the BMP signaling pathway, methods of making same, pharmaceutical compositions

comprising same, and methods of treating disorders associated with BMP signaling.

Disclosed is a compound for use inmethod-for the treatment of a disease state
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effestivedo-trent-rhe-discase-siate-dn-the-sublest) the compound having a structure represented

by the following formula (I):

-
= /X\Y
. /
0 Z~W,N

Reo-2)

wherein:
W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or

heteroaryl;

R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R,, CR;Ra, S(O),.
2NRRy; gt S(0)02R1Ry;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR|R, or NH or NR; or NRR; or S{0)¢.RRo;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy, cycloalkyl or C5-C»
cycloheteroalkyl or —(CH,),—Cs-C), cycloalkyl or -(CH,),—C;-Cy, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C;5-C,;
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is & compound for use as a medicament in aresnethods-for-modulating

o = 3

the BMP signaling pathway eempssingadiministeringstonsublestinneed-thersofat-lensie

sompoundin-a-dosage-and-ameunt-etfestive tomedulate BMR signsling. the compound

£

having a structure represented by the following formula (I):



R(o-2)

wherein:
W, X, Y, and Z are independently N or CH;

Als substvituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CR|R,, S(O),.
2NRR; S(0)p.2RR2;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R; or NH or NR,; or NR R, or S(0)¢.2R1R»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C;, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,)—Cs-Ci» cycloalkyl or —(CH,)x—Cs5-Cy» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C;-Cy,
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use in sresnethods-forthe treatment of anemia,

including iron deficiency, and anemia of chronic disease, sornprising-administes
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E
= )(\Y
. Y
0 Z:y N

R-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;



R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR ;R>, CORR,, CR R, S(O),.
2NRR; 01 S(O)o2RiR2;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R, or NH or NR; or NRR; or S(0)s.-R/R»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C,, cycloalkyl or C5-Cya
cycloheteroalkyl or —(CH,)y—Cs5-Cia cycloalkyl or -(CH,),—C;-C), cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR,; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, Ry and R, can form a C5-Cs3
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use in aremetheds-for-the treatment of

fibrodysplasia ossificans progressiva (FOP), cemprisingadmurisiesing-to-a-subrost-i
thereotai-lenst-enseampound-inadomeesndwmeusiefective-to-west- PO the compound

having a structure represented by the following formula (I):

E,D
Z )‘Y
. /7
(I Zay N

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR;R,, CR|R,, S(O),.
2NRiRy; 0t S(O)p2R1Ro;
M is substituted or unsubstituted and selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NR R, or S(0)y..R;R»;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,)—C5-Cya cycloalkyl or —(CH,)—Cs-Cy, cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C;-C;
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.



Also disclosed ig g compound for use as a medicament in ere-methods-ofinhibiting

the oncogenesis, growth, or metastasis of solid tumors, including breast, prostate carcinomas,

bone, lung, and renal cell carcinomas, sesyprisie-adpripisterng-to-a-suhiest-imrneod-thereat

| A - § oty shevcien gwe o < o SV S PO I} 1
st sompeusd-in-i-dosaseand-amonntefiectiveto-inhibit-ontossnesis- the compound

having a structure represented by the following formula (I):

E/D

Ro-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, CORR,, CR R, S(O);.
aNRRy; o1 S(O)o2R1Ry;
M is substituted or unsubstituted and selected from aryl or heteroaryl,;
D is selected from a bond, O, CR R, or NH or NR; or NR;R; or S(0)p.R|R;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Ci> cycloalkyl or C3-Ci»
cycloheteroalkyl or —(CH,),—Cs-Cy, cycloalkyl or —(CH,)—C5-Cy, cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, 1s selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R; can form a C5-Cy»
cycloalky! or C5-Cy; cycloheteroalkyl éontaining O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for as

L% ~ 1

the inflammatory or immune response sdsinistering-to-a-sublestinneed thereotarleas

sompound-n-a-dosape-and-amount-etfective-to-anpmenttherespanse-the compound having a

structure represented by the following formula (I):
.D

E
= }‘Y
Z. N7
M W
Ro2)
wherein:

W, X, Y, and Z are independently N or CH;



A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, COR R, CRlR.g, S(O).
aNRiRy; o£ S(O)oR1Ry;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R, or NH or NR; or NR;R; or S{O);..RR»;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C5-Ci»
cycloheteroalkyl or —(CH,),—Cs-C,2 cycloalkyl or —(CH,),—C5-Ci, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C;-Cy,
cycloalkyl or C;5-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as g medicament for sre-metheds-ebtreating

pathologic bone function adsisisteringto-o-subectinpeed-thercofar-least-one-comy

s-dosteo-pnd-amount-oifsctive-to-reat pathologie-bone-funetion-the compound having a

an &

structure represented by the formula (I):

E
T
7. N
(n w

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl,; ,
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R,, CR;R,, S(O),.
2NRRo; 01 S(0)o2RiR2; ‘
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR|R; or NH or NR; or NR;R; or S(0)s2RRo;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-Cy, cycloalkyl or C;5-C;,
cycloheteroalkyl or —(CH,)y—Cs-C cycloalkyl or —(CH,),—C;-Cy, cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy;
cycloalkyl or C3-Cys cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.



Also disclosed js 2 compound for use as & medicament are-methods-for treating

ectopic or maladaptive bone formation in a subject in need thereof, somprising administerng

. - ) N N - o s :
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eetopie-arsmatpdaptive-bone-fermatiensthe compound having a structure represented by the

following formula (I):

gD
a0
zo N
M w

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R,, CR R», S(O),.
2NRiRo; 01 S(O)o2RiR;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R; or NH or NR; or NRR; or S(0)y..R;R»;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-Cy; cycloalkyl or C;3-Cy
cycloheteroalkyl or —(CH,),—Cs5-C), cycloalkyl or -(CH,),—C;-C, cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cj»
cycloalkyl or C;-C,; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed are compounds for use as a medicament for sre-methods-witreating a

skin disease in a subject in need thereof, comprisine administeringto-a-sublectinnead

bt o -

B T O P BRI I TR P Y - P seeni-the-slin-disenseth
wersetablensbaneeomaennd-dea-dosases sab-effoetve-o-treat-the-slan-diseaserthe

compound having a structure represented by the following formula (I):
D

£
= )(\Y
. Y
) Z W N

Rio-2)

wherein:

W, X, Y, and Z are independently N or CH;



A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NRjR,, COR R, CR;R,, S(O),.
- 2NRiRy; or S(O)o2R1Ro;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NR|R; or S(0).RRs;
E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C5-C)»
cycloheteroalkyl or —(CH,),—C;-C;; cycloalkyl or —(CH,),—C;-C;, cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R; is selected from H, alkyl, aryl, heteraryl, COR,, and further, R, and R, can form a C;-Cy,
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for are-mreth

hypertension in a subject in need thereof, comprising-administenin

yhat-least-one-componndin-a-dosase-and-amount-efiee to-tregh-hvperiension—the

€ <

compound having a structure represented by the following formula (I):

>
N=X
Y
Z. N/
) w

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR;R,, CR;R,, S(O),.
2NRRy; 0t S(O)p2RiR2;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NR;R; or S(0)»R R»;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Ci» cycloalkyl or C3-C,
cycloheteroalkyl or -(CHa)x—C5-Cia cycloalkyl or —(CH,),—C;-C)» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy,
cycloalkyl or Cs-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

“salt thereof, or a pharmaceutically acceptable derivative thereof.



Also disclosed is g compound for use as a medicament for aveanetheds-eitreating

i

ventricular hypertrophy in a subject in need thereof, somprising-adiminsierimg-lo-asublectin
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epeswaphy-the compound having a structure represented by the following formula (I):

E
= )<\Y
. /4
0 Z"W'N

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R,, CR;R,, S(O),.
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NR R, or S(0)g-RiRy;
E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,),—C;5-C,, cycloalkyl or —(CH,),—C;-C, cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR,; and
Ry is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Ci»
cycloalkyl or C3-C;; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is g compound for use gs a medicament {or are-methods-oftreating

spinal cord injury and neuropathy in a subject in need thereof, compsisingadminisieringto-a

Py 3k P . e aan o sy § et s et r $ unos s
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ser-the compound having a structure represented by the following formula (I):

E .
= '/X\Y
. /
0 Z‘W’N

Re-2)

wherein:

W, X, Y, and Z are independently N or CH;

10



A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR ;R», COR R,, CR R, S(O),.

2NR Ry; 0f S(0)o.2R1Ry;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CRjR, or NH or NR; or NR;R; or S(0)¢.RRo;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-Cia cycloalkyl or C5-Cia
cycloheteroalkyl or —(CH,),—C5-C5 cycloalkyl or (CH,),—C;-Cy; cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR; and

R» 1s selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R, can form a C5-Cy;
cycloalkyl or C5-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is g compound for use as a medicament for as

atherosclerosis in a subject in need thereof, comprisinsadministeringsto-wsublectin-nees
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5 ; FAVEE St S COTHPORRE- T oo EC- B Uuie Onree R § T AT 7427 e WS 1 RS § NS (G5 i85 §icd

the compound having a structure represented by the following formula (I):

D
%‘Y
. Y
0 Z; N

Ro-2)
wherein: )
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR;R,, CR;R,, S(O),.
zNRle; 01 S(0)o2R1Ry;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NR;R; or S(0).2RR»;
E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C;-C,, cycloalkyl or C3-C,
cycloheteroalkyl or ~(CH,)—C;-C;» cycloalkyl or —(CH,),—C5-Cy» cycloheteroalkyl;
R is selected from H, alkyl, aryl, heteraryl, COR;; and
R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C;-Ci»
cycloalkyl or Cs-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

11



Also disclosed s 2 compound for use as a medicament for are-metheds-for-treating

acute megakaryoblastic leukemia, sempsising-adirinisiering-to-a-subject-in-need-thereotas
fesst-one-eempouid-ia-o-deshai-sid-areountoiostive to-ropresia-s-eeli-the compound

having a structure represented by the following formula (I):

E,D
\@\(\r)(\y
. /
0 Z,W,N

Ro-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR Ry, COR|R,, CR|R,, S(O),.
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NRR; or S(0)poRiR»;
E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C5-C,
cycloheteroalkyl or —(CH,),—C;5-C)2 cycloalkyl or —(CH,),—C5-C)» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C3-Cj;
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable
salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is g compound for use as a medicament sre-methods-for at least one of

promoting or enhancing liver restoration of liver mass, treating liver damage, treating liver

disease, or treating acetaminophen overdose in a subject in need thereof, semssising

4 - . 141 “ 3
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efactive-to-propagate-a-eeli-the compound having a structure represented by the following
formula (I):
D
E
= /X\Y
Z. N
M W
Ro2)

wherein:

W, X, Y, and Z are independently N or CH;

12



A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR Rz, COR|R;, CR Ry, S(O)q.
JNR4Ry; ot S(0)oRiRy;

M is substituted or unsubstituted and is selected from aryl or heteroaryl,

D is selected from a bond, O, CR|R; or NH or NR; or NR R; or S(0)g..RiR»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-Cya cycloalkyl or C5-Cin
cycloheteroalkyl or —(CH,),—C;-C), cycloalkyl or —-(CH,),—Cs-C, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R; 1s selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy,
cycloalkyl or Cs-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed ig a compound for use as a3 medicament sre-rathodsfor at least one of

treating heart disease, treating heart damage, promoting, inducing, or enhancing modulation

of epicardial activation and epithelial-to-mesenchyme transition; or a method of inducing,

enhancing, or promoting cardiomyocyte formation:, ¢esmprisins-administeringto-nsublestin

seed-fnereat-ab-desit-on SHFRH GesRee-ana-amount-eestve-toa-propagat -t

compound having a structure represented by the following formula (I):
b ;
%\Y
0 Zz W N
R-2)
wherein:

W, X, Y, and Z are independently N or CH;

E”

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R», CORR,, CR R, S(O),.
2NRRy; 08 S(O)p2RiR2;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR;R; or S(0)p2RiR»;

E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C;-Ci, cycloalkyl or C;-Cys
cycloheteroalkyl or —(CH»),—Cs5-Cy, cycloalkyl or —(CH,),—Cs-Cy, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR,; and

R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R, can form a C;-Ci,

13



cycloalkyl or C5-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is 2 compound for use in therapy sresmethods-for at least one of

propagation, engraftment, and differentiation of progenitor cells, eassprisingadirnistering-fo

P R N o s O LI D IR TN U D T LU I R SITP AP IC & PG S
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sopegnte-t-sothk-the compound having a structure represented by the following formula (1):

>
=X
z. N

0] w

Reo-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CR;R,, S(O),.
2NRR>; 01 S(0)o2RiR;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NR;R; or S(0),R R»;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C, cycloalkyl or C;-Cy,
cycloheteroalkyl or —(CH,)—C5-Ci1 cycloalkyl or —(CH,),—C5-Cyy cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy,
cycloalkyl or C;-C;; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed are also disclosed are compounds and compositions that comprises the
compounds disclosed herein. The compounds disclosed herein include those having a

structure represented by the formula (I):
D

£
= )(‘Y
. Y
0 Z.W,N

R0-2)

wherein:

W, X, Y, and Z are independently N or CH;
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A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

Ris selécted from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR,R,, COR R,, CR R, S(O),.
:NRR2; $(0)p-2R1Ro;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR R, or S(O)s2RRy;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C,» cycloalkyl or Cs5-Ci»
cycloheteroalkyl or —(CH,),—C;-C), cycloalkyl or (CH,),~C;-C;, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR, and further, Ry and R, can form a C5-Cj»
cycloalkyl or Cs-Cy, cyclohéteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Other embodiments of the present invention include 2 compound foruse as a

medicament for metheds-ereating at least one of myocardial ischemic injury, retinopathy of
prematurity, diabetic retinopathy, and wet macular degeneration, aortic valve calcification
(both native and prosthetic), vascular calcification, diabetic nephropathy and renal fibrosis,
hereditary spastic paraplegias, dystrophic phenotype in Duchenne Muscular Dystrophy,
inflammatory bowel disease, childhood leukemias, cancer metastasis by targeting lymphatics
and primary tumor growth; and methods of promoting liver regeneration and healing

following acute injury, including hepatotoxin exposure such as Tylenol overdose:-i

s ben beod . oy oL o
TR

p s 5 gas sand N e
b TR T S
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Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or can be learned by practice
of the invention. The advantages of the invention will be realized and attained by means of
the elements and combinations particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and are not restrictive of the invention, as claimed.

DESCRIPTION

The present invention can be understood more readily by reference to the following

detailed description of the invention and the Examples included therein.
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We claim:

1. Aemethod-forA compound for use 1n the treatment of a disease state associated with
modulating the BMP signaling pathway in a subject-¢emprising-adiministeringto-a-sublect-i

£t it e s A H PPN I PSPPI NN LN

T [ASI U ¥ R S SN A G S Ll & B WANEM B S b ot e PANLE it i1 iy g ey s H PR VI% 0 ¢ v ity xe Lt e Lo g E

wrshe-subiest, the compound having a structure represented by the following formula (I):

E/D
%\Y
. Y
0 Z.W,N

Rio-2)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or heteroaryl,;
R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CR;R», S(O),.
2NRRy; o1 S(O)o2R1Ry;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R» or NH or NR; or NR|R; or S(O)s.2R;R»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C;» cycloalkyl or Cs-C,
cycloheteroalkyl or —(CH,)y—Cs-Ci cycloalkyl or —(CH,),—Cs5-C), cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, ¢ COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a Cs-Cj,
cycloalkyl or C3-Ci2 cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

d-ferA compound foruse as a medicament in modulating the BMP signaling

S o T T P T S T P Y R S N P P snen 3
pathway-semprisins-ndministopne-to-g-sublestinanced-thoreotat-losst-ons-compounding

o &

dosnee-and-ameunt-effeetivetomeduluie BMP.signaling, the compound having a structure

represented by the formula (I):
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Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR jR,, COR R,, CR|R,, S(O),.
2NR R 01 S(0)o2R1Ry;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NRR, or S(O)O_zR;Rg;
E is selected from H, CF5, halogen, CN, alkyl, aryl, heteroaryl, C;-C;> cycloalkyl or C5-C;,
cycloheteroalkyl or -(CH,),—C;-C), cycloalkyl or —(CH,),—Cs-C), cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C3-Cj,
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

3. Aeanothod-for-A compound for use in treating at least one of anemia, including iron

deficiency, and anemia of chronic disease, somprisins-administeringto-asublect-inpeed
o T U S s S R ST e f ol

thereofat-least-one-compoundin-a-destge-and-amount-effest troat-the-anenia; the

compound having a structure represented by the following formula (I):

-
= )QY
. Y
) Z.W,N

Ro-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR,R,, COR R,, CR|R,, S(O),.

M is substituted or unsubstituted and is selected from aryl or heteroaryl;
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D is selected from a bond, O, CR R, or NH or NR; or NRR; or S(0)2RR;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy, cycloalkyl or C5-Cy»
cycloheteroalkyl or —(CH,),—C;3-C;, cycloalkyl or —(CH,),—C;-C)> cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR,; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R, and R; can form a C;-C;,
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

4. A-method-fors compounnd for use in the treatment of fibrodysplasia ossificans
progressiva (FOP), ecomumsing-administosiapto-poublostan-need-thoreabatlonste
sormpound-in-a-dessee-and-mmeunt-effectiveto-sreat-FOR, the compound having a structure

represented by the following formula (I):

D
E

= )QY
Z: N/

Ro-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl,
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NRjR», COR R,, CR R, S(O),.
2NRR2; 01 S(0)o2RiR2;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NRR; or S(0)p..R1R;
E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C;-Ci, cycloalkyl or C5-Cj,
cycloheteroalkyl or <(CH,),—Cs-C )5 cycloalkyl or «(CH,),~Cs-C)» cycloheteroalkyl;
Ry is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C5-Cy;
cycloalkyl or Cs-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.
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5. Aemethed-forA compound for use as a medicament in inhibiting the ontogenesis,

growth, or metastasis of solid tumors, including breast, prostate carcinomas, bone, lung, and

renal cell carcinomas, esmprising-admaistoring-to-a-sublestin-peed-thereofut-lenston

omponnd-n-a-dosape-and-ameuntelioetive-to-mbibitthe-entegenesis-the compound having

D
E A
=X
Y
Z. N/
0] w

Re-2)
wherein:
W, X, Y, and Z are independently N or CH,
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl,
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR;R,, CR;R,, S(O),.
2NRRo; 01 5(0)o2RiR;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NR;R; or S(0)g.R R»;
E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C3;-Cy, cycloalkyl or C5-C,
cycloheteroalkyl or —(CH,)—C5-C cycloalkyl or -(CH,),—C;-Cy, cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, oxr COR; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy»
cycloalkyl or C;-C,, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

6. d-et-A compound Tor use as 2 medicament for augmenting the inflammatory
Or immune response-ackninistesng-to--aubiset-rneed-thereotat-least-one-compoundin
losege-and-neuntetfectivedo-snpment-theresponse, the compound having a structure

represented by the following formula (I):
.D

E
Ve }‘Y
* /
(1) N
Rio-2)
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wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, COR;R,, CR;R;, S(O),.

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CRR; or NH or NR; or NR;R; or S(0).,R|R;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C;, cycloalkyl or C3-Cis
cycloheteroalkyl or -(CH,),~C;-C)» cycloalkyl or —(CH,),—Cs-C» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, oz COR;; and

R» 1s selected from H, alkyl, aryl, heteraryl, COR, and further, R, and R; can form a C3-Cy,
cycloalkyl or Cs3-C;; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

7. Aespethod-of-A compound for use as 1 medicament for treating pathologic bone
function-adesinisierine-tora-subjest-in-nesd-thereotat-least-one-compound-in-a-dosagean
unt-etestive-to-treat-pathologie-bone-faneron, the compound having a structure

represented by the following formula (I):

gD
Z
Y
Z: N7
(N w

Ro-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR;R,, CRR,, S(O),.
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR, or NRR; or S(0)p2R R»;
E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C5-C»
cycloheteroalkyl or —(CH,),—Cs-Ci, cycloalkyl or -(CHa,),—C;-C, cycloheteroalkyl;
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R is selected from H, alkyl, aryl, heteraryl, COR;, and further, Ry and R, can form a C;-Ci
cycloalkyl or C;3-Cj» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

8. Aesmothod-ford compound for use as 8 medicament for treating ectopic or maladaptive

bone formation in a subject in need thereof, eemnpmsing adrenistering to-a-sublest-dnneed

e pgt Foain g mun o NS Y Y 54 w LAY 3 - Yy g £ gty R A TR T
S TR TR i FRGEE A EE L5y T gy 4 i (e ¥

matadapiive-bone-fprmation-the compound having a structure represented by the following

formula (I):

.D
E

X

~ Y
Z: N
" w
Rio-2)
wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, CORR,, CR R,, S(O),.

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR|R; or NH or NR; or NR;R; or S(0)s..R|Rs;

E is selected from H, CF5, halogen, CN, alkyl, aryl, heteroaryl, Cs-C,, cycloalkyl or C5-Ci,
cycloheteroalkyl or —(CH,)—C5-C)a cycloalkyl or <(CH,),—C;-Ci2 cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C;-C;
cycloalkyl or C;-Cj, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

9. Sempethod-ofA compound for use as a medicament for treating a skin disease in a
subject in need thereof, svossmrisirs-adninideringtonsublectinaeed-thereatat-least
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mpeundin-a-dessge-and-amensteffoctive-to-reat-the-slan-disesse;-the compound having a

structure represented by the following formula (I):

E
= )(\Y
. /
0 Z.W,N

Ro-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, CORR,, CR R,, S(O),.
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NR|R; or S(0)2R Rs;
E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,),—Cs5-C; cycloalkyl or -(CH,),—Cs-Cy, cycloheteroalkyl;

R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C;-Cy;
cycloalkyl or C3-C,; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

10.  A-methedei-A compound for use as a medicament {or treating hypertension in a
subject in need thereof, comprising-administering-to-e-sublectinneed-therestat-least-one
speund-in-t-desage-and-amennteffociive-e-reat-hypertensionr-the compound having a

structure represented by the following formula (I):

E,D
\@\(/\f)(‘v
. /
0] N

Reo-2)

wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or

heteroaryl,
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R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR Ry, COR R,, CR R, S(O),.
2NRRy; o1 S(0)o2R Ro;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR, or NRR; or S(0)p-R Ry;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C;» cycloalkyl or C5-Cj»
cycloheteroalkyl or -(CH,),—C;5-C;, cycloalkyl or -(CH,),—C;-C), cycloheteroalkyl;

R, 1s selected from H, alkyl, aryl, heteraryl, COR;, and further, Ry and R; can form a C;-Cy;
cycloalkyl or C5-Cyz cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

11, A-methedfor-A compound for use as 8 medicament for treating ventricular
hypertrophy in a subject in need thereof, comprisng-administenngto-asublestinnee
i amanenbo i Do aib ansn g cn o B R N R N T T T WA WS & AN e cassd s vz v

+-the compound having a structure represented by the following formula (I):
D

E
= )QY
. /
n z W N
Rio-2)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR R,, COR R, CR|R,, S(O),.
aNRRo; 01 S(0)0-2R 1 Ro;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR|R, or NH or NR; or NR;R; or S(0)p.2R;R;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,),~C5-Cy, cycloalkyl or —(CH,),—Cs-C, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C;-Cy,
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.
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12, Aemethed-ofA compound for use as a medicament {or treating spinal cord injury and

-

neuropathy in a subject in need thereof, semprising-administeringto-a-subiectnnesd-theres

P P v PP I TTITL PP PRV footiveto-treatspinaleordininmethe
RS-G-SO PBONRE- - GORRES-RRE-AIREGTRE-@F 3 SR SPHRE-SOra-IRRR-L

o

compound having a structure represented by the following formula (I):
D

£
= )(\Y
. /
0 Z"W‘N

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R2, COR R, CR{R,, S(O),.
aNRRy; 08 S(O)oaR Ry;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NR;R; or S(O)g2R Rx;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C,, cycloalkyl or C;-Cy»
cycloheteroalkyl or «(CH,),—Cs-C) cycloalkyl or |(CH,),—C;-Cy» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, ¢z CORy; and
R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R, can form a C3-Cy,
cycloalkyl or C;-Cj, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

13. ~A compound for use as a medicament Tor treating atherosclerosis in a
subject in need thereof, somprisineadministerinpto-gsubioctirneed-thereobat-leasrone
eompenndan-a-dosage-andameunieffociveto-restatherossleresis-the compound having a

Ro-2)
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wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR R, COR;Rs, CR|R,, S(O),.

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR|R, or NH or NR; or NR;R; or S(0)y..RR»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C;, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,)—C;-C;2 cycloalkyl or —(CH,),—Cs-C,, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, s: COR,; and

R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R, can form a C3-Cy;
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

4. A-methedder A compound for use in therapy for at least one of propagation,
engraftment, and differentiation of progenitor cells, semurising admbrisioring-to-a-subiest
1eed-thereot-at-least-one-compound-in-a-desage-and-ameount-effective-to-propagate-a-cel-the

compound having a structure represented by the following formula (I):

-
N
Y
Z. N/
(M w

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CRiR,, S(O),.
2NRiR2; 01 S(O)o2RiR2;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NR;R, or S(O)p2RiRz;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C;-C, cycloalkyl or C;-Ci,
cycloheteroalkyl or —(CH,)—C;-Cy» cycloalkyl or ~(CH,),~C5-Cy; cycloheteroalkyl;
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R, is selected from H, alkyl, aryi, heteraryl, gr COR;; anhd
Ry is selected from H, alkyl, aryl, heteraryl, COR;, and further, R, and R, can form a C;3-Cy»
cycloalkyl or C;-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

15. A compound having a structure represented by the following formula (I):
£ D
(

%‘Y
N 7 e N/
Ro-2)
wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl,

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, COR|R,, CR;Ra, S(O),.
aNRRy; or S(0)o2R Ra;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR R, or S(0)y2R R»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs;-C,, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,)y—C5-Cy cycloalkyl or -(CH,),—C3-Ci2 cycloheteroalkyl;

R, 1s selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R, can form a C3-Cj,
cycloalkyl or Cs-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

16. A compound of claim 15, wherein W, X, Y and Z together help form:

*. ES
Va /N WN
x N\/g NQ/N\%
* 2 or *

17. A compound of claim 15, wherein W, X, Y and Z together help form:
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18. A compound of claim 15, wherein

*

(,I

Rio-2)

is:

h | \él )
; N R(O‘z) Al ~ . A] ~\ ‘ Al
A
o 1
(0- 2)

wherein A; is independently O, CR1R; or NH or NR; or NR; Ry, or can join with another A;

to form C;-Ci, cycloalkyl or C3-Cj; cycloalkenyl or aryl or heteroaryl or C;3-Ciz

heterocycloalkyl or C3-C;; heterocycloalkenyl or 3-8 membered ring comprising C, O, S,

and/or N.

19. A compound of claim 15, wherein M is optionally substituted with one or more R,

and is selected from C;-Cy; cycloalkyl or Cs3-C;; cycloalkenyl or aryl or heteroaryl or C3-Ci;

heterocycloalkyl or C3-C;; heterocycloalkenyl or 3-8 membered ring comprising C, O, S,

and/or N.

20. A compound of claim 19, wherein M is optionally substituted phenyl or pyridine.

21. A compound of claim 15, wherein M, D, and E together form:

T

bl

SRRCN

3

T

%

>

113




-
O HoN 'U: HO
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22. A compound of claim 15, wherein A is chosen from the following:
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=N F

5

R
OH
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N

ot

Cl

/\fR
X

‘ 23. A compound of claim 15, wherein the compound is of the following formula:
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\n/O
© AN
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Q.
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24. A compound having a structure represented by the following formula (II):

>
= }\Y
N/
i Z\/N
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wherein:

X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR;R,, CR|R,, S(O),.

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R» or NH or NR; or NRR; or S(O)¢.RR>;

E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C;-C;> cycloalkyl or C5-Cy»
cycloheteroalkyl or —(CH,)x—C;5-C2 cycloalkyl or —-(CH,),~C5-C,, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, ¢r COR,; and

R; 1s selected from H, alkyl, aryl, heteraryl, CORy, and further, R; and R; can form a C;-Cy,
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

25. A compound having a structure represented by the following formula (III):
D

£
AN\ =N
Z o N
D) X
Ro2)
wherein:
Zis N or CH;

A is substituted or unsubstituted and is selected from cycloalkyl, heterocycloalkyl, aryl or heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;Ry, COR R;, CR1R;,
S(O)o2NR1Ry; o7 S(0)o-2R1R2;

M is substituted or unsubstituted and selected from aryl or heteroaryl;

D is selected from a bond, O, CRyR; or NH or NR; or NRR; or S(O)e-R R»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy, cycloalkyl or C5-Cia
cycloheteroalkyl or —(CH,),—C5-C,, cycloalkyl or —(CH,),—C5-C; cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, ¢z COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R, and R, can form a C;-Cj»
cycloalkyl or C5-C), cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable salt

thereof, or a pharmaceutically acceptable derivative thereof.
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26, Aemethed-ofA compound for use as a medicament for modulating the BMP signaling

u oy g e 5 sy od P P o 3 sd et o TR ATY b aTnaaina; o dvsl fins
pathway, ¢emprising-adminisienng-to-g-snblest-in-need-thersoto- BMPpathway-modulating

R1/ = =M1
T T
Yy Xy
D—’ \
/4

3

wherein:

X118 N, O, or CRy;

X, and X4 are independently N or CRy;

X318 CorN;

Y1. Y2, and Y3 are independently N or CRy;

DisCorN;

Wis N or O;

Wiis N, O or C;

Cy is optionally substituted with one or more Ry, and is selected from Cs-C1»
cycloalkyl or C;-Ci; cycloalkenyl or aryl or heteroaryl or C;-C;; heterocycloalkyl or C3-Cy;

heterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.

R;—R4 are independently selected from hydrogen, halogen, Cy.19 alkyl, Cs_1o cycloalkyl,
OCi.0alkyl (which may contain a Cs.g membered ring containing C, O, S or N, optionally
substituted with one or more R4), NRCi.jpalkyl (which may contain a C;.g membered ring

containing C, O, S or N, optionally substituted with one or more R4), CN or CF3;
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Z is optionally substituted with one or more Ry, and is selected from C3-C;
cycloalkyl or C3-Cy; cycloalkenyl or aryl or heteroaryl or C;-Cy; heterocycloalkyl or C3-Cia

heterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.

27. Aermethod-ofA compound for use as a medicament for modulating the BMP signaling

pathway, sesspmsine-adiminsiosineto-osabiostin-nasdtheresta Bidibasthugymad

By i TR v 13 RS

se-efathe compound having a structure represented by the following formula:

wherein:
X1is N, O, or CRy;
X, and X4 are independently N or CRy;
X31s CorN;
Y1.Y>, and Y; are independently N or CRy;
~ Cy is a bond, or forms a ring that is optionally substituted with one or more Ry, and is
selected from Cs-Cy; cycloalkyl or Cs-Cy, cycloalkenyl or aryl or heteroaryl or Cs-Cy,

heterocycloalkyl or C3-Cy; heterocycloalkenyl or 3-8 membered ring comprising C, O, S,
and/or N.

R;—R4 are independently selected from hydrogen, halogen, Cy_1palkyl, Cs.10 cycloalkyl,
OC;.jpalkyl (which may contain a Cs.g membered ring containing C, O, S or N, optionally
substituted with one or more R*), NR;Cy.10alkyl (which may contain a Cs.s membered ring

containing C, O, S or N, optionally substituted with one or more R4), CN or CFj3;

Z is optionally substituted with one or more Ry, and is selected from C5-Cyp
cycloalky! or C3-Cy; cycloalkenyl or aryl or heteroaryl or C3-Cy, heterocycloalkyl or C3-Cya

heterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.
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28. Aemethed-ofA compound for use as a medicament for modulating the BMP signaling

>y s P D ety L) A iaand s o1l £ o B damniliveans we -
pathway, esmpristng-adiinistenipto-n-sublostin nead-thereota-BMP-pathwayv-modulating

£

s-aihe compound having a structure represented by the following formula:

R, Y3 X
~N¢ —-"1 R
\/ X' /\\ 4
R3T ]5 /Xz
Y2 \Y]/ 4‘\“*3
3 P,
o ST |2
NP
N et
wherein:
X4, Xa, X3 and X4 are independently N or CRy;
XisN, O, or CRy;
X3is CorN;

Y1, Y, and Y3 are independently N or CRy;
Rj-R4 are independently selected from hydrogen, halogen, Ci.1¢ alkyl, Cs.1¢ cycloalkyl,
OCi.ipalkyl (which may contain a Cs;.3 membered ring containing C, O, S or N, optionally

substituted with one or more R4), CN or CFs;

Z is optionally substituted with one or more R;, and is selected from Cs3-Cy; cycloalkyl or Cs-
Ci; cycloalkenyl or aryl or heteroaryl or Cs-C;; heterocycloalkyl or C3-C1o

bheterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.

29.  The methed-compound of claim 28, wherein the compound is of the following

formula:
R, Ys X
Ny ——MNM
= X=7 \
]i 7X2
YZQ s x4\\\)é
Y4 3 _
(/\
Rl/\
wherein: .
X1, X2, X3 and X4 are independently N or CR;
X is N, O, or CRy;
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X3isCorN;

Y1, Y, and Y3 are independently N or CRy;

R;-Ry4 are independently selected from hydrogen, halogen, Cy.1o alkyl, Cs_1¢ cycloalkyl,
OCi.ypalkyl (which may contain a C3.3 membered ring containing C, O, S or N, optionally

substituted with one or more R4), CN or CFj3;

30.  The methed-compound of claim 28, wherein the compound is of the following
formula:
Ro /Ya\x - X1\
o
\E Sy Koyl
1 -
YT
R
=] :
Rl \N /
wherein

(1) X115 0, Xy 1s N, and X, X3, X4, Y1, Y, and Y; are independently C or CRy;

(1) X115 O, X5 1s N, Yy is N, and X, X3, X4, Y2, and Y3 are independently C or CRy;

(i1i) X; is N, X4 is N, and X5, X3, X4, Y1, Y2, and Y3 are independently C or CRy;

(iv) X1isN, X is N, Y is N, and X, X3, X4, Y2, and Y3 are independently C or CRy;

(v) X1isN, X5 1is N, Y is N, and X, X3, X4, Y3, and Y; are independently C or CRy;
or

(vi) Xy is N, X3 1s N, and X», X3, X4, Y1, Y2, and Y3 are independently C or CRy;

Y1, Y2, and Y3 are independently N or CRy;

R;-R4 are independently selected from hydrogen, halogen, Cy.1o alkyl, Cs.19 cycloalkyl,
OCi.palkyl (which may contain a Cs.g membered ring containing C, O, S or N, optionally

substituted with one or more R4), CN or CFs.

31.  The sethed-compound of claim 28, of the following formula:
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wherein R;-Ry4 are independently selected from hydrogen, halogen, Cy.jp alkyl, Cs.19
cycloalkyl, OCy.1o alkyl (which may contain a Cs.g membered ring containing C, O, S or N

2

optionally substituted with one or more R*), CN or CFs.

32.  The methed-compound of claim 28, wherein the compound is of the following

formula:

wherein R;-Ry4 are independently selected from hydrogen, halogen, Cy.1galkyl, Cs.1o
cycloalkyl, OC;.1p alkyl (which may contain a C; g membered ring containing C, O, S or N,
optionally substituted with one or more R*), CN or CF;.

33.  The methed-compound of claim 28, wherein the compound is of the following

formula:

wherein R;-R4 are independently selected from hydrogen, halogen, Cy.1¢alkyl, Cs.10
cycloalkyl, OCy_jpalkyl (which may contain a Cs.g membered ring containing C, O, S or N,
optionally substituted with one or more R*), CN or CFs.
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34.  The methed-compound of claim 28, wherein the compound is of the following

formula:

wherein R;-R4 are independently selected from hydrogen, halogen, Cy_jpalkyl, Cs.19
cycloalkyl, OC;.1g alkyl (which may contain a C;.g membered ring containing C, O, S or N,

optionally substituted with one or more R*), CN or CFs.

35. The method-compound of claim 28, wherein the compound is of the following
formula:
N\/N /
Ry
R,/\N =

wherein R;-Ry are independently selected from hydrogen, halogen, Cy.1galkyl, Cs.10
cycloalkyl, OC;_jp alkyl (which may contain a C;_g membered ring containing C, O, S or N,
optionally substituted with one or more R*), CN or CF;.

36.  The methedcompound of claim 28, wherein the compound is of the following
formula:
RZYYB ‘ o
Y‘l% /
(/ &z I AN
R
/ 3
Rl \N /

>

wherein Y, and Y3 are independently N or CR;; R;-Ry are independently selected from
hydrogen, halogen, C;.jpalkyl, C;.1 cycloalkyl, OCy_igalkyl (which may contain a Cs_g
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membered ring containing C, O, S or N, optionally substituted with one or more R%, CN or

CFs.

37.  The smethed-compound of claim 28, wherein the compound is of the following

formula:

R,
Rl/\N =

b

wherein Y, and Y3 are independently N or CR;y; Ri-Ry4 are independently selected from
hydrogen, halogen, C;.j9alkyl, Cs.10 cycloalkyl, OC,.j alkyl (which may contain a Cs.g
membered ring containing C, O, S or N, optionally substituted with one or more R*), CN or

CFs.

38. The method-compound of claim 28, wherein the compound is of the following
formula:
Rz

Ras AN Rz NN
e N Vi \N N /
7\ 7\
=N , =N ,
N\/N / \’11\Y/ /
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7/ \

wherein Y, and Y3 are independently N or CRy; R;-R4 are independently selected from
hydrogen, halogen, Cy.1¢ alkyl, Cs_;0 cycloalkyl, OC;.jp alkyl (which may contain a Cs.g
membered ring containing C, O, S or N, optionally substituted with one or more R*), CN or

CFs.

39. A-methed-ofA compound for use as a medicament for treating acute megakaryoblastic
leukemia, sempeisng-ndininistorngte-goubiestinneed-thereofat-least-one compound-an
ssepe-and-mneunt-effestiveto-propagate-e-eeth-the compound having a structure represented

by the following formula (I):

D
E
%‘Y
R /
0) 2N

Rio-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, COR;R,, CR;R;, S(O).
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR|R; or NH or NR; or NRR; or S(0)s..R|R»;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Ci, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,),—Cs-Ci cycloalkyl or -(CH,)~C;s-C; cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, gz COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C5-Cy,
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.
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40.  Aemethed-ford compound for use in therapy for at least one of treating heart disease,

treating heart damage, promoting, inducing, or enhancing modulation of epicardial activation

and epithelial-to-mesenchyme transition; or a method of inducing, enhancing, or promoting

cardiomyocyte formation-sessprsing-adiinistering-ta-ssablestinneed-thereotat-teast

sormponndn-a-dosspeand-ameuntotoctive-to-propagate-s-eell, the compound having a

structure represented by the following formula (I):
.D

E
= /X\Y
Z: N
(1 w
Rio-2)
wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NRiR,, COR R,, CR;R», S(O),.
2NRiR2; 01 S(0)o-2R1R2;

M is substituted or unsubstituted and is selected from aryl or heteroaryl,

D is selected from a bond, O, CR R, or NH or NR; or NRR; or S(0)g.RR;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, Cs;-C, cycloalkyl or C;-Cy,
cycloheteroalkyl or —(CH,),—Cs5-Cy2 cycloalkyl or —(CH,)—Cs-Ci, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, ¢y COR,; and

R, is selected from H, alkyl, aryl, heteraryl, CORy, and further, R; and R, can form a C;-Cy»
cycloalkyl or C;3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

41, A-methedderA compound for use in therapy for at least one of promoting or

enhancing liver restoration of liver mass, treating liver damage, treating liver disease, or

treating acetaminophen overdose in a subject in need thereof, somprising-adimdnistering o

P R R N A R N N Ty T P D S Y it Lo
Ry i F 5 LAY S 8 L0 R T A LA S S G £ S E %A ¢ SiE I A OET-Orre S SR RS RISy iRas

#set-the compound having a structure represented by the following formula (I):
E/D
= /X‘Y
Z. N
O] w
Ro2)
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wherein: -

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R,, CRjR,,
S(0)02NRRy; 01 S(0)2R1Ry;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R; or NH or NR; or NR;R; or S(O)g.2RRy;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C3-Cy, cycloalkyl or C5-Cys
cycloheteroalkyl or —(CHz)x—C3-Ci2 cycloalkyl or —-(CH»)—C3-Ci, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR;; and

R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy,
cycloalkyl or C3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

42 A method for modulating the BMP signaline pathway comurising i1 viiro

administration to at least one cell an amount effective fo modulate BMP sienaling the

compound having a structure represented by the formula (I

D
E/
/ /X\Y
ZXN N /
0 \W/

Rio-2)

wherein:

W, X, Y. and Z are independentiy N or CH:

A is substituied or unsubstituted and selected from oveloalkvl, heterocveloalkyl arvl or

SO0 NR R o STOT60R !

M s substitated or unsubstituied and is selected from arvl or heteroarvl:

D s selected from a bond, O, CRRs or NH or NR or NR K or 81O 1EN




R s selected from H. aliovl, arvl heterarvl or COR; and

N

R ois selected from M, alkvl arvl heterarvl, COR,. and further, R and B can form 2 C-C

eveloalkyl or O cveloheteroalkyl containing O, N or & or a vharmaceutcally acceptable

salt thereof, or a vharmaceutically acceptable derivative thereof

43 The method of claim 42, wheremn modulaning the BMP sienaling nathway enhances

keratinoovie nroliferation,

44, The method of clazm 42 wherein the at least one cell is a stem cell

45 The method of claim 44, wherein modulaiing the BMP sienaling pathwav reculates

the differentiation and regeneration of precursor and stem cell populations,

46, Themethod of claim 42, wherein mutilating the BMP signsling pathway mainizing a

sluripotential state in stem cell or multinotent cell vopulations in ving.

47, The method of clalm 42 wherein mutilatine the BMP sienaling pathway exnands

stem cell or mdtinotent cell populations in virro.
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the BMP signaling pathway, methods of making same, pharmaceutical compositions

comprising same, and methods of treating disorders associated with BMP signaling.

Disclosed is a compound for use in the treatment of a disease state associated with
modulating the BMP signaling pathway in a subject, the compound having a structure

represented by the following formula (I):

.D
E
~ )(\Y
Z. N
(1) w N~
@“Rw-a

wherein:
W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or

heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, COR;R,, CR Ry, S(O)s.
2NRjRy; or S(0)p2R 1 Ry;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR{R, or NH or NR; or NR{R, or ${0).2R;Ra;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;, cycloalkyl or C5-Cy
cycloheteroalkyl or —~(CH,),—C5-Cys cycloalkyl or —(CH,)~C5-Cy; cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR,; and

R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R, and R, can form a C5-C)

_cycloalkyl or C5-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament in modulating the BMP

signaling pathway the compound having a structure represented by the following formula (I):

-
N =X
7. N

U w

wherein:



W, X, Y, and Z are independently N or CH;
A 1s substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR R,, COR R;, CR R,, S(O),.
2NR R2: S(0)02RRo;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R, or NH or NR; or NRR- or S(O)e2R | Ry;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy, cycloalkyl or C:-C)s
cycloheteroalkyl or —~(CH,),~C5-C)» cycloalkyl or —~(CH;),—C5-Cy, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a Cs-C3
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed 1s a compound for use in the treatment of anemia, including iron
deficiency, and anemia of chronic disease, the compound having a structure represented by

the following formula (I):

.D

E\C@\i/\r/x

=
N/
o Cw \<
Q’Rw-m

wherein:

W, X, Y, and Z are independently N or CH;

A 1s substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR R., COR R, CR{R,, S(O),.
aNR Rz or S(0)e2RiRy;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CRjR; or NH or NR| or NR R, or $(0);.R R>;

F is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, Ci-C; cycloalkyl or C3-C)5
cycloheteroalkyl or -(CH,),~C5-C» cycloalkyl or —(CH,),—C5-C1s cycloheteroalkyl;

Ry is selected from H, alkyl, aryl, heteraryl, COR,; and



R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R, and R; can form a C;-Cy;
cycloalkyl or C3-Cj, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use in the treatment of fibrodysplasia ossificans

progressiva (FOP), the compound having a structure represented by the following formula

D)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NRjR>, COR|R,, CR R,, S(O);.
2NRRy; or S(0)o.2RiRa;

M is substituted or unsubstituted and selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR{R; or S{O);..R;R>;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-Cy, cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH.)~Cs5-C\; cycloalkyl or —(CH,)—C5-C)» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR,; and

Ro 1s selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R; can form a C5-Cy5
cycloalkyl or C3-Cy» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament in inhibiting the oncogenesis,
growth, or metastasis of solid tumors, including breast, prostate carcinomas, bone, lung, and
renal cell carcinomas, the compound having a structure represented by the following formula

(I):
D

£
N X
Y
Z. .N
0] w

<
@R(w)



wherein:

W, X,Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, COR R,, CRiR,, S(O).
2NRRz; or 5(0)e2R Ry;

M is substituted or unsubstituted and selected from aryl or heteroaryl;

D is selected from a bond, O, CR4R; or NH or NR; or NR R, or S(0)y..R Rx;

E is selected from H, CF, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy; cycloalkyl or C5-Cyy
cycloheteroalkyl or —(CH,)y—Cs5-Cya cycloalkyl or -(CH,)—C5-Ci2 cycloheteroalkyl;

Ry is selected from H, alkyl, aryl, heteraryl, COR; and

R is selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R; can form a C3-Cy
cycloalkyl or C3-C;, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for augmenting the
inflammatory or immune response the compound having a structure represented by the
following formula (I):

D
B )
=X
Y

. Y
Zs, N~

n
A7 R-2)
wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;. halogen, CN, alkyl, aryl, heteroaryl, NR;R,, CORR,, CRjR,, S(O),.
ANRRy; or S(O)e.aRiRy;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR R, or S(O)g-R Ra;

E is selected from H, CFj, halogen, CN, alkyl, aryl, heteroaryl, C;-C), cycloalkyl or C3-Cy,
cycloheteroalkyl or —(CH-),—C3-Ci- cycloalkyl or —(CH,),—C5-C}, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR,; and



R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C5-C;;
cycloalkyl or C3-C;, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for treating pathologic bone
function the compound having a structure represented by the formula (I):
S
(M)
X

\ Y
N 7
0 Zsy N4

\
\

@‘R<0~2>
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR R», CORR,, CR Ry, S(O),.
aNR Ry; or S(O)s2RRy;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NR R or S(O)p.R iR
E is selected from H, CFj, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;, cycloalkyl or C3-C»
cycloheteroalkyl or ~(CHa),~Cs5-Cy; cycloalkyl or —(CH,),—C3-C)» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-C;
cycloalkyl or C3-C), cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for treating ectopic or
maladaptive bone formation in a subject in need thereof, the compound having a structure

represented by the following formula (I):
D
ETY )
M
W\Y
Z. N
M w \<

@‘R(6~2>

wherein:

W, X, Y, and Z are independently N or CH;



A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR R>, COR R, CRR,, S(O)s.
2NRRy; or S(O).2R Ro;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CRyR; or NH or NR; or NR R, or S(O);..R1R;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy» cycloalkyl or C5-Cia
cycloheteroalkyl or —~(CH;)—C;5-C)5 eycloalkyl or «(CH,),~C3-Cy> cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, CORy; and

R; is selected from H, alkyl, aryl, heteraryl, COR,, and further, R and R, can form a C;-C»
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed are compounds for use as a medicament for treating a skin disease in a
subject in need thereof, the compound having a structure represented by the following

formula (I):

D
G
AT

z. Ny

U] W \

@‘R(0~2>

wherein:

- W, X, Y, and Z are independently N or CH;
A 1s substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R., COR|R,, CR R», S(O);.
2NRGRy; or S(0)6.0RRy:
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR{R; or NH or NR; or NRR; or S(0)..RiR;
E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, Cs-C, cycloalkyl or C5-Cya
cycloheteroalkyl or —(CH.)~C5-Cy; cycloalkyl or —(CH-),~Cs-Cj cycloheteroalkyl;
R is selected from H, alkyl, aryl, heteraryl, COR;; and
R» 1s selected from H, alkyl, aryl, heteraryl, CORy, and further, R; and R, can form a Cs-Ci3
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.



Also disclosed is a compound for use as a medicament for treating hypertension in a
subject in need thereof, the compound having a structure represented by the following

formula (I):

E/
M
\Q\N‘Y
o Zwh

<
@R(w

wherein:

W, X, Y, and Z are independently N or CH:

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR jR>, CORR», CR R, S(O),.
2NRRy; or S(O)p.2R(Ro;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R; or NH or NR; or NR R, or S(0)p..R Ry;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;; cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH;)—C5-Cia cycloalkyl or —(CH»),—C;5-C)» cycloheteroalkyl;

R, is selected from H, alkyl. aryl, heteraryl, COR,; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a C3-Cy3
cycloalkyl or C3-C\» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for treating ventricular

hypertrophy in a subject in need thereof, the compound having a structure represented by the

E
Y

. 7
o ZwN

@R(w)

following formula (I):

wherein:
W. X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or

heteroaryl;



R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR;R>, CR Ra, S(O),.

2NR Ry or S(0)6.2RRy;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR R, or S{O)s.oR Ry;

E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C3-C;- cycloalkyl or C3-C»
cycloheteroalky! or —(CH,),~Cs5-C)5 cycloalky! or «(CH,),—C3-Cy» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, Ry and R, can form a C3-Cy3
cycloalkyl or Cs5-Cy» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for treating spinal cord injury
and neuropathy in a subject in need thereof, the compound having a structure represented by

the following formula (I):

-
%X*
Y
Z.. N
(1) w N~
@‘R(O-z)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H. CF3, halogen, CN, alkyl, aryl, heteroaryl, NR R,, COR(R,, CR R,, S(O),.
2NRRy; or S(0)g.2R(Ro;

M is substituted or unsubstituted and 1s selected from aryl or heteroaryl;

D is selected from a bond, O, CR{R, or NH or NR; or NR R: or S(O)g.2R 1Ry;

E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cy» cycloalkyl or C3-Cy»
cycloheteroalkyl or —(CH,)—C;5-Cy, cycloalkyl or —(CHa)—C;5-Cya cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a Ca-Cy»
cycloalkyl or C5-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.
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Also disclosed is a compound for use as a medicament for treating atherosclerosis in a
subject in need thereof, the compound having a structure represented by the following

formula (I):

E/D M
=X
Y
Z: N/
M w ~

\\

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR|R,, CRiRa, S(O),.
aNRRy; or S(O)p2RRa;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR R, or S{O);2R;R»;

E is selected from H, CF5, halogen, CN, alkyl, aryl, heteroaryl, Cs3-Ci» cycloalkyl or C3-Cy»
cycloheteroalkyl or —(CH,)—C5-C)2 cycloalkyl or -(CHa),—C;-Cya cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R; is selected from H, alkyl, aryl, heteraryl, COR,, and further, R and R; can form a C3-C3
cycloalkyl or Cs3-C» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for treating acute
megakaryoblastic leukemia, the compound having a structure represented by the following

formula (I):

EZD@\W

N

Zo N
(1) W

wherein:
W, X,Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or

heteroaryl;
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R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NRiRs, CORR», CR Ra, S(OJs.
2NRRy; or S(O)oRRa;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR|R; or NH or NR; or NR R or S(O)oR Ry;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;» cycloalkyl or C3-Cy»
cycloheteroalkyl or —(CH:),—C5-C); cycloalkyl or —(CH.),—C3-C,» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, CORy; and
R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R, and R; can form a Cs-C>
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable
salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for at least one of promoting or
enhancing liver restoration of liver mass, treating liver damage, treating liver disease, or
treating acetaminophen overdose in a subject in need thereof, the compound having a

structure represented by the following formula (I):

E,D
%‘Y
o Fwt
@‘Rm-z)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR,R», CORR», CR{R,, S(O);.
2NRRy: or S(0)s2RiRy;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR(R, or NH or NR; or NR R, or S{0)y2R;Ry;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Ci» cycloalkyl or C3-Ci»
cycloheteroalkyl or —(CH,),—C5-C 15 cycloalkyl or —(CH,),~C3-Cy» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR;; and
Ry is selected from H, alkyl, aryl, heteraryl, CORy, and further, R and R; can form a C3-Cy3
cycloalkyl or C5-C» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use as a medicament for at least one of treating

heart disease, treating heart damage, promoting, inducing, or enhancing modulation of
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epicardial activation and epithelial-to-mesenchyme transition; or a method of inducing,
enhancing, or promoting cardiomyocyte formation, the compound having a structure

represented by the following formula (I):

Y

0 z "W/N\/\(\
@R(o-z)

wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl; |
R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR R,, COR|R-, CR{R,, S(O),.
2NRRy; or S(O)p.-RiRo;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NR R, or S{0)y..R1Rs;
E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, Cs5-C;, cycloalkyl or C5-Cy»
cycloheteroalkyl or —(CHz)—Cs-C); cycloalkyl or (CH)—C5-Ci» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, COR,; and
R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R and R can form a C3-Cy;

cycloalkyl or C5-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed is a compound for use in therapy for at least one of propagation,
engraftment, and differentiation of progenitor cells, the compound having a structure

represented by the following formula (I):

wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or

heteroaryl;
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R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CR R, S{(O),.
HNRRo; or S(O)p.aR(Ra;

M is substituted or unsubstituted and is selected from aryl or heteroaryi;

D is selected from a bond, O, CRiR, or NH or NR; or NR R» or S(O)y.,R1R»;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-C;» cycloalkyl or C5-C)-
cycloheteroalkyl or —(CH;)—~C;5-C), cycloalky! or «(CH,)—C5-C > cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R, and R, can form a C3-C3
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Also disclosed are also disclosed are compounds and compositions that comprises the
compounds disclosed herein. The compounds disclosed herein include those having a

structure represented by the formula (I):

wherein:

W, X, Y, and Z are independently N or CH;

A 1is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R», COR R», CR4R,, S(O)e
2NRiRa; S(0)0R 1 Ra:

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CRR, or NH or NR; or NR{R» or S(0)..R R;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C;-C;» cycloalkyl or C5-Ci»
cycloheteroalkyl or ~(CH;)—C5-Cy3 cycloalkyl or —(CH-),~C;5-C)» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, COR;; and

R; is selected from H, alkyl, aryl, heteraryl, COR,, and further, R, and R, can form a C3-Cy;
cycloalkyl or C5-Cj» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

Other embodiments of the present invention include a compound for use as a
medicament for treating at least one of myocardial ischemic injury, retinopathy of

prematurity, diabetic retinopathy, and wet macular degeneration, aortic valve calcification
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(both native and prosthetic), vascular calcification, diabetic nephropathy and renal fibrosis,
hereditary spastic paraplegias, dystrophic phenotype in Duchenne Muscular Dystrophy,
inflammatory bowel disease, childhood leukemias, cancer metastasis by targeting lymphatics
and primary tumor growth; and methods of promoting liver regeneration and healing

following acute injury, including hepatotoxin exposure such as Tylenol overdose.

Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or can be learned by practice
of the invention. The advantages of the invention will be realized and attained by means of
the elements and combinations particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and are not restrictive of the invention, as claimed.

DESCRIPTION

The present invention can be understood more readily by reference to the following

detailed description of the invention and the Examples included therein.

Before the present compounds, compositions, articles, systems, devices, and/or
methods are disclosed and described, it is to be understood that they are not limited to
specific synthetic methods unless otherwise specified, or to particular reagents unless
otherwise specified, as such may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular aspects only and is not
intended to be limiting. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, example

methods and materials are now described.

All publications mentioned herein are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with which the publications are cited.
The publications discussed herein are provided solely for their disclosure prior to the filing
date of the present application. Nothing herein is to be construed as an admission that the
present invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided herein can be different from the actual publication

dates, which need to be independently confirmed.
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We claim:

1. A compound for use in the treatment of a disease state associated with modulating the
BMP signaling pathway in a subject, the compound having a structure represented by the

following formula (I):

£
M
\O\/\]//X‘Y
. Y/
0 Z.W,N

wherein:

W, X,Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or heteroaryl;
R is selected from H, CF5, halogen, CN, alkyl, aryl, heteroaryl, NR,R,, COR R, CRR», S(O),.
2NRiR; or S(O)g2RiRo;

M is substituted or unsubstituted and is selected from ary! or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR{R; or S(O)s.R Ry;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-Cy» cycloalkyl or C3-C»
cycloheteroalkyl or —(CH,)—C;5-C1» cycloalkyl or —(CH,),—C5-Ci» cycloheteroalkyl;

R, is selected from H, alkyl, aryl; heteraryl, or COR,; and

Ra is selected from H, alkyl, aryl, heteraryl, COR,, and further, Ry and R, can form a C3-Cys
cycloalkyl or C;-C)s cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

2. A compound for use as a medicament in modulating the BMP signaling pathway, the

compound having a structure represented by the formula (I):

D
E
\@\WX\
Y
Z. N
0] W

wherein:
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W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR;Rs, CORR;, CR R, S(O)s.
2NR Ra: or ${0)s.2RiRz;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR|R, or NH or NR, or NRjR» or S(0)e.2R(Ry;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-C» cycloalkyl or C5-C,
cycloheteroalkyl or ~(CH,)—C;5-C), cycloalkyl or ~(CH,),~C;-Cy» cycloheteroalkyl;

Ry is selected from H, alkyl, aryl, heteraryl, or COR;; and

R. is selected from H, alkyl, aryl, heteraryl, CORy, and further, R; and R; can form a Cs5-Cy
cycloalkyl or C;3-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

3. A compound for use in treating at least one of anemia, including iron deficiency, and
anemia of chronic disease, the compound having a structure represented by the following

formula (I):

eDo—~
M
ZS
Z. N
0] w \<
®R<O~2)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF5, halogen, CN, alkyl, aryl, heteroaryl, NR|R,, COR R, CR R, S(O)q.
JNRRo: or S(O)g-RiRa;

M 1is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R» or NH or NR; or NRR» or ${0)g..R | Ra;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C5-Ci» cycloalkyl or C5-Cp,
cycloheteroalkyl or —(CHs)—Cs-C), cycloalkyl or —(CH,),~C5-Cy, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR;; and
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R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a Cs-Cy;
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

4. A compound for use in the treatment of fibrodysplasia ossificans progressiva (FOP),

the compound having a structure represented by the following formula (I):

D :
E M
= /X\Y
Z. N7
(0 w

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR|R», CORR,, CRR,, S(O)s.
2NRR3; or S(0)0.2RRa:

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR{R; or NH or NR; or NR|R; or S(0)y..RR,;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C;-Cy» cycloalkyl or Cs-Cy»
cycloheteroalkyl or —(CH,)~Cs-C2 cycloalkyl or ~(CH»),—C5-C,» cycloheteroalkyl;

Ry is selected from H, alkyl, aryl, heteraryl, or COR,; and

R» is selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R; can form a C3-Cy;
cycloalkyl or C3-C;> cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

S. A compound for use as a medicament in inhibiting the ontogenesis, growth, or
metastasis of solid tumors, including breast, prostate carcinomas, bone, lung, and renal cell

carcinomas, the compound having a structure represented by the following formula (I):



wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H. CF, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR Rz, CR R, S(O),.
2NRRa: or S(O)o2R Ra;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R; or NH or NR; or NR R» or S(O)02R Ry;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;» cycloalkyl or C5-Cyy
cycloheteroalkyl or —(CH,),—C;3-C), eycloalkyl or «(CH,),~C;-C2 cycloheteroalkyl;

Ry is selected from H, alkyl, aryl, heteraryl, or COR; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R can form a C3-C»
cycloalkyl or C5-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

6. A compound for use as a medicament for augmenting the inflammatory or immune

response, the compound having a structure represented by the following formula (1):

D
E

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl; 4

R is selected from H, CF, halogen, CN, alkyl, aryl, heteroaryl, NR;Rg, CORR,, CRiR,, S(O),.
SINR R, or S(0)g.-RRa;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NR R or S(O)..R R5;
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E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;, cycloalkyl or C5-C -
cycloheteroalkyl or —(CH,)—C;5-C\, cycloalkyl or —(CH,)—Cs-C» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or CORy; and

R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy,
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

7. A compound for use as a medicament for treating pathologic bone function, the

compound having a structure represented by the following formula (I):

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR |R,, COR{R,, CR R,, S(O);.

2NR Ry; or S(0)6.2RRy;

M is substituted or unsubstituted and is selected from aryl or heteroaryl,

D is selected from a bond, O, CRyR, or NH or NR; or NR R, or S{(O).RR5;

E is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, C;-C;, cycloalkyl or C5-C)»
cycloheteroalkyl or —(CH,),—C5-Cy; cycloalkyl or -(CH-),—Cs-C» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR,; and

Ry is selected from H, alkyl, aryl, heteraryl, COR,, and further, R and R; can form a Cs5-Cy
cycloalkyl or C3-Cjs cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

8. A compound for use as a medicament for treating ectopic or maladaptive bone
formation in a subject in need thereof, the compound having a structure represented by the

following formula (I):
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E
M N =X
Y
Z: N
0] w .
A\
(Brfoa

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR R, COR R>, CRyR,, S(O).
2NRRa: or S{0)o2RRa;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R: or NH or NR; or NR R or S{(O)soRRa;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-C;» cycloalkyl or C5-Cyy
cycloheteroatkyl or —(CH,),—C;5-Cys cycloalkyl or —(CH,),~Cs-Cy2 cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR,; and

R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R, and R can form a C3-C»
cycloalkyl or C;-Cja cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

9. A compound for use as a medicament for treating a skin disease in a subject in need

thereof, the compound having a structure represented by the following formula (I):

gD »
“ =X
7o N
0] w

@Rwﬁz)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR R,, COR R,, CR R,, S(O),.
2NR R or S(O)p-RiRa;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR|R» or NH or NR; or NR R, or S(0)..R Ro;
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E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-Cia cycloalkyl or C;5-C»
cycloheteroalkyl or —(CH,)—C;5-C, cycloalkyl or —(CH,),—C5-Cy» cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR,; and ‘

R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R, and R; can form a C53-Cy;
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

10. A compound for use as a medicament for treating hypertension in a subject in need

thereof, the compound having a structure represented by the following formula (I):

\
@’R(O-a
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR R», COR R,, CR Ry, S(O)s.
sNRRy; or S(O)eRRo;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR R, or NH or NR; or NR R or S(O)g2R Ry;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;. cycloalkyl or C5-Cy»
cycloheteroalkyl or —(CH)—Cs5-C; cycloalkyl or —(CH>),—C5-Cy» cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, or COR; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy2
cycloalkyl or C3-C» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

11 A compound for use as a medicament for treating ventricular hypertrophy in a subject

in need thereof, the compound having a structure represented by the following formula (1):
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D

E
W
U] W N\/<
@"‘R 0-2)
wherein:
W, X, Y, and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl,
R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NRjR,, COR R, CRiR,, S(O)s.
2NR Ry or S(O)-RiRa;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CR;R> or NH or NR; or NR|R» or S(O).RRy;
E is selected from H, CFs, halogen, CN. alkyl, aryl, heteroaryl, C;-C» cycloalkyl or C5-Cyy
cycloheteroalkyl or «(CH,),—~C5-Cys cycloalkyl or —(CH,),~C5-Cyz cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, or COR;; and
R, is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Ci;
cycloalkyl or Cs5-Cyy cycloheteroalky! containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

12. A compound for use as a medicament for treating spinal cord injury and neuropathy in
a subject in need thereof, the compound having a structure represented by the following

formula (1)

@R(o-z)
wherein:
W, X, Y. and Z are independently N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CRiR,, S(O).
2NR Ry or S(O)soR Ro;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;
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D is selected from a bond, O, CRyR> or NH or NR, or NR R, or S(O)¢.R Ry:

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C;» cycloalkyl or C5-Cy2 -
cycloheteroalkyl or —(CH,),—C5-C)» cycloalkyl or «(CH,),—Cs5-Cya cycloheteroalkyl;

R, is selected from H, alkyl, aryl. heteraryl, or COR;; and

R; 1s selected from H, alkyl, aryl, heteraryl, COR|, and further, R; and R, can form a C3-C)»
cycloalkyl or C5-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

13. A compound for use as a medicament for treating atherosclerosis in a subject in need

thereof, the compound having a structure represented by the following formula (I):

ey
M
%X*
7o N
(1 W
A FR.2)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CR;R,, S(O)q.
SNRRa: or S(O)g2RiRo;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR;R, or NH or NR; or NR;R; or S{(O)g-RRa:

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-C,» cycloalkyl or C3-Cya
cycloheteroalkyl or —~(CHz),~Cs-Ca cycloalkyl or —(CH,)—C5-Cy cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR;: and

R, is selected from H, alkyl, aryl, heteraryl, COR, and further, R; and R, can form a C3-C)»
cycloalkyl or C5-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

14. A compound for use in therapy for at least one of propagation, engraftment, and
differentiation of progenitor cells, the compound having a structure represented by the

following formula (I):
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wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR Ry, COR;R,, CR R, S(O),.
ANRRy: or S{0)p.2RiRo;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CRyR; or NH or NR; or NR R- or S{(O).RRy;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C» cycloalkyl or C5-Cy,
cycloheteroalkyl or —(CH,)—C;3-Cia cycloalkyl or ~(CH,),—~Cs-C, cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR;; and

R; is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R, can form a C3-Cy»
cycloalkyl or C;-Cy; cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

15. A compound having a structure represented by the following formula (I):
E/D
\@\(/\FX\
z. Ny
0 w \/
(&) Rea
wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR R, COR R, CRiRs, S(O),.
2NRiRo; or S(O)5.2RRo;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR{R> or NH or NR; or NRjR» or S(O)goR Ra;
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E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C;-C,» cycloalkyl or C5-Cy»
cycloheteroalkyl or —(CH,)—C5-Cyz cycloalkyl or «(CH,)—C5-Cya cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR;; and

R; is selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R; can form a C3-C;;
cycloalkyl or C3-C)» cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

16. A compound of claim 15, wherein W, X, Y and Z together help form:
* N * N
ANz \(\I//
o N/ N N/
*or * .
17. A compound of claim 15, wherein W, X, Y and Z together help form:

oy

*

18. A compound of claim 15, wherein
e

Ro-2)

or 0-2)
wherein A; is independently O, CR R, or NH or NRy or NRiRy, or can join with another A,
to form C3-Cyy cycloalkyl or Cs5-Cy» cycloalkenyl or aryl or heteroaryl or C3-Cq»
heterocycloalkyl or C3-Cy; heterocycloalkenyl or 3-8 membered ring comprising C, O, S,

and/or N.

19. A compound of claim 15, wherein M is optionally substituted with one or more R,

and is selected from C3-Cj» cycloalkyl or C5-Cy; cycloalkenyl or aryl or heteroaryl or C5-Cyp
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heterocycloalkyl or C53-Cy; heterocycloalkenyl or 3-8 membered ring comprising C, O, S,

and/or N.

20. A compound of claim 19, wherein M is optionally substituted phenyl or pyridine.

21. A compound of claim 15, wherein M, D, and E together form:

HNT™Y
0
\W/ ©\ O/\/O ]\/N Y\N
% *, ©\* AN ! .
HoN SN HO
0.~ S S @\ P
|
A O |
1 O._N \,
NN 0 0]
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=
E /
F. E \\N i O e} §
Z _
O i HN N ‘i |
S ~ © NN
’ AN
\N/\[/O N ~0 & NJ\/O _ Oz (
RS G N \C\ S
= N
O ) C 0 Z \/O\/\H
i
SO | My | O n
: ooy | A i i
NN NN i
| | | SN
“ S |

\
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23. A compound of claim 15, wherein the compound is of the following formula:
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A compound having a structure represented by the following formula (II):

24,




.D
E UM

=X

AL /"
@"“R(o-z)
wherein:
X.Y,and Z are independenﬂy N or CH;
A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or heteroaryl;
R is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, NR{Ra, COR;R,, CRR,, S(O),.
2NR Ry; or S(O)o.2R1Ry;
M is substituted or unsubstituted and is selected from aryl or heteroaryl;
D is selected from a bond, O, CRyR; or NH or NR; or NR|R; or S(Q)p-RRx;
E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs5-Cy, cycloalkyl or Ci-C)5
cycloheteroalkyl or —(CH,)y—C;5-Cy» cycloalkyl or «(CH»),~C;-C), cycloheteroalkyl;
R, is selected from H, alkyl, aryl, heteraryl, or CORy; and
R» 1s selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R; can form a C3-Cy2
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

25. A compound having a structure represented by the following formula (III):
E,D
=N
|
z N\/)
an T
@”R(O-z)
wherein:
Z is N or CH;

A is substituted or unsubstituted and is selected from cycloalkyl, heterocycloalkyl, aryl or heteroaryl;
R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR R, CRR;,
S(0)s2NR Ry; or S(O)o2R Ry;

M is substituted or unsubstituted and selected from aryl or heteroaryl;

D is selected from a bond, O, CR{R; or NH or NR; or NR R or S(O)g.RiR5;

E is selected from H, CFs, halogen, CN, alkyl. aryl, heteroaryl, Cs-Cy, cycloalkyl or C5-C»
cycloheteroalky! or —(CH,)—C5-Cy cycloalkyl or —(CH,),—C5-C)s cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR; and
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R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, Ry and R; can form a C;-Cy»
cycloalkyl or Cs-Ci, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable salt

thereof, or a pharmaceutically acceptable derivative thereof.

26. A compound for use as a medicament for modulating the BMP signaling pathway, the

compound having a structure represented by the following formula:

Cy Y3 X R4
R N =M
S G e
3 Y2. X4: %

wherein:

X118 N, O, or CRy;

X,, and X4 are independently N or CRy;

X3is CorN;

Y1.Y2, and Y3 are independently N or CRy;

DisCorN;

Wis Nor O;

Wiis N, Oor C;

Cy is optionally substituted with one or more Ry, and is selected from C3-C»
cycloalkyl or C5-Cyy cycloalkenyl or aryl or heteroaryl or C3-C\; heterocycloalkyl or C3-Cy

heterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.

R;—Ry are independently selected from hydrogen, halogen, Cy_19alkyl, Cs.3p cycloalkyl,

OCi.1¢ alkyl (which may contain a C;.3 membered ring containing C, O, S or N, optionally



substituted with one or more R*), NR,C.1oalkyl (which may contain a Cs.g membered ring

containing C, O, S or N, optionally substituted with one or more R4), CN or CF3;

7 is optionally substituted with one or more Ry, and is selected from Cs-Cy;
cycloalkyl or C3-Cy; cycloalkenyl or aryl or heteroaryl or C3-Cy; heterocycloalkyl or Cs-Cy

heterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.

27. A compound for use as a medicament for modulating the BMP signaling pathway, the

compound having a structure represented by the following formula:

wherein:

X8 N, O, or CRy;

X5, and X4 are independently N or CRy;

XiyisCorN;

Y1.Y>, and Y; are independently N or CRy;

Cy is a bond, or forms a ring that is optionally substituted with one or more R, and is
selected from C3-Cy; cycloalkyl or Cs5-Cy» cycloalkenyl or aryl or heteroaryl or C3-Cyy
heterocycloalkyl or C5-C)» heterocycloalkenyl or 3-8 membered ring comprising C, O, S,

and/or N.

R;-R4 are independently selected from hydrogen, halogen, Cy.19 alkyl, Ci.1 cycloalkyl,
OCy ¢ alkyl (which may contain a Cs.g membered ring containing C, O, S or N, optionally
substituted with one or more R4), NR;Cy.¢alkyl (which may contain a C3.g membered ring

containing C, O, S or N, optionally substituted with one or more R, CN or CFs;

7 1s optionally substituted with one or more Ry, and is selected from C3-Cy;
cycloalkyl or C3-Cyo cycloalkenyl or aryl or heteroaryl or C;-Ci» heterocycloalkyl or C3-Ci

heterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.
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28. A compound for use as a medicament for modulating the BMP signaling pathway, the

compound having a structure represented by the following formula:

Ry 2N X1 R
\/ X7 N
Ry—— I > X,
Voo X
2.0 432
\Yl/ X3
NG aewea
Ry~ -
) T ) z
\\ N ','

wherein:

Xy, Xs, X5 and X4 are independently N or CRy;

XisN, O, or CRy;

X318 CorN;

Y1.Y>, and Y3 are independently N or CRy;

Rj-Ry are independently selected from hydrogen, halogen, C,_jp alkyl, C3y cycloalkyl,
OC\.ipalkyl (which may contain a Cs.g membered ring containing C, O, S or N, optionally

substituted with one or more R4), CN or CF3;

Z is optionally substituted with one or more Ry, and is selected from Cs-C; cycloalkyl or Cs-
Ci» cycloalkenyl or aryl or heteroaryl or C3-Cy» heterocycloalkyl or C3-Cya

heterocycloalkenyl or 3-8 membered ring comprising C, O, S, and/or N.

29.  The compound of claim 28, wherein the compound is of the following formula:

wherein:

Xy, X, X5 and Xy are independently N or CRy;
XisN, O, or CRy;
Xais CorN;
Y. Yo, and Y3 are independently N or CRy;
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R;-Ry are independently selected from hydrogen, halogen, C;_jpalkyl, Cs.1¢ cycloalkyl,
OCi.ipalkyl (which may contain a Cs.3 membered ring containing C, O, S or N, optionally

substituted with one or more R4), CN or CFs;

30.  The compound of claim 28, wherein the compound is of the following formula:
TN
l? 7)(2
Yoo -~ Rasuy
Y1 3 _
/\ X
- ‘ Ry
Rl \N /
wherein

(1) X115 0, Xyis N, and X, X3, X4, Y, Yo, and Y3 are independently C or CRy;

(1) X118 0, X218 N, Y1 is N, and X, X3, X4, Yo, and Y3 are independently C or CRy;

(ii1) Xy is N, X4 is N, and Xo, X3, X4, Y1, Y2, and Y3 are independently C or CR;y;

(iv) Xjis N, Xo1s N, Yy is Ny and X, X3, X4, Yo, and Y3 are independently C or CRy;

(W) X1is N, X2is N, Yo is N, and X, X3, X4, Y», and Y3 are independently C or CRy;
or

(vi) X;is N, X3 is N, and Xy, X3, X4, Y1, Y2, and Y3 are independently C or CRy;

Y1.Y>, and Y; are independently N or CRy;

Ri-R4 are independently selected from hydrogen, halogen, Cy.jg alkyl, C;.1p cycloalkyl,
OCi.qpalkyl (which may contain a Cs.g membered ring containing C, O, S or N, optionally

substituted with one or more R4), CN or CFs.

31, The compound of claim 28, of the following formula:
Rz




wherein R;-Ry are independently selected from hydrogen, halogen, Cy.jgalkyl, Ci_1g
cycloalkyl, OC|.jgalkyl (which may contain a Cs.g membered ring containing C, O, S or N,

optionally substituted with one or more R*), CN or CFs.

32. The compound of claim 28, wherein the compound is of the following formula:

R,

P

wherein R;-Ry4 are independently selected from hydrogen, halogen, Cy.1oalkyl, Cs.10
cycloalkyl, OCy. 1o alkyl (which may contain a Cs_3 membered ring containing C, O, S or N,

optionally substituted with one or more R4), CN or CFs.

33.  The compound of claim 28, wherein the compound is of the following formula:

Ro /

wherein R;-R4 are independently selected from hydrogen, halogen, Cy_jpalkyl, Cs.1o
cycloalkyl, OC,.jpalkyl (which may contain a C;.g membered ring containing C, O, S or N,

optionally substituted with one or more R*), CN or CFs.

34.  The compound of claim 28, wherein the compound is of the following formula:
R
? / = N
P,
N
r/
Ry

Ri™
N



wherein R;-Ry are independently selected from hydrogen, halogen, Cy_ygalkyl, Cs.40
cycloalkyl, OC,. 1o alkyl (which may contain a C3.g membered ring containing C, O, S or N,

optionally substituted with one or more R*), CN or CF:.

35, The compound of claim 28, wherein the compound is of the following formula:
P,
a
LT
RO

wherein R;-R4 are independently selected from hydrogen, halogen, Cy.jgalkyl, Cs.10
cycloatkyl, OCy.1galkyl (which may contain a C;.¢ membered ring containing C, O, S or N,

optionally substituted with one or more R*), CN or CF;.

36.  The compound of claim 28, wherein the compound is of the following formula:
RZ\K‘Yg l o
Y1QY /
‘e
Je
R

N
wherein Yy and Y3 are independently N or CRy; Rj-Ry are independently selected from
hydrogen, halogen, C.jpalkyl, Cs.1p cycloalkyl, OCy.q¢ alkyl (which may contain a Cs g
membered ring containing C, O, S or N, optionally substituted with one or more R*), CN or

CFs.

37.  The compound of claim 28, wherein the compound is of the following formula:
RQYYF, N\
e
e
R'/\\N =

wherein Y and Y3 are independently N or CRy; Ri-Ry4 are independently selected from
hydrogen, halogen, Ci.10alkyl, Cs.10 cycloalkyl, OCj.1p alkyl (which may contain a Cyg
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membered ring containing C, O, S or N, optionally substituted with one or more R4), CNor

CFi.

38. The compound of claim 28, wherein the compound is of the following

Rz\(\\
i
N/ R;

formula:

NN
)
/ N\_/
(VAR
R Vo 0
Iy
Y
7\
=N , \—tN , and
e
T

wherein Y, and Y3 are independently N or CRy; Ry-R4 are independently selected from
hydrogen, halogen, Ci.jgalkyl, Cs. ¢ cycloalkyl, OC; jgalkyl (which may contain a Cs.g
membered ring containing C, O, S or N, optionally substituted with one or more R*), CN or

CFs.

39. A compound for use as a medicament for treating acute megakaryoblastic leukemia,

the compound having a structure represented by the following formula (I):



wherein:

W, X, Y. and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF3, halogen, CN, alkyl, aryl, heteroaryl, NR jR,, CORR,, CR{Ra, S(O)s.
2NRRz; or S(O)pR Ry

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CRyR» or NH or NR; or NR R or S(O)q.R Ry

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, C5-C,; cycloalkyl or C5-Cy,
cycloheteroalkyl or —~(CH,)—C;5-Cya cycloalkyl or (CH,)~C;5-C; cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR}; and

R, 1s selected from H, alkyl, aryl, heteraryl, COR,, and further, R; and R, can form a C3-Cy;
cycloalkyl or C3-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof,

40. A compound for use in therapy for at least one of treating heart disease, treating heart
damage, promoting, inducing, or enhancing modulation of epicardial activation and
epithelial-to-mesenchyme transition; or a method of inducing, enhancing, or promoting
cardiomyocyte formation, the compound having a structure represented by the following

formula (I):

E/D M
=X
Y
Z. N
0) w

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NRyR;, COR R,, CR Rs, S(O)s.
2NR R or S(O)o2RiRo;



M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R or NH or NR; or NR;R; or S(O)¢.-RiRx;

E is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, Cs-C,2 cycloalkyl or C5-Cy
cycloheteroalkyl or —(CH,)—Cs-C» cycloalkyl or -(CH,)—~C5-Cy; cycloheteroalkyl;

Ry is selected from H, alkyl, aryl, heteraryl, or COR; and ‘

R; is selected from H, alkyl, aryl, heteraryl, COR}, and further, R; and R, can form a C3-Cy»
cycloalkyl or C5-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

41. A compound for use in therapy for at least one of promoting or enhancing liver
restoration of liver mass, treating liver damage, treating liver disease, or treating
acetaminophen overdose in a subject in need thereof, the compound having a structure

represented by the following formula (I):

.D
E
Z
Y
Z. N/
U W ~

\
@Rw-z)

wherein:

W, X, Y, and Z are independently N or CH;

A is substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CFi, halogen, CN, alkyl, aryl, heteroary}, NR;Ry, COR Ry, CR4R,,
S(0)o-2NRRy; or S(O0)o2R1Ry;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR R, or NH or NR; or NRyjR» or S(O)p2R 1Ro;

E is selected from H, CFj, halogen, CN, alkyl, aryl, heteroaryl, C3-Cy; cycloalkyl or C5-C;
cycloheteroalkyl or —(CHj)Cs3-Cyy cycloalkyl or —(CH,)C3-Cia cycloheteroalkyl;

R, is selected from H, alkyl, aryl, heteraryl, or COR;; and

R is selected from H, alkyl, aryl, heteraryl, COR;, and further, R; and R; can form a Cs5-C1
cycloalkyl or C3-Cj, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.
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42. A method for modulating the BMP signaling pathway comprising in vitro
administration to at least one cell an amount effective to modulate BMP signaling, the

compound having a structure represented by the formula (I):

D
E/
= /X\Y
Zx N /
0 \W/

Re-2)

wherein:

W, X, Y, and Z are independently N or CH;

A 1s substituted or unsubstituted and selected from cycloalkyl, heterocycloalkyl, aryl or
heteroaryl;

R is selected from H, CF;, halogen, CN, alkyl, aryl, heteroaryl, NR;R,, COR Ry, CRRo,
S(O)o.2NRiRo; or S(0)o.0R1R;

M is substituted or unsubstituted and is selected from aryl or heteroaryl;

D is selected from a bond, O, CR|R; or NH or NR; or NR R, or ${(O)ooRiRy;

E is selected from H, CFs, halogen, CN, alkyl, aryl, heteroaryl, C;-C;» cycloalkyl or C3-Cy;
cycloheteroalkyl or —(CH,)x—C3-Cya cycloalkyl or —(CH»),—C3-Ci2 cycloheteroalkyl;

Ry is selected from H, alkyl, aryl, heteraryl, or CORy; and

R, is selected from H, alkyl, aryl, heteraryl, COR,, and further, R} and R, can form a C3-Cy;
cycloalkyl or C5-Cy, cycloheteroalkyl containing O, N or S; or a pharmaceutically acceptable

salt thereof, or a pharmaceutically acceptable derivative thereof.

43.  The method of claim 42, wherein modulating the BMP signaling pathway enhances

keratinocyte proliferation.

44, The method of claim 42, wherein the at least one cell is a stem cell.

45.  The method of claim 44, wherein modulating the BMP signaling pathway regulates

the differentiation and regeneration of precursor and stem cell populations.

46.  The method of claim 42, wherein mutilating the BMP signaling pathway maintains a

pluripotential state in stem cell or multipotent cell populations in vifro.
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47.  The method of claim 42, wherein mutilating the BMP signaling pathway expands

stem cell or multipotent cell populations in vitro.
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