight subunits, Q1-0Q2-Q3-Q4-Q5-Q6-Q7-Q8-W-(Q9-Q10-Q11-Q12-Q13-Q14-
(13-Ql6, and QU/QY6, Q/GQLS, Q3/Q14, Q4/Q13, Q3/Q12, Q6/Q11, §7/Q10, and Q8/Q9 respectively
correspond to the first to the eight nucleotide pair on the DNA double strand. When 1 18 9, the polvamide
includes 18 monomer subunits, and the polyamide also ncludes a W joming a first set of e1ght subunits with
a second set of eight subuniis, Q1-Q2-Q3-0Q4-Q5-Q6-07-Q8-Q9-W-Q10-Q11-Q12-Q13-Q14-GQ15-Q16-
Q17-Q18, and Q1/Q18, Q2/Q17, Q3/Q16, Q4/Q135, Q5/Q14, Q6/Q13, Q7/Q12, Q8/Q1L, and Q910
respectively correspond to the first to the eight nucleotide pair on the DNA double strand. When nis 10, the
polvamide includes 20 monomer subunits, and the polyamide also includes a W joining a first set of eight
subunits with a second set of eight subunitg, Q1-Q2-0Q3-0Q4-(Q5-Q6-0Q7-0Q8-Q9-G10-W-Q11-Q12-Q13-Q14-
Q15-Q16-Q17-0Q18-019-020, and QI/Q20, Q2/Q19, QB/QI8, Q4/Q17, Q5/Q16, Q6/Q15, Q7/Q14,
Q8/Q13, Q9/Q12, and Q10/Q11 respectively correspond to the first to the eight nucleotide pair on the DNA
double strand. W can be an aliphatic amino acid residue such as gAB or other appropriate spacers as shown
i Table 4.

Because the target gene can include multiple repeats of TGGAA, the subunits can be strung together to bind
at Ieast two, three, four, five, six, seven, eight, nine,, or ten nucleotides in one or more TGGAA repeat (e.g.,
TGGAATGGAA). For example, the polyamide can bind to the TGGAA repeat by binding to a partial copy,
a full copy, or a multiple repeats of TGGAA such as TG, GG, GA, AA, AT, TGG, GGA, GAA, AAT, ATG,
TGGA, GGAA, or TGGAA, TGGAAT, GGAATG, GAATGG. AATGGA, ATGGAA, TGGAATG,
GGAATGG, GAATGGA, AATGGAA, ATGGAAT, TGGAATGG, GGAATGGA, GAATGGAA,
AATGGAAT, ATGGAATG, TGGAATGGA, GGAATGGAA, GAATGGAAT, AATGGAATG,
ATGGAATGG, or TGGATGGAA. For example, the polyamide can mclude Im-Im-B-Py-Hp-gBA-Pv-Hp-
p-Py-Py that binds to GGAAT and its complementary nucleotides on a double strand DNA, in which the
Imv/Py pair binds to the G-C, the Iin/Py pair binds to G-C, the B/ B pair binds to AT, the Py/Hp binds 10 AT,
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and Hp/Py binds to T-A; and Hp-Im-Im-B-Py-Hp-gBA-Py-Hp-B-Py-Py-Py that binds to TGGAAT and (s
complementary nucleotides on a double strand DNA, 1n which Hp/Py pair binds to T A, Inv/Py pair binds {0
G-C, /Py pair binds to G-C, B/ P pair binds to A-T, Py/Hp pair binds to AT, Hp/Py bindsto T-A. W can
be an aliphatic aming acid residue such as gAB or other appropriate spacers as shown in Table 4.

[00129] Some additional examples of the polvamide include but are not limited to Hp-Im-Im-B-Py-Hp-gBA-
Py-Hp-B-Py-Py-Py, Im-Im-B-Py-Hp-gBA-Py-Hp-R-Py-Py, Im-B-Py-Hp-gBA-Py-Hp-8-Py, Py-Py-Hp-gBA-
Py-Hp-Py.

Table 1D. Examples of monomer pairs in a hairpin polyamide that binds to TGGAA.

Nucleotide TA G-C G-C AT AT
Subunit pairs that Py/ B Im/B Im/p Py/ B Py/ B
sclectively binds to | p/Py Im/Py Im/Py B/Py B/Py
nucleotide B/ B Th/Im Th/Im B/ B B/ B
Py/Py Hp/Im Hp/Im Py/Py Py/Py
Th/Py Im/B1 Im/B1 Py/Th Py/Th
B/Th Im/Tp m/Tp Th/B Th/p
Hp/Py Ip/Py Ip/By Py/Hp, Py/Hp,
Bi/Py Im/gAB Im/gAB Tn/Py Tn/Py
Py/Bi Pv/gAB Py/gAB Py/Tn, Py/Tn,
B/Bi Im/Dp Im/Dp Ht/Py, Hit/Py,
Bi/B Py/Ht, Py/Hi,
Tp/Py Bi/Py, Bi/Py,
Py/Tp Py/Bi, Py/Bi,
B/Tp B/Bi B/Bi
Tp/B Bi/p Bi/B
Tp/Tp Tp/Py. Tp/Py,
Tp/Tn Py/Tp, Py/Tp,
To/Tp B/Tp B/Tp
Hz/Py Tp/B Tp/h
Bi/Hz, Tp/Tp Tp/Tp
Hz/Bi, Tp/Tn Tp/Tn
Bi/B1 Tn/Tp To/Tp
Th/Py, Py/Hz, Py/Hz,
Py/Th Bi/Hz, Bi/Hz,
gAB/ B Hz/Bi, Ha/Bi,
B/gAB B/Bi Bi/Bi
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Py/ Dp Th/Py, Th/Py,
Dp/Py Py/Th Py/Th
Dp/B gAB/ B gAB/f
B/Dp B/gAB B/gAB
Py/ Dp Py/ Dp
Dp/Py Dp/Py
Dyp/B Dyp/B

Second Terminus ~Regulatory protein binding moiety

[00130]In certain embodiments, the regulatory molecule is chosen from a nucleosome remodeling factor
(NURF), a bromodomain PHD finger transcription factor (BPTFE), a ten-eleven translocation enzyme (TET),
methylcytosine dioxygenase (TET1), a DNA demethylase, a helicase, an acetyltransferase, and a histone
deacetylase ("HDAC™).

{00131] The binding affinity between the regulatory protein and the sccond terminus can be adjusted based
on the composition of the molecule or type of protein. In some embodiments, the second terminus binds the
regulatory molecule with an affinity of less than about 600 nM, about 500 nM, about 400 nM, about 300
aM, about 250 oM, about 200 nM, about 150 nM, about 100 nM, or about 50nM. In some embodiments, the
second terminus binds the regulatory molecule with an affinity of less than about 360 nsM. In some
embodiments, the second terminus binds the regulatory molecule with an affinity of less than about 200 nM.
In some embodiments, the polyamide is capable of binding the DNA with an affinity of greater than about
200 oM, about 150 nM, about 100 oM, about 50 nM, about 10 nM, or about 1 nM. In some embodiments,
the polyamide is capable of binding the DNA with an affinity in the range of about 1-600 nM, 10-500 M,
20-500 nM, 50-400 nM, 100-300 nM, or 50-200 nM.

{00132] In some embodiments, the sccond terminus comprises one or more optionally substituted Ceqarvl,
optionally substituted Cy 0 carbocyclic, optionally substituted 4 to 10 membered heterocychic, or optionally
substituted 5 to 10 membered hetercaryl

[00133]In some embodiments, the protein-binding moiety binds to the regulatory molecule that 1s selected
from the group consisting of a CREB binding protein (CBP), a P300, an O-linked B-N-acetylglucosamine-
transferase- (OGT-), a P300-CBP-associated-factor- (PCAF-), histone methyltransferase, histone
demethylase, chromodomain, a cyclin-dependent-kinase-9- (CDK9-), a nucleosome-remodeling-factor-
(NURF-), a bromodomain-PHD-finger-transcription-factor- (BPTF-), a ten-eleven-translocation-enzyme-
(TET-), a methyleviosine-dioxygenase- (TETL-), histone acetyliransferase (HAT), a histone deacetalyse
(HDAC), , a host-cell-factor-1(HCF1-), an octamer-binding-transcription-factor- (OCT1-), a P-TEFb-, a
cyclin-T1-, a PRC2-, a DNA-demethylase, a helicase, an acetyltransferase, a histone-deacetylase, methylated
histone Ivsine protein.

{01341 s some embodiments, the second terminus corpprises 3 moiety that binds to an O-linked B-N-

acetylghicosamine-transferase(OGT), or CREB binding protein (CBP). In some embodiments, the protein

34~
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binding motety is a residue of a compound that binds to an O-linked B-N-acetylglucosamine-
transferase(3GT), or CREB binding protein (CBP).

[00135] The protem binding moiety can include a residue of a compound that binds to a regulatory protein.
In some embodiments, the protein binding moiety can be a residue of 3 compound shown m Table 2.
Exemplary residues include, but are not limited to, amides, carboxylic acid esters, thioestcrs, primary
amines, and secondary amines of any of the compounds shown in Table 2.

Table 2. A list of compounds that bind to regulatory proteins.

Target protein | Compound
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[00136]In certain embodiments, the regulatory molecule is not a bromodomain-containing protein chosen
from BRD2, BRD3, BRD4, and BRDT.

[00137]In certain embodiments, the regulatory molecule 1s BRD4. In certain embodiments, the recruiting
moiety is a BRD4 activator. In certain embodiments, the BRD4 activator is chosen from JQ-1, OTX015,

RVX208 acid, and RVX208 hydroxyl.

N
s AN s\
= = MeC
=
Jo1 o OTX015 n Sate & RVX 208

[00138]n certain embodiments, the regulatory molecule is BPTF. In certain embodiments, the recruiting

moiety 18 a BPTF activator. In certain embodiments, the BPTF activator is AU1.
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{00139 In certain embodiments, the regulatory molecule is histone acetyliransferase ("HAT”). In certain
embodiments, the recruiting moiety i1s a HAT activator. In certain embodiments, the HAT activator is a
oxopiperazine helix mimetic OHM. In certain embodiments, the HAT activator is selected from OHMI,
OHM?2, OHMS3, and OHM4 (BB Lac et al, PNAS USA 2014, 111(21), 7331-7536). In certain
embodiments, the HAT activator is OHM4.

o rd OHM2: R = iBu; R? = i-Bu; R? = Me; R? =Me.

[\/N\_/'LN?K}&O o OHM3: R' = -Bu; RZ = Me; R® = Me; R* = CH,CH,CONH,.

R? l\/N\,/J\i\n—i OHM4: R'= Me; R®= Me; R® = Me; R* = Me.
2

1
iﬁ OHM1: RY = i-Bu; R? = -Bu; R? = Me; R? = CH,CH,CONH,.

{00140}In certain embodiments, the regulatory molecule is histone deacetylase ("HDAC™). In certain
embodiments, the recruiting moiety 1s an HDAC activator. In certain embodiments, the HDAC activator 1s

chosen from SAHA and 109 {Soragni E Front. Neurol, 2615, 6, 44, and references therein),

{00141 ]I certain embodimends, the regulatory molecule is histone deacetviase ("HDACT). In certain
embodiments, the recruiting moiety 1s an HDAC inhibitor. In certain embodiments, the HDAC inhibitor 1s
an inositol phosphate.

[00142]In certain embodiments, the regulatory molecules is O-linked P-N-acetylglucosamine transferase
("OGT"). In certain embodiments, the recruiting moiety is an OGT activator. In certain embodiments, the
OGT activator 1s chosen from ST045849, ST0O78925, and ST060266 (Itkonen HM, “Inhibition of O-GlcNA¢

iransferase activity reprograms prostate cancer cell metabolism™, Oncotarget 2016, 7(11), 12464-12476).

87045849

ST0B0266 Q
ol R

i\?—o

ST078925
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[00143]In certain embodiments, the regulatory molecule 1 chosen from host cell factor 1 ("HCF1”) and
octamer binding franscription factor (FOCTI™). In certain embodiments, the recruiting moiety is chosen
from an HCF1 activator and an OCT! activator. In certain embodiments, the reennting moiety is chosen
from VP16 and VP64,

[00144]In ceortain embodiments, the regulatory molecule is chosen from CBP and P300. In certain
embodiments, the recruiting moiety 1s chosen from a CBP activator and a P300 activator. In certain

embodiments, the recrutting moiety 1s CTPB.

cFs

Cl / |
i

CTPB
n-CigHay

[00145]In certain embodiments, the regulatory molecule is P300/CBP-associated factor ("PCAF”). In
certain embodiments, the recruiting moiety is a PCAF activator. In certain embodiments, the PCAF activator

is embelin.

belin
em OH

HO n—Cﬂ H23
O

[00146] In certain embodiments, the regulatory molecule modulates the rearrangement of histones.

[00147]1In certain embodiments, the regulatory molecule modulates the glycosylation, phosphorylation,
alkvlation, or acylation of histones.

[00148] In certain embodiments, the regulatory molecule 1s a transcription factor.

{00149 In certain embodiments, the regulatory molecule is an RINA polymerase.

[00150]In certain embodiments, the regulatory molecule is a moiety that regulates the activity of RNA
polymerase.

00151} In certain embodiments, the regulatory molecule interacts with TATA binding protein.

00152} In certain embodiments, the regulatory molecule interacts with transcription factor 11 D.

(0154} In certain embodiments, the regulatory molecule 18 P-TEFD.

|

[0

{00153] In certain embodiments, the regulatory molecule comprises a CDKS subunit.

{00134

[00155]In certain embodiments, X binds to the regulatory molecule but docs not inhibit the activity of the
regulatory molecule. In certain embodiments, X binds to the regulatory molecule and inhibits the activity of
the regulatory molecule. In certain embodiments, X binds to the regulatory molecule and increases the
activity of the regulatory molecule.

[00156]In certain embodiments, X binds to the active site of the regulatory molecule. In certain

embodiments, X binds to a regulatory site of the regulatory molecule.
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[00157]In certatn embodunents, the recruiting moiety 18 chosen from a CDK-9 inhibitor, a cyclin T1
inhibitor, and a PRC2 inhibitor.

[00158]In certain embodiments, the recruiting moiety is a CDK-9 mhibitor. In certain embodiments, the
CDK-9 inhibitor is chosen from flavopiridol, CRE, mdiubin-3-monoxime, a 35-fluoro-N2 N4-
diphenylpyrimidine-2,4-diamine, a 4-(thiazol-3-vl)-2-(phenylamino)pyrimidine, TG02, CDKI-73, a 2.4,5-
irisubstited pyrimidine derivatives, LCDO00067, Wogonmn, BAY-1000394 (Roniciclib), AZD5438, and
DRB (F Morales ¢t al. “Overview of CDKY as a target in cancer research”, Cell Cyele 2016, 15(4), 519-327,

and references therein).

i
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H HOAQA 7

AZD5438 HO OH
[00159]In certain embodiments, the regulatory molecule is a histone demethylase. In certain embodiments,
the histone demethylase is a lysine demethylase. In certain embodiments, the lysine demethylase 1s KDMSEB.
In certain embodiments, the recruiting moiety is 3 KDM3B mhibitor. In certain embodiments, the KDM3B
inhibitor is AS-8331 (N. Cac, Y. Huang, J. Zheng,ct al., “Conversion of human fibroblasts into functional

cardiomyocytes by small molecules”, Science 2016, 352(6290),1216-1220, and references therein.)
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[00160]1In certain embodiments, the regulatory molecule is the complex between the histone lysine
methyltransferases ("HKMT”) GLP and GO9A ("GLP/GYA™). In certain embodiments, the recruiting moiety
is a GLP/GSA inhibitor. In certain embodiments, the GLP/GY9A mhibitor 1s BIX-01294 (Chang Y,
“Structural basis for (9a-ike protein lvsine methvliransferase inhibition by BIX-012947, Nature Struct.

Aol. Biol 2009, 16, 312-317, and references therein).

BIX-01294 /Q /\‘
HN

[00161]In certain embodiments, the regulatory molecule is a DNA methyltransferase ("DNMT”). In certain
embodiments, the regulatory moiety is DNMT1. In certain embodiments, the recruiting moiety is a DNMT1
inhibitor. In certain embodiments, the DNMT1 mhibitor is chosen from RGI08 and the RGI08 analogues
1149, T1, and G6. (B Zhu et al. Bioorg Med Chem 2015, 23(12), 2917-2927 and references therein).

RG108 1149
NH
o o ://J\&/
N COOH N~ cooH
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Q COOMe &ACOGMe

O

{00162]1 I certain embodiments, the recruiting moiety is a PRCI inbibitor. In certain emsboduments, the
PRC1 mhibitor is chosen from UNC4991, UNC3866, and UNC3567 (3 Stuckey et al. Nature Chem Biol
2016, 12(3), 180-187 and refercnces thercin; KD Barnash et al. ACS Chem. Biol 2016, 11(9), 2475-2483,

and references therein).
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[00163]In certain embodiments, the recruiting moiety 1s a PRC2 inhibitor. In certain embodiments, the
PRC2 inhibitor is chosen from A-395, MS37452, MAK683, DZNep, EPZ005687, EIl, GSK126, and
UNC1999 (Konze KD ACS Chem Biol 2013, 8(6), 1324-1334, and references therein).

O
N o
o]
O\IJI\N
A-395 '
MS37452
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MAKSBS3

GSK128 UNC1{988

[00164] In certain embodiments, the recruiting moiety is rohitokine or a derivative of rohitukine.
[00165]In certain embodiments, the recruiting moiety 1s DB0B045 or a derivative of DB08043.

OH

DB08045

0”7 " NH,

[00166] In certain embodiments, the recruiting moiety 18 A-395 or a denvative of A-395,

[00167]In certain embodiments, the regulatory molecule is chosen from a bromodomam-containing protein,
a nucleosome remodehng factor (NURF), a bromodomain PHD finger transcription factor (BPTF), a ten-
cleven translocation enzyme (TET), methylcytosme dioxvgenase (TETI), a DNA demethylase, a helicase,
an acetyltransferase, and a histone deacetylase ("HDAC™).

{001 68] In certain embodiments, the regulatory molecule is 3 bromodomain-containing protein chosen from

BRD2, BRD3, BRD4, and BRDT.
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[00169]In certain embodiments, the regulatory molecule 18 BRD4. In certain embodiments, the recruiting
moicty is a BRD4 activator. In certain embodiments, the BRD4 activator is chosen from JQ-1, OTX013,

RVX203 acid, and RVX208 hydroxyl.

RvX 208

OTX015 o1 OMe O

[00170]In certain embodiments, the regulatory molecule 1s BPTF. In certain embodiments, the recruiting
motety is a BPTF activator. In certain embodiments, the BPTF activator is AUL.

O

o o
. —nH
N _N &NH
e Z
o'ty
. N AU1

[00171]In certain embodiments, the regulatory molecule is histone acetyltransferase CHAT™). In certain

embodiments, the recruiting moiety is a HAT activator. In certain embodiments, the HAT activator s a
oxopiperazine helix numetic OHM. In certain embodiments, the HAT activator 1s selected from OHMI,
OHM?Z, OHM3, and OHM4 (BB Lao et al, PNAS USA 2014, 111221, 7531-7536). In certam
embodiments, the HAT activator is OHM4.

1
R OHM1: R! = i-Bu; R? = -Bu; R® = Me; R? = CH,CH,CONH,.
0
HN*’? o R OHM2: R = i-Bu; R? = i-Bu; R® = Me; R* =Ma,

L\/N\_/LN)\%} o OHM3: R' = iBu; R® = Me; R® = Me; R* = CH,CH,CONH,.

R? N OHM4: R'= Me; R?= Me; R® = Me; R* = Me.
[\/ \//l\NHz

@4

{0017211n certain cmbodiments, the regulatory wolecule is hisione deacetylase ("HDAC”) In certain
embodiments, the recruiting moiety 1s an HDAC activator. In certain embodiments, the HDAC activator is

chosen from SAHA and 109 (Soragni E Front. Neurol. 2015, 6, 44, and references therein).
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[00173]In certain embodiments, the regulatory molecule is histone deacetylase ("HDAC™). In certam
embodiments, the recruiting moiety is an HDAC inhibitor. In certain embodiments, the HDAC inhibitor is
an inositol phosphate.

{00174]1In certain embodiments, the regulatory molecules is O-linked B-N-acetyiglucosamine iransferase
(“OGT”). In certain embodiments, the recruiting moicty is an OGT activator. In certain embodiments, the
OGT activator 18 chosen from 5T045849, ST078925, and ST060266 (Ithonen HM, “Inhibition of O-GlcNAc

transferase activity reprogrars prostate cancer cell metabolism™, Oncotarget 2016, 7(11), 12464-12476).

57045849

S$T060266 Q
O
\‘:}_

G

Gl N
=N
8ST078825 _— S o

{00175] In certain erobodiments, the regulatory molecule is chosen from host cell factor 1 ("HCFI) and

octamer binding transcription factor ("OCT!”). In certain embodiments, the recruiting moiety is chosen
from an HCF1 activator and an OCTI activator. In certain embodiments, the recruiting moiety is chosen
from VP16 and VP64,

[00176]In certain embodiments, the regulatory molecule 1s chosen from CBP and P300. In certain
embodiments, the recruiting moiety is chosen from a CBP activator and a P300 activator. In certain

embodiments, the recruiting moiety 1s CTPB.

[00177]n certain embodinents, the regulatory molecule 15 P300/CBP-associated factor ("PCAF). In

certain embodiments, the recruiting moiety is a PCAF activator. In certain embodiments, the PCAF activator

1s embelin.

O

embelin

{001 78] In certain embodiments, the regulatory molecule modulates the rearrangement of histones,
{00179]In certain embodiments, the regulatorv molecule modulates the glycosylation, phosphorylation,

alkylation, or acylation of histones.
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[00180] In certain embodiments, the regulatory molecule is a transcription factor.

{00181 In certain embodiments, the regulatory molecule is an RINA polymerase.

[00182]In certain embodiments, the regulatory molecule is a moiety that regulates the activity of RNA
polymerase.

[00183]In certain embodiments, the regulatory molecule mteracts with TATA binding protem.

[00184] In certain embodiments, the regulatory molecule interacts with transcription factor 1 D

{00185] In certain embodiments, the regulatory molecule comprises a CDKS subunit.

[00186] In certain embodiments, the regulatory molecule is P-TEFb.

{00187} In certain embodiments, the recruiting moiety binds to the regulatory molecule but does not inhibit
the activity of the regulatory molecule. In certain embodiments, the recruiting moicty binds to the regulatory
molecule and inhibits the activity of the regulatory molecule. In certain embodiments, the recruiting moiety
binds to the regulatory molecule and increases the activity of the regulatory molecule.

[00188]In certain embodiments, the recruiting moiety binds to the active site of the regulatory molecule. In
certain embodiments, the recruiting moiety binds to a regulatory site of the regulatory molecule.

[00189]In certain embodiments, the recruiting moiety is chosen from a CDK-Y inhibitor, a cyclin Tl
inhibitor, and a PRC2 inhibitor.

{00190] In certain cmbodusents, the recruiiing moiety is a CDK-9 inbibitor. In certain embodiments, the
CDK-9 inhibitor 1s chosen from flavopiridol, CR8, indwubin-3-monoxime, a S-fluoro-N2 N4-
diphenylpyrimidine-2 4-diamine. a 4-(thiazol-3-v1)-2-(phenylamino)pyrimidine, TG02, CDKI-73, a 2.4,5-
irtsubstited pyrimidine derivatives, LCD0O00067, Wogonin, BAY-1000394 (Roniciclib), AZD5438, and
DRB (F Morales ¢t al. “Overview of CDKS9 as a target in cancer research”, Cell Cyvele 2016, 15(4), 519-327,

and references therein).

CDKi-73 LCDO00067
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AZD5438 o OH
[00191]In certain embodiments, the regulatory molecule is a histone demethylase. In certain embodiments,
the histone demethylase 15 a lysine demethylase. In certain embodiments, the lysine demethylase is KDMS3B.
In certain embodiments, the recruiting moicty is a KDM3B inhibitor. In certain embodiments, the KDM3B
inhibitor is AS-8351 (N Cao, Y. Huang, J. Zhenget al., “Conversion of human fibroblasts into functional

cardiomyocyies by small molecules™, Seience 2016, 352(6290),1216-1220, and references therein)

Q
AS-B351 M

[00192]In certain embodiments, the regulatory molecule is the complex between the histone lysine
methyiransferases ("HKMT™) GLP and GY9A ("GLP/GOA™). In certain embodiments, the recruiting moiety
is & GLP/GSA mhibitor. In certain embodiments, the GLP/G9A inhibitor 1s BIX-01294 (Chang Y,
“Structural basis for G9-like protem lysine methyliransferase nhibition by BIX-012947, Noture Struct.

Mol Bipl 2009, 16, 312-317, and references therein),

BIX-01294 O/\@
HN =

MeO._ N
MeO™ ‘ N’;\N”\
N\

[00193] In certain embodiments, the regulatory molecule is a DNA methyltransferase ("DNMT?). In certain
embodiments, the regulatory moiety is DNMT1. In certain embodiments, the recruiting moiely is a DNMTI1
inhibitor. In certain embodiments, the DNMTI inhibitor s chosen from RGI08 and the RG108 analogues
1149 T1, and G6. (B Zhu ¢t al. Bioorg Med Chem 2015, 23(12), 2917-2927 and references therein).
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[00194]In certain embodiments, the recruiting moicty is a PRCI inhibitor. In certain embodiments, the
PRI inhibitor is chosen from UNC4991, UNC3866, and UNC3567 (JI Swuckey et al. Nature Chem Biol
2016, 12(3), 180-187 and references therein; KD Barnash et al. ACS Chem. Biol. 2016, 11(9), 2475-2483,

and references therein).

UNC4991 \NJ\

UNC3868
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UNC3567 N

[00195]In certain embodiments, the recruiting moiety 18 a PRCZ inhibitor. In certain embodiments, the
PRC2 imhibitor is chosen from A-395, MS37452, MAKG6R3, DZNep, EPZ005687, Ell, GSK126, and
UNC1999 (Konze KD ACS Chem Biol 2013, 8(6), 1324-1334, and references therein).

™
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GSK128 UNC1898

[00196] In certain embodiments, the recruiting moiety is rohitokine or a derivative of rohitukine.

{00197 In certain embodiments, the recruiting motety 18 DBOB04S5 or a derivative of DBU08043.

<4
‘ T V <l
N, | DB0804S

{00198 In certain embodiments, the recruiting moiety 18 A-393 or a derivative of A-395.

Z5

o~

Oligomeric Backbone and Linker
{00199] The Oligomeric backbone contains 3 linker that connects the first terminus and the second terminus
and brings the regulatory molecule in proximity to the target gene to modulate gene expression.
[00200] The length of the linker depends on the type of regulatory protein and also the target gene. In some
embodiments, the linker has a length of less than about 50 Angstroms. In some embodiments, the linker has
a length of about 20 to 30 Angstroms.
{00261 ] In some embodiments, the linker comprises between 3 and 30 chain atoms,
[00202] In some embodiments, the linker comprises a multimer having 2 to 50 spacing moicties,
wherein the spacing moicty is independently selected from the group consisting of —((CR*RY),-
O)y—, —((CR'R")-NR")y—, —((CR*R"),-CH=CH-(CR*R"),-0),—. optionally substituted -C .1,
alkyl optionally substituted C,_;, alkenyl, optionally substituted C, 4 alkyvayl, optionally substituted
Csqearviene, optionally substituted Cs.; cycloalkylene, optionally substituted 5- to 10-
membered heteroaryvlene, optionally substituted 4- to 10-membered heterocycloalkylene, amino acid
residue, —O—, —C(ONR'—, —NR'C(Q)—, —C(O)—, —NR'— —C(O0——0—, —8—, —
$(0)—, —80,—, —SO,NR'—, —NR'SO,—, and —P(O)OH—, and any combinations thereof’
cach x is independently 1-4;
each vy is independently 1-10; and
each R*and R® are independently selected from hydrogen, optionally substituted alkyl, optionally

substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, optionally

-149-
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substituted amino, carboxyl, carboxyl ester, acyl, acyloxy, acyl amino, amino acyl, optionally
substituted alkvlamide, sulfonyl, optionally substituted thicalkoxy, optionally substituted arvl,
optionally substitited heteroaryl, optionally substituted cycloalkyl, and optionally substituted
heterocvelyl; and

cach R' is independently a hydrogen or an optionally substituted Cy alkyl.

[00203]In some embodiments, the oligomeric backbone comprises (T -V ),«(T2-V)p-(T7-V ) TH-VH=(T°-

Ve

5

wherein a, b, ¢, d and e are each independently O or 1, where thesumofa, b, ¢, dandeis 1
to 5;

T, T2, T°, T and T’ are cach independently selected from optionally substituted (C -
Cyyjalkylene, optionally substituted alkenylene, optionally substituted alkvnylene, (EA}),,
(EDA),, (PEG),, (modified PEG),, (AA),, —(CRl(}H)h—,optionaliy substituted (Cs-C1o)
arvlene, optionally substituted C;. cvcloalkviene, optionally substituted 5- 10 10

membered heteroarviene, optionally substituted 4- to 10-membered heterocycloalkvlene, an

acetal group, a disulfide, a hydrazine, a carbohvdrate, a beta-factam, and an ester,

(@) w 1§ an teger from 1 40 20,
b m is an integer from 1 to 20;
(<) n is an integer from 1 to 30;
(d) p is an integer from 1 to 20;
) b 1s an integer from 1 to 12;

) EA has the following structure

2

)

M

)] where each q is independently an integer from 1 to 6, each x is independently an integer

from 1 to 4, and cach r is independently O or {;

&) (PEG)n has the structure of CR'R*-C R'R*-0),-CR'R’~;
i) (modified PEG), has the structure of (CR'R'CR'=CR'CR'R*-O)-CR'R- or —(CR'R’C

R'R’-8),-CR'R’-;

(m) AA is an amino acid residue;

-150-
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(n) Vi, V2, V7, Viand V7 are each independently selected from the group consisting of a

covalent bond, —CO—, —NR'— —CONR'—, —NR'CO—, —CONR'C alkyl—, —NR'CO-Cyatkyl —

PE3HOH—, and

{0} cach R', R? and R’ arc independently selected from hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, halogen, alkoxy, substituted alkoxy, amino,
substituted amino, carboxyl, carboxyl ester, acyl, acvloxy, acyl amino, amino acyl, alkylamide, substituted
alkylamide, sulfonyl, thicalkoxy, substituted thioalkoxy, aryl, substituted arvl, heteroaryl, substituted
heteroaryl, cycloalkyl, substituted cycloalkyl, heterocvelyl, and substituted heterocyelvlh
{00204] In some embodiments, the a, b, ¢, d and ¢ arc cach independently O or I, where the sum of a. b, ¢, d
and e is 1. In some embodiments, the a, b, ¢, d and ¢ are each independently 0 or 1, where the sumofa, b, c,
d and ¢ is 2. In some embodiments, the a, b, ¢, d and ¢ are each independently 0 or 1, where the sum of a, b,
¢, d and e is 3. In some embodiments, the a, b, ¢, d and ¢ are cach independently 0 or 1, where the sum of a,
b, ¢, d and ¢ is 4. In some embodiments, the a, b, ¢, d and ¢ are cach independently 0 or 1, where the sum of
a b ¢ dandeis s,
[00205] In some embodiments, n is 3-9. In some embodiments, n is 4-8. In some embodiments, nis 5 or 6.
[00206]In some embodiments, T', T°, T°, and T', and T  are cach independently selected from (Cy-
Cipalkyl, substituted (C-Cypalkyl, (EA),, (EDA), (PEG),. (modified PEG),. (AA), —(CR'OH)—,
phenyl, substituted phenyl, piperidin-4-amino (P4A), para-amino-benzyloxyvcarbonyl (PABC), meta-amino-
benzyloxycarbonyl (MABC), para-ammo-benzyloxy (PABO), meta-ammo-benzyloxy (MABO), para-
aminobenzyl, an acetal group, a disulfide, a hydrazine, a carbohydrate, a beta-lactam, an ester. (AA),-

MABC-(AA), (AA)-MABO-(AA), (AA),-PABO-(AA)and (AA),-PABC-(AA), piperidin-4-amino

i T,
N
S 7 \ ;v
N Y :
) .. N, / \
(P4A)ise s R1?

[00207] In some embodiments, TL 7% T8, 7! and T° are each independently selected from (C1-Choalkyl
substituted (C,-Cpalkyl, (EA),. (EDA),, (PEG), (modified PEG), (AA),—(CR'OH),—, optionally
substituted (Cs-Cip) arylene, 4-10 membered heterocycloalkene, optionally substituted 5-10 membered

heteroarylene. In some embodiments, EA has the following structure

Hely
| q
[002] R?

[003] EDA has the following structure:

£ oyt
N |/9
| R

[004] R?
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[00208] In some embodiments, x is 2-3 and qis 1-3 for EA and EDA. In some embodiments, R” is H or C¢
aikyl.

[00209] In some embodiments, T* or T is an optionally substituted (Ce-C o) arylene.

[060210]In some embodiments, T'or T° is phenylene or substituted phenylene. In some embodiments, T or
T is phenylene or phenylene substituted with 1-3 substitucnts selected from -C . afkyl, halogen, OH or
amine. In some embodiments, T or T° is 5-10 membered heteroarviene or substituted heteroarvlene. In
some embodiments, Tor T” is 4-10 membered heterocylcylene or substituted heterocylcylene. In some
embodiments, T'or T° is heteroarylene or heterocvleylene optionally substituted with -3 substituents
sclected from -Cysalkyl halogen, OH or amine.

{00211} In some embodiments, T, 75 T, Thand T and V', V%, V°, Viand V’are sclecied from the

following table:
T V! T v’ T v T v? T Vv
(Cy- conp! (EA), co (PEG), | NRYCO
Cialkyiene
{C- CONRY {(EA) Cco (PEG), | O arylene NRCO | -
Cilalkylene
(Ci- CONR" (EA)y co (PEG), | O Substituted | NR''CO | -
Ciyjalkylene arylene
(Cy- CONRM (EA)y CO (PEG), | O NRYCO | (G- Substituted | NR''CO
Cpalkylene Crojalkyl | arylene
(Cr- CONR'' (EA)W Co (Cy- NRITCOC,. | Substituted | NR"
Cyalkylene Cralkyl | alkyi arylene
(Cy- CONR™ (EA), CO (PEG), | O Substituted | ~--
Ci)alkylene arylene
(PEG), CONR''Cy. | -
salkyl
(EA), CO (Ch- CONRIC | omen
Ciatkyl | salkyl
(C;- CONR" (EA) co PEG), | NR"TCOC,. | -
Cilalkylene salkyl
(EA)y CoO (PEG), 10O phenyl NRITCOC,. | -~
salkyl
(C- CONR'! (PEG), | CO
Cpalkylene
(Cr- CONR™ (EA)W Co (modified | O arylene NRUCO | -
Ci)alkylene PEG),
(PEG)q CONR'
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Mx \
L TN
{00212]11n some embodiments, the linker comprises \<\/\X}? , ) ' or any combinations
thereof, and r is an integer between 1 and 10, preferably between 3 and 7, and X is O, S, or NR'. In somg
embodiments, X is O or NR!. In some embodiments, X is O.
W AP

{00213]1In some embodirents, the linker comprise a \6\/\}(% B , A , Of any
combinations thereof, wherein W’ is absent, (CHa)ys, -(CH) 10, (CHY s COINHACHD -0, (CHyps.
C(ONH«(CHy) s, «(CH2 sNHC(O)-(CH) 150, «(CH) s NHC(O)-(CHa) 5=, E s an optionally substituted
Ce10 arvilene group, optionally substituted 4-10 membered heterocycloalkvlene, or optionally substituted 5-
10 membered heteroarylene; X 1s O, S, or NH; r is an integer between 1 and 10, In some embodiments, X 1s
O. In some embodiments, X is NH. In some embodiments, E’ is a Cs.0arvlene group optionally substituted

with 1-3 substituents selected from -C, ¢ alkvl halogen, OH or amine.

[00214]In some embodiments, E’ is a phenylene or substituted phenylene.

[00216]n some embodiments, the linker comprises —X{(CH,){CH,CH:0),—, wherein X 15 -0—, -NH-, or —

S—, wherein m is 0 or greater and n is at feast 1.

[00217]la some embodiments, the linker comprises Re following the second terminas,
wherein Rc is selected from a bond, —N(R,)—, —O—, and —S—; Rd is selected from —N(R,)—, —O—, and —5—;

and Re 1s independently selected from hydrogen and optionally substituted C 4 alkyl
AY

[00218]In some embodiments, the linker comprises one or more structure sclected from \6\//\0% ,
4/;\/,4\«05,\

' N Cyyy alkyl, arylene, cycloalkylene, heteroarvlene, heterocycloalkylene, — Oy
C(ONR'——C(O)—, —NR'—, —(CH,CH,CH,0),—, —(CH,CH,CH,NR’),— and cach r and y are
mdependently 1-10, wherein each R’ is independently a hydrogen or Ci¢ alkyl. In some embodiments, 1 1s

4-8.

{00219 In some embodiments, the linker comprises \(\O/\% and cach r is independently 3-7. In some
embodiments, r is 4-6.
[00220] In some embodiments, the linker comprises ~N{RMCH) NRCH,) N, wherein R, or Ry, are

independently selected from hydrogen or optionally substituted C1-Cs atkyl
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[00221]1In some embodiments, the linker comprises -(CH, -C{OINR)-(CH,)-N{R*)-(CH,)-NERHY(O)-
(CHy)-CONRY-A-, (CH)-CIONRYCH, CHYO){(CH3-CIOINRY-A-, -COINRNYA(CH2)-NER*)-
(CH)-NRHYCO)-(CH,)-A-, -«(CH,)-O~(CH, CH,O),«(CHy) -NR HTO)-(CH, )y-A-, or -NRHYC(O)-(CH,)-
COINRN(CH,) -O(CH,CH,0),(CHy),-A- wherein R * is methyl, R 'is hydrogen; each y is independently
an integer from 1 to 10; cach q is independently an integer from 2 to 10; each x is independently an integer
from 1 to 10; and each A 1s independently selected from a bond, an optionally substituted Cy.p; alkyl, an
optionally substituted Cs.qg arylene, optionally substituted C;_; cycloalkylene, optionally substituted 5- to 10-
membered heteroarylene, and optionally substituted 4- to 10-membered heterocycloalkylene.

[00222] I some embodiments, the linker is joined with the first terminus with a group selected from —
CO—, —NR'— —CONR'—, —NR'CO—, —CONR'Calkyl—, —NR'CO-C . alkyl — —C(OY0O—, —
OCO)—, —0—, —S—, —S(0)—, —80,—, —SO,NR'—, —NR'SO,—, —P(O)OH—,—((CH,),-0)—,
—({ C,Hg)y—NR])—ﬁ optionally substituted -Ci.15 alkylene, optionally substituted C,.q4 alkenylene, optionally
substituted C, o alkynylene, optionally substituted Cq.yy arylene, optionally substituted Cs.; cycloalkylene,
optionally substituted 5- to 10-membered heteroarylene, and optionally substituted 4- to 10-membered
heterocycloalkylene, wherein cach x is independently I-4. cach v is independently 1-4, and cach R’ is
independently a hydrogen or optionally substituted Cy¢ alkyl

{00223]1 I some embodiments, the Hoker is joined with the first terminus with a group selected from —

[00224] In some embodiments, the linker is joined with sccond terminas with a group selected from —CO—
, —NR'——CONR'—, —NR'CO—, —CONR'Cjalkyl—, —NR'CO-Ciialkkyl — —CO0O—, —
OCO)—, —0—, —S—, —S(0)—, —80,—, —SO,NR'—, —NR'SO,—, —P(O)OH—,—((CH,),-0)—,
—({ C,Hg)y—NR])—ﬁ optionally substituted -Ci.15 alkylene, optionally substituted C,.q4 alkenylene, optionally
substituted C, o alkynylene, optionally substituted Cq.yy arylene, optionally substituted Cs.; cycloalkylene,
optionally substituted 5- to 10-membered heteroarylene, and optionally substituted 4- to 10-membered
heterocycloalkylene, wherein cach x is independently I-4. cach v is independently 1-4, and cach R’ is
independently a hydrogen or optionally substituted C ¢ alkyl.

{00225] In soree embodiments, the linker is joined with second terminus with a group selected from —CO—
, —NR', —CONR'—, —NR'CO—,—(CH,),-0)—, —({(CHy),-NR"y—, -O-, optionally substituted -C,
alkyl, optionally substituted C,; arylene, optionally substituted C;_; cycloalkylene, optionally substituted 5-
io 10-membered heteroarviene, and optionally substituted 4~ to 10-membered heterocycloalkylene, wherein
each x is independently 1-4, each v is independently 1-4, and cach R' is independently a hydrogen or
optionally substituted Cy alkyl.

Cell-penefrating ligand

[00226]In certain embodiments, the compounds comprise a cell-pencirating ligand moicty.

{00227 In certain embodiments, the cell-penctrating ligand moicty is a polypeptide.

[00228] In certain embodiments, the cell-penetrating ligand moiety 1s a polypeptide containing fewer than 30

amino actd residues.
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[00229] In certatn embodiments, the polvpeptide 1s chosen from any one of SEQ ID NO. 1 to SEQ ID NO.
37, inclusive.

[00230] Also provided are embodiments wherein any compound disclosed above, inchiding compounds of
Formulas 1 — VI, are singly, partially, or fully deuterated. Methods for accomplishing deuterium exchange
for hydrogen are known in the art.

[00231] Also provided are embodiments wherein any embodiment above may be combined with any one or
more of these embodiments, provided the combination i1s not mutually exclusive.

[00232] As used herein, two embodiments are “mutually exclusive” when one is defined to be something
which is different than the other. For example, an embodiment wherein two groups combine to form a
cycloalkyl is mutually exclusive with an cmbodiment in which onc group is cthyl the other group is
hydrogen. Stmilarly, an embodiment wherein one group 1s CH, is mutually exclusive with an embodiment
wherein the same group is NH.

Method of Treatment

{00233] The present disclosure also relates o a method of modulating the transcription of bean comprising
the step of contacting bean with a compound as described herein. The cell phenotype, cell proliferation,
transcription of bean, production of mRNA from transcription of bean, translation of bean, change in
biochemical output produced by the protein coded by hean, or noscovalent binding of the protein coded by
bean with a natural binding partner may be monitored. Such methods may be modes of treatment of disease,
biological assays, cellular assays, biochemical assays, or the like.

[00234] Also provided herein is a method of treatment of a discase mediated by transcription of bean
comprising the administration of a therapeutically effective amount of a compound as disclosed herein, or a
salt thereof, to a patient in need thereof.

[00235] Also provided herein is a compound as disclosed herein for use as a medicament.

[00236] Also provided herein s a compound as disclosed herein for use as a medicament for the treatment of
a disease mediated by transcription of bean.

[00237] Also provided 1s the use of a compound as disclosed herein as a medicament.

{00238 Also provided is the use of a compound as disclosed herein as 3 medicament for the treatment of a
disease mediated by transcription of bean.

[06239] Also provided is 3 corspound as disclosed herein for use in the manufacture of a medicament for the
treatment of a disease mediated by transcription of bean.

[00240] Also provided 1s the use of a compound as disclosed herein for the treatment of a discase mediated
by transcription of bean.

[00241] Also provided herein is a method of modulation of transcription of bean comprising contacting bean
with a compound as disclosed herem, or a salt thereof

[00242] Also provided herein is a method for achieving an effect in a patient comprising the administration

of a therapeutically effective amount of a compound as disclosed herein, or a salt thereof, to a patient,
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wherein the effect is chosen from plosis, muscular atrophy. cardiac arthythmia, insulin resistance, and
myotonia.

[00243] Certain compounds of the present disclosure may be effective for treatment of subjects whose
genotype has 5 or more repeats of TGGAA. Certain compounds of the present disclosure may be effective
for treatment of subjects whose genotype has 10 or more repeats of TGGAA. Certain compounds of the
present disclosure may be cffective for treatment of subjects whose genotype has 20 or more repeats of
TGGAA. Certain compounds of the present disclosure may be effective for treatment of subjects whose
genotype has 50 or more repeats of TGGAA. Certain compounds of the present disclosure may be effective
for treatment of subjects whose genotvpe has 100 or more repeats of TGGAA. Certain compounds of the
present disclosure may be effective for treatment of subjects whose genotype has 200 or more repeats of
TGGAA. Certain compounds of the present disclosure may be effective for treatment of subjects whose
genotype has 300 or more repeats of TGGAA.

[00244] The present disclosure also relates to a method of modulating the transcription of bean comprising
the step of comfacting heawn with a compound as described herein. The cell phenotvpe, cell prolderation,
transcription of bean, production of mRNA from transcription of beagn, translation of bean, change in
biochemical output produced by the protein coded by bean, or noncovalent binding of the protein coded by
bean with a natural binding partner may be monutored. Such methods mayv be modes of treatmuent of disease,
biological assays, cellular assays, biochemical assays, or the like.

[00245] Also provided herein 1 a method of treatment of a discase mediated by transcription of bean
comprising the adminisiration of a therapeutically cffective amount of a compound as disclosed herein, or a
salt thereof, to a patient in need thereof

{00246] Also provided herein is a compound as disclosed herein for use as a medicament.

[00247] Also provided herein is a compound as disclosed herein for use as a medicament for the treatment of
a disease mediated by transcription of bean.

[00248] Also provided is the use of a compound as disclosed herein as a medicament.

[00249] Also provided is the use of a compound as disclosed hercin as a medicament for the treatment of a
disease mediated by transcription of bean.

[00250] Also provided is a compound as disclosed herein for use in the manufacture of a medicament for the
treatment of a disease mediated by transcription of bean.

[00251] Also provided is the use of a compound as disclosed herein for the treatment of a disease mediated
by transcription of bean.

{06252] Also provided herein is a method of modulation of transcription of fean comprising contacting bean
with a compound as disclosed herein, or a salt thereof

[00253] Also provided herein is a method for achieving an effect in a patient comprising the administration
of a therapeutically effective amount of a compound as disclosed hercin, or a salt thereof, to a patient,
wherein the effect is chosen from mmproved degeneration of cerebellum, improved speech, improved ability

o coordinate movements when walking, improved reflex response, improved hearing, and improved vision,
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[00254] Also provided herein is a method for achicving an effect in a patient comprising the administration
of a therapeutically effective amount of a compound as disclosed herein, or a sait thercof, to a patient,
wherein the effect is reduced improved degeneration of cerebellum. Also provided herein is a method for
achieving an effect m a patient comprising the admunistration of a therapeutically effective amount of a
compound as disclosed herein, or a salt thereof, to a patient, wherein the effect 1s reduced improved speech.
[00255] Certain compounds of the present disclosure may be cffective for treatment of subjects whose
genotype has 5 or more repeats of TGGAA. Certain compounds of the present disclosure may be effective
for treatment of subjects whose genotype has 10 or more repeats of TGGAA. Certain compounds of the
present disclosure may be effective for treatment of subjects whose genotype has 20 or more repeats of
TGGAA. Certain compounds of the present disclosure may be effective for treatment of subjects whose
genotype has 50 or more repeats of TGGAA. Certain compounds of the present disclosure may be effective
for treatment of subjects whose genotype has 100 or more repeats of TGGAA. Certain compounds of the
present disclosure may be effective for treatment of subjects whose genotype has 200 or more repeats of
TGGAA. Certain compounds of the present disclosure may be effective for treatmuent of subjects whose
genotype has 500 or more repeats of TGGAA.

[002506] Also provided is a method of modulation of a bean-mediated function in a subject comprising the
administration of a therapeutically effective amount of a compound as disclosed herein.

[00257] Also provided s a pharmaceutical composition comprising a compound as disclosed herein, together
with a pharmaceutically acceptable carrier.

[{00258] In certain embodiments, the pharmaceutical composition 1s formulated for oral administration.
[00259]In certain embodiments, the pharmacentical composition 1s formulated for intravenous igjection or
infasion.

[00260] In certain embodiments, the oral pharmaceutical composition is chosen from a tablet and a capsule.
{00261 In certain embodiments, ex vive methods of treatment are provided. £x vive methods typically
include cells, organs, or tissucs removed from the subject. The cells, organs or tissues can, for example, be
incubated with the agent under appropriate conditions. The contacted cells, organs, or tissues are typically
cturned to the donor, placed i a recipient, or stored for future use. Thus, the compound is generally n a
pharmaceutically acceptable carrier.

[00262] In certain embodiments, administration of the pharmaceutical composition modulates expression of
bean within 6 hours of treatment. In certain embodiments, adounistration of the pharmaceutical composition
modulates expression of bean within 24 hours of treatment. In certain embodiments, administration of the
pharmaceutical composition modulates expression of bean within 72 hours of treatment.

[00263]In certain embodiments, administration of the pharmaceutical composition causes a 2-fold mcrease
in expression of bean. In certain embodiments, administration of the pharmaceutical composition causes a 5-
fold increase in cxpression of begn. In certain embodiments, administration of the pharmaceutical
composition causes a 10-fold increase in expression of bean. In certain embodiments, administration of the

pharmaceutical composition causes a 20-fold increase in expression of bean.
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[00264] In certain embodiments, administration of the pharmaceutical composition causes a 20 % decrease
in expression of hean. In certain embodiments, administration of the pharmaceutical composition causes a
50 % decrease in expression of beon. In certain embodiments, admimstration of the pharmaceutical
composition causes a 80 % decrease i expression of beon. In certain embodiments, administration of the
pharmaceutical composition causes a 90 % decrecase in expression of bean. In certain embodiments,
administration of the pharmaceutical composition causes a 95 % decrease m expression of bean. In certain
embodiments, administration of the pharmaceutical composition causes a 99 % decrease in expression of
bean.

[00265]In certain embodiments, admunistration of the pharmaceutical composition causes expression of
bean to fall within 235 % of the level of expression observed for healthy individuals. In certain embodiments,
administration of the pharmaceutical composition causes expression of bean to fall within 50 % of the level
of expression observed for healthy individuals. In certain embodiments, administration of the phanmaceutical
composition causes expression of bean to fall within 75 % of the level of expression observed for healthy
individuals. In certain embodiments, administration of the pharmaceutical composition causes expression of
bean to fall within 90 % of the level of expression observed for healthy individuals.

[00266]In certain embodiments, the compound 18 effective at a concentration less than about 5 pM. In
certain embodiments, the compound is effective at a concentration less than about 1 pM. In certain
embodiments, the compound is effective at a concentration less than about 400 nM. In certain embodiments,
the compound 1s effective at a concentration less than about 200 nM. In certain embodiments, the compound
is effective at g conceniration less than about 106 nM. In certain embodiments, the compound is effective at
a concentration less than about 50 sM. In certain embodiments, the compound is effective at a concentration
less than about 20 nM. In certain embodiments, the compound is effective at a concentration less than about

10 nM.

Pharmaceutical Composition and Adminastration

[00267] Also provided is a method of modulation of a bean-mediated function in a subject comprising the
administration of a therapeutically effective amount of a compound as disclosed herein.

[002638] Also provided is a pharmaceutical composition comprising a compound as disclosed herein, together
with a pharmaceutically acceptable carrier.

[00269] In certain embodiments, the pharmaceutical composition is formulated for oral administration.
[00270]In certain embodiments, the pharmaceutical composition is formulated for intravenous imjection or
infusion.

[00271] In certain embodiments, the oral pharmaceutical composition is chosen from a tablet and a capsule.
[00272]In certain embodiments, ex vivo methods of treatment are provided. Fx vivo methods typically
include cells, organs, or tissues removed from the subject. The cells, organs or tissues can, for example, be

incubated with the agent under appropriate conditions. The contacted cells, organs, or tissues are typically
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returned to the donor, placed in a recipient, or stored for future use. Thus, the compound is generally in a
pharmaceutically acceptable carver.

[00273]In certain embodiments, admmistration of the pharmaceutical composition causes a decrease in
expression of beon within 6 hours of treatinent. In certain embodiments, administration of the
pharmaceutical composition causes a decrease in expression of bean within 24 hours of treatment. In certain
embodiments, administration of the pharmaceutical composition causes a decrease in expression of bean
within 72 hours of treatraent,
In certain embodiments, administration of the pharmaceutical composition causes a 20 % decrease in
expression of bean. In certain embodiments, administration of the pharmaceutical composition causes a 50
% decreasc m cxpression of bean. In certain embodiments, admmistration of the pharmaceutical
composition causes a 80 % decrease in expression of bean. In certain embodiments, administration of the
pharmaceutical composition causes a 90 % decrease in expression of bean. In certain embodimends,
administration of the pharmaceutical composition causes a 95 % decrease in expression of bean. In certain
embodiments, administration of the pharmaceutical composition causes a 99 % decrease in expression of
bean.

[00274]In certain embodiments, adnunistration of the pharmaceutical composition causes expression of
bean o fall within 23 % of the level of expression observed for bealthy individuals. In certain embodiments,
administration of the pharmaceutical composition causes expression of bean to fall within 50 % of the level
of expression observed for healthy mdividuals. In certain embodiments, administration of the pharmaceutical
composition causes expression of bean to fall within 75 % of the level of expression observed for healthy
individuals. In certain embodiments, administration of the pharmaceutical composition causes expression of
bean 1o fall within 90 % of the level of expression observed for healthy individuals.

[060275]In certain embodiments, the compound 18 effective at a concentration less than about 5 pM. In
certain embodiments, the compound is effective at a concentration less than about 1 uM. In certain
embodiments, the compound is effective at a concentration less than about 400 nM. In certain embodiments,
the compound is effective at a concentration less than about 200 nM. In certain embodiments, the compound
is effective at a concentration less than about 100 nM. In certain embodiments, the compound is effective at
a concentration less than about 50 oM. In certain embodiments, the compound is effective at a concentration
less than about 20 nM. In certain embodiments, the compound is effective at a concentration less than about

10 nM.

Abbreviations and Definitions

{00276] As used herein, the terms below have the meanings indicated.

[00277]1t is to be understood that certain radical naming conventions can include either a mono-radical or a
di-radical, depending on the context. For example, where a substituent requires two poinis of attachment to
the rest of the molecule, it is understood that the substituent is a di-radical. For example, a substituent

identified as alkyl that requires two points of attachment includes di-radicals such as —~CH,—, ~-CH,CH,—, -
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CH,CH(CH;)CH,—, and the like. Other radical naming conventions clearly indicate that the radical is a di-
radical such as “alkviene,” “alkenylene,” “arylene”, “heteroarylene.”

[00278] When two R groups are said to form a ring {(¢.g., a carbocyelyl, heterocyelyl, arvl, or hetercaryl ring)
“together with the atom to which they are attached,” it is meant that the collective unit of the atom and the
two R groups are the recited ring. The ring is not otherwise limited by the definition of each R group when

taken individually. For example, when the following substructure is present:

[00279]and R’ and R’ are defined as selected from the group consisting of hydrogen and alkyl, or R’ and R’
together with the nitrogen to which they are attached form a heterocyclyl, it is meant that R' and R” can be

selected from hydrogen or alkyl, or alternatively, the substructure has structure:

—N A

[00280] where ring A is a heteroaryl ring containing the depicted nitrogen.
{00281 101 28] Similarly, when two “adjacent” R groups are said to form 3 ring “together with the atom fo
which they arc attached,” it is meant that the collective unit of the atoms, intervening bonds, and the two R

groups arc the recited ring. For example, when the following substructure is present:

R‘i

R2
[00282]and R’ and R” are defined as selected from the group consisting of hydrogen and alkyl, or R' and R’

together with the atoms to which they are attached form an ary! or carbocylvl, it is meant that R’ and R® can

be selected from hydrogen or alkyl, or alternatively, the substructure has structure:

{00283 where A is an arvl ring or 3 carbocvlyi containing the depicted double bond.
[00284] Wherever a substituent is depicted as a di-radical (7 e., has two points of attachment 1o the rest of the

molecule), it is to be understood that the substituent can be attached in any directional configuration unless

A
L , . . R %é{: NS
otherwise indicated. Thus, for example, a substituent depicted as —AE- or E includes the
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substituent being oriented such that the A is attached at the lefimost attachment point of the molecule as well
as the case i which A is attached at the rightmost attachment point of the molecule.

{00285] When ranges of values are disclosed, and the notation “from ny ... tony” or “between ny ... and ny”
is used, where n; and n, are the numbers, then unless otherwise specified, this notation is intended to include
the numbers themselves and the range between them. This range may be integral or continuous between and
including the end values. By way of example, the range “from 2 to 6 carbons™ is intended to include two,
three, four, five, and six carbons, since carbons come in integer units. Compare, by way of example, the
range “from 1 to 3 uM (micromolar),” which is intended to include 1 uM, 3 pM, and everything in between
to any nomber of significant figores (e.g., 1.255 uM, 2.1 pM, 2.9999 uM, etc.).

[00286] The term “about,” as used herem, is intended to gualify the nuwmerical values which it modifies,
denoting such a value as variable within a margin of error. When oo particudar margin of error, such as a
standard deviation to a mean value given in a chart or table of data, is recited. the term “about” should be
undersiood to mean that range which would encompass the recited value and the range which would be
mcluded by rounding up or down to that figure as well, taking into account significant figures.

[00287] The term “polvamide” refers to polymers of linkable units chemically bound by amide (i.e., CONH)
linkages; optionally, polyamides include chemical probes conjugated therewith. Polyamides may be
synthesized by stepwise condensation of carboxylic acids (COOH) with amines (RR'NH) using methods
konown m the art. Alternatively, polyamides may be formed using enzymatic reactions in vitro, or by
employing fermentation with microorganisms.

[00288] The term “linkable unit” refers to methvlimidazoles, methyipyrroles, and straight and branched
chain aliphatic functionalitics (e.g., methylene, ethylene, propylene, butylene, and the like) which optionally
contain pitrogen Substituents, and chemical derivatives thereof. The aliphatic functionalities of linkable units
can be provided, for example, by condensation of B-alanine or dimethylaminopropylaamine during synthesis
of the polyamide by methods well known in the art.

[00289] The term “linker” refers to a chain of at least 10 contiguous atoms. In certain embodiments, the
linker contains no more than 20 non-hydrogen atoms. In certain embodiments, the linker contains no more
thas 40 non-hydrogen atoms. In certain embodiments, the finker contains no meore than 60 non-hydrogen
atoms. In certain embodiments, the linker contains atoms chosen from C, H, N, O, and S. In certain
embodiments, every non-hydrogen atom is chemically bonded either to 2 neighboring atoms in the Haker, or
one neighboring atom in the linker and a terminus of the linker. In certain embodiments, the linker forms an
amide bond with at least one of the two other groups to which #t is attached. In certamn embodiments, the
Iiker forms an ester or ether bond with at least one of the two other groups o which it is attached. In certain
embodiments, the linker forms a thiolester or thioether bond with at least one of the two other groups to
which it is attached. In certain embodiments, the linker forms a direct carbon-carbon bond with ai least one
of the two other groups to which it is attached. In certain embodiments, the linker forms an amine or amide
bond with at least one of the two other groups to which it is attached. In certain embodiments, the linker

comprises {CHOCH:)- units. In certain embodimends, the linker comprises (CH(CH;)YOCH,)- uniis. In
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certain embodiments, the linker comprises (CH,NRGCH,) units, for Ry = Cjalkyl In certain embodiments,
the linker comprises an aryiene, cveloalkyiene, or heterocycloalkyiene molety,

[00290] The term “spacer” refers to a chain of at least 5 contiguous atoms. In certain embodiments, the
spacer contains no more than 10 non-hydrogen atoms. In certain embodiments, the spacer contains atoms
chosen from C, H, N, O, and S. In certain embodiments, the spacer forms amide bonds with the two other
groups to which 1t is attached. In certain embodiments, the spacer comprises —{CH,OCH,)- units. In certain
embodiments, the spacer comprises -(CH,NRyCH,)- units, for Ry = Ciyalkyl. In certain embodiments, the
spacer contains at least one positive charge at physiological pH.

[00291]1 The term “turn component” refers to a chan of about 4 (o 10 contiguous atoms. In certain
embodiments, the trn component contains atoms chosen from C, H, N, O, and S. In certain embodiments,
the turn componen{ forms amide bonds with the two other groups to which it is aftached. In certain
embodiments, the turn component contains at least one positive charge at physiclogical pH.

[00292] The terms “nucleic acid and “nucleotide” refer to ribonucleotide and deoxyribonucicotide, and
analogs thereof, well known in the art,

{00293] The term “oligonucleotide sequence” refers to a plurality of nucleic acids having a defined sequence
and length (c.g., 2, 3, 4, 5, 6, or even more nucleotides). The term “oligonucleotide repeat sequence” refers
o a contiguous expansion of oligonucieotide sequences.

[00294] The term “transcription,” well known in the art, refers to the synthesis of RNA (ie., ribonucleic
acid) by DNA-directed RNA polymerase. The term “modulate transcription” refers to a change in
iranscriptional level which can be measured by methods well known in the art, for example, assay of mRNA,
the product of transcription. In certain embodiments, modulation is an increase in transcription. In other
embodiments, modulation is a decrease in transcription

[00295] The term “acyl.” as used herein, alone or in combination, refers to a carbonyl attached to an alkenvl,
alkyl, aryl, cycloalkyl, heteroaryl, heterocycle, or any other moiety were the atom attached to the carbonyl is
carbon. An “acetyl” group refers to a ~C{O)CH; group. An “alkvicarbony!” or “alkanoyl” group refers to an
alkyl group attached to the parent molecular moiety through a carbonyl group. Examples of such groups
mclude methylcarbonyl and ethylcarbonyl Examples of acyl groups include formyl, alkanoyl and arovl.
[00296] The term “alkenyl” as used herein, alone or in combination, refers to a straight-chain or branched-
chain hydrocarbon radical having one or more double bonds and containing from 2 to 20 carbon atoms. In
certain embodiments, said alkenv! will comprise from 2 to 6 carbon atoms. The term “alkenylene” refers to a
carbon-carbon double bond system attached at two or more positions such as ethenylene [(-(CH=CH-),(-
CC-1. Examples of suitable alkenyl radicals include ethenyl, propenyl, 2-methylpropenyl, 1,4-butadienyl
and the like. Unless otherwise specified, the term “alkenyl” may include “alkenvlene” groups.

[060297] The term “alkoxy,” as used hercin, alone or in combination, refers to an alkyl ether radical, wherein
the term alkyl is as defined below. Examples of suitable alkyl ether radicals include methoxy, cthoxy, n-

Propoxy ., iIsopropoxy, n-butoxy, 1so-butoxy, sec-butoxy, tert-butoxy, and the like.
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[060298] The term “alkyl” as used herein, alone or i combination, refers to a straight-chain or branched-
chaim alky! radical containing frors 1 to 20 carbon atoms. In ceriain embodiments, said alkyl will comprise
from | to 10 carbon atoms. In further embodiments, said alky! will comprise from 1 to & carbon atoms.
Alkyl groups may be optionally substituied as defined herein. Exaraples of alkyl radicals include methyl,
ethyl, n-propvl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso~amyl, hexyl, octyl, novl and the
fike. The term “alkylene.” as used herein, alone or in combination, refers to a saturated aliphatic group
derived from a straight or branched chain saturated hydrocarbon attached at two or more positions, such as
methylene

(-CH,-). Unless otherwise specified, the term “alkyl” may include “alkylene” groups.

[00299] The term “alkylamino,” as used herein, alone or in combination, refers to an alkyl group attached to
the parent molecular moicty through an amino group. Switable alkylamino groups may be mono- or
dialkyiated, forming groups such as, for example, N-methylamino, N-ethylamino, N N-dimethvlamino, N.N-
ethylmethylamino and the like.

{003060] The terre “alkylidene,” as used herein, alone or in combination, refers to an atkeny! group in which
one carbon atom of the carbon-~carbon double bond belongs to the moiety to which the alkenyl group is
attached.

{00361 ] The term “alkyithio,” as used herein, alone or in combination, refers t¢ an alkyl thicether (R—5-)
radical wherein the term alkyl is as defined above and wherein the sulfur may be singly or doubly oxidized.
Examples of suitable alkyl thioether radicals include methylthio, ethylthio, n-propylthio, isopropylthio, n-
butylthio, iso-butylthio, sec-butylthio, tert-butylthio, methancsulfonyl, cthanesulfinyl, and the like.

[060302] The term “alkynyl” as used herein, alone or in combination, refers to a straight-chain or branched
chain hydrocarbon radical baving one or more triple bonds and containing from 2 o 20 carbon atoms. In
certain embodiments, said alkynyl comprises from 2 to 6 carbon atoms. In further embodiments, said alkynyl
comprises from 2 to 4 carbon atoms. The term “alkynylene” refers to a carbon-carbon triple bond attached at
two positions such as ethynylene (-C:...C-,
-C=C-). Examples of alkyayl radicals mclude ethynyl, propynyl, hydroxypropynyl, butyn-1-v1, butyn-2-y1,
pentyn-1-vl, 3-methyibutve-1-vl, hexve-2-vi and the ke, Unless otherwise specified, the term “alkynyl”
may include “alkynylene” groups.

{00303] The terms “amido” and “carbamovl,"as used herein, zlone or in combination, refer to an amino
group as described below attached to the parent molecular moiety through a carbonyl group, or vice versa.
The term “C-amido” as used herein, alone or in combination, refers to a -C(ON(RR”) group with R and R’
as defined herein or as defined by the specifically enumerated "R groups designated. The term “N-amido”
as used herein, alone or in combination, refers to a RC(O)N(R’)~ group, with R and R’ as defined herein or
as defined by the specifically enumerated “R” groups designated. The term "acylamino” as used herein,
alone or in combination, embraces an acyl group attached to the parent moicty through an amino group. An

example of an "acylamino” group is acetylamino (CH;C(O)NH-}.
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[00304] The term “amide.” as used herein, alone in combination. refers to -C(O)NRR’, wherein R and R are
independently chosen from hydrogen, alkyl, acvl, hetercalkyl, arvl, cycloalkyl, heteroaryl, and
heterocycloalkyl, any of which may themselves be optionally substituted. Additionally, R and R’ may
combine to form heterocycloalkyl, either of which may be optionally substituted. Amides may be formed by
direct condensation of carboxylic acids with amines, or by using acid chlorides. In addition, coupling
reagents are known in the art, including carbodiimide-based compounds such as DCC and EDCL

{00305] The term “amino,” as used herein, alone or in combination, refers to -NRR, wherein R and R are
independently  chosen from  hydrogen, alkyl, acyl, heteroalkyl, arvl, cyvcloaliyl hetercaryl, and
heterocycloalkyl, any of which may themselves be optionally substituted. Additionally, R and R* may
combine to form heterocycloalkyl, either of which may be optionally substituted.

[060306] The term "aryl," as wsed herein, alone or in combination, means a carbocyclic aromatic system
containing one, two of three rings wherein such polycyclic ring systems are fused together. The term "aryl”
embraces aromatic groups such as phenyl, naphthyl, anthracenvl, and phenantiryl. The term “arviene”
ermbraces aromatic groups such as phenviene, naphthviene, anthracenylene, and phenanthyviene.

[00307] The term “arylalkenyl” or “aralkenyl,” as used herein, alone or in combination, refers to an aryl
group attached to the parent molecular moiety through an alkenyl group.

{00308 The term “arviatkoxy™ or “aralkoxy,” as used herein, alone or in combination, refers to an aryi group
attached to the parent molecular moiety through an alkoxy group.

[00309] The term “arylalkyl” or “aralkyl” as used herein, alone or in combination, refers to an aryl group
attached to the parent molecular moicty through an alkyl group.

[060310] The term “arylalkynyl” or “aralkynvl,” as used herein, alone or in combination, refers to an aryl
group attached to the parent molecular moiety through an alkynyl group.

[00311] The term “arylalkanovl” or “aralkanoyl” or “aroyl,”as used herein, alone or in combination, refers to
an acyl radical derived from an arvl-substituted alkanccarboxylic acid such as benzoyl, napthoyl,
phenylacetyl,  3-phenylpropionyl  (hydrocinnamoyl),  4-phenvibutyryl,  (Z-naphthylacetyl,  4-
chlorohydrocinmamoyl, and the like.

{00312] The term arvioxy as used herein, alone or in combination, refers to an arvl group attached to the
parent molecular moiety through an oxy.

{00313] The terms “benzo” and “benz,” as used herein, alone or in combination, refer 1o the divalent radical
CeH,= derived from benzene. Examples include benzothiophene and benzimidazole.

[00314] The term “carbamate,” as used herein, alone or in combination, refers to an ester of carbamic acid (-
NHCOO-) which may be attached to the parent molecular moiety from either the nitrogen or acid end, and
which may be optionally substituted as defined herein.

[00315]The term “O-carbamyl” as used hercin, alone or in combination, refers to a -OC(OINRR’,
group-with R and R’ as defined herein.

{00316] The term “N-carbamy!” as used herein, alone or in combination, refers to a ROC(O)NR’- group.

with R and R’ as defined herein.
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[00317] The term “carbonyl,” as used herein, when alone includes formy! {-C(O)H] and in combination is a -
C(O)- group.

[00318] The term “carboxyl” or “carboxy.” as used herein, refers to -C{OYOH or the corresponding
“carboxylate” anion, such as is in a carboxylic acid salt. An “O-carboxy” group refers to a RC(O)O- group,
where R is as defined herein. A “C-carboxy” group refers to a -C(O)OR groups where R is as defined herein.
[00319] The term “cyvano,” as used herein, alone or in combination, refers to ~CN.

{00320] The term “cycloalkyl” or, altersatively, “carbocvele,” as used herein, alone or in combination,
refers 1o a saturated or partially saturated monocyclic, bicyclic or tricyehce altkyl group wherein cach cychic
moicty contains from 3 to 12 carbon atom ring members and which may optionally be a benzo fused ring
system which is optionally substituted as defined herein. In certain embodiments, said cycloalkyl will
comprise from 5 to 7 carbon atoms. Examples of such cycloalkyl groups mclude cyclopropyl, cyclobutyl,
cvclopentyl, cyclohexyl, cycloheptyl, tetrahydronapthyl, indanyl, octabhvdronaphthyl, 23-dihydro-iH-
indenyl, adamanty! and the like. “Bicyclic” and “tricyclic” as used herein are intended to include both fused
ring svsterns, such as  decahvdronaphthalene, ocizhvdronaphthalene as well as the multicychc
(multicentered) saturated or partially unsaturated type. The latter type of isomer is exemplified in general by,
bicycloll, i, llpentane, camphor, adamantane, and bicvelo[3.2, Hoctane.

{00321] The term “ester,” as used herein, alone or in combination, refers to a carboxy group bridging two
moieties linked at carbon atoms.

[00322] The term “cther,” as used herein, alone or in combination, refers (o an oxy group bridging two
moicties linked at carbon atoms.

[060323] The term “halo,” or “halogen,” as used herein, alone or in combination, refers to fhuorine, chlorine,
bromine, or iodine.

[00324] The term “haloalkoxy,” as used herein, alone or in combination, refers to a haloalkyl group attached
{o the parent molecular moiety through an oxygen atom.

[00325] The term “haloalkyl,” as used herein, alone or in combination, refers to an alkyl radical having the
meaning as defined above wherein one or more hydrogens are replaced with a halogen. Specifically
embraced are monohaloalkyl, dihaloalkyl and polvhaloalkyl radicals. A monchaloalkyl radical, for one
example, may have an iwodo, bromo, chloro or {luoro atom within the radical. Dihalo and polvhaloalkyl
radicals may have two or more of the same halo atoms or a combination of different halo radicals. Examples
of haloalky! radicals include fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl, dichioromethyl,
tnchloromethyl,  pentafluorocthyl,  heptaflucropropyl,  difluorochloromethyl,  dichlorofluoromethyl,
difluoroethyi, difluoropropyl, dichloroethyl and dichloropropyl. “Haloalkylene” refers to a haloalkyl group
attached at two or more positions. Examples melude fluoromethylene
(-CFH-), difluoromethylene (-CF, -), chloromethylene (-CHCI-) and the hke.

[00326] The term "heteroalkyl" as uscd herein, alone or in combination, refers to a stable straight or
branched chain, or combinations thereof, fully saturated or containing from 1 to 3 degrees of unsaturation,

consisting of the stated number of carbon atoms and from one to three heteroatoms chosen from N, O, and S,
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and wherein the N and S atoms may optionally be oxidized and the N heteroatom may optionally be
quaternized. The heteroatom(s) may be placed at any mterior position of the heteroalkyl group. Up to two
heteroatoms may be consecutive, such as, for example, -CH,-NH-OCH,,.

{00327] The terre "hetercarvl” as used herein, alone or in combination, refers 10 a 3 o 15 membered
unsaturated heteromonocyelic ring, or a fused monocyclic, bicyclic, or tricyclic ring system in which at least
one of the fused rings is aromatic, which contains at least one atom chosen from N, O, and 8. In certain
embodiments, said hetercaryl will comprise from 1 to 4 heterostoms as ring members. I fusther
embodiments, said hetercaryl will comprise from 1 to 2 hetercatoms as ring members. In certain
embodiments, said hetercary] will comprise from 5 to 7 atoms. The term also embraces fused polyceyclic
groups wherein heterocyclic rings are fused with aryl rings, wherein heteroaryl rings are fused with other
heteroaryl rings, wherein heteroaryl nings are fused with heterocycloalky! rings, or wherein heteroaryl rings
are fused with cvcloalkyl rings. Examples of heteroaryl groups include pyrrolyl, pyrrolinyl, imidazolyl,
pyrazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl, pyranyl, furvl, thienvi, oxazolyl, isoxazolyl,
oxadiazolyl, thiszolyl thiadiazolyl, iscthiazoivl, indolvi, isoindolyi, indolizinvl, benzimidazolyl guinolvl
isoquinolyl, quinoxalinyl, quinazolinyl, indazolyl, benzotriazolyl, benzodioxolvl, benzopyranyl,
benzoxazolyl, benzoxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzofuryl, benzothienyl, chromonyl,
coumarinyl, enzopyranyl,  tetrahydroquinchinyl,  tetrazolopyridazinyl,  tetrabydroisogumohnyl,
thienopyridinyl, furopyridinyl, pyrrolopyridinyl and the hke. Exemplary tricyclic heterocyclic groups
include carbazolyl, benzidolyl, phenanthrolinyl, dibenzofuranyl, acridinyl. phenanthridinyl, xanthenyl and
the like.

[00328] The terms “heterocycloalkyl” and, interchangeably, “heterocycle,” as used herein, alone or in
combination, each refer to a saturated, partially unsaturated, or fully unsaturated (but nonaromatic)
monocyclic, bicvelic, or tricyclic heterocyclic group containing at least one heteroatom as a ring member,
wherein each said heteroatom may be independently chosen from nitrogen, oxygen, and sulfur. In certain
embodiments, said hetercycloalkyl will comprise from 1 to 4 heteroatoms as ring members. In further
embodiments, said hetercycloalkyl will comprise from 1 to 2 heterocatoms as ring members. In certain
embodiments, said betercvcloalkyl will comprise from 3 to 8§ ring members in each ring. In further
embodiments, said hetercycloalkyl will comprise from 3 to 7 ring members in each ring. In yet further
embodiments, said hetercycloalkyl will comprise from 3 {0 6 ring members i each ring. “Heterocycloalkyl”
and “heterocycle” are intended to include sulfones, sulfoxides, N-oxides of tertiary nitrogen ring members,
and carbocyclic fused and benzo fused ring systems; additionally, both terms also include sysiems where a
heterocycle ring is fused to an aryl group, as defined hercin, or an additional heterocycle group. Examples of
heterocycle  groups include  tetrhydroisoquinoling, aziniddinyl, azetidinyl, 1 3-benzodioxolyl
dihydroisoindolyl, dihydroisoquinolinyl, dihydrocionolinyl, dihydrobenzodioxinyl, dihydrof1,3Joxazolo{4,5-
bjpyridiny, benzothiazolyl, dihvdroindolyl, dihy-dropyridinyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-dioxolanyl,
isoindolinyl, morpholinyl, piperazinyl, pyrrolidinyl, tetrahydropyridinyl, piperidinyl, thiomorpholinyl, and

the like. The heterocycie groups may be optionally substituted uniess specifically probibited.
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[060329] The term “hydrazinyl” as used heremn, alone or in combination, refers to two amino groups joined by
a single bond, i.e., -N-N-,

[00330] The term “hydroxy,” as used herein, alone or in combination, refers to “OH.

{00331]The term “hydroxvalkyl” as used herein, alone or in combination, refers to a hydroxy group
attached to the parent molecular moiety through an alky! group.

[00332] The term “imino,” as used herein, alone or in combination, refers to =N-.

{00333] The term “iminchydroxy,” as used herein, alone or in combination, refers to =N{OH) and =N-O-.
[00334] The phrase “in the main chain” refers to the longest contiguous or adjacent chain of carbon atoms
starting at the point of attachment of a group to the compounds of any one of the formulas disclosed herein.
[{00335] The term “isocyanato” refers to a -NCO group.

[00336] The term “isothiocyanato” refers to a -NCS group.

{00337 The phrase “lincar chain of atoms” refers 1o the longest straight chain of atoms independently
selected from carbon, nitrogen, oxygen and sulfur.

{00338] The term “lower,” as used herein, alone or in a combination, where not otherwise specifically
defined, means containing from 1 to and including 6 carbon atoms (.e., C-C alkyl).

[00339] The term “lower aryl” as used herein, alone or in combmnation, means phenyl or naphthyl, either of
which may be optionally substituted as provided.

[00340] The term “lower heteroaryl,” as used herein, alone or in combination, means either 1) monocyclic
heteroaryl comprising five or six ring members, of which between one and four said members may be
heteroatoms chosen from N, O, and S, or 2) bicyclic heteroaryl, wherein cach of the fused rings comprises
five or six ring members, comprising between them one to four hetercatoms chosen from N, O, and S.
{00341 The terre “lower cveloalkyl” as used herein, alone or in combination, means 3 monocyclic
cycloalkyl having between three and six ring members (ie., C-Cs cycloalkyl). Lower cycloalkyls may be
unsaturated. Examples of lower cycloaltkyl include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl
[00342] The term “lower heterocycloalkyl,” as used herein, alone or in combination, means a monocyclic
heterocycloalkyl having between three and six ring members, of which between one and four may be
heteroatoms chosen from N, O, and S (1.e., C;-Cs heteracycloalkyl). Examples of lower heterocycloalkyls
mclude pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, and morpholinyl. Lower
heterocycloalkyls may be vnsaturated.

[00343]The term “lower ammo,” as wused herein, alone or in combination, refers fo
-NRR, wherein R and R are independently chosen from hydrogen and lower alkyl, either of which may be
optionally substituted.

[00344] The term “mercaptyl” as used herein, alone or in combination, refers {o an RS- group, where R 15 as
defined herein.

[00345] The term “nitro,” as used herein, alone or in combination, refers to —NO,.

[00346] The terms “oxy” or “oxa,” as used hercin, alone or in combination, refer to —O—.

00347] The term “oxo,” as used herein, alone or in combination, refers to =0,
bl
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[00348] The term “perhaloalkoxy” refers to an alkoxy group where all of the hydrogen atoms are replaced by
halogen atoms.

[00349] The term “perhaloalkyl” as used herein, alone or in combination, refers to an alkyl group where all
of the hydrogen atoms are replaced by halogen atoms,

EEINS

{00350] The terms “sulfonate,” “sulfonic acid,” and “sulfonic,” as used herein, alone or in combination, refer
the -30:H group and ifs anion as the sulfonic acid is used in salt formation.

{00351] The term “sulfanyl” 35 used herein, alone or in combination, refers 1o —S—

[00352]The term  “sulfinyl,” as wused  Therein, alone or in combination, refers to
-3{0)—

[00353] The term “sulfonyl,” as used herein, alone or in combination, refers to —5(0)—.

[00354] The term “N-sulfonamido” refers to a R5(=0),NR - group with R and R’ as defined herein.

{00355] The term "S-sulfonamide” refers to a -S{=0,LNRR’, group, with R and R’ as defined herein,

[00356] The terms “thia” and “thio,” as used herein, alone or in combination, refer to a —S— group or an ether
wherein the oxygen is replaced with sulfur. The oxidized derivatives of the thio group, namely sulfinyl and
sulfonyl, are included in the definition of thia and thio.

[00357] The term “thiol,” as used herein, alone or in combination, refers to an —5H group.

{00338]The term “thiocarbonyl”™ as used herein, when alone includes thioforeyl —C(S}H and in
combination is a ~C(5)~ group.

[00359] The term “N-thiocarbamyl” refers to an ROC(SNR - group, with R and R’as defined herein.
[00360] The term “O-thiocarbamyl” refers to a —~OC(S)NRR’, group with R and R’as defined herein.

[00361] The term “thiocyanato” refers to a -CNS group.

{08362] The term “trihalomethanesulfonamido” refers to a X ;SO NR- group with X is a halogen and R
as defined herein.

[00363] The term “trihalomethanesulfonyl” refers to a X5CS(0),— group where X is a halogen.

[00364] The term “trihalomethoxy” refers to a X;CO- group where X is a halogen.

[00363] The term “trisubstituted silyl,” as used herein, alone or in combination, refers to a silicone group
substituted at its three free valences with groups as listed hercin under the definition of substituted amino.
Examples include trimethysilyl, tert-butyldimethylsilyl, triphenylsilyl and the like.

[00366] Any definition herein mav be used in combination with any other definition to describe a composiie
structural group. By convention, the irailing clement of any such definition is that which attaches to the
parent moiety. For example, the composite group alkylamido would represent an alkyl group attached to the
parent molecule through an amido group, and the term alkoxyalkyl would represent an alkoxy group
attached to the parent molecule through an alkyl group.

[00367] When a group 1s defined to be “null” what is meant 1s that said group is absent.

[00368] The term “optionally substituted” means the anteceding group may be substituted or unsubstituted.
When substituted, the substituents of an “optionally substituted” group may include, without limitation, one

or more substituents independently selected from the following groups or a particular designated set of
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groups, alone or in combination: lower alkyl, lower alkenyl, lower alkynyl, lower alkanoyl, lower
hetercalkyl, lower heterocycloalkyl, lower haloslkyl, lower balcalkenyl, lower haloalkvnvl lower
perhaloalkyl, lower perhaloalkoxy, lower cvcloalkyl, phenyl, aryl, aryloxy, lower alkoxy, lower haloalkoxy,
oxo, lower acyioxy, carbonyl, carboxyl, lower alkylcarbonyl lower carboxvester, lower carboxamude,
cvano, hydrogen, halogen, hydroxy, amino, lower alkylamino, arvlamino, amido, nitro, thiol, lower
alkvlthio, lower haloalkylthio, lower perhalealkylthio, arylthio, sulfonate, sulfomic acid, tnsubstituted ailyl,
N, SH, SCH;, C(O)CH,, CO,CH;, CO,H, pyridinyl, thiopheune, furanyl, lower carbamate, and lower urea.
Where structurally feasible, two substituents may be joined together to form a fused five- six-, or seven-
membered carbocyche or heterocyclic ring consisting of zero to three heteroatoms, for example forming
methylencdioxy or cthylencdioxy. An optionally substituted group may be unsubstituted {c.g., -CH,CH3),
folly substituted (e.g., -CF,CF;), monosubstituted (e.g., -CH.CH,F) or substituied at a level anywhere m-
between fully substituted and monosubstituted (e.g., -CH,CF;). Where substituents are recited without
qualification as to substitution, both substituted and unsubstituted forms are encompassed. Where a
substituent is gqualified as “substituted.” the substituted form is specifically intended. Additionally, different
seis of optional substituenis to a particular moicty may be defined as needed; in these cases, the optional
substitution will be as defined, often immediately following the phrase, “optionally substituted with.”

{00369] As used heretn, 3 substituted group is derived from the unsubstituied parent group in which there has
been an exchange of one or more hydrogen atoms for another atom or group. Unless otherwise ndicated,
when a group is deemed to be “substituted,” 1t 1s mean{ that the group is substituted with one or more
substituents independently selected from C;-Cy alkyl, C1-Cy alkenyl, C1-Cy alkynyl, C,-Cs heteroalkyl, C5-C;
carbocyclyl (optionally substituted with halo, C;-Cq alkyl, C-Cs alkoxy, C;-Cs haloalkyl, and C-Cq
haloalkoxy), C;-C;-carbocyclyl-Ci-Cs-alkyl (optionally substituted with halo, C;-Cq alkyl, C;-Cs alkoxy, C;-
Ce haloalkyl, and C-Cs haloalkoxy), 3-10 membered heterocycly! (optionally substituted with halo, C,-Cs
alkyl, C-Cs alkoxy. Ci-Cs haloalkyl, and Cy-Cs haloalkoxy). 3-10 membered heterocyclyl-Cy-Cy-alkyl
{optionally substituted with halo, C;-C¢ alkyi, C;-Cs alkoxy, C1-Cs haloalkyl, and C1-Cs haloalkoxy), aryl
(optionally substituted with halo, C;-C, alkvl, C-C, alkoxy, C;-C, haloalkyl, and C,-C; haloalkoxy),
ary l(Cy-Colalkyl (optionally substituted with halo, Ci-Cq alkyl, Ci-Cs alkoxy, C-Cy haloalkyl, and Ci-Cs
haloalkoxy), 5-10 membered hetercaryl {optionally substituted with halo, C-Cy allyl, C-Cs alkoxy, C-Cs
haloalkyl, and C,-C¢ haloalkoxy), 5-10 membered heteroaryl(C,-Cylalky! (optionally substituted with halo,
C-Cs alkyl, C;-Cq alkoxy, C1-Cs haloalkyl, and C;-Cs haloalkoxy), halo, cvano, hydroxy, C;-C; alkoxy, Ci-
Cs alkoxv(C-Cylalkyl (i.e., cther), aryloxy, sulfhvdryl (mercapto), halo(C-Colalkyl (c.g.. —-CF3), halo(C;-
Ceralkoxy (e.g.,, —“OCF;), C-Cy alkyithio, arvithio, amino, amino(C;-Ceralkyl, nitro, O-carbamyl, N-
carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-carboxy,
O-carboxy, acyl, cvanato, isocyanato, thiocyanato, isothiocyvanato, sulfinvl sulfonyl and oxo (=0).
Wherever a group is described as “optionally substituted” that group can be substituted with the above

substituents.
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[060370] The term R or the term R, appearing by itself and without a nomber designation, unless otherwise
defined, refers to a moiety chosen from hydrogen, alkyl, cycloalkyl, heteroalkyl, aryl, heteroaryl and
heterocycloalkyl, any of which may be optionally substitted. Such R and R’ groups should be understood to
be optionally substituied as defined herein. Whether an R group has a sumber designation or not, every R
group, including R, R’ and R® where n=(1, 2, 3, ...n), every substituent, and every term should be
undersiood to be independent of every other in terms of selection from a group. Should any variable,
substituent, or term (¢.g. arvl, heterocycle, R, etc.) occur more than one time in a formula or generic
structure, its definition at each occurrence 1s independent of the definition at every other occurrence. Those
of gkill in the art will further recognize that certain groups may be attached to a parent molecule or may
occupy a position in a chain of ¢lements from ecither end as written. For example, an unsymmetrical group
such as -C(OYN(R)- may be attached to the parent moiety at either the carbon or the mitrogen.

[00371] Asymumetric centers exist in the compounds disclosed herein. These centers are designated by the
symbols “R” or ©5,” depending on the configuration of substituents around the chiral carbon atom. It should
be understood that the disclosure encompasses all stereochemical isomeric forms, inchiding diastereomeric,
enantiomeric, and cpimeric forms,as well as d-isomers and 1-isomers, and mixtures thercof ndividual
sterecisomers of compounds can be prepared svathetically from commercially available starting matenals
which contain chiral centers or by preparation of mixtwres of enantiomeric products followed by separation
such as conversion to a mixture of diastercomers followed by scparation or recrystallization,
chromatographic techniques, direct separation of cnantiomers on chiral chromatographic columns, or any
other appropriate method known in the art. Starting compounds of particular sterecochemistry are cither
commercially available or can be made and resolved by techniques known in the art. Additionally, the
compounds disclosed herein may exist as geometric isomers. The present disclosure includes all cis, trans,
syn, anti, entgegen (B), and zusammen (7) isomers as well as the appropriate mixtures thereof. Additionally,
compounds may exist as tautomers; all tautomeric isomers are provided by this disclosure. Additionally, the
compounds disclosed herein can exist i unsolvated as well as solvated forms with pharmaccutically
acceptable solvents such as water, ethanol, and the like. In gencral, the solvated forms are considered
equivalent to the unsolvated forms.

[00372] The term “bond” refers to a covalent linkage between two atoms, or two moicties when the atoms
joined by the bond are considered to be part of larger substructure. A bond may be single, double, or triple
unless otherwise specified. A dashed line between two atoms m a drawing of a molecule mdicates that an
additional bond may be present or absent at that position.

[00373]The term “discase” as used herein is intended to be gencrally synonymous, and is used
interchangeably with, the terms “disorder,” “syndrome,” and “condition” {as m medical condition), in that
all reflect an abnormal condition of the human or animal body or of one of its parts that impairs normal
functioning, is typically manifested by distinguishing signs and symptoms, and causes the human or animal

to have a reduced duration or quality of life.
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[060374] The term "combination therapy” means the administration of two or more therapeutic agents to treat
a therapeutic condition or disorder described in the present disclosure. Such administration encompasses co-
administration of these therapeutic agents in a substantially simultaneous manner, such as in a single capsule
having a fixed ratio of active ingrediends or in multiple, separate capsules for each active mgredient. In
addition, such administration also encompasses usc of cach type of therapeutic agent in a sequential manner,
In either case, the treatment regimen will provide beneficial effects of the drug combination 1n treating the
conditions or disorders described herein,

[00375] The phrase "therapeutically effective” is intended to qualify the amount of active mgredients used in
the treatment of a disease or disorder or on the effecting of a clinical endpoint.

{00376] The term “therapeutically acceptable”™ refers to those compounds (or salts, prodrugs, tautomers,
2witterionic forms, etc.) which are suitable for use in contact with the tissues of patients without undue
toxicity, uritation, and allergic response, are commensurate with a reasonable benefit/risk ratio, and are
effective for their intended use.

{00377] As used herein, reference to "treatment” of 3 patient is intended to inciude prophylaxis. Treatment
may also be preemptive in nature, 1.¢., it may include prevention of disease. Prevention of a disease may
mvolve complete protection from disease, for example as in the case of prevention of infection with a
pathogen, or may involve prevention of disease progression. For example, prevention of a disecase may not
mean complete foreclosure of any effect related to the diseases at any level, but mstead may mean
prevention of the symptoms of a disease to a clinically significant or detectable level Prevention of diseases
may also mean prevention of progression of a discase to a later stage of the discase.

[00378] The term “patient” is generally synonymous with the term “subject” and inchudes all mammals
including humans. Examples of patients include humans, livestock such as cows, goats, sheep, pigs, and
rabbits, and companion animals such as dogs, cats, rabbits, and horses. Preferably, the patient is a human,
[060379] The term "prodrug” refers to a compound that is made more active i vivo. Certain compounds
disclosed hercin may also exist as prodrugs, as described i Hyvdrolysis in Drug and Prodrug Metabolism :
Chemistry, Biochemistry, and Enzymology (Testa, Bernard and Mayer, Joachim M. Wiley-VHCA, Zurich,
Switzerland 2003). Prodrugs of the compounds described herein are structurally modified forms of the
compound that readily undergo chemical changes under physiclogical conditions to provide the compound.
Additionally, prodrugs can be converied o the compound by chemical or biochemical methods in ag ex vivo
environment. For example, prodrugs can be slowly converted to a compound when placed in a transdermal
patch reservoir with a soitable enzyme or chemical reagent. Prodrugs are often useful because, in some
situations, they may be easier to administer than the compound, or parent drug. They may, for instance, be
bioavailable by oral administration whereas the parent drug is not. The prodrug may also have improved
solubility 1n pharmaceutical compositions over the parent drug. A wide variety of prodrug derivatives are
inown in the art, such as those that rely on hydrolytic cleavage or oxidative activation of the prodrug. An

example, without limitation, of a prodrug would be a compound which is administered as an ester (the
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"prodrug"), but then is metabolically hydrolyzed to the carboxylic acid, the active entity. Additional
examples inchude peptidyl derivatives of a compound.

{00380] The compounds disclosed herein can exist as therapeutically acceptable salts. The present disclosure
includes compounds listed above in the form of salts, including acid addition salts. Suitable salts include
those formed with both organmic and inorganic acids. Such acid addition salts will normally be
pharmaceutically acceptable. However, salis of non-pharmaceutically acceptable salts may be of uvtility in
the preparation and purification of the compound in guestion. Basic addition salts may also be formed and be
pharmaceuntically acceptable. For a more complete discussion of the preparation and selection of salts, refer
to Pharmaceutical Salts: Properties, Selection, and Use {(Stahl, P. Heinrich. Wiley-VCHA, Zurich,
Switzerland, 2002).

[00381] Basic addition salts can be prepared during the final isolation and purification of the compounds by
reacting a carboxy group with a suitable base such as the hydroxide, carbonate, or bicarbonate of a metal
cation or with ammonia or an organic primary, sceondary, or tertiary amine. The cations of therapeutically
acceptable salts include lithium, sodium, potassium, calcium, magnesivm, and alominum, as well as
nontoxic gqualcrnary aminc cations such as ammonium, tetramcthylammonium, tetracthylammonium,
methylamine, dimethylamine, trimethylamine, tricthylamme, diethylamine, ethylamine, tributylamine,
pyridine, N N-dimethylanidine, N-methyipiperidine, N-methvimorpholine, dicyclchexylamine, procaine,
dibenzylamine, N,N-dibenzylphenethylamine, 1-cphenamine, and N N'-dibenzylethylenediamine. Other
representative organic amines useful for the formation of base addition salts include ethylencdiamine,
cthanolamine, dicthanolamine, piperidine, and piperazine.

[00382] Other carrier materials and modes of administration known 1 the pharmaceuntical art may also be
used. Pharmaceutical compositions of the disclosure may be prepared by any of the well-known techniques
of pharmacy, such as effective formulation and administration procedures. Preferred unit dosage
formulations are those containing an effective dose, as herein below recited, or an appropriate fraction
thereof, of the active ingredient.

[0038311t should be understood that in addition to the ingredients particularly mentioned above, the
formulations described above may include other agents conventional in the art having regard to the type of
formulation in question, for example those suitable for oral administration may include flavoring agents.
003841 The amount of active ingredient that may be combined with the carrier materials to produce a single
dosage form will varv depending upon the host treated and the particular mode of admmistration.

[00385] The compounds can be administered 1 various modes, e.g. orally, topically, or by injection. The
precise amount of compound administered to a paticnt will be the responsibility of the attendant physician.
The specific dose level for any particular patient will depend upon a variety of factors including the activity
of the specific compound employed, the age, body weight, general health, sex, diets, ime of administration,
route of administration, rate of excretion, drug combination, the precise disorder being treated, and the

severity of the indication or condition being treated. In addition, the route of administration may vary
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depending on the condition and its severity. The above considerations concerning effective formulations and

administration procedures are well known in the art and are described in standard textbooks.

Combinations and Combination Therapy

[00386]In certain instances, it may be appropriate to administer at least one of the compounds described
herein (or a pharmaceutically acceptable salt thereof) in combination with another therapeutic agent. By way
of example only, if one of the side effecis experienced by a patient upon receiving one of the compounds
herem 1s hypertension, then it may be appropriate to administer an anti-hypertensive agent in combination
with the initial therapeutic agent. Or, by way of example only, the therapeutic effectiveness of one of the
compounds described herein may be enhanced by admmistration of an adjuvant (i.c., by itself the adjuvant
may only have minimal therapeutic benefit, but in combination with another therapeutic agent, the overall
therapeutic benefit to the patient is enhanced). Or, by way of example only, the benefit of experienced by a
paticnt may be increased by administering one of the compounds described herein with another therapeutic
agent (which also includes a therapeutic regimen) that aiso has therapeutic benefit. By way of example only,
m a treatment for diabetes mvolving administration of one of the compounds described herein, mcreased
therapeutic benefit may result by also providing the patient with another therapeutic agent for diabetes. In
any case, regardiess of the disease, disorder or condition being treated, the overall benefit experienced by the
patient may simply be additive of the two therapeutic agenis or the patient may ¢xperience a synergistic
benefit.

[00387]In any case, the multiple therapcutic agents (at least onc of which is a compound disclosed herein)
may be administered in any order or cven simultancously. If simultancously, the multiple therapeutic agents
may be provided in a single, vnified form, or 1n multiple forms (by way of example only, cither as a single
pill or as two separate pills). One of the therapeutic agents may be given in muliiple doses, or both may be
given as multiple doses. If not simultancous, the timing between the multiple doses may be any duration of
time ranging from a few minutes to four weeks.

[{00388] Thus, in another aspect, certatn embodiments provide methods for treating bean-mediated disorders
in a human or animal subject in need of such treatment comprising administering to said subject an amount
of a compound disclosed herein effective to reduce or prevent said disorder in the subject, m combination
with at least one additional agent for the treatment of said disorder that is known in the art. In a related
aspect, certain embodiments provide therapeutic compositions comprising at least one compound disclosed
herein in combination with one or more additional agents for the treatment of bean-mediated disorders.
{00389 Besides being useful for human treatment, certain compounds and formulations disclosed herein
may also be useful for vetermmary treatment of companion animals, exotic animals and farm animals,

including mammals, rodents, and the like. More preferred animals include horses, dogs, and cats.
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Compound Synthesis

{00390 Compounds of the present disclosure can be prepared using methods illustrated in general synthetic
schemes and experimental procedures detailed below. General synthetic schemes and experimental
procedures are presented for purposes of tllustration and are not intended to be limiting. Starting materials
used to prepare compounds of the present disclosure are commercially available or can be prepared using

routine methods known in the art.

List of Abbreviations

[003911Ac,0O = acetic anhyvdnde;, AcCl = acetyl chloride; AcOH = acetic acid; AIBN =
azobisisobutyronitrile; ag. = agueous; Bu;SnH = tributyltin hydride; CD;0D = deuterated methanol; CDCl;
= denterated chloroform; CDI = 1,1'-Carbonylditmidazole; DBU = 1 8-diazabicyclo]s 4.0fundec-7-ene;
DCM = dichloromethane; DEAD = diethyl azodicarboxylate, DIBAL-H = di-iso-butyl aluminium hydride;
DIEA = DIPEA = N N-diisopropylethylamine; DMAP = 4-dimethylaminopyridine; DMF = N)N-
dimethylformamide, DMSG-d, = deuterated dimethyi sulfoxide; DMSO = dimethy! sulfoxide; DPPA =
diphenylphosphoryl azide; EDCHCI = EDCLHC] = 1-ethyl-3-(3-dimethylaminopropvljcarbodiimide
hydrochlonde; Et,O = diethyl ether; EtOAc = ethyl acetate; EtOH = ethanol; h = hour; HATU=2-(1H-7-
azabenzotnazol-1-yl)-1,1,3,3-tetramethyl  uronium  hexafluorophosphate  methanaminium; HMDS =
hexamethyldisilazane; HOBT = I-hvdroxybenzotriazole; i-PrOH = isopropanol; LAH = lithium aluminium
hydride; LaHMDS = Lithium bis(trimethylsilyDamide, MeCN = acetonitride; MeOH = methanol;, MP-
carbonate resin = macroporous tricthylammonium methylpolystyrene carbonate resin; MsCl = mesyl
chloride; MTBE = methyl tertiary butyl ether; MW = microwave wrradiation ; n-Buli = n-butyHithiom;
NaHMDS = Sodiom bis(trimethylisilyl)amide; NaOMe = sodium methoxide, NaOtBu = sodium {-butoxide;
NBS = N-bromosuccimmide; NCS = N-chlorosuccinimide; NMP = N-Methyl-2-pyrrolidone; Pd(Phy), =
tetrakis{tripheny Iphosphine)palladiam(0); Pd,(dba); = tris{dibenzy lidencacetone)dipalladium(0);
PACL{PPh;); = bis(triphenylphosphinejpalladium(ll) dichloride; PG = protecting group;, prep-HPLC =
preparative  high-performance  liquid  chromatography, PvBop =  (benzotriazol-1-yloxy)-
tripvrrolidinophosphonime bexafluorophosphate; Pyr = pyridine; RT = room temperature; RuPhos = 2-
dicyclobhexyiphosphino-2' 6'-duisopropoxybiphenyl; sat. = saturated; ss = saturated solution; t-BuOH = tert-
butanocl, T3P = Propviphosphonic Anhvdride; TBS = TBDMS = Jjerf-butyldimethyisilyl, TBR(CI =
TBDMSCIL = fert-butyldimethylchlorosilane; TEA = Et;N = tnethvlamine; TFA = aifluoroacetic acid;
TFAA = mfluorcacetic anhydride; THF = tetrahydrofuran; Tol = toluene; TsCl = tosyl chloride; XPhos = 2-

dicyclohexylphosphino-2' 4.6 -tritsopropyibiphenyl

General Synthetic Methods for Preparing Compounds
[00392]In general, polyvamides of the present disclosure may be synthesized by solid supported synthetic
methods, using compounds such as Boc-protected straight chain aliphatic and heteroaromatic amino acids,

and alkvlated derivatives thereof, which are cleaved from the support by aminolysis, deprotecied {e.g., with

-174-



WO 2019/204781 PCT/US2019/028394

sodium thiophenoxide), and purified by reverse-phase HPLC, as well known m the art. The identity and
purity of the polyamides may be verified using any of a variety of analytical techniques available to one
skilied in the art such as 'H-NMR, analytical HPLC, or mass spectrometry.

{30393] The following scherse can be used to practice the present disclosure,

Scheme I: Synthesis of polyamides

¥

: o EDC
——— HZN T DY G
104

{00394] The compounds disclosed herein can be synthesized using Scheme 1 For clarity and compaciness,
the scheme depicts the synthesis of a diamide comprising subunits “C” and “D”, both of which are
represented as unspecified five-membered rings having amino and carboxy moietics. The amino group of
subunit “D7 is protected with a protecting group “PG” such as a Boc or CBz carbamate to give 161, The free
Yearboxylic acid 1s then reacted with a solid support, using a coupling reagent such as EDC, to give the
supported compound 103. Removal of PG under acidic conditions gives the free amune 104, which is
coupled with the nitrogen-protected carboxylic acid 165 to give amide 106, Removal of PG under acidic
conditions gives the free amine 167, In this example, the free amine is reacted with acetic anhydride to form
an acctamide (not shown. The molecule is then cleaved from the solid support under basic conditions to give
carboxylic acid 108. Methods for attachment of the linker L and recruiting moiety X are disclosed below.
{06395] The person of skill will appreciate that many variations of the above scheme are available to provide
a wide range of compounds:

1) The sequence 184 — 186 — 167 can be repeated as often as destred. in order to form longer polyamine
sequences.

2y A variety of amino heterocycle carboxylic acids can be used, to form different subunits. Table 3, while

not intended to be limiting, provides several heterocycle amino acids that are contemplated for the synthesis
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of the compounds in this disclosure. Carbamate protecting groups PG can be incorporated using techniques

that are well established in the art.

Tabile 3. Heterocyclic amine acids,

Structure
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[00396]3) Hydroxy-contamming heterocyclic amino acids can be mcorporated into Scheme 1 as thewr TBS

cthers. While not intended to be limiting, Scheme I provides the synthesis of TBS-protected heterocyclic

amino acids contemplated for the synthesis of the compounds 1o this disclosure,

Scheme II: Synthesis of TBS-protected heterocyclic amino acids

1. Boc,O
X 2. H* / MeOH e
HZN%OH = poc—N—__
5 3. TBSCI/ Im
o 4. LIOH / H,0 T85O
X =N(CH;); 8

—OH

[00397]4) Alhphatic ammo acids can be used in the above synthesis for the formation of spacer units “W”

and subunits for recognition of DNA nucleotides. Table 4, while not intended to be limiting, provides

several aliphatic amino acids contemplated for the synthesis of the compounds in this disclosure.
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Table 4. Aliphatic amino acids.

Structore

HZN/—‘\WQH

0

beta-alanine (B)

HoN /\/\WOH

o

gamma-aminobutyric acid ("gAB” or )

HZN"A\/O

O

OH
3-(2-aminoethoxy )propanoic acid

CBz

i
HNT N\/\H—QH

O

3-{(2-aminoethyD)(2-0x0-2-phenyl-1A -ethy Damino)propanoic acid

O

Dp

” O

%N

NHR R

is H, C]_g; ﬁﬂ(yl)

H O
“}QN

OR (R

is H. Cygalkyl, aryl, or hetercaryl)

AcHN

HoN

NH COOH

NHAC

2

b

NH COOH

2

p

NH;

HoN OH

+
—
Q Jo—

XisForGH

-179-



WO 2019/204781 PCT/US2019/028394

Scheme IIT: Synthesis of polvamide / recruiting agent / linker conjugate.

PPhy / CBry 8
TBSO’A\/G\/\O/\VOH S TBSO/‘\/G\/’\O/\/ 7
301 362
X-0OH F
base base
383 304

{00398 Attachment of the lisker L and recruiting motety X can be accomplished with the methods disclosed
in Scheme I which uses a tricthylene glycol moiety for the linker L. The mono-TBS ether of tricthylene
glycol 301 1s converted to the bromo compound 382 under Mitsunobu conditions. The recruiting moicty X is
attached by displacement of the bromine with a hydroxyl moiety, affording ether 383. The TBS group is
then removed by treatment with fluoride, to provide alcohol 384, which will be suitable for coupling with
the polyamide moiety. Other methods will be apparent to the person of skill in the art for inclusion of
alternate linkers L, including but not lmited to propylene glycol or polyamine linkers, or alternate points of
attachment of the recrutting moiety X, including but not limited to the use of amines and thiols.

Scheme 1V: Synthesis of polyamide / recruiting agent / linker conjugate.

= O v O =, O
H Fe\ T H o/ P HOo ey T
Ac—N y CEI AC_NN d D;l Ci
401

O O
(301) = 9y § .
- ACNQ/\\/OWQ’/\\/Q X

402

[00399] Synthesis of the X-L-Y molecule can be completed with the methods set forth in Scheme IV.

base

Carboxvlic acid 108 is converted to the acid chloride 461, Reaction with the alcochol functionality of 361
under basic conditions provides the coupled product 402, Other methods will be apparent to the person of
skill in the art for performing the coupling procedure, including but not imited to the use of carbodiimide
reagents. For instance, the amide coupling reagents can be used, but not limited o, are carbodiimides such as
dicyclobexyicarbodiimide (DCC, diisopropylearbodiimide (DIOY, ethyl-(N" N’-
dimethvlamino)propvicarbodumide hydrochioride (EDC), in combination with reagents such as 1-
hydroxybenzotriazole (HOBt), 4-(N N-dimethylamino)pyridine (DMAP) and dusopropylethylamine
(DIEA). Other reagents are also often used depending the actual coupling reactions are (Benzotriazol-1-
vioxyris{dimethylaminoyphosphonium hexafluorophosphate (BOP), (Benzotriazol-1-
vloxyyripyrrolidinophosphonium hexafluorophosphate (PyBOP), (7-Azabenzotriazol-1-
yioxy)tripyrrolidinophosphonivm  hexafluorophosphate (PyAOP),  Bromotripyrrolidinophosphonium
hexafluorophosphate (PyBrOP), Bis(2-oxo-3-oxazolidinylyphosphinic chloride (BOP-Cl, O-(Benzotriazol-
-y D-N. NN’ N’-tetramethyluronium  hexafluorophosphate  (HBTU), O-(Benzotriazol-1-yl)- NN N’ N’-

tetramethyvivronium tetraftuorchorate (TBTU), O-(7-Azsbenzotriazol-1-vD-N NN N -tetramethviuroninie
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hexafluorophosphate (HATU}, O-(7-Azabenzotriazol-1-y1)- NN N’ N’ -tetramethy turonium
tetraffuorgborate (TATU), O-(6-Chlorcbenzotriazol-1-y1)-N N, N N -tetramethyluronium
hexafloorophosphate (HCTU), Carbonyldiimidazole (CDD, and N,N,N' N~

Tetramethyichioroformamidinium Hexafluorophosphate (TCFH).

Scheme V: Proposed synthesis of rohitukine-based CDK9 inhibitor

T8SO O

1) TRSCH
o

2) NBS

HOCH,CHo-L  (501)

base TBSO

[00400] A proposed synthesis of a rohitukine-based CDK9 inhibitor is set forth in Scheme V. Synthesis
begins with the natural product rohitukine, which is a naturally available compound that has been used as a
precursor for CDK9-active drugs such as Alvocidib. The existing hydroxy groups are protected as TBS
ethers, the methyl group is brominated, and the bromo compound is coupled with a suitably functionalized
linker reagent such as 561 to afford the linked compound 562, Variants of this procedure will be apparent to
the person of skill.

Scheme VI Proposed synthesis of DB08045-based cyclin T1 inhibitor

HOOC-CH,CHy-L
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[00401] Proposed syntheses of DB08045-based cvclin Tl inhibitors are set forth in Scheme VI Synthesis
begins with DBO38045, which coniaing a pripary amino group that is available for functionalization.
Coupling of the amino group with a carboxylic acid under conventional conditions gives amide 681,
Alternatively, reductive amination with a carboxaldehyde gives amine 682, Variants of this procedure will

be apparent to the person of skill.

Scheme VIIL Proposed synthesis of A-393 based PRC2 inhibitor

F
A-385
CISO,CHs  {702) L
o J
\
C!SQz(:HzCHz-L (793) /\N/ \b

704

{00402] A proposed synthesis of an A-395 based PRC2 inhibitor is set forth in Scheme VI The piperidine
compound 701, a precursor to A-395, can be reacted with methancsulfonyl chloride 762 to give A-395. Ina
variation of this synthesis, 701 is reacted with linked sulfonyl chloride 783, to provide linked A-395
inhibitor 704

Attaching protein binding molecules to oligomeric backbone

[00403] Generally the oligomeric backbone 15 functionalized to adapt to the type of chemical reactions can
be performed to link the oligomers to the attaching position in protein binding moteties. The tvpe reactions
are suitable but not limited to, are amide coupling reactions, ether formation reactions (O-alkvlation
reactionsy, amine formation reactions (M-alkyvlation reactions), and sometimes carbon-carbon coupling
reactions. The general reactions used to link oligomers and protein binders are shown in below schemes

(VI through X). The compounds and structures shown in Table 2 can be attached to the oligomeric
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backbone described herein at any position that is chemically feasible while not interfering with the hydrogen

bond between the compound and the regulatory protein

Scheme VIH. Amide Couplings

Amide couping reagent O

Cligomer L .| Protein Cligomer ' | Protein
Backbone [ COOH + HpN—t e ~ |Backbeone N Binder
of
- Amide couping reagent - e
Cligomer | i Protein Qligomer H \) Protein
NHp + HOOC— Nl
Backbone| V2 T Binder > {Backbone [T Binder

{00404 Either the oligomer or the protein binder can be functionalized to have a carboxylic acid and the
other coupling counterpart being functionalized with an amino group so the moieties can be conjugated
together mediated by amide coupling reagents. The amide coupling reagents can be used, but not imited to,
arc carbodiimides such as dicyclohexylcarbodiimide (DCC), ditsopropylearbodiimide (DIC), ethyl-(N" N’-
dimethylamino)propyicarbodiinude hydrochloride (EDC), in combination with reagents such as 1-
hydroxybenzotriazole (HOBt, 4-(N N-dimethylaminoypvridine (BDMAP) and  ditsopropyicthvlamine
(DIEA). Other reagents are also often used depending the actual coupling reactions are {Benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexathuorophosphate (BOP), {Benzotriazol-1-
vioxyripyrrolidinophosphonium hexafluorophosphate (PyBOP), (7-Azabenzotriazol-1-
vioxyiripyrrolidinophosphonivm  hexafluorophosphate (PyAOP),  Bromotripyrrolidinophosphonivm
hexafluorophosphate (PyBrOP), Bis(Z-oxo-3-oxazobidinyiyphosphinic chloride (BOP-ChH, O-(Benzotriazol-
1-yD-NN N N -tetramethyluronium  hexafluorophosphate  (HBTU), O-(Benzotrazol-1-y1)- NN, N° N’-

tetramethyluronium tetrafluoroborate (TBTU), O-(7-Azabenzotriazol-1-vD-N N N’ N -{etramethyluroniom

hexafluorophosphate (HATU), O-~(7-Azabenzotriazol-1-v1)- N,N,N° N tetramethyluronium
tetrafluoroborate (TATU), O-(6-Chlorobenzotriazol-1-yDh-N N N° N’ -tetramethy luronium
hexafluorophosphate (HCTU), Carbonvidumidazole (Chh, and N,N,N N'-

Tetramethylchloroformamidinium Hexafluorophosphate (TCFH).

-183-



WO 2019/204781 PCT/US2019/028394

Scheme IX. Ether Formation Reactions (O-alkylation reactions)

Base

Oligomer | L + HO- Protein Oligomer Protein

Backbone T Binder > Backbone |7 Ot Binder
or

Ofigomer | (| Protein Base Oligomer Protein

Backbone = | Binder * |Backbone O Binder

L = leaving group such as iodide, bromide, chioride, mesviate, besylate, tosylats

[00405]In an cther formation reaction, cither the oligomer or the protein binder can be functionalized to
have an hydroxyl group (phenol or alcohol) and the other coupling counterpart being functionalized with a
feaving group such as halide, tosvlate and mesylate so the moieties can be conjugated together mediated by a
base or catalyst. The bases can be sclected from, but not hmited o, sodivm hydride, potassium hydride,
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate. The catalyst can be
selected from silver oxide, phase transfer reagents, iodide salts, and crown cthers.

Scheme X. Amine Formation Reactions (N-alkylation reactions)

Oligomer Y + HN Protein Base Oligomer H Protein

Backbone 2N Binder > |\Backbone |7 N--—] Binder
or

Qligomer | .~ | Protein Base Oligomer | T | Protsin

Backbone| 'V 2 Binder > | Backbene N7 Binder

L =leaving group such as iodide, bromide, chioride, mesylate, besylate, tosylate

Ofigomer | .\ | Protein NaBH;CN ofigomer | M [protein

Backbone 2 Binder > |Backbone —CHa—N—Fginter
or

Oligomer | i | Protein NaBH;CN Ofigomer | H | protein

Backbone| N2 + OHC— gioeer > |Backbone | N"CH 1 Binder

[00400]In an N-alkylation reaction, either the oligomer or the protein binder can be functionalized to have
an amino group (arylamine or alkylamine) and the other coupling counterpart being functionalized with a

leaving group such as halide, tosylate and mesylate so the moieties can be conjugated together directly or
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with a base or catalyst. The bascs can be selected from, but not limited to, sodium hydride, potassium
hydride, sodium hydroxide, potassium hydroxide, sodimum carbonate, potassivrn carbonate. The catalyst can
be sclected from silver oxide, phase transfer reagents, iodide salts, and crown ethers. The alkvlation of
amines can also be achieved through reductive amination reactions, where in either the oligomer or the
protein binder can be functionalized to have an amino group {(aryvlamine or alkylamine) and the other
coupling counterpart being functionalized with an aldehyde or ketone group so the moietics can be
conjugated together with the treatment of a reducing reagent (hydride source) directly or in combination
with a dehydration agent. The reducing reagents can be selected from, but not hmited to, NaBH,,
NaHB(OAc);, NaBH;CN, and dehydration agents are normally Ti(iPr0O),. TyOEt), AlGPrO),.

orthoformates and activated molecular sieves.

Cell-penetrating ligand

{004G7] In one aspect, the compounds of the present disclosure comprises 3 celi-penetrating figand moiety.
The cell-penetrating ligand moiety serves to facilitate transport of the compound across cell membranes. In
certain embodiments, the cell-penetrating ligand moiety is a polypeptide. Several peptide sequences can
facilitate passage into the cell, including polycationic sequences such as poly-R; argininc-rich sequences
interspersed with spacers such as {RXR), (X = G-aminchexanoic acid) and (RXRRBR), (B = beta-alanine);
sequences derived from the Penetratin peptide; and sequences derived from the PNA/PMO internalisation
peptide (Pip). The Pip3 series is characterized by the sequence ILFQY.

[00408] In certain embodiments, the cell-penetrating polypeptide comprises an N-{erminal cationic sequence
HoN-(R),-CO-, with n = 5-10, inclusive. In certain embodiments, the N-terminal cationic sequence contains
1. 2. or 3 substitutions of R for amino acid resides independently chosen from beta-alanine and 6-
aminohexanocic acid.

[00409] In certain embodiments, the cell-penetrating polypeptide comprises the ILFQY sequence. In certain
embodiments, the cell-penctrating polvpeptide comprises the OFLY sequence. In certain embodimends, the
cell-pencirating polypepiide comprises the QFL scquence.

[00410]In certain embodiments, the cell-penetrating polypeptide comprises a C-lerminal cationic sequence -
HN-(R),~COOH, with n = 3-10, inclusive. In certain embodiments, the C-terminal cationic sequence
contains 1, 2, or 3 substitutions of R for amino acid resides independently chosen from beta-alanine and 6-
anunohexanoic acid. In certain embodiments, the C-terminal cationic sequence is substituted at every other
position with an amino acid residue independently chosen from beta-alanine and 6-aminohexanoic acid. In
certain embodiments, the C-lerminal cationic sequence is -HN-RXRBRXRB-COOH.

Tabie 5. Cell-penetrating peptides

SEQ ID NG Sequence

SEQIDNO. 1 GRKKRROQRRRPPQ
SEQIDNO.2 ROIKIWFONRRMKWKK
SEQIDNO.3 KLALKLALKALKAALKLA
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SEQ ID NO. 4 GWTLNS/AGYLLGKINLKALAALAKKIL
SEQ ID NO. 5 NAKTRRHERRRKLAIER

SEQIDNO. 6 RRRRRRRR

SEQ 1D NO. 7 RRRRRRRRR

SEQ IDNO. 8 GALFLGFLGAAGSTMGA
SEQIBNG. 9 KETWWETWWTEWSQPKKKRKY
SEQ ID NO. 10 LLILRRRIRKQAHAHSK

SEQIBPNG. 11 YTAIAWVKAFIRKLRK

SEQ ID NO. 12 IAWVKAFIRKLRKGPLG

SEQ IBNOG. 13 MVTVLFRRLRIRRACGPPRVRY

SEQ ID NO. 14 GLWRALWRLLRSLWRLLWRA
SEQIBNG. 15 RRRRRRR QIKIWFONRRMKWKKGG
SEQ ID NO. 16 RXRRXREXRIKILFQNRRMKWKK
SEQ IBNG. 17 RXRRXRRXRIGKILFONERRMKWHKEB
SEQ ID NO. 18 RXRRXRRXRIHILFQNIRRMKWHKB
SEQ IDNOG. 19 RXRRBRRXRILFQYRXRBRXRE

SEQ ID NO. 20 RXRRBRRXRILFQYRXRXRXRE
SEQ ID NG. 21 RXRRXRILFQYRXRRXR

SEQ ID NO. 22 RBRRXRRBRILFQYRBRXRERRB

SEQ ID NG. 23 RBRRXRRBRILFQYRXRBRXRB

SEQ ID NO. 24 RBRRXRRBRILFQYRXRRXRB

SEQ ID NG. 25 RBRRXRRBRILFQYRXRBRXB

SEQ ID NO. 26 RXRRBRRXRILFQYRXRRXRE

SEQ ID NG. 27 RXRRBRRXRILFQYRXRBRXB

SEQ ID NO. 28 RXRRBRRXRYQFLIRXRBRXRB

SEQ ID NG. 29 RXRRBRRXRIQFLIRXRBRXRE

SEQ ID NO. 30 RXRRBRRXRQFLIRXRBRXRB

SEQ ID NG. 31 RXRRBRRXRQFLRXRBRXRB

SEQ ID NO. 32 RXRRBRRXYRFLIRXRBRXRE

SEQ ID NG. 33 RXRRBRRXRFQILYRXRBRXREB

SEQ ID NO. 34 RXRRBRRXYRFRLIXRBRXRE

SEQ ID NG. 35 RXRRBRRXILFRYRXRBRXRB

SEQ ID NO. 36 Ac-RRLSYSRRRFXBpeG

SEQ ID NG. 37 Ac-RRLSYSRRRFPFVYLIXBpgG
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X
{005] Ac = acetyl; Bpg = L-bis-homopropargylglycine = HoN™ "COOH . p = petg-alanine; X =
6-aminchexanoic acid; dK/dR = corresponding D-amino acid.

[00411]

EXAMPLES
[00412] The following cxamples are given for the purpose of ilhustrating various embodiments of the
invention and arc not meant to limit the present invention in any fashion. The present examples, along with
the methods described herein are presently representative of preferred embodiments, are exemplary, and are
not intended as lLimitations on the scope of the imvention  Changes therein and other uses which are
encompassed within the spirit of the mvention as defined by the scope of the claims will occur to those
skilled 1n the art.
[00413] While preferred embodiments of the present invention have been shown and described herein, 1t will
be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled 1 the art without departing
from the wnvention. It should be understood that various alternatives to the embodiments described herein
may be employed. It 15 mtended that the following claims define the scope of the nvention and that
methods and structures within the scope of these claims and their equivalents be covered thereby.

Example 1.

{00414]Scheme A describes the steps involved for preparing the polyamide, attaching the polvamide to the
oligomeric backbone, and then attaching the ligand to the other end of the oligomeric backbone. The second
terminus can include any structure in Table 2. The oligomeric backbone can be selected from the varions
combinations of linkers shown in Table 6. The transcription modulator molecule such as those listed in
Table 7 below can be prepared using the synthesis scheme shown below.

Table 6. Examples of oligomeric backbone as represented by ~(T'-V )T -V T-V ) TV H(T°-V)e—

T! \/71 T2 V2 e V3 T ‘\[4 T VS
(Cy- CONR'" (EA), o (PEG), | NR''CO
Cyalkylene

H H /OL
%, N~ NN o A
/\ﬂ/ \ n NT

8§ H
o o

(Cy- CONRY (EA)g CcO (PEG), | O arylene NRTCO | -

Cilalkylene
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-188-




WO 2019/204781 PCT/US2019/028394
H 9
N N 0 | :
o o
(EA)y o (PEG), | O phenyl NRUYCOC,. | -
jalkyl
(Cy- CONR'! (PEG), | CO
Cyalkylene
0
H l/\ i
/’\xN\W/{\/O O/Lpf
/s
O
(Cy- CONRY {(EA) Co (modified | O arylene NRCO | -

Cilalkylene

PEG},

s

H . 0
WNWNWO\&AQ/)\/\EL;

Table 7. Examples of transcription modulator molecules

First Oligomeric backbone Second terminus
{CTIGINGS
Py-Im-Im-f- TR lo. G
N To ¢

Py-$-Im-im b t is \N’U\\I/CE

! |

N A N /\@q

H
=
F (CBP binder)

Py-Im-Im-f- W o O
Py-B-Im-Im * ' o N )J\\/ Ci

H
7>k (CBP binder)

Pyv-Im-Im-§-
Py-B-Im-Im

\N)l\(,CE

H i
=
F (CBP binder)

Py-lm-Im-§-
Py-B-Im-Im

I =
Q\O/‘\I‘{

Ox.NH

NN \S{\
| | O
o™

N
H

(OGT binder)
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py-h’ﬁ-h’ﬂ-ﬁ- m\/\% /\%ﬁ\‘%
Py-f-Im-Im | ¥ A IS

7
@\O/\\}{

{OGT binder)

Py-Im-Im-B- H
E\/%O/\%N\“}{
Py-B-Im-im % 150

(OGT binder)

oy
&
" (methyl

Py-Im-im-B- , o
1 Lo .
Py-B-Im-Im "’RN"\V‘{ \/\}NO/(N‘?Z
H 5 H
Py-Im-Im-f- ) f’\/"{{)
Py-B-Im-Im “’NN/A\’?O\/%N\/] N
H 10 H
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(CDK 1.2, 5)
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Pyv-Im-Im-§-
Py-B-Im-Im
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Py-Hp-gBA- ﬁ’&*‘i
Py-Hp-B-Py- 10
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Py-Hp-gBA-
Py-Hp-B-Py-
Py-Py

Scheme A: Synthesis of first terminus / second terminus / linker conjugate.

= O o SOCH, 0 o
H o1 H B oo H
Ac—N—LC Dl oH -  pc—N-L0) ML Cl
A A2

H Q/\/OV/\ O/\\"O\X

base

Attaching protein
binder/ligand

O o
4 T s ] ~
ACNG'/\\/O\V‘AO‘/\\/O X
A-3

{00415]The hgand or protein binder can be attached to the oligomeric backbone using the schemes
described below. The oligomeric backbone can be linked to the protein binder at any position on the protein
binder that is chemically feasible while not interfering with the binding between the protemn binder and the
regulatory protein. The protein binder binds to the regulatory protein often through hydrogen bonds, and

linking the oligomeric backbone and the regulatory protein should not interfere the hydrogen bond

Q/\/O\/’\Q/‘VO\,/\ Ligs

formation. The protem binder is attached to the oligomeric backbone through an amide or ether bond.

[00416]
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[060417] Scheme B through Scheme D demonstrate several examples of huking the oligomeric backbone and

protein binder.

Scheme B. Example for Amide Coupling

Amide coupling Reaction:

7N s \'\ )
o A sl Y
Ny d }‘EZN]L/\O]/\V,NHBQC N L
| . 10 ) TRATCM, 14, 1.0k ;
HQH SAN ECHL OMAR, OVF, 1,177 © 34 N OQYNI'N\/\
IS i EDCH DMAP, DMF, 1t NN | Y
E \Li . . T\r H\//& o 50 T L\é:’/l\C‘
Y O A b HONT \/’11~N'“
o BocHN' ;{Ov g\ﬁ*‘o 200 N
Scheme C. Example for Ether Formation Reaction (O-alkylation reaction)
Ether Formation Reaction {G-alkylation}:
-0
/ r 5 -
N~ SHN._ Ay 0TS {
- e~ o TRADCHE 1:5 N
I R " & [ —— > SN
s N P p—— T TOR \ S
- /T — K00, DMF, 60°C, 17 h ‘ YT e
NN e -0 i N N
o . 2N o 04
. < 70 \-NHEGC 0 —NH
Scheme D. Example for Amine Formation Reaction (N-alkylation reaction)
(p) Biological Activity Assays
AmineFormation Reaction {N-alkylation}:
~ L YK Q\/,i\
0 N A ?;!»?LS/‘« b"/\ TFADCME 15 o TN’%,NS/*«_ i
> /‘J / ,‘IL.-.\\ S/\ N J ‘L\S/ < N W» ;/\Y' AN,KS/ N
7Y o W
N R HaN_- {O'“*}:‘JV’
Example 2

{00418] The methods as set forth below will be used to demonstrate the binding of the disclosed compounds
and the efficacy in treatment. In general, the assays are directed at evaluating the effect of the disclosed
compounds on the level of expression of hean.

(7ene expression

[00419] Expression of bean will be assayed by technigues known in the field. These assays inclade, but are
not hmited o quantifative roverse transcription polymerase chain reaction (RT-PCR), microarray, or

multiplexed RNA sequencing (RNA-seq), with the chosen assay measuring either total expression, or the
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allele specific expression of the finr gene. Exemplary assays are found at: Freeman WM et al., “Quantitative
RT-PCR: pitfaiis and potential”, RicTechnigues 1999, 26, 112-125; Dudlev AM et al, “Measuring absoluie
expression with microarrays with a cabibrated reference sample and an extended signal intensity range”,
PNAS US4 2002, 99(11), 75354-75539, Wang Z ¢t al., "RNA-Seq: a revolutionary tool for transcriptomics”
Nature Rev. (Genetics 2009, 10, 57-63.

[00420] Production of the FMRP protein will be assayed by techniques known in the field. These assays
include, but are not limited to Western blot assay, with the chosen assay measuring either total protein
expression, or allele specific expression of the finr gene.

{0042 1] For use 1n assay, two tissue models and two animal models are contemplated.

Disease Model I: Human cell cuiture

[00422] This model will counstitate patient-derived cells, including fibroblasts, induced pluripotent stem cells
and cells differentiated from stem cells. Attention will be made 1n particular to cell types that show impacts
of the discase, e.g., neuronal cell types.

Disease Model II: Murine cell culture

{00423]1 This model will constitute cell cultures from mice from tissucs that arc particularly responsible for
discase symptoms, which will include fibroblasts, induced pluripotent stem cells and cells differentiated
from stem cells and primary cells that show impacts of the disease, e.g., neuronal cell types.

Disease Model III: Murine

[00424] This mode! wil constitute mice whose genotypes contain the relevant number of repeats for the
discase phenotype - these models should show the expected altered gene expression (¢.g., a variation in bean
expression).

Disease Model IV: Murine

[00425] This model will constitute mice whose genotypes contain a knock in of the human genetic locus
from a discased patient - these models should show the expected altered gene expression (c.g., ncrease or
decrease in hean expression).

[00420] All references, patents or applications, U.S. or foreign, cited in the apphcation are hereby
meorporated by reference as  written herein in their entireties. Where any inconsistencies arise, material
literally disclosed herein controls.

{00427 From the foregoing description, one skilled in the art can easily ascertain the essential characteristics
of this disclosure, and without departing from the spirit and scope thereof, can make various changes and

modifications of the disclosure to adapt if to vanous usages and conditions.
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CLATMS
WHAT IS CLAIMED IS:

i. A transcription modulator molecule having a {irst terminus, a second terminus, and an
oligomeric backbone, wherein:

a) the first terminus comprises a DNA-binding moiety capable of noncovalently
binding to a nucleotide repeat sequence TGGAA;

b) the second terminus comprises a protein-binding moiety binding to a regulatory
molecule that modulates an expression of a gene comprising the nucleotide repeat sequence
TGGAA: and

¢} the oligomeric backbone comprising a linker between the first terminus and the
second terminus, with the proviso that the second terminus is not a Brd4 binding moiety.

2. The transcription modulator molecule of claim 1, wherein the first terminus comprises a
polvamide selected from the group consisting of a linear polyamide, a hairpin polyamide, a H-pin
polyamide, an overlapped polyamide, a slipped polyamide, a cyclic polvamide, a tandem polyamide, and an
extended polyamide.

3. The transcription modulator molecule of claim 1 or 2, wherein the first terminos comprises a
linear polvamide.

4. The transcription modulator molecule of claim 1 or 2, wherein the first terminus comprises a
haurpin polyamide.

5. The wranscription modulator molecule of any one of claims 2-4, wherein the polyamide is
capable of binding the DNA with an affinity of less than 500 nM.

6. The transcription modulator molecule of any one of claims 1-5, wherein the first terminus
comprises ~-NH-Q-C{0O)-, wherein Q is an optionally substituted Cq 5 arvlene, optionally substituted 4-10
membered heterocyclene, optionally substituted 5-10 membered heteroarylene group, or an optionally
substituted alkylene group.

7 The transcription modulator molecule of any one of claims 1-6, wherein the first terminas
compriscs at least three heteroaromatic carboxamide moictics comprising at least one heteroatom selected
from O, N, and 3, and at least one aliphatic amino acid residue chosen from the group consisting of glycine,
$-alanine, y-aminobutynic acid, 2,4-diaminobutyric acid, and 5-aminovaleric acid.

8. The ranscription modulator molecule of claim 7, wherein the heteroaromatic carboxamide
moiety 18 a monocychic or bicyclic moiety.

9. The transcription modulator molecule of claim 7, wherein the first terminus comprises one
or more carboxamide moietics selected from the group congisting of optionally substituted pyrrole
carboxamide monomer, optionally substituted imidazole carboxamide monomer, | and B-alanine monomer.

10. The transcription modulator molecule of any one of claims 7-9, wherein the carboxamide

moicties are selected based on the pairing principle shown in Table 1A, Table 1B, Table IC, or Table 1D.
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I The transcription modulator molecule of any one of claims 1-10, wherein the first terminus
comprises Im corresponding to the nucleotide G, Py or  corresponding to the nucleotide pavr €, Py or B
corresponding to the nucleotide pair A, Py, B, or Hp corresponding to the nucleotide T, and wherein Im 1 N-
methyi inidazole, Py is N-methyl pyrroie, Hp is 3 -hydroxy N-methyl pyrrole, and B-alanine.

12. The transcription modulator molecule of any one of claims 1-10, wherein the first terminus
comprises Im/Py 1o correspond to the nucleotide pair G/C, Py/Im to correspond to the nucleotide pair /G,
Py/Py to correspond to the nucleotide pair A/T, Py/Py to correspond to the nucleotide pair T/A, Hp/Py to
correspond to the nucleotide pair T/A, and wherein Im is N-methyl imidazole, Py is N-methyl pyrrole, and
Hp 1s 3 -hydroxy N- methyl pyrrole.

3. The transcription modulator molecule of any one of claims 1-12, wherein the first terminus
comprises a structure of formula (A-1)

~-Li-[A-R]p -El

(A-1)

wherein:

each |A-R] appears p times and p 1s an integer in the range of 1 t0 10,

L1 1s a bond, a C1-6 alkvlene, -NR1-Ci-6 alkviene~-C{0O)-, -NRIC(0O)-, -NR1-C1-6
alkviene, -0O-, or -0-C1-6 alkviene;

A is selected from a bond, C1-10 alkyiene, —CO—, —NR1—, —CONRIl—,—
CONRICl1-4alkylene—, —NRICQO-Cl-dalkylene—, —C(0)0—, —0—, —8— —C{=5)-
NH—, —C(O)-NH-NH—, -CH=CH-CH2~, —C{0)}-N=N—, or—C(O)-CH=CH—;

each R is an optionally substituted €6-10 arylene group, optionally substituted 4-10
membered helerocyclene, optionally substituted 5-10 membered heteroarylene group, or an
optionally substituted alkylene;

Elis selected from the group consisting of optionally substituted C6-10 arvl,
optionally substituted 4-10 membered heterocycelyl, optionally substituted 5-10 membered
heteroaryl, or an optionally substituted alkvl, and optionally substituted amine.
i4. The transcription modulator molecule of any one of claims 1-12, wherein the first terminus

comprises a structure of

AR,
AN

[A-Rlg-E;
Formula (A-2)

wherein:
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L 1s a linker selected from —Cq_p» aikylene—CR{ CH, N, -Cy 4 alkylene-N, -C(ON, -
_.._Ni(CHZ)p” mN:(CR:Rj)" _CHi{CHz)p“

NR-Cis alkylene-CH, or -0-Cys alkylene-CH, (CHz)g~ , (CRIR%, , (CHz)o~ ,
oo

p is an integer in the range of 1 o 10,

g is an integer in the range of 1 to 10,

each A is independently selected from a bond, C, ¢ alkyvlene, -Cy.jp alkylene-C(O)-, -
Ci.10 alkylene-NR'-, —CO—, —NR'—, —CONR'— —CONR'C jalkylene—, —NR'CO-
Cialkylene—, — {00, — 0] 8] —C{=8)-NH-, —C(O}-NH-NH-—, —C(0}-
N=N—, or —C{O)}CH=CH—;

each R is an optionally substituted Cq.j¢ arvlene group, optionally substituted 4-10
membered heterocyclene, optionally substituted 5-10 membered heteroarylene group, or an
optionally substituted alkylene;

each E; and E» are selected from the group consisting of optionally substituted Ce.1o
arvl, optionally substituted 4-10 membered heterocyclyl, optionally substituted 5-10

membered heteroaryl, or an optionally substituted alkyl, and optionally substituted amine;

and
2=p+g =20,
15. The transcription modulator molecule of any one of claims 1-12, wherein the first terminus

comprises a structure of Formula (A-3)

~L1-[A-R]p-L2-[R-Alg-El

(A-3)

wherein:

L1is abond, a C1-6 alkviene, -NH-C0-6 alkylene-C(0O)-, -N(CH3)-C0-6 alkylene or
-0-C0-6 alkylene,

L2Zisabond, a C1-6 alkyiene, -NH-C0-6 alkylene-C(0O}-, -N(CH3}-C0-6 alkylene, -
0-C0-6 alkylene, -(CH2)a-NR I-(CH2)b-, (CH2)a~, (CH2)a-0O-(CH2)b-, ~(CH2)a-
CH(NHR1)-, (CH2)a-CH(NHR 1}-, ~(CR2R3)a-, or (CH2)a-CH(NR13)+-(CH2)b-, :

each a and b are independently an infeger between 2 and 4;

R1 is H, an optionally substituted C1-6 alkyl, a an optionally substituted €3-10
cvcloalkyl, an optionally substituted C6-10 aryl, an optionally substituted 4-10 membered

heterocyclyl, or an optionally substituted 5-10 membered heteroaryl;
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each R2 and R3 are independently H, halogen, OH, NHAc, or C1-4 alky. each [A-
R] appears p imes and p is an integer in the range of 1 to 10,

each {R-A] appears q times and q 15 an integer in the range of 1 to 10,

each A is selected from a bond, C1-10 alkyl, —CO—, —NRI—, —CONRI—,
CONR1C1-4alkyl—, —NRI1CO-Cl-dalkyl —, —CO0O—, —O—, —8—, —C(=8)-NH—
, —C(O)-NH-NH—, —C(0)-N=N—, or —C{(0)-CH=CH—each R is an optionally
substituted C6-10 arylene group, optionally substituted 4-10 membered heterocyclene,
optionally substituted 5-10 membered heteroarylene group, or an optionally substituted
alkylene;

El is selected from the group consisting of optionally substituted C6-10 aryl,
optionally substituted 4-10 membered heterocyclyl, optionally substituted 5-10 membered
heteroarvl, or an optionally substituted alkyl, and optionally substituted amine; and

2=p+g =20,

16. The transcription modulator molecule of any one of claims 13-15, wherein each E;
independently comprises optionally substituted thiophene-containing moiety, optionally substituted pyrrole
containing moicty, optionally substituted imidazole containing moiety, and optionally substituted amine.

17. The transcription modulator molecule of claim 14, wherein each E, independently
comprises optionally substituted thiophene-containing moiety, optionally substituted pyrrole containing
moicty, optionally substituted imidazole containing moiety, and optionally substituted amine.

I8 The transcription modulator molecule of claim 16 or 17, wherein cach E; and E; are
mdependently selected from the group consisting of optionally substituted N-methylpyrrole, optionally
substituted N-methylimidazole, optionally substituted benzimidazole moiety, and optionally substituted 3~
(dimethylaminc)propanamidyl

19. The transcription modulator molecule of claim 18, wherein each E, and E, independently
comprises thiophene, benzthiophene, C—C linked benzimidazole/thiophene-containing moiety, or C—C
linked hvdroxybenzimidazole/thiophene-contaming moiety,

20. The transcription modulator of claim 18 or 19, wherein cach E, or E, are independently
selected from the group consisting of isophthalic acid; phthalic acid; terephthalic acid; morpholing; N,N-
dimethylbenzamide; N N-bis(trifluoromethyl)benzamide; fluorobenzene; (trifluoromethyl)benzene;
nitrobenzene, phenyl acetate; phenyl 2,2, 2-trifluorcacetate; phenyl dihydrogen phosphate; 2H-pyran; 2H-
thiopyran; benzoic acid; isonicotinic acid; and nicotinic acid; wherein one, two or three ring members in any
of these end-group candidates can be independently substituted with C, N, S or O; and where any one, two,
three, four or five of the hydrogens bound to the ring can be substituted with R, wherein R; may be
mndependently selected for any substitution from H, OH halogen, Cy palkyl, NG, NH,, ;¢ haloalkyl, -
OC,_yp haloalkyl, COOH, CONR'R”; wherem cach R’ and R” are independently H, Cy_jpalkyl, Cy4 haloalkyl,

"C]-}o aikc)xyi
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21 The transcription modulator molecule of claim any one of claims 1-12, wherein the first
terreinus comprises Formuia (A-4) or Formula (A-5)

W NH-Q'-C(0)-W-NH-Q'-C(0)- W'-NH-Q-C(O)W'~... -NH-Q™ ' C(O)W"-NH-Q"-C(O)-E

{Formula A-4)

or
W-C(O-Q -NH-W-C(0)-Q’ NH- W C(O)-Q°-NH-W*-. .. ~C(O)-Q™ 'NH-W™-C(O)-Q"--NH-W""-E

(Formula A-3)

Wherein:

each Q' Q°..and Q" are independently an optionally substituted Cq_ arylene group,
optionally substituted 4-10 membered heterocyclene, optionally substituted 5-10 membered
heteroarylene group, or an optionally substituted alkviene;

each W' W2 and W™ are independently a bond. a C 1 alkylene, -NH-Cy. alkvlene-
C(O)-, -N{CH;)-Cy.6 alkylene, -C{(O}-, -C(0)-Cypoalkylene, or -0-Cy6 alkylene;

m s an integer between 2 and 10; and

E 1s selected from the group consisting of optionally substituted Cq.1 arvi, optionally
substituted 4-10 membered heterocyclyl, optionally substituted 5-10 membered hetercarvi,
or an optionally substituted alkyl, and optionally substituted amine.

22. The transcription modulator molecule of claim any one of claims 1-21, wherein the first
ferminus comprises at least one Cs.s achiral aliphatic or heteroaliphatic amino acid.

23. The transcription modulator molecule of claim 22, wherein the first terminus comprises one
or more subunits selected from the group consisting of optionally substituted pyrrole, optionally substituted
imidarole, optionally substituted thiophene, optionally substituted furan, optionally substifuted beta-alanine,
y-aminobutyric acid, (2-aminocthoxy)-propanoic acid, 3((2-aminoethyl)(2-oxo-2-phenyl-12"-ethy hamino)-
propanoic acid, or dimethylaminopropylamide monomer.

24 The transcription modulator molecule of any one of claims 1-12, wherein the first terminus

comprises a polyamide having the structure of

formula (A-6)
wherein:
each A' is -NH- or ~NH-(CH)u-CH,>-C(O)-NH-:
each R' is an optionally substituted Cq.io arviene group, optionally substituted 4-10
membered heterocyclene, optionally substituted 5-10 membered heteroarylene group, or
optionally substituted alkylene; and

n is an integer between 1 and 6.
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25. The transcription modulator molecule as recited in any one of claims [-12 and 24, wherein

the first terminus has a structure of Formula (A-7)

’/ Xy 0\/ X2y O 3 0\\ / C;\ LRV IS
G e SR Lﬁﬁ« e -G

EA mz‘\

{A-7)
or a salt thereof, wherem;
E is an end subunit which comprises a moiety chosen from a heterocyclic group or a straight
chain aliphatic group, which is chemically linked to its single neighbor;
XY vl and Z! in each m' unit are independently selecied from CRL N, NR%L O, or S
X%, Y*, and 7% in each m’ unit are mdependently selected from CR' N, NR’ O, or §;
X’ Y?, and Z’ in each m’ unit are independently selected from CR!N.NR’, O, or &
x*, ‘Y4, and Z* in each m’ unit are independently selected from CRI, N.NR> O, or §S:
each R' is independently H, -OH, halogen, C . alkyl, C . alkoxyl;
each R? is independently H. .4 alkyvl or C,alkylamine;
each m', m’, m® and m’ are independently an integer between 0 and 3;
each m”, m* and m°® are independently an integer between 0 and 3, and
m' +m’+ m+ m'+ m'+ m®+ m’ is between 3 and 15
26. The transcription modulator molecule as recited in any one of claims 1-12 and 24, wherein

the first terminus hags the structure of Formula (A-8):

/ i / rayl
N
nt ns
o Ye:x® ) O O yexs ) 0
N @)+ HN @)W+
TN 7
10 2

n nS

(A-8)
or a salt thereof, wherein:
a salt thereof, wherein:
E is an end subunit which comprises a moiety chosen from a heterocyclic group or a straight
chain aliphatic group, which is chemically linked fo its single neighbor;

X', Y" and Z" in each n' unit are independently selected from CR, N,NR’, 0, or §;
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Xl Y“, and 7% in each n’ unit are independently selected from CRUN,NR? O, 0r §;
X7, Yy, and Z° in each n” unit are independently selecied from CR' N NR? O, or §;
X, v". and Z* in each n® unit are mdependently selected from CR, N,NR% O, or §;
X7, ¥ and 27 in each n® unit are independently selected from CR', N, NR%, O, or §;
XG’, YS’, and Z° in each n'® unit are independently selected from CR'N.NR? O, or §;
each R' is independently H, -OH, halogen, Ci. alkyl, C . alkoxyl:

each R is independently H, C 1 alkyl or Csalkylarinen is an integer between 1 and 5:
eachn' n’,n’, 0, n®and n'"are mdependently an integer between 0 and 5;

eachn”. n*, n’ and n’ are independently an integer between 0 and 3, and

nt 4t n+ nt T e o'+ 2% 0+ n' s between 3 and 15,

27. The transcription modulator molecule as recited in any one of claims 1-12 and 24, wheren

the first terminus has the structure of Formula (A-9):

or a salt thereof, wherein:

W is a spacer; and

E is an end subunit which comprises a moiety chosen from a heterccyclic ring or a
straight chain aliphatic segment, which is chemically linked to its single neighbor; and

n is an integer between 1 and 5.
28. The ranscription modulator molecule of any one of claims 1-12 and 24, wherein the first

terminus comprises a polyanide having the structure of formula (A-10)

Y1 / YZ
\ w2
‘igjw‘i’@)\ﬂ/\’ \@
1
O \ o
7 {A-10)

wherein:

each Yl, Yz, Y? are independently CRX, N, NRZ, 0. orS;
gach Zi, Zz, 7’ are independently CR‘, N, NRZ, O, or §;
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each R' is independently H, -OH, halogen, C, alkyl, C ;. atkoxyl:

each R” is independently H, C . alkyl or C;.¢alkviamine;

each W' and W” are independently a bond, NH, a C ¢ alkvlene, -NH-C 4 alkvlene, -
N{CH;)-Cy ¢ alkylene, ~-C(O)-, -C{O)-C;palkylene, or -0-Cy 4 alkylene; and

n is an integer between 2 and 11.

29, The transcription modulator molecule of any one of claims 25-28, wherein R is sclected
from the group consisting of H, COH, CI, NO, N-acetyl, benzvl Cy¢ alkyl, Cy 4 atkoxyl, Cigalkenyl Cig
alkynyl , Csalkylamine, -C(ONH-(CHz)yu-C(ONH «(CHy).-NRR, and cach R” and R” are
independently hydrogen or Cy4alkyl
30, The transcription modulator molecule of any one of claims 25-28, wherein R” is
mdependently selected from the group consisting of H, Ci4 alkyl, and C.¢ alkyINH,, preferably H, methyl,
or isopropyl.

31 The transcription modulator molecule of any one of claims 1-30, wherein the first terminus

comprises a pelyamide having one or more subunits independently selected from

CHa
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H , wherein Z is H, NH,;, Ci alkyl, C haloatkyl or €y alkyl-NH,.

32, The transcription modulator molecule of claim 31, wherein the first terminus comprises one
or more subunits selected from the group consisting of optionally substituted N-methylpyrrole, optionally
substituted N-methylimidazcle, and  -alanine.

33. The transcription modulator molecule of any one of claims 1-32, wherein the first terminus

does not have a structure of

P H
w .»-N“r' - +H '_v:\i N H ) H
SO L . W §oS I K PR Y W b $4
4 Q \\\‘.‘. -‘\\ & T ! 'fé ,\-’)’““’1( e ?‘a F” \/\\ T ‘\’\f‘ N‘v’ N - ’\\¢,N‘,\%
0 & i o B I I
i G \ 3 ) O
34 The wranscription modulator molecule of any one of claims 1-33, wherein the linker has a
length of less than about 50 Angstroms.
35. The transcription modulator molecule of any one of claims 1-34, wherein the linker bas a
length of about 20 to 30 Angstroms.
36. The transcription modulator molecule of any one of claims 1-35, wherein the linker
comprises between 5 and 50 chain atoms.
37. The transcription modulator molecule of any one of claims 1-36, wherein the linker
comprises a multimer having from 2 to 50 spacing moieties, and
38 wherein the spacing moiety is independently selected from the group consisting of —

((CR*R"),-0),—. —({CR*R"),-NR"),—, —((CR*R),-CH=CH-(CR'R"),-0),—, optionally substituted -C.,,
alkyl, optionally substituted C,.yo alkenyl, optionally substituted C,_j0 alkynyi, optionally substituted Cq.yo
arylene, optionally substituted Cs; cycloalkylene, optionally substituted 5- to 10-membered heteroarylene,
opticnally substituted 4- to 10-membered heterocycloalkylene, amino acid residue, —O—, —C(OWNR'—
—NR'C(0)—, —C(O)—, —NR'— —C(O)O——0—, —8—, —S5(O)—, —SOr—, —SO,NR’—, —
NR'SO,—, and —P(0)OH—. and any combinations thereof:

gach x is independently 2-4;
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each v 15 independently 1-10; and

each R and R" are independently selected from hydrogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
alkoxy, optionally substituted amino, carboxyl, carboxyl ester, acvl, acyloxy, acyl amino,
amino acyl, optionally substituted alkylamide, sulfonyl, optionally substituted thioalkoxy,
optionally substituted aryvl, optionally substituted hetercaryl, optionally substituled
cvcloalkyl, and optionally substituted heterocyclyl; and

each R' is independently a hydrogen or an optionally substituted C . alkyl.

39. The transcription modulator molecule of any one of claims 1-37, wherein the oligomeric
backbone comprises (T -V (T -V )p-(T VA T VH(T°-V)—, and

wherein a, b, ¢, d and e are each independently 0 or 1, where the sumofa b, ¢, d
andeislio5;

T, T4, T°, T"and T are each independently selected from optionally substituted (C;-
Cipyalkylene, optionally substituied alkenvlene, optionally substituted alkynylene, (EA}y,
(EDA),. (PEG),. (modified PEG),, (AA), —(CR'OH)—.optionally substituted (Ce-Cio)
arvlene, optionally substituted C;, cycloalkylene, optionally substituted 5- to 10
membered heteroaryiene, optionally substituted 4- to 10-membered heterocycioalkylene, a
disuifide, a hydrazine, a carbohydrate, a beta-lactam, and an ester,

w 15 an integer from | {o 20;

m is an integer from 1 to 20;

i 1s an integer from 1 to 30;

p s an integer from 1 to 20;

h is an integer from 1 to 12;

EA has the following structure

where each q is independently an mteger from 1 to 6, each x is mdependently an

integer from 2 to 4, and each r is independently 0 or 1;
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(PEG)n has the structure of (CR'R*-CR'R*0),-CR'R*-;

{modified PEG), has the structure of replacing at least one ~(CR'R*-CR'R*0) in
(PEG), with —(-CH,-CR'=CR'-CH,-0)- or (CR'R*-CR'R’-S)

n 1s an integer in the range of 2-10;

AA 1s an amino acid residue;

Vi V4 V2, Vand V7 are each independently selected from the group consisting of a
covalent bond, —CO—, —NR'— —CONR'—, —NR'CO—, —CONR'C qalkyl—, —
NR'CO-Cyalkyl —, —C(O)0O—. —OC(0)—, —0—., —§—, —8(0)—, —SOr—, —
SO,NR'—, —NR'SO;— and —P(Q)OH—, and

each RYL,R? and R’are independently selected from hydrogen, alkyl, substituted
alkyl, alkenyl, substituted alkenvl, alkynyl, substituted alkvnyl, halogen, alkoxy, substituted
alkoxy, amino, substituted amino, carboxyl, carboxyl ester, acvl, acyioxy, acyl amino,
amino acyl, alkylamide, substituled alkylamide, sulfonyl, thioalkoxy, substituted
thioalkoxy, arvl, substituted arvl, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkvl, heterocyclyl, and substituied heterocyciyl.

40, The transcription modulator molecule of claim 39, wherein TL 15 7T and T, and T° are
each independently selected from (C-Cpalkyl, substituted (C-Cipalkyl, (EA),.. (EDA),. (PEG),.
(modified PEG),, (AA), —(CR'OH),—, phenyl, substituted phenyl, piperidin-4-amino (P4A), piperidine-3-
amino, piperazine, pyrrolidin-3-amino, azetidine-3-amino, para-amino-benzyloxycarbonyl (PABC), meta-
amino-benzyloxycarbonyl (MABCQC), para-amino-benzyloxy (PABO), meta-amino-benzyloxy (MABO),
para-aminobenzyl, an acetal group, a disulfide, a hydrazine, a carbohydrate, a beta-lactam, an ester, (AA),-
MABC-{AA),, (AA),-MABO-(AA),, (AA),-PABO-(AA), and (AA),-PABC-(AA),, piperidin-4-aminc

oy

Sp———

&+ N

R 2N
PAAY i S iz
{

4]. The transcription modulator molecule of claim 39, wherein T], TQ, T:i T* and T are each
mdependently selected from (C-Chpyalkyl, substituted (Ci-Chyjalkyl, (EA),, (EDA),, (PEG),, (modified
PEG),, (AA),—( CROH),—. optionally substituted (Cs-C o) arylene, 4-10 membered heterocycloalkene,
optionally substituted 5-10 membered heterocarvienc.

42. The transcription modulator molecule of claim 39, wherein T or T is an optionally
substituted (Cs-Cio) aryiene.

43, The transcription modulator molecule of claim 39, wherein T or T° is phenylene or
substituted phenylene,

44, The transcription modulator molecule of claim 1, wherein TLT5 T, Thand TPand VY, V2,

V°, V'and V7 are sclected from the following table:

T Y | T l v* ] T l v T l v | T v
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(Cy- CONRY (EA)N, CO (PEG), NRHCO
Cipalkylene
(C,- CONR™ (FA), co (PEG), O arylene NRVCO | - ———
Cypalkylene
(Ci- CONR™ (EA), CO (PEG), |O Substituted | NR™'CO | -
Cipalkylene arylene
(Cy- CONRY (EA), Co (PEG), O NrUCC (Cy- Substituted | NRYCO
C,palkylene Cipalkyl | arviene
(Cy- CONRY (EA), CO (- NRMCOC,. | Substituted | NR™
Cyyalkylene Cinalkyl | jalkyl arylene
(Cy- CONR” (EA)w CoO (PEG), | O Substtuted | -
Cioalkylene arylene
(PEG), CONRMC. | -

qalkyl
(EA), CO (Cr- CONR™MC | —
Coalkvl | galkyl
(€1- CONR' (EA), Co (PEG), | NRCOC, | -
Cioatkyiens galloyd
(EA), Co (PEG), | O phenyl NRICOC,. |
salkyl
(Cy- CONR™ (PEG), | CO
Cipalkylene
(C;- CONR™ (EA), CO (modified | O arylene NRMCO |
Cipalkylene PEG),
45, The transcription modulator molecule of any one of claims 1-43, wherein the Hoker

R e e R \

COMIPFISCS . r or any combination thereof, and r is an integer between 1 and 10,

preferably between 3 and 7, and X is O, S, or NR'.

46.

W .
~e3
comprise a \(\/\X}? E having at least one «(CH,-CH,-0O) replaced with «((CR*R")-CH=CH-

The transcription modulator molecule of any one of claims 1-44, wherein the linker

(CRaRb)X -0)-, or any combinations thereof, wherein W’ is absent, (CHy)1s, -(CHy) 150, (CHy) 5. C(OYNH-
(C}{z)]-s'@, (C}Lv) i_s_C(O)NE‘I“(CI‘IQ)i_s, -(C}Ig)1_5N}IC<O)-(C}12)1_5“0, '(C}‘Ig)}_q_N}‘IC(O)-{CI‘Ig)L;-, E3 18 an

optionally substituted Cq.yp arylene group, optionally substituted 4-10 membered heterocycloalkylene, or

optionally substituted 5-10 moembered heteroarviene; X is O, §, or N r is an integer between | and 10,
47.

phenylene,
48.

The transcription modulator molecule of claim 45, wherein E” is a phenylene or substituted

The transcription modulator molecule of claim 45

g7

&

.

4

, wherein the linker comprise a
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49, The transcription modulator molecule of any one of claims 1-45, wherein the linker
comprises —X(CHy) o CH,CH)O),—, wherem X is -O—, -NH—, or —S—, wherein m is 0 or greater and n is at
least 1.

50, The transcription modulator molecule of any one of claims 1-45, wherein the Hoker

comprises Re following the second terminus, wheremn R, 1s selected from a bond, —
N(R, -, —0O—, and —S—; Rd is selected from —N(R, - —0-, and —5—; and R, 1s independently selected from
hydrogen and optionally substituted Cy4alkyl.

51. The wranscription modulator molecule of any one of claims [-45, wherein the hinker

\ o)
. \(\/\Qﬁ: ’M % <
compriscs one or more siructure sclected from .o T Crpalkyl, arviene,
cycloalkylene, heteroarylene, heterocycloalkylene, —O—, —C{ONR—,—C(O)—, —NR -, —
(CH.CH,CH,0),—, and —(CH,CH,CH,NR"),— , and each r and v are independently 1-10, wherein each

R’ is independently a hydrogen or C, alkyl

52. The transcription modulator molecule of claim 50, wherein the linker comprises \6\/’\0’ r
andris 3-7.

53. The ranscription modulator molecule of any one of claims 1-51, wherein the linker
comprises —N(RMCH)NR(CH)N-, wherein R, or R, are independently selected from hydrogen or
optionally substituted C1-C; alkyl and cach x is independently an integer in the range of 1-6.

54. The ranscription modulator molecule of any one of claims 1-52, wherein the linker
comprises ~(CHy -CIONR)-(CH,) - NER*-(CH)-NRYC(O)-(CHy) - CIOINRY-A-, (CH-CEONRY-
(CH,; CH,O0)(CH, ),-CIOINI-A-, -C(OINE-(CH)-NERH)-(CH)-NRYC(O)-(CHy)-A-, (CH,),-0O-
(CH, CH,0),-(CH,) - NER" HCO)-(CHa)-A-, or -NRYC(O)-(CH,)-CIONRY-(CH)-O(CHLCH,0) (CHy) -
A-; wherein R * 18 methyl, R 'is hydrogen; cach y 1s independently an integer from 1 to 10; each g is
mdependently an 1nteger from 2 to 10; each x is independently an integer from 1 to 10; and cach A 1s
independently selected from a bond, an optionally substituted Cy.pp alkyl, an optionally substituted Cq.10
arylene, optionally substitited Cs.; cycloalkylene, optionally substituted 5~ to 10-membered heteroarviene,
and optionally substituted 4- to 10-membered heterocycloalkylence.

55. The transcription modulator molecule of any one of claims 1-33, wherein the linker is joined
with the first terminus with a group selected from —CO—, —NR'— —CONR'—, —NR'CG—, —
CONR'Cyalkyl—, —NR'CO-Cyalkyl — —C(OY0O—, —OCO)—, —O—, —S—, —S(O)—, —S0,—,

alkylene, optionally substituted C,_j, alkenylene, optionally substituted C,.,;alkynylene, optionally
substituted Cq.p arylene, optionally substituted Cs.; cvcloalkylene, optionally substituted 3~ to 10-

membered heteroarylene, and optionally substituted 4- to 10-membered heterocycloalkylene, wherem cach x
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is independently 1-4, cach v is independently 1-4, and each R’ is independently a hydrogen or optionally

substituted Cy6 alkyl.

56. The wranscription modulator molecule of any one of claims [-34, wherein the linker 1s joined
with the first terminus with a group selected from —CO—, —NR'—, C,.p, alkyl, —CONR'—, and —
NR'CO—.

57. The wranscription modulator molecule of any one of claims [-35, wherein the linker 1s joined

with second terminus with a group selected from —CO—, —NR'— —CONR'—, —NR'CO—, —
CONR'C, 4alkyl—, —NR'CO-C atkyl —, —C(0)O—, —OC(Q)—, —O—, —8—, —5(OQ)—, —S0;—,
—SO,NR'—, —NR'S8O,—, —P{O)OH—,—(CH,),-0)—, —((CH,),-NR')—. optionally substituted -C,_,
alkviene, optionally substituted C,.50 alkenylene, optionally substituted Cy.qgalkynylene, optionally
substituted C;.jparylene, optionally substituted Cs_; cycloalkylene, optionally substitoted 5-to 10-

membered betercaryiene, and optionally substinted 4- to 10-meembered heterocycloatkylene, wherein each x
is independently 1-4, each v is independently 1-4, and each R is independently a hydrogen or optionally
substituted C alkyl.

58. The transcription modulator molecule of claim 56, wherein the linker is joined with sccond
terminus with a group selected from —-CG— NR'—, —CONR ', —NR'CO— A (CH,),- O,
((ﬁCHQ)y—NR])—ﬁ -0O-, optionally substituted -Cy.p; alkyl, optionally substituted Ce.1p aryiene, optionally
substituted C.; cycloalkylene, optionally substituted 5- to 10-membered hetercaryiene, and optionally
substituted 4- to 10-membered heterocycloalkylene, wherein each x 1s independently 1-4, cach y 1s
independently 1-4, and cach R' is independently a hydrogen or optionally substituted C . atkyl.

39. The transcription modulator molecule of any one of claims 1-57, wherein the second
terreinus binds the regulatory molecule with as affuity of less than 200 nM.

60. The ranscription modulator molecule of any one of claims 1-58, wherein the second
{erminus comprises one or more optionally substituted Cs o aryl, optionally substituted Cy o carbocoyclic,
optionally substituted 4 to 10 membered heterocyclic, or optionally substituted 5 to 10 membered heteroaryl.

61. The transcription modulator molecule of any one of claims 1-59, wherein the protein-
binding moiety binds to the regulatory molecule that is selected from the group consisting of a CREB
binding protein (CBP), 2 P300, an O-linked B-N-acetylglucosamine-transferase- (OGT-), a P300-CRBP-
associated-factor- (PCAF-), histone methyltransferase, histone demethylase, chromodomain, a cyclin-
dependent-kinase-9- (CDK9-), a nucleosome-remodelimg-factor-(NURF-), a bromodomain-PHDfinger-
transcription-factor- (BPTF-), a ten-cleven-translocation-enzyme- (TET-), a methyicylosine-dioxygenase-
(TET1-), histone acetyliransferase (HAT), a histone deacetalyse (HDAC), | a host-cell-factor-1(HCF1-), an
octamer-binding-transcription-factor- (OCT1-), a P-TEFb-, a cyclin-T1-, a PRC2- a DNA-demethylase, a
helicase, an acetyltransferase. a histone-deacetylase, methylated histone lysine protein.

62. The transcription modulator molecule of claim 60, wherein the second terminus cormprises a

moicty that binds to an O-linked B-N-acetylglucosamine-transferase(OGT), or CREB binding protein (CBP).

-210-



WO 2019/204781 PCT/US2019/028394

63. The transcription modulator molecule of claim 60, wherein the protein binding moiety is a
residue of a compound that binds to an O-linked 8-N-acetylgiucosamine-ransferase{OGT), or CREB
binding protein (CBP).

64. The transcription modulator molecule of claim 1, wherein the protein binding moisty is a
residue of a compound selected from Table 2.

65. The wranscription modulator molecule of any one of claims 1-62, wherein the protein

binding motety is a residue of a compound having 3 structure of Forowla (C-1)

RZE

{Formula C-1),

wherein:

X? is ~NHC(O)-, -C{O)-NH-, -NHSO,-, or -SO,NH-:

A% is selected from an optionally substituted -C1.1» alkyl, optionally substituted —C,.
1o alkenvl, optionally substituted —C,.0 alkynyl, optionally substituted -C;.» alkoxyl,

optionally substituted -C,.;, haloalkyl, optionally substituted Csi0 arvl, optionally

substituted ;.7 cycloalkyl, optionally substituted 5- to 10 membered hetercaryl, and
optionally substituted 5- to 10-membered heterocycloalkyl;

X’isa bond, NH, NH-C, jealkylene, -Cy.y; alkyl, -NHC(O)-, or -C(0)-NH-;

A" is selected from an optionally substituted -Cy.y; alkyl, optionally substituted —C».
10 alkenyl, optionally substituted —C,.0 alkynyl, optionally substituted -Ciq» alkoxyl
optionally substituted -C,.;» haloalkyl, optionally substituted Cs.ip arvl, optionally
substituted ;.- cvcloalkyl, optionally substituted 5- to 10 membered heteroaryl, and
optionally substituted 4- to 10-membered heterocycloalkyl; and

each R™ R™ R™ R™ are independently selected from the group consisting of H,
OH, -NGO,, halogen, amine, COOH, COOC.palkyl, -NHC(O)-optionally substituted -C;.1»
alkyl, -NHC(OWCH,)4uNR'R, -NHC(OMCH,)oe CHR(NR'R™), -NHC(OXCH)o
CHR'R”, -NHC{OXCH2)o4-Cs5  cycloalkyl, -NHCOWCHyp4-5- to  10-membered
heterocycloalkyl, NHC(OWCH)04Cs.i0  arvl, -NHC{OYCH,)o4-5- tolO-membered
heteroarvl, -{CH)).4-Csr cycloalkyl, -(CHyha-5- to 10-membered heterocycloatkyl, -
(CHn-4Co10 aryl, ~{CH2)14-5- tol0-membered hetercaryl, optionally substituted —Cjpp
alkenyl, optionally substituted —C,.;p alkynyl., optionally substituted -Cy.» alkoxyl,

optionally substituted -C;., haloalkvl, optionally substituted Cs.¢ aryl, optionally
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substituted Cs- cycloalkyl., optionally substituted 5- to 10-membered heteroaryl, and

optionally substituted 4- to 10-membered heterocycloalkyl.

66. The transcription modulator molecule of claim 63, wherein the protein binding moiety is a
residue of a compound having a structure of Formula (C-2)

Rza

,/N]
\N
RSa

wherein R™ is independently selected from the group consisting of H, C0OOC,.

{Formula C-2),

walkyl, -NHC(O)-optionally substituted -Cy.y; alkyl, optionally substituted —C;.;o alkenyl,

optionally substituted —C,.0 alkynvl, optionally substitted -Ci.; alkoxyl, optionally

substituted -C;.» haloalkyl, optionally substituted Ce.1 arvl, optionally substituted Cs5
cvcloalkyl, optionally substituted 5- to 10-membered heteroaryl, and optionally substituted
5- to 10-membered heterocycloalkyisubstituted —~C,.¢ alkenyl, optionally substituted —C;.0
alkynyl, optionally substituted -Cip; alkoxyl, optionally substituted -Ci.;p haloalkyl,
optionally substituted Ce.10 aryl, optionally substituted Cs5 cycloalkyl, optionally substituted
5- to 10-membered hetercaryl, and optionally substituted 5- to 10-membered
heterocycloalkyl.

67. The transcription modulator molecule of claim 63, wherein A is selected from an optionally

substituted Cq o aryl, optionally substituted Co; cvcloalkyl, optionally substituted 5-to 10

membered hetercaryl, and optionally substituted 5- to 10-membered heterocycloalkyl

68. The franscription modulator molecule of claim 65, wherein A” is an optionally substituted
Co10 31'5’1-
69, The transcription modulator molecule of claim 63, wherein the protein binding moiety is a

residue of a compound having a structure of Formula (C-3)

(Formula C-3),
wherein:

M is CR? or N: and
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each R, R® R R* and R™ are independently selected from the group
consisting of H, OH, -NGO,, halogen, amine, COOH. COOC, palkyl, -NHC{O)-optionally
substituted -C;.p; alkyl, -NHC(OYCH,) 4 NR'R”, -NHC(OXCH))pe CHR'(NR'R™), -
NHC(O)}CH,)os CHR'R”, -NHC(OY}CH,)p.4-Csy cycloalkyl, -NHC(OYCH;)g4-5- to 10-
membered heterocycloalkyl, NHC(O}CH2)04Ceo aryl, -NHC{O}CHy)eu-5- t010-

membered heteroaryl, ~(CH:}4-Csr  coycloalkyl, «(CHy)y-5- 1o 10-membered

heterocycloalkyvl, ~(CH2)1.4Ce10 aryl, ~(CH2)14-5- tol0-membered heteroarvl, optionally

substituted —C;.q¢ alkenyl, optionally substituted —C,.1 alkynvl, optionally substituted -Cy.»

alkoxvl, optionally substituted -Cy.1, haloaikyl, optionally substituted Cq.q0 arvl, optionally

substituted Cs; cycloatkyl, optionally substituied 5- to 10-membered heteroaryl, and

optionally substituted 5- to 10-membered heterocycloalkyl.

70. The transcription modulator molecule of claim 69, wherein cach R®and R are
mdependently hvdrogen, halogen, or Cyqalkyl

71 The transcription modulator molecule of claim 69, wherein cach R™ and R™ arc
independently H, OH, -NO;, halogen, €y haloalkyl, amine, COOH, COOC salkyl, -NHC(O)-optionally
substituted -C .12 alkyl, -NHC(O)CH,)1sNR'R ™", -NHC(OWCHs)os CHR (NR'R’’), -NHC(O)(CHy)os
CHR’R” ) -NHC(OYCH,)ps-Coy cvcloalkyl, -NHC(OWCH,)p4-5~ to 10-membered heterocycloalkyl,
NHC(OY)CHy)oCop aryl, -NHC(OYCH,)o.4-5- to10-membered heteroaryl, (CH,)y4-C5 cycloalkyl, -
{(CHa)14-5- to 10-membered heterocycloalkyl, (CH)4Coaearvl, (CHy)14-5- to010-membered heteroaryi,
opticnally substituted —C,_5¢ alkenyl, optionally substituted —C,_ 5 alkynyl, optionally substituted -Cp»
alkoxyl, optionally substituted Cq.yparyl, optionally substituted C;.; cvcloalkyl, optionally substituted 5- to
10-membered hetercaryl, and optionally substituted 5- to 10-membered heterocycloatkyl

72. The ranscription modulator molecule of claim 63, wherein A” is a Cs_yo aryl substituted with
1-4 substituents, and cach substituent is independently selected from halogen, OH, NO,, an optionally
substituted -Cy_; alkyl, optionally substituted —C,.,, alkenyl, optionally substituted —C,_y, alkynyl, optionally
substituted -Cy.1; alkoxyl, optionally substituted -C.;; haloalkyl, optionally substituted Cq.10 aryl, optionally
substituted C,; cycloalkyl, optionally substituted 5- to 10 membered hetercaryl, and optionally substituted 5-
to 10-reembered heterocycloatkyl

73. The transcription modulator molecule of claim 65, wherein R", R”, and R* are hydrogen.

74. The transcription modulator molecule of claim 65, wherein R™ is selected from the group
cousisting of H, OH, -NGO,, halogen, amine, COOH, COOC,_palkyl, -NHC(G)-optionally substituted -Cy.p0
alkyl, -NHC(ONCH,) NR'R”, -NHC(OYCH,)os CHR'(NR'R™), -NHC(O)CH,)oy CHR'R”, -
NHC(O)CH;)o4-Cs; cyveloalkyl, -NHC(O)CH,)o4-5- to 10-membered heterocycloatkyl, NHC(OYCH,),
4Coaparyl, -NHC(OWCHy)e4-5- tol0-membered heteroaryl, (CH;)1.4-Csocycloalkyl, -(CHy)4-5- to 10-
membered heterocycloalkyl, (CH,)y4Coyparyl, (CH,)y4-5- tol G-membered heteroaryl, optionally

substituted -Cy.pp alkyl, -optionally substituted —C,.1; alkenyl, optionally substituted —C,.50 alkynyl, optionally
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substituted -Cj_j, alkoxyl, optionally substituted -C ., haloalkyl. optionally substituted Cq_yp arvl, optionally
substituted C;; cycloalkyl, optionally substituted 5- to 10-membered heteroaryl, and optionally substituted
5- to 10-membered heterocycloalkyl.

75. The transcription modulator molecule of claim 65, wherein R™ is an pheny! or pyridinyl
optionally substituted with 1-3 substituents, whercin the substituent is independently selecied from the group
counsisting of OH, -NG,, halogen, amine, COOH, COOC_ealkyl, -NHC{O) -Cyp; alkyl, NHC{OY}CH,),.
NR'R, -NHC(ONCHy)os CHR (NR'R™), -NHC(ONCHy)oy CHR'R ™, -NHC(OWCHz)ou~Csos cycloalkyl, -
NHC{OHCHy ) 4-5- to 10-membered heterocycloalkyl, NHC{OWCH, )0 1Co aryl, NHC(OWCH,)o4-5- t016-
membered hetercarvl, -(CH,),4-Cs; cycloalkyl, «(CHy)y4-3- to 10-membered heterocycloalhyl, (CH,) 4G50
aryl, (CHy)14-5- tol0-membered heteroaryl, ~Ci; alkoxyl, Ciqphaloalkyl, Cepparyl, Cs;eycloalkyl, 5-10
10-membered heteroarvl, and 53- to 10-membered heterocycloalkyl

76. The transcription modulator of claim 1, wherein the protein binding moicty is a residue of a
compound having the structure of

X©
R1C/ \(CHZ)HMRZC Formula (C-4),

wherein:

R'® is an optionally substituted Cg.o aryl or an optionally substituted 5- to 10-
membered heteroaryl,

X is -C(OINH-, -C(O), -8(0y)-, -NH-, or -C4alkyl-NH,
nis 0-10,
R is ~NR™R™, optionally substituted Cs.ie aryl, optionally substituted Css

cycloalkvl, optionally substituted 5- 1o 10-membered heteroaryl, or optionally substituted 4-

to 10~-membered heterocycloalkyl; and

each R™® and R*" are independently H or optionally substituted -C1.,» atkyl.

77. The transcription modulator molecule of claim 1, wherein R* is -NHC(CH;),, a 4- to 10-
membered heterocycloatkyl substituted with -C 45 alkyl

78. The transcription modulator of any one of claims 1-62, wherein the protein binding moicty

is a residue of a compound having the structure of Formula (C-5)

R5C
XZC
REe /==(" N {(CHp)—R*
'
6/‘*‘-M2c
R®° Formula (C-5),
wherein:

X* is a bond, C(0), SO,, or CHR™;
M™ is CH or N;
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R™ is an optionally substituted Ce.¢ aryl or an optionally substituted 5- to 10-
membered heteroaryl,

nis 0-10,

R is —NR™R*™, optionally substituted Cg.i arvl, optionally substituted Ci
cycloalkyl, optionally substituted 5- to 10-membered heteroaryl, or optionally substituted 4-
to 10-membered heterocycloalkyl;

cach R™ is independently —NRR*, -C{O)R’, -COOH, -C(O)NHC salkyl. an
optionally substituted Cq.y9 aryl, or an optionally substituted 5- to 10-membered heteroaryl;
R is -NR™R*, -C(O)R’, an optionally substituted Ce.1o aryl, or an optionally

substituted 5- to 10-membered hetercaryl, and

each R and R* are independently H, an optionally substituted Cq.10 aryl, optionally
substituted 4- to 10-membered heterocycloalkyl, or optionally substituted -Cy.q; alkvl.

79. The transcription modulator molecule of claim 78, wherein R™ is a 4- to 10-membered
heterocycloalkyl substituied by a 4- to 10-membered heterocycloalkyl

20. The transcription modulator molecule of claim 78, wherein R™ is -C(O)R™, and R isa 4-
to 10-membered heterocycloalkyl substituted by a 4- to 10-membered heterocycloalkyl

81. The transcription modulator molecule of claim 78, wherein each R™ is independently H, -
C(O}RSC, SCOOH, -C(OWNHC 1 salkyl, -NH-Cq_jparyl, or optionally substituted Cq.jparyl.

82. The transcription modulator molecule of any one of claims 1-62, wherein the protein

binding motety is a residue of a compound having the structure of Formula (C-6)

R&‘,

X3 —R7c (C-6)

Wherein:

¢ is a bond, NH, 14 alkylene, or NC 4 alkyl ;

R’ is an optionally substituted Calkyl, an optionally substituted cyclic amine, an
optionally substituted aryl, an optionally substituted 5- to 10-membered heteroaryl,
optionally substituted 4- to 10-membered heterocycloalkyl,

R* is H. halogen, or C14 alkyl, and

R™is H, or C1 atkyl.

#3. The transcription modulator molecule of claim 81, wherein R'° is an optionally substituted
cyclic secondary or tertiary amine.
84. The transcription modulator molecule of claim 81, wherein R’ is a tetrahydroisoquinoline

optionally substituted with Cy4 alkvl
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85. The transcription modulator molecule of any one of claims 1-62, wherein the protein

binding reoiety is a residue of a compound having the siructure of Formula (C-7)
2 2
XA N B

NS

Az T
N
wherein:
A? is an optionally substituted ary! or heteroaryl,
X% is (CHa)os or NH, and
B’ is an optionally substituted aryl, heterocyclic, or heteroaryl, linked to an amide
group.
86. The transcription modulator molecule of claim 84, wherein A” is an ary! substituted with

one or more halogen, Cqalkyl, hyvdroxyl, Cyealkoxy, and Cshaloalkyl

87. The transcription modulator molecule of claim 84, wherein X’ is NH.

83. The transcription modulator molecule of claim 84, wherein B” is a heterocyclic group.

29 The transcription modulator molecule of claim 84, wherein B’ is a pyrrolidine.

90. The transcription modulator molecule of claim 84, wherein B” is an optionally substituted
phenyl.

91. The transcription modulator molecule of claim 84, wherein B’ is a phenyl optionally

substituted with one or more halogen, €y, alkyl, hydroxyl, C4alkoxy, and C, . haloalkyl
92. The transcription modulator molecule of any one of claims 1-62, wherein the protein

binding moiety is a residue of a compound having the structure of Formula (C-8)

o

=T R

(C-8),
wherein R is OH or OCy_y; alkyl, RlisHor Cios alkyl.
93. The transcription modulator molecule of any one of claims 1-62, wherein the protein

binding moiety is a residue of a compound having the structure of Formula (C-9)

(C-9),

wherein R; 18 H, OH, -CONH,, -COOH, -NHC(0)-Ccalkyl,-NHC(O)YO-Cygalkyl,-
NHS(O)TCI_GaikyL —Cl.ga]kyl, —Ci.gaikoxyl, Oor —NHC(O)VH-€1,6a]k}1,

R, is H, CN, or CONH,, and
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Rs is an optionally substituted Cg.i aryl.
94. The transcription modulator molecule of claim 1, wherein the protein binding moiety is a

residue of a compound having the structure of Formala (C-10)

o

Tz

(C-10),
wherein Ry’ is an optionally substituted Ce.19 arvl or optionally substituted 5- to 10-
membered heleroaryl, and
each R, and Rs’are independently H, -Ciqalkyl-Ceio arvl, -Ciualkyl-5-t010-
membered heteroaryl, Cq.1p arvl, or -5-t010-membered heteroaryi, or
R;” and Ry together with N form an optionally substituted 4-10 membered
heterocvclic or heteroary! group.

95. The transcription modulator molecule of claim 62, wherein the methylated histone lysine
protein is selected from Ankyrin repeats, WD-40 repeat domains, MBT, Tudor, PWWP, chromodomain
plant homeodomam (PHD) fingers, and ADD.

96. The transcription modulator molecule of any one of claims 1-62, wherein the second
terminus comprises at least one 5-10 membered heteroarvl group having at least two nifrogen atoms.

97. The transcription modulator molecule of any one of claims 1-95, wherein the second
terminus comprises a moiety capable of binding to the regulatory protein, and the moicty is from a
compound capable of capable of binding to the regulatory protein.

98. The wranscription modulator molecule of any one of claims 1-62, wherein the second
terminus comprises at least one group selected from an optionally substituted diazime, an optionally
substituted diazepine, and an optionally substituted phenyl.

99. The ranscription modulator molecule of any one of claims 1-97, wherein the second
terminus does not comprises JQ1, iBET762, OTX015, RVX208, or AUL

100, The transcription modulator molecule of any one of claims 1-98, wherein the second
terminus does not comprises JOL.

101, The transcription modulator molecule of any one of claims 1-99, wherein the second
ferminus does not comprises a moicty that binds to a bromodomain protein.

102.  The transcription modulator molecule of any one of claims 1-62, wherein the second
ferrpings comprises a diazine or diazepine ring wherein the diszine or diazepine ring is fused with a Cyoye aryl
or a 5-10 membered heteroaryl ring comprising one or more heteroatom selected from S, Nand O.

103, The transcription modulator molecule of any one of claims 1-62, wherein the second

terminus comprises an optionally substituted bicyclic or tricyclic structure.

-217-



WO 2019/204781 PCT/US2019/028394

104, The transcription modulator molecule of claim 103, wheremn the optionally substituted
bicychic or tricyclic siructure comprises a diazepine ring fused with a thiophese ring.

105, The transcription modulator molecule of claim 103, wherein the second terminus comprises
an optionally substituted bicyclic siructure, wherein the bicyclic structure comprises a diazepine ring fused
with a thiophene ring.

106.  The transcription modulator molecule of claim 103, wherein the second terminus comprises
an opticnally substituted tricvclic structure, wherein the tricychic structure a diazephine ring that is fused
with a thiophene and a triazole.

107. The transcription modulator molecule of any one of claims 1-62, wherein the second
ferminus comprises an optionally substituted diazine ring.

108.  The transcription modulator molecule of any one of claims 1-106, wherein the second

terminus does not comprises a structure of formula (C-1) of

o

. B!
N

LA @:B%
oS! R
i
R® €
Wherein:
each of A' and B' is independently an optionally substituted aryl or heteroary! ring,
XtisCorN,
R is hydrogen, halogen. or an optionally substituted C 1.¢ alkyl group, and
R’ is an optionally substituted C . alkvl, cycloalkyl, Ce.jparyl, or heteroaryl.

109. The transcription modulator molecule of claim 108, wherein X' is N.

110.  The transcription modulator molecule of claim 108, wherein A’ is an arvl or heteroaryl
substituted with one or more substituents.

{11, The transcription modulator molecule of claim 108, wherein A’ is an aryl or heteroaryl
substituted with one or more substituents selected from halogen, Cygalkyl, hydroxyl, Cisalkoxy, and Cy.
chaloalkyl.

112, The transcription modulator molecule of claim 108, wherein B' is optionally substituted
with one or more substituents selected from halogen, Crsalkyl, hydroxyl, Cisalkoxy, and C; ¢haloalkyl.

113.  The transcription modulator molecule of claim 108, wherein A' is an optionally substituted
thiophene or phenvl

114, The transcription modulator molecule of claim 108, wherein A’ is a thiophene or phenyl,
each substituted with one or more substituents selected from halogen, Cy.calkyl, hydroxyl, Cyealkoxy, and
Cishaloalkyl

£15.  The transcription modulator molecule of claim 108, wherein B' is an optionally substituted

triazole.
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116,  The transcription modulator molecule of claim 108, wherein B' is a triazole substituted with
one or more substituents selected from halogen, Cygalkyl, hydroxyl, Cisalkoxy, and Cyshaloalkyl.

117.  The transcription modulator molecule of any one of claims 1-106, wherein the protein

N
e

N~

, and ci
118, The transcription modulator molecule of any one of claims 1-106, wherein the protein

\//N‘N

Y/,
=N
7
O
N
o . ]
binding motety is not =

119, The transcription modulator molecule of any one of claims 1-106, wherein the protein

binding moiety is not Formula (A-4):

wherein:

Ry is a hydrogen or an optionally substitited alkyl, hydroxyalkyl, aminoalkyvl,
alkoxyalkyl, halogenated alkyl, hvdroxyl, alkoxy, or — COORy;

R4 15 a hydrogen, or optionally substituted aryl, aralkyl, cycloalkyl, hetercaryl,
heteroaralkyl, heterocycloalkyl, alkyl, alkenyl, alkynyl, or cycloalkylalkvl group optionally
interrupted by one or more heteroatoms;

R; is an optionally substituted aryl, alkyl, cycloalkyl, or aralkyl group ; R; may be a
hydrogen, halogen, or optionally substituted alkvl group (e.g., (CH2)x —C{OIN(RXR 1),
(CHy ) —N(R)—C(0) (Ryy). or halogenated alkyl group,
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X is an integer from 1 to 10, and Ry¢ and Ry, may independently be a hvdrogen or

C1-Cq alkyl group {typically Ry may be a hydrogen and R,; may be a methyl); and

Ring E is an optionally substituted aryl or heteroary] group.

120. A compound as recited in any one of the procecding claims for usc as a medicament.

121, A compound as recited in any one of the proceeding claimas for use in the manufacture of a
medicament for the prevention or treatment of a disease or condition ameliorated by the overexpression of
bean.

122, A compound as recited in any one of the proceeding claims for use in the treatment of
spinocerebellar ataxia type 31,

123. A pharmaceutical composition comprising a compound as recited in any one of the
proceeding claims together with a pharmaceutically acceptable carrier,

124, A method of modulation of the expression of bean comprising contacting bean with a
compound as recited in any one of claims 1-121.

125, A method of treatment of a disease caused by expression of a defective bean comprising the
administration of a therapeutically effective amount of a compound as recited in any one of claims 1-121 to
a patient in need thereof,

126.  The method as rectied in claim 1235 wherein said disease is spinocerebellar ataxia type 31.

127, A method of treatment of a discase caused by expression of a defective bean comprising the
administration of:

a therapeutically effective amount of a compound as recited in claim 1, and
another therapeutic agent.

128. A method for achieving an effect in a patient comprising the administration of a
therapeutically effective amount of a compound as disclosed herein, or a salt thereof, to a patient, wherein
the effect is chosen from muscular disorders and cataracts, and cardiac and respiratory disorders.

129, A compound of structural Formulda T:

X-L-Y
)
or a salt thereof, wherein:

X comprises a recruiting moiety that is capable of noncovalent binding to a regulatory

molecule within the nucleus;
Y comprises a DNA recognition moiety that is capable of noncovalent binding to one or more

copies of the pentanucleotide repeat sequence TGGAA; and
L is a linker.

130.  The compound as recited in claim 129, wherein
L compnises «(CH{CH3)OCHZ)m-; and

mis an integer between 1 to 10, inclusive.
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131.  The compound as recited in claim 129, wherein the DNA recognition moiety Y comprises a
polyamide sequence.
132, The compound as recited in claim 130, having structural Formula II:
XAAAY1-Y2-Y3-Y4-Y5n-YO
(1)

or a salt thereof, wherein:

X comprises a recruiting moiety that is capable of noncovalent binding to a
regulatory molecule within the nucleus;

L is a linker;

Y1,Y2, Y3, Y4, and Y5 are internal subunits, each of which comprises a moiety
chosen from a heterocyclic ring or a Cl-6straight chain aliphatic segment, and each of
which 1s chemically linked to its two neighbors;

Y0 is an end subunit which comprises a motety chosen from a heterocyclicringora
straight chain aliphatic segment, which is chemically linked to its single neighbor:

each subunit can noncovalently bind to an individual nucleotide in the TGGAA
repeat sequence;

nis an integer between | and 35, inclusive; and

{(Y1-Y2-Y3m-Y0 combine to form a DNA recognition moiety that is capable of

noncovalent binding to one or more copies of the the pentanucleotide repeat sequence

TGGAA.
133, The compound as recited in clarm 132, wherein Y1, Y2, Y3, Y4, Y35, and Y0 each compnise
CHs3 CH,
. W
4N A 4N N/)—;rs
a chemical moiety independently chosen from O @y, G (Im).
CH,
hY CH3 /CHa CH3
%ﬁi’/ A Ho N o N HoOP Y
o %N—ks i %N # ¢ %N \N
OH (Hp). G (Th, 0 (P, G (N,
o s CH4
4N H T\ | 1Y
L ow gl O wn
OH (HD, o (Nh). O (Fp),
WA Y
G (Tp), o . and A )

134, The compound as recited in claim 129, having structural Formula 11

-221-



WO 2019/204781 PCT/US2019/028394

KLY 1YY 5-Y -V ) -(W-Y 1Y Y -V =Y 5),-Y g
(I

or a salt thereof, wherein:

X comprises a recruiting moiety that is capable of noncovalent binding to a
regulatory molecule within the nucleus;

L is a linker;

Y1, Y2 Ys;, Yy, and Ys are internal subunits, each of which comprises a moiety
chosen from a heterocvclic ring or a C¢straight chain aliphatic segment, and each of which
is chemically linked to its two neighbors;

Yy is an end subunit which comprises a moiety chosen from a heterocyclic ring or a
straight chain aliphatic segment, which is chemically hinked to its single neighbor;

each subumit can noncovalently bind to an individual nucleotide in the TGGAA
repeat sequence;

W is a spacer;

n 1s an integer between 1 and 3, inclusive; and

(Y1-Y - Y- Y - Y s )-(W-Y 1-Y - Y 3-Y - Y5 )-Y e combine to form a DNA recognition
moiety that is capable of noncovalent binding to one or more copies of the the

pentanucleotide repeat sequence TGGAA.

W

135, The compound as recited in claim 129, having structural Formula TV:

K-L-(Y1-Y2-Y3-Y - Y 5)-G(Ye-Y - Y- Y- Y1)~ Yo

avy

or a salt thereof, wherein:

X comprises a recruiling moiety that is capable of noncovalent binding to a regulatory
molecule within the nucleus;

L 1s a linker chosen from a Cygstraight chain aliphatic segment and (CH,OCH;)

Yy, Y5, Y3, Yy, Y, Yo, Yo, Yy, Yo and Yy, are internal subumnits, each of which comprises a
moiety chosen from a heterocyclic ring or a Cyssiraight chain sliphatic segment, and each of which
is chemically linked to its two neighbors;

Y, is an end subunit which comprises a moiety chosen from a heterocyclic ring or a siraight
chain aliphatic segment, which is chemically linked to its single neighbor;

cach subumit can noncovalently bind (o an individual nucleotide in the TGGAA repeat
sequence;

V is a turn component for forming a hairpin turn; and

(Y=Y - Y3-Y4-Y35)-G-(Y5-Y7-Y5-Yo-Y 1o)- Yo combine to form a DNA recognition moicty that
is capable of noncovalent binding to one or more copies of the the pentanucleotide repeat seguence

TGGAA.
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136, The compound as recited in claim 129, having structural Formula V:

/ / / /N
N O N O N O G N O
H‘l’j /)—‘J-—i E—@ //\‘—u—ﬁm{" N/}—L—I NU%—@ /)—H EWYQ
n

(V)

or a salt thereof, wherein:
X comprises a recruiling moiety that ig capable of noncovalent binding to a regulatory

molecule within the nucleus;
Y, is an end subunit which comprises a motety chosen from a heterocyclic ring or a straight

chain alipbatic segment, which is chemically linked to its single neighbor; and

n is an integer between 1 and 3, inclusive.

137 The compound as recited in claim 129, having structural Formula VI

/ / / /
Ntﬁmﬁﬂ f}—ﬂmc ﬁ-ﬁ; ij)—’—? L E%J—O i ,T)-—%\IE_YQ
n

(VD

or a salt thereof, wherein:
X comprises a recruiting moiety that is capable of noncovalent binding {o a regulatory

molecule within the nucleus; and

Yy is an end subunit which comprises a moicty chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to 1ts single neighbor; and

nis an integer between 1 and 5, inclusive.

138, The compound as recited in claim 129, having Formula VII:

/ /
HH:)JU"I )—J—N 'ﬂfx—l—m M{; pui
N D
0(//}!\)(

/ /
W"H@—“—N—( /—L—N—"\ )—'—NUL ~[N/)—O“—ﬁ}\’o

Vi)

or a salt thercof, wherein:
X comprises a recruiling moiety that ig capable of noncovalent binding to a regulatory

molecule within the nucleus; and
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W is a spacer; and

Y, is an end subunit which comprises a moiety chosen from a heterocyclic ring or a straight
chain aliphatic segment, which is chemically linked to its single neighbor; and

nis an integer between 1 and 5, inclusive.

139, The compound as recited in claim 129 for use in the treatment of spinocercbeliar ataxia type

140.  The compound as recited in claim 129, wherein A is selected from a bromodomain inhibtior,
a BPTF inhibitor, a methylcytosine dioxygenase inhibitor, a DNA demethylase inhibitor, a helicase
inhibitor, an acetyliransferase inhibitor, a histone deacctylase inhibitor, a CDK-9 mhibitor, a positive
transcription elongation factor inhibitor, and a polycomb repressive complex mhibitor,

141, The compound as recited in claim 140, wherein A is selected from a bromodomain inhibitor
and a CDK9 inhibitor.

142. A compound as recited in claim 129 for use as a medicament.

143. A compound as recited in claim 129 for use in the manufacture of a medicament for the
prevention or treatment of a disease or condition ameliorated by the modulation of the expression of the
bean gene.

144. A compound as recited in claim 129 for use in the treatment of spinocerebellar ataxia type
31.

145, A pharmaceutical composition comprising a compound as recited in claim 1 together with a
pharmaceutically acceptable carrier.

146, A method of modulation of the expression of the bean gene comprising contacting bean with
a compound as recited in claim 129,

147, A method of treatment of a discase associated with the expression of defective bean
comprising the administration of a therapeutically effective amount of a compound as recited 1o claim 129 to
a paticnt in need thereof,

148,  The method as recited in claim 147 wherein said disease is spinocerebellar ataxia.

149,  The method as recited in claim 148 wherein said spmocerebellar ataxia is spinocerebelliar
ataxia type 31.

156. A method of treatment of a disease associated with the expression of bean comprising the
administration of!

a therapeutically effective amount of a compound as recited in claim 129; and
another therapeutic agent.

151. A method for achieving an effect in a patient comprising the administration of a
therapeutically effective amount of a compound as disclosed herein, or a salt thereof, to a patient, wherein

the effect is chosen from improved speech, improved hearing, and improved vision.
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