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(57) ABSTRACT 
The present invention provides methods and therapeutic 
agents for lowering serum or plasma serotonin levels in a 
patient in order to prevent or treat diabetes. In preferred 
embodiments, the patient is known to have, or to be at risk for, 
diabetes and the agents are TPH1 inhibitors. 
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METHODS OF PREVENTING AND 
TREATING DABETES BY INHIBITING 

SEROTONINSYNTHESIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority from U.S. Provi 
sional Patent Application Ser. No. 61/594,170, filed Feb. 2, 
2012, the disclosures of which are incorporated herein by 
reference in their entirety. 

STATEMENT OF GOVERNMENT INTEREST 

0002 The invention was made with Government support 
under NIH 2 RO1 DK 067936 awarded by the National Insti 
tutes of Health. The Government has certain rights in the 
invention. 

FIELD OF THE INVENTION 

0003. The invention is in the field of the therapy of diabe 
tes and provides methods for treating diabetes in mammals, 
particularly in humans. 

BACKGROUND OF THE INVENTION 

0004 Diabetes mellitus (non-insulin-dependent, or Type 
II, diabetes) is a group of disorders characterized by high 
blood glucose levels (hyperglycemia) that generally involves 
an impaired insulin secretory response to glucose as well as 
insulin resistance. The mechanism of insulin action is 
impaired in diabetes, leading to less glucose transport into 
muscle and fat. The elevated blood glucose levels that result 
can lead to a variety of serious health problems. 
0005 Serotonin (5-hydroxytryptamine, 5-HT) is a bio 
genic amine that functions both as a neurotransmitter in the 
mammalian central nervous system and as a hormone in the 
periphery, where most of it is produced (Gershonet al., 1990, 
Neuropsychopharmacology, 3:385-395). Serotonin is gener 
ated through an enzymatic cascade in which L-tryptophan is 
converted into L-5-hydroxytryptophan by an enzyme called 
tryptophan hydroxylase (TPH). This intermediate product is 
then converted to serotonin by an aromatic L-amino acid 
decarboxylase. There are two TPH encoding genes, TPH1 
and TPH2, which are 71% identical in amino acid sequence 
and about 90% similar in their catalytic domains. While 
TPH1 controls serotonin synthesis in the periphery, TPH2 is 
responsible for serotonin synthesis in the brain (Walther et al., 
2003, Science 299:76). Given that serotonin cannot cross the 
blood-brain barrier, these two genes are therefore solely 
responsible for regulating the level of this molecule in the 
periphery and in the brain, respectively. 
0006 TPH1 is expressed almost exclusively in cells of the 
duodenum, and it is responsible for the synthesis of peripheral 
serotonin, which represents 95% of total serotonin (Gershon 
& Tack, 2007, Gastroenterology 132:397–414). TPH1 
expression in any tissues other than duodenum is at least 
100-1000 fold lower. Thus, TPH1 can be viewed as a duode 
num-specific gene and peripheral serotonin production as a 
duodenum-specific process. 
0007 Besides its role as a neuromediator, and because of 

its abundance in the general circulation, serotonin has been 
implicated in a variety of developmental and physiological 
processes in peripheral tissues, including heart development, 
gastrointestinal movement, liver regeneration and mammary 
gland development (Lesurtel et al., 2006, Science, 312:104 

Dec. 25, 2014 

107: Matsuda et al., 2004, Dev. Cell, 6:193-203: Nebigilet al., 
2000, Proc. Natl. Acad. Sci. USA 97:9508-9513). To carry 
out its functions, serotonin can bind to at least 14 receptors, 
most of them being G-protein coupled receptors (GPCRs). 
One or several serotonin receptors are present in most cell 
types. 
0008 Mice genetically deficient for the TPH1 gene 
(“knockout mice’) have been reported. In one case, the mice 
reportedly expressed normal amounts of serotonin in classi 
cal serotonergic brain regions, but largely lacked serotonin in 
the periphery. In another, the knockout mice exhibited abnor 
mal cardiac activity, which was attributed to a lack of periph 
eral serotonin (C6té et al., 2003, Proc. Natl. Acad. Sci. USA 
100:13525-13530). 
0009 International Patent Application No. PCT/US2009/ 
038817, published as WO 2009/123978, the disclosure of 
which is incorporated herein in its entirety, is directed to 
methods of diagnosing, preventing, and treating bone mass 
diseases using therapeutic agents for lowering or increasing 
serum serotonin levels. International Patent Application No. 
PCT/US2009/064383, published as WO 2010/056992, the 
disclosure of which is incorporated herein in its entirety, is 
also directed to methods of diagnosing, preventing, and treat 
ing bone mass diseases using therapeutic agents for lowering 
or increasing serum serotonin levels. 
(0010 LP-533401 is an inhibitor of TPH1 having the fol 
lowing structure: 

LP-533401 

O O 
F OH 

N-1s NH2 

CF N. 
NH2 

0011 See, e.g., Liu et al., 2008, J. Pharmacol. Exp. Ther. 
325:47-55. 

0012. Other inhibitors of TPH1 are disclosed in Interna 
tional Patent Publications WO 09/123978: WO 10/056992: 
WO 08/073933; WO 09/002964: WO 09/002970; WO 
09/009561; WO09/014972: WO 09/029499; WO 09/042733; 
WO 09/048864; WO 10/065333; and WO 07/089335. Other 
disclosures of TPH1 inhibitors appear in U.S. Pat. No. 7,553, 
840 and U.S. Patent Application Publications Nos. US 2007/ 
0191370; US 2008/0153852; US 2009/0005381; US 2009/ 
0005382: US 2009/0029993; US 2009/00543.08; US 2009/ 
0.062540; US 2009/0088447; and US 2009/0099206. 

SUMMARY OF THE INVENTION 

0013 The present invention provides therapeutic agents 
that are inhibitors of tryptophan hydroxylase 1 (TPH1), the 
enzyme responsible for the first step of serotonin synthesis in 
enterochromaffin cells of the duodenum, for use in the treat 
ment and/or prevention of diabetes. Also provided are phar 
maceutical compositions comprising the therapeutic agents, 
for use in the treatment and/or prevention of diabetes. 
0014. It has been discovered that serum or plasma seroto 
nin in mammals is involved in the control of blood glucose 
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levels. Thus, in certain embodiments, the present invention 
provides a method of lowering blood glucose levels and thus 
treating or preventing diabetes in a patient known or Sus 
pected to be in need of such treatment or prevention compris 
ing administering to the patient known or Suspected to be in 
need of such treatment or prevention a therapeutically effec 
tive amount of a TPH1 inhibitor. In certain embodiments, the 
diabetes is Type II diabetes. In other embodiments, the dia 
betes is Type I diabetes. 
0015. Other methods disclosed herein are directed to diag 
nosing a person at risk of developing diabetes by determining 
if the person's blood glucose level is abnormally high com 
pared to normal individuals, taking into account the age, 
gender, or other factors that affect blood glucose level (e.g. 
whether the person is in the fasting or fed state). Such a person 
at risk may be treated with therapeutic agents that decrease 
serum or plasma serotonin to prevent diabetes from develop 
ing, or to slow the development of diabetes. Those of skill in 
the art will understand that blood glucose levels may vary 
Somewhat among individuals depending on certain factors 
and will be able to take those factors into account to determine 
whetheraperson has an abnormally high blood glucose level. 
Possible ranges which those skilled in the art may consider a 
person’s blood glucose to be abnormally high may include 
blood glucose levels of greater than 90 mg/dl., greater than 
100 mg/dl., greater than 110 mg/dl., greater than 120 mg/dl. 
greater than 130 mg/dl., greater than 140 mg/dl., or greater than 
150 mg/dl. 
0016 Certain embodiments of the methods disclosed 
herein are directed to diagnosing a person at risk of develop 
ing diabetes by determining if the person’s blood level of 
HbA1c is abnormally high compared to normal individuals, 
taking into account the age, gender, or other factors that affect 
HbA1c level. Such a person at risk may be treated with 
therapeutic agents that decrease serum or plasma serotonin to 
prevent diabetes from developing, or to slow the development 
of diabetes. Those of skill in the art will understand that blood 
HbA1c levels may vary somewhat among individuals 
depending on certain factors and will be able to take those 
factors into account to determine whether a person has an 
abnormally high blood Hb A1c level. Possible ranges which 
those skilled in the art may consider a person’s blood Hb Alc 
to be abnormally high may include above 48 mM or above 
6.0% 
0017. In one aspect, the present invention provides a 
method of treating or preventing Type II diabetes in a patient 
known or Suspected to be in need of Such treatment or pre 
vention comprising administering to the patient known or 
Suspected to be in need of Such treatment or prevention a 
therapeutically effective amount of a therapeutic agent that 
lowers the level of serum or plasma serotonin. 
0018. In one embodiment, the present invention provides a 
method of treating or preventing Type II diabetes in a patient 
known or Suspected to be in need of Such treatment or pre 
vention comprising administering to the patient known or 
Suspected to be in need of Such treatment or prevention a 
therapeutically effective amount of a TPH1 inhibitor. In pre 
ferred embodiments, the therapeutic agent is a TPH1 inhibitor 
that does not cross the blood brain barrier. In other embodi 
ments, the therapeutic agent is a TPH1 inhibitor that does not 
significantly inhibit TPH2. 
0019. In certain embodiments, the TPH1 inhibitor is 
selected from the following or from pharmaceutically accept 
able salts and/or solvates thereof: 
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0020 (1) 

CF3 NeN 

r 
RI) in -y B pi ORs 

OC.--O O 
CF N 

where A is optionally substituted heterocycle or 3-fluo 
rophenyl; B is O, N, or —CH ; each R is independently 
halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
R is halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
either R is NHR and R is hydrogen or, alternatively, R and 
R together form =O; Rs is hydrogen or optionally Substi 
tuted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; 
R is hydrogen, C(O)R. C(O)OR, or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; each 
R is independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; each R, is independently hydrogen or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; m is 0-4: 
and n is 0 or 1. 

0021 (2) 

Q O 
R2 G.) GChr HN 

YR 

where each of A and A is independently a monocyclic 
optionally Substituted cycloalkyl, aryl, or heterocycle; X is a 
bond (i.e., A is directly bound to D), —O— —S—, 
—C(O)— —C(R) , =C(R)— —C(RR)— —C(R) 
—C(R)— —C=C —N(Rs)— —N(Rs)C(O)N(Rs)—, 
—C(RR)N(Rs)— —N(Rs)C(RR)— —ONC(R)—, 
—C(R)NO , —C(RR)O— —OC(RR)— —S(O)—, 
—S(O)N(Rs)— —N(Rs)S(O)— —C(RR)S(O)—, or 
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—S(O)C(RR)—; D is optionally substituted aryl or het 
erocycle; E is optionally substituted aryl or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; each R is independently hydrogen, alkoxy, amino, 
cyano, halogen, hydroxyl, or optionally substituted alkyl; 
each R is independently hydrogen, alkoxy, amino, cyano, 
halogen, hydroxyl, or optionally Substituted alkyl or aryl; 
each Rs is independently hydrogen or optionally Substituted 
alkyl or aryl; and n is 0-3. 
0022 Compounds encompassed by the formula immedi 
ately above include those wherein A and/or A is optionally 
substituted cycloalkyl (e.g., 6-membered and 5-membered). 
In some, A and/or A is optionally Substituted aryl (e.g., 
phenyl or naphthyl). In others, A and/or A is optionally 
substituted heterocycle (e.g., 6-membered and 5-membered). 
Examples of 6-membered heterocycles include pyridine, 
pyridazine, pyrimidine, pyrazine, and triazine. Examples of 
5-membered heterocycles include pyrrole, imidazole, triaz 
ole, thiazole, thiophene, and furan. In some compounds. A 
and/or A is aromatic. In others, A and/or A is not aromatic. 
0023 Particular compounds include those wherein D is 
optionally substituted aryl (e.g., phenyl or naphthyl). In oth 
ers, D is optionally Substituted heterocycle (e.g., 6-membered 
and 5-membered). Examples of 6-membered heterocycles 
include pyridine, pyridazine, pyrimidine, pyrazine, and triaz 
ine. Examples of 5-membered heterocycles include pyrrole, 
imidazole, triazole, thiazole, thiophene, and furan. In some 
compounds, D is aromatic. In others, D is not aromatic. In 
Some, D is an optionally Substituted bicyclic moiety (e.g., 
indole, iso-indole, pyrrolo-pyridine, or napthylene). 
0024 Particular compounds include those wherein E is 
optionally substituted aryl (e.g., phenyl or naphthyl). In oth 
ers, E is optionally substituted heterocycle (e.g., 6-membered 
and 5-membered). Examples of 6-membered heterocycles 
include pyridine, pyridazine, pyrimidine, pyrazine, and triaz 
ine. Examples of 5-membered heterocycles include pyrrole, 
imidazole, triazole, thiazole, thiophene, and furan. In some 
compounds, E is aromatic. In others, E is not aromatic. In 
Some, E is an optionally Substituted bicyclic moiety (e.g., 
indole, iso-indole, pyrrolo-pyridine, or napthylene). 
0025 Particular compounds include those wherein R is 
hydrogen or optionally Substituted alkyl. 
0026. In some compounds, R is hydrogen or optionally 
substituted alkyl. 
0027. In some compounds, n is 1 or 2. 
0028. In some compounds, X is a bond or S. In others, X is 
—C(R) , =C(R)— —C(RR)— —C(R)=C(R)—, or 
—C=C , and, for example, R is independently hydrogen 
or optionally substituted alkyl. In others, X is —O— 
—C(RR)O—, or —OC(RR)—, and, for example, R is 
hydrogen or optionally substituted alkyl, and R is hydrogen 
or optionally substituted alkyl. In some, R is hydrogen and 
R is trifluoromethyl. In some compounds, X is —S(O)—, 
—S(O)N(Rs)— —N(Rs)S(O)— —C(RR)S(O)—, or 
—S(O)C(RR)—, and, for example, R is hydrogen or 
optionally substituted alkyl, R is hydrogen or optionally 
Substituted alkyl, and Rs is hydrogen or optionally Substituted 
alkyl. In others, X is N(Rs.) , —N(Rs)C(O)N(Rs)—, 
—C(RR)N(Rs)—, or —N(Rs)C(RR)—, and, for 
example, R is hydrogen or optionally Substituted alkyl, R is 
hydrogen or optionally Substituted alkyl, and each Rs is inde 
pendently hydrogen or optionally substituted alkyl. 
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0029 (3) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; D is optionally substituted aryl or heterocycle; E is 
optionally substituted aryl or heterocycle; R is hydrogen or 
optionally substituted alkyl, alkyl-aryl, alkyl-heterocycle, 
aryl, or heterocycle; R is hydrogen or optionally Substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; and 
R is trifluoromethyl. 
0030 (4) 

R3 O 

R 
N O1 O 
Rs 

HN 
n R 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; D is optionally substituted aryl or heterocycle; E is 
optionally substituted aryl or heterocycle; R is hydrogen or 
optionally substituted alkyl, alkyl-aryl, alkyl-heterocycle, 
aryl, or heterocycle; R is hydrogen or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen; and Rs is hydrogen or optionally substituted alkyl 
or aryl. 

O 

Z2 R2 Sir TZ HN 
YR 

0031 (5) 

Z5R), 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O— 
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—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; each of Z, Z, Z, and Z is indepen 
dently N or CR: R is hydrogen or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each R is independently 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl; each R is independently hydro 
gen, alkoxy, amino, cyano, halogen, hydroxyl, or optionally 
Substituted alkyl or aryl; each Rs is independently hydrogen 
or optionally Substituted alkyl or aryl; each R is indepen 
dently hydrogen, cyano, halogen, OR, NRR, amino, 
hydroxyl, or optionally substituted alkyl, alkyl-aryl or alkyl 
heterocycle; each R, is independently hydrogen or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; each Rs is 
independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; m is 1-4; and n is 1-3. 
0032 (6) 

O 

Z2 R or 

G. CR N1 No1 
Z4 HN 

X Z. n R 
(R6)m 

O 

Z2 R2 or 

Z4 HN X n 
O Z. R (R6) 

O 

Z2 R2 

2Z4 HN 
o Z n R 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O , 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; each of Z, Z, Z, and Z is indepen 
dently N or CR: R is hydrogen or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is trifluoromethyl; each 
R is independently hydrogen, alkoxy, amino, cyano, halo 
gen, hydroxyl, or optionally Substituted alkyl or aryl; each Rs 
is independently hydrogen or optionally Substituted alkyl or 
aryl; each Re is independently hydrogen, cyano, halogen, 
OR7, NRR, amino, hydroxyl, or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R, is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
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alkyl-heterocycle; each Rs is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each Ro is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; m is 1-4; and n is 1-3. 
0033 (7) 

O 

Z2 Z2 O1 R2 
R3 

S.... IN VN 3 (R6) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; D is optionally substituted aryl or heterocycle; each of 
Z, Z, Z, and Z is independently N or CR: R is hydrogen 
or optionally Substituted alkyl, alkyl-aryl, alkyl-heterocycle, 
aryl, or heterocycle; R is hydrogen or optionally Substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen; Rs is hydrogen or optionally Substituted alkyl or 
aryl; each Re is independently hydrogen, cyano, halogen, 
OR7, NRR, amino, hydroxyl, or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R, is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each Rs is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each Ro is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; and m is 1-4. 
0034) Some compounds are such that all of Z, Z, Z, and 
Z are N. In others, only three of Z, Z, Z, and Z are N. In 
others, only two of Z, Z, Z, and Z are N. In others, only one 
of Z, Z, Z, and Z is N. In others, none of Z, Z, Z, and Z 
are N. 

0035 (8) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O— 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; each of Z, Z, and Z, is independently 
N. NH, S, O or CR: R is hydrogen or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
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hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each R is independently 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl; each R is independently hydro 
gen, alkoxy, amino, cyano, halogen, hydroxyl, or optionally 
Substituted alkyl or aryl; each Rs is independently hydrogen 
or optionally Substituted alkyl or aryl; each R is indepen 
dently amino, cyano, halogen, hydrogen, OR7, SR-7, NRR, 
or optionally substituted alkyl, alkyl-aryl or alkyl-hetero 
cycle; each R, is independently hydrogen or optionally Sub 
stituted alkyl, alkyl-aryl or alkyl-heterocycle; each Rs is inde 
pendently hydrogen or optionally Substituted alkyl, alkyl-aryl 
or alkyl-heterocycle; each R is independently hydrogen or 
optionally substituted alkyl, alkyl-arylor alkyl-heterocycle; in 
is 1-3; and p is 1-3. 
0036 (9) 

(R6) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O , 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; each of Z, Z, and Z' is independently 
N, NH, S, O or CR: R is hydrogen or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each R is independently 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally Substituted alkyl or aryl; each R is independently 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl or aryl; each Rs is independently 
hydrogen or optionally substituted alkyl or aryl; each Re is 
independently amino, cyano, halogen, hydrogen, OR7, SR 7. 
NRR, or optionally substituted alkyl, alkyl-aryl or alkyl 
heterocycle; each R, is independently hydrogen or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; each Rs is 
independently hydrogen or optionally substituted alkyl, 
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alkyl-aryl or alkyl-heterocycle; each Ro is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; n is 1-3; and p is 1-3. 
0037 (10) 

Rs 
N 

R 

Rs 
IN 

R3 

Six Z3 HNN 2 

(R6) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; D is optionally substituted aryl or heterocycle; each of 
Z, Z, and Z, is independently N. NH, S, 0 or CR: R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; R is hydrogen; Rs is hydrogen or optionally Sub 
stituted alkyl oraryl; each Re is independently amino, cyano, 
halogen, hydrogen, OR7, SR-7, NRR, or optionally Substi 
tuted alkyl, alkyl-aryl or alkyl-heterocycle; each R, is inde 
pendently hydrogen or optionally Substituted alkyl, alkyl-aryl 
or alkyl-heterocycle; each Rs is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each Ro is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; and p is 1-3. 
0038. Some compounds are such that all of Z, Z, and Z's 
are N or NH. In others, only two of Z, Z, and Z's are N or 
NH. In others, only one of Z, Z, and Z' is N or NH. In 
others, none of Z, Z, and Z are N or NH. 
0039 (11) 
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where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; E is optionally substituted aryl or heterocycle; X is a 
bond, —O— —S—, —C(O)— —C(R), =C(R)—, 
—C(RR)— —C(R)=C(R)— —C=C- —N(Rs)—, 
—N(Rs)C(O)N(Rs.) , —C(RR)N(Rs)— —N(Rs)C 
(RR)— —ONC(R)—, —C(R)NO—, —C(RR)O—, 
—OC(RR)— —S(O)— —S(O)N(Rs)— —N(Rs)S 
(O)— —C(RR)S(O)—, or —S(O)C(RR)—; each of 
Z", Z", Z", and Z" is independently N or CR: R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; each R is independently hydrogen, alkoxy, amino, 
cyano, halogen, hydroxyl, or optionally substituted alkyl; 
each R is independently hydrogen, alkoxy, amino, cyano, 
halogen, hydroxyl, or optionally Substituted alkyl or aryl; 
each Rs is independently hydrogen or optionally Substituted 
alkyl or aryl; each Ro is independently amino, cyano, halo 
gen, hydrogen, OR, SR, NRR, or optionally substi 
tuted alkyl, alkyl-aryl or alkyl-heterocycle; each R is inde 
pendently hydrogen or optionally Substituted alkyl, alkyl-aryl 
or alkyl-heterocycle; each R2 is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; and n is 1-3. 

0040 (12) 

O 

R or 
t O1 

-Z"4 
R3 Z" HN 

O YR 
-Z"3 

O Z" 

O 

R 
t O1 

-Z"4 
R3 (C HN uS YR Z" 

o z1 3 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; E is optionally substituted aryl or heterocycle; each of 
Z", Z", Z", and Z", is independently N or CR: R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; R is trifluoromethyl; each Ro is independently 
amino, cyano, halogen, hydrogen, OR, SR, NRR, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; and each R is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle. 
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0041 (13) 

O 

R2 or 
O1 

R Z 1. Z"4 
3 HN 

O YR 
-Z"3 

N Z" 
Rs 

O 

R2 
O1 

R Z"1 Z"4 
3 C HN 
uS n R 't Z" N1 Nz, 

Rs 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; E is optionally substituted aryl or heterocycle; each of 
Z", Z", Z", and Z" is independently N or CR: R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; R is hydrogen; Rs is hydrogen or optionally Sub 
stituted alkyl oraryl; each Ro is independently amino, cyano, 
halogen, hydrogen, OR, SR, NRR, or optionally sub 
stituted alkyl, alkyl-aryl or alkyl-heterocycle; each R is 
independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; and each R is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle. 
0042 Some compounds are such that all of Z", Z", Z". 
and Z" are N. In others, only three of Z", Z", Z", and Z." 
are N. In others, only two of Z", Z", Z", and Z" are N. In 
others, only one of Z", Z", Z", and Z" is N. In others, none 
of Z", Z", Z", and Z" are N. 
0043 (14) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; E is optionally substituted aryl or heterocycle: X is a 
bond, O s S s C(O) s C(R)=. =C(R)—, 
—C(RR)— —C(R)=C(R)— —C=C- —N(Rs)—, 
—N(Rs)C(O)N(Rs)— —C(RR)N(Rs)— —N(Rs)C 
(RR)— —ONC(R)—, —C(R)NO—, —C(RR)O—, 
—OC(RR)— —S(O)— —S(O)N(Rs)— —N(Rs)S 
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(O)— —C(RR)S(O)—, or —S(O)C(RR)—; each of 
Z", Z", Z", and Z", is independently N or CR: R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; each R is independently hydrogen, alkoxy, amino, 
cyano, halogen, hydroxyl, or optionally substituted alkyl; 
each R is independently hydrogen, alkoxy, amino, cyano, 
halogen, hydroxyl, or optionally Substituted alkyl or aryl; 
each Rs is independently hydrogen or optionally substituted 
alkyl or aryl; each Ro is independently amino, cyano, halo 
gen, hydrogen, OR, SR, NRR, or optionally Substi 
tuted alkyl, alkyl-aryl or alkyl-heterocycle; each R is inde 
pendently hydrogen or optionally Substituted alkyl, alkyl-aryl 
or alkyl-heterocycle; each R2 is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; and n is 1-3. 

0044) (15) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; E is optionally substituted aryl or heterocycle; each of 
Z", Z", Z", and Z", is independently N or CR: R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; R is trifluoromethyl; each Ro is independently 
amino, cyano, halogen, hydrogen, OR, SR, NRR, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; and each R is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle. 

0045 (16) 

O 

R2 or R 1 

HN 

O it YR R nS 2Z"3 
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-continued 
O 

R 
Rs it O1 

wN Z"4 
HN 

R O it YR 3 2 4 3 N7. 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; E is optionally substituted aryl or heterocycle; each of 
Z", Z", Z", and Z" is independently N or CR: R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; R is hydrogen; Rs is hydrogen or optionally sub 
stituted alkyl oraryl; each Ro is independently amino, cyano, 
halogen, hydrogen, OR, SR, NRR, or optionally sub 
stituted alkyl, alkyl-aryl or alkyl-heterocycle; each R is 
independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; and each R is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle. 
0046. Some compounds are such that all of Z", Z", Z", 
and Z" are N. In others, only three of Z", Z", Z", and Z". 
are N. In others, only two of Z", Z", Z", and Z" are N. In 
others, only one of Z", Z", Z", and Z", is N. In others, none 
of Z", Z", Z", and Z" are N. 
10047 (17) 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; E is optionally substituted aryl or heterocycle: X is a 
bond, —O— —S , —C(O)— —C(R) , =C(R)—, 
—C(RR)— —C(R)=C(R)— —C=C- —N(Rs)—, 
—N(Rs)C(O)N(Rs)— —C(RR)N(Rs)— —N(Rs)C 
(RR)— —ONC(R)—, —C(R)NO—, —C(RR)O—, 
—OC(RR)— —S(O)— —S(O)N(Rs)— —N(Rs)S 
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(O)— —C(RR)S(O)—, or —S(O)C(RR)—; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; each R is independently hydrogen, alkoxy, amino, 
cyano, halogen, hydroxyl, or optionally substituted alkyl; 
each R is independently hydrogen, alkoxy, amino, cyano, 
halogen, hydroxyl, or optionally Substituted alkyl or aryl; 
each Rs is independently hydrogen or optionally substituted 
alkyl or aryl; each Ro is independently amino, cyano, halo 
gen, hydrogen, OR, SR, NRR, or optionally substi 
tuted alkyl, alkyl-aryl or alkyl-heterocycle; each R is inde 
pendently hydrogen or optionally Substituted alkyl, alkyl-aryl 
or alkyl-heterocycle; each R2 is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; n is 1-3; q is 0-2; and r 
is 0-2. 

0.048 (18) 

(R14).m. 

R10 

where A is optionally Substituted cycloalkyl, aryl, or hetero 
cycle; R is hydrogen or optionally substituted alkyl, alkyl 
aryl, alkyl-heterocycle, aryl, or heterocycle; R is hydrogen or 
optionally substituted alkyl, alkyl-aryl, alkyl-heterocycle, 
aryl, or heterocycle; Ro is amino, cyano, halogen, hydrogen, 
OR, SR, NRR, or optionally substituted alkyl, alkyl 
aryl oralkyl-heterocycle; each R is independently hydrogen 
or optionally substituted alkyl, alkyl-aryl or alkyl-hetero 
cycle; R is hydrogen or optionally substituted alkyl, alkyl 
aryl or alkyl-heterocycle; R is hydrogen or optionally Sub 
stituted alkyl, alkyl-aryl or alkyl-heterocycle; each R is 
independently amino, halogen, hydrogen, C(O)R, OR, 
NRR, S(O)R, or optionally substituted alkyl, alkyl-aryl 
or alkyl-heterocycle; each R is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R, is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; and m is 1-4. 
0049 (19) 

O 

(R) in 

* OR4 or 
O HN N n YR 

CF N 
R2 
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-continued 

R 

where A is optionally substituted heterocycle; each R is 
independently halogen, hydrogen, C(O)R, OR, NRR, 
S(O)R, or optionally substituted alkyl, alkyl-aryl or alkyl 
heterocycle; R is independently halogen, hydrogen, C(O) 
R, OR, NRR, S(O)R, or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; R is hydrogen, C(O)R. 
C(O)OR, or optionally substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; each R is independently hydrogen or optionally 
Substituted alkyl, alkyl-aryl or alkyl-heterocycle; each R is 
independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R, is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; and m is 1-4. 
0050 (20) 

O 

N (RI) 

r17. OR4, 
s/S/ n O HN 7 n R3 

CF3 NeN 

r 
O 

O (RI) 

r OR4 , or 
N \ N O N HN 

(R5). 3 

CF N 
R2 

O 

O (R) in 

N 217 OR4 
N \ N O N HNS 

(R5). 3 

CF N 
R2 

where each R is independently halogen, hydrogen, C(O)R. 
ORNRR, S(O)R, or optionally substituted alkyl, alkyl 
aryl or alkyl-heterocycle; R is independently halogen, 
hydrogen, C(O)R, OR, NRR, S(O)R, or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; R is hydro 
gen, C(O)R. C(O)OR, or optionally substituted alkyl, 
alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
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heterocycle, aryl, or heterocycle; each Rs is independently 
halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each R, is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
m is 1-4; and n is 1-3. 

0051 (21) 

O 
(RI) 

say OR4 or 

94 Sl HN (Rs) n R3 
CF N. 

R2 

O 

N (RI) 

S47 OR4 
A-4N S-1s HNS 

(Rs) 3 

CF N. 
R2 

where each R is independently halogen, hydrogen, C(O)R. 
ORNRR, S(O)R or optionally substituted alkyl, alkyl 
aryl or alkyl-heterocycle; R is independently halogen, 
hydrogen, C(O)R, OR, NRR, S(O)R, or optionally 
substituted alkyl, alkyl-arylor alkyl-heterocycle; R is hydro 
gen, C(O)R. C(O)OR, or optionally substituted alkyl, 
alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each Rs is independently 
halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each R, is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
m is 1-4; and p is 1-3. 
0.052 (22) 
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-continued 

where each R is independently halogen, hydrogen, C(O)R. 
OR, NRR, S(O)R, or optionally substituted alkyl, alkyl 
aryl or alkyl-heterocycle; R is independently halogen, 
hydrogen, C(O)R, OR, NRR, S(O)R, or optionally 
substituted alkyl, alkyl-arylor alkyl-heterocycle; R is hydro 
gen, C(O)R. C(O)OR, or optionally substituted alkyl, 
alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each Rs is independently 
halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each R, is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
m is 1-4; and q is 1-2. 
0053 (23) 
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where each R is independently halogen, hydrogen, C(O)R. 
OR, NRR, S(O)R, or optionally substituted alkyl, alkyl 
aryl or alkyl-heterocycle; R is independently halogen, 
hydrogen, C(O)R, OR, NRR, S(O)R, or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; R is hydro 
gen, C(O)R. C(O)OR, or optionally substituted alkyl, 
alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each Rs is independently 
halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each R, is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
m is 1-4; n is 1-3; and q is 1-2. 
0054) In particular compounds above, A is aromatic. In 
others, A is not aromatic. In some, A is optionally Substi 
tuted with one or more of halogen or lower alkyl. 
0055. In some, R is hydrogen or halogen. 
0056. In some, m is 1. 
0057. In some, R is hydrogen or amino. 
0058. In some, R is hydrogen or lower alkyl. In others, R. 

is C(O)OR and R is alkyl. 
0059. In some, R is hydrogen or lower alkyl. 
0060. In some, Rs is hydrogen or lower alkyl (e.g., 
methyl). 
0061. In some, n is 1. 
0062. In some, p is 1. 
0063. In some, q is 1. 
0064 (24) 
0065 (S)-2-Amino-3-(4-2-amino-6-2.2.2-trifluoro-1- 
(4-pyridin-4-yl-phenyl)-ethoxy-pyrimidin-4-yl)-phe 
nyl)-propionic acid 

N2 O 

N OH 

O N NH2 

CF N 
NH2 

0.066 (25) 
0067 (S)-2-Amino-3-(4-6-2.2.2-trifluoro-1-(2-pyri 
din-4-yl-phenyl)-ethoxy-pyrimidin-4-yl)-phenyl)-propi 
onic acid 

21 O 

N OH 

O N NH2 

CF ul 
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0068 (26) 
0069 (S)-2-Amino-3-(4-2-amino-6-2.2.2-trifluoro-1- 
(2-(4-methylthiophen-3-yl)-phenyl-ethoxy-pyrimidin 
4-yl)-phenyl-propionic acid 

s 
S 

le 
O 

FC 
OH 

O NH2 

rs 
N 

NH2 

(0070 (27) 
(0071 (S)-2-Amino-3-(4-2-amino-6-2.2.2-trifluoro-1- 

(2-(5-methyl-thiophen-3-yl-)-phenyl-ethoxy-pyrimi 
din-4-yl)-phenyl-propionic acid 

s 
S 

le 
O 

FC 
OH 

O NH2 

rs 
N 

NH2 

(0072 (28) 
0073 (S)-2-Amino-3-(4-2-amino-6-2.2.2-trifluoro-1- 
(4-furan-3-yl-phenyl)-ethoxy-pyrimidin-4-yl)-phenyl)- 
propionic acid 

s 
O 
a 
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0218 (101) 
0219 (S)-ethyl 2-amino-3-(4-(2-amino-6-((R)-1-(4- 
chloro-2-(3-methyl-1-H-pyrazol-1-yl)phenyl)-2.2.2-trif 
luoroethoxy)pyrimidin-4-yl)phenyl)propanoate Succinate 

0220 (102) 

F O O CF3 N so 
O N O 

N 
NH2 

0221 (103) 

F NH2 

CF3 --- 
CO O 
N 

NH2 

0222 (104) 

NH2 

CF3 - 
O O 

0223 (105) 
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0224 (106) 

O O O 
X NR 

O 

where Ar is a structure comprising multiple aryl or hetero 
cycle rings: 
X is —CH2— or N; and 
0225 R is hydrogen or optionally substituted alkyl, alkyl 
aryl, alkyl-heterocycle, aryl, or heterocycle. 
0226. In some compounds, X is N. 
0227. In some compounds, R is methyl, ethyl, or isopro 
pyl. 
0228. In some compounds, X is N and R is methyl. 
0229. In some compounds, Ar is a structure comprising 
1-4 optionally substituted linked cycloalkyl, aryl, or hetero 
cycle rings. In some compounds, Arcomprises 1 ring; in some 
compounds, Ar comprises 2 rings; in Some compounds, Ar 
comprises 3 rings; in Some compounds, Arcomprises 4 rings. 
0230 (107) 

O 

X -R 
X-6) O 

O 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O— 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; R is hydrogen or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl; R is hydrogen, alkoxy, amino, 
cyano, halogen, hydroxyl, or optionally substituted alkyl or 
aryl; each Rs is independently hydrogen or optionally Substi 
tuted alkyl or aryl; and X" is —CH2— or N. 
0231. In some compounds, X is N. 
0232. In some compounds, R is methyl, ethyl, or isopro 
pyl. 
0233. In some compounds, X is N and R is methyl. 
0234. In some compounds, X" is N, R is methyl, X is 
—C(RR)O—, R is hydrogen, and R is Substituted alkyl. 
0235 (108) 

O 

Q ------ x-CD-6) 
O 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O— 
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—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; E is optionally substituted aryl or hetero 
cycle; R is hydrogen or optionally substituted alkyl, alkyl 
aryl, alkyl-heterocycle, aryl, or heterocycle; R is hydrogen, 
alkoxy, amino, cyano, halogen, hydroxyl, or optionally Sub 
stituted alkyl; R is hydrogen, alkoxy, amino, cyano, halogen, 
hydroxyl, or optionally substituted alkyl or aryl; each Rs is 
independently hydrogen or optionally Substituted alkyl or 
aryl; and X" is —CH2— or N. 
0236. In some compounds, X is N. 
0237. In some compounds, R is methyl, ethyl, or isopro 
pyl. 

0238. In some compounds, X is N and R is methyl. 
0239. In some compounds, A is fluoro-substituted biphe 
nyl, X is N, R is methyl, X is —C(RR)O—, R is hydrogen, 
and R is Substituted alkyl. In some of these compounds, A is 
3'-fluorobiphenyl. In some of these compounds, R is halo 
substituted methyl. In some of these compounds, D is substi 
tuted pyrimidinyl and E is phenyl. In some of these com 
pounds, D is 2-substituted pyrimidinyl. 
0240. In some compounds, A is optionally substituted 
biphenyl, X is —C(RR)O—, R is hydrogen, R is option 
ally substituted lower alkyl, D is optionally substituted pyri 
midinyl, E is phenyl, X" is N, and R is lower alkyl. In some of 
these compounds, A is 2-, 3-, 4-, 5", or 6'-halo-substituted 
biphenyl, X is —C(RR)O—, R is hydrogen, R is halo 
substituted methyl or ethyl, D is 2-substituted pyrimidinyl, E 
is phenyl, X" is N, and R is methyl or ethyl. In some of these 
compounds, A is 2-, 3-, 4-, 5", or 6'-fluoro-substituted biphe 
nyl, X is —C(RR)O—, R is hydrogen, R is fluoro-substi 
tuted methyl, D is 2-amino substituted pyrimidinyl, E is phe 
nyl, X" is N, and R is methyl. 
0241 (109) 

where: X" is —CH2— or N; and 
R is hydrogen or optionally Substituted alkyl, alkyl-aryl, 
alkyl-heterocycle, aryl, or heterocycle. 

0242 
0243 
pyl. 

In some compounds, X is N. 
In some compounds, R is methyl, ethyl, or isopro 

Dec. 25, 2014 

0244 (110) 

O 

RI) in -y 1) -- 
--- O 
CF N 

where A is optionally substituted aryl or heterocycle; each 
R is independently halogen, hydrogen, C(O)R, OR, 
NRR, S(O)R, or optionally substituted alkyl, alkyl-aryl 
or alkyl-heterocycle; R is independently halogen, hydrogen, 
C(O)R, OR, NRR, S(O)R, or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each R is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each R, is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; X is —CH2— or N. R 
is hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; and m is 1-4. 
0245 (111) 

G - 
X OR 

NHR 

where: 
Ar is a structure comprising multiple aryl or heterocycle 
rings; 
X is N, O, or S: 
0246 R is hydrogen or optionally substituted alkyl, alkyl 
aryl, alkyl-heterocycle, aryl, or heterocycle; and 
R" is hydrogen or optionally substituted alkyl. 
0247. In some compounds, X is O. 
0248. In some compounds, X is O and RandR are hydro 
gen. 
0249. In some compounds, Ar is a structure comprising 
1-4 optionally substituted linked cycloalkyl, aryl, or hetero 
cycle rings. In some compounds, Arcomprises 1 ring; in some 
compounds, Ar comprises 2 rings; in Some compounds, Ar 
comprises 3 rings; in Some compounds, Arcomprises 4 rings. 
(0250 (112) 

Qe HN 
where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O— 
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(Rs)— —C(RR)N(Rs)— —N(Rs)C(RR)— —ONC 
(R)— —C(R)NO—, —C(RR)O— —OC(RR)—, 
—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O) , or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; R is hydrogen oralkyl, R is hydrogen or 
optionally substituted alkyl, alkyl-aryl, alkyl-heterocycle, 
aryl, or heterocycle; R is hydrogen, alkoxy, amino, cyano, 
halogen, hydroxyl, or optionally Substituted alkyl, R is 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally Substituted alkyl or aryl; each Rs is independently 
hydrogen or optionally substituted alkyl or aryl; n is 0-3; and 
X' is N, O, or S. In certain embodiments, the carbon having 
the HNR' group is in the S configuration. 
(0251. In some compounds, X is O and n is 1. 
(0252) In some compounds, X is O., n is 1, R is hydrogen, 
and R is hydrogen. 
(0253) In some compounds, X is O., n is 1, R is hydrogen, 
R is hydrogen, X is —C(RR)O—, R is hydrogen, and R. 
is substituted alkyl. 
0254 (113) 

O 

Q XI pi - 
x-GO? HN 

YR 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O , 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; E is optionally substituted aryl or hetero 
cycle; R is H or alkyl; R is hydrogen or optionally Substi 
tuted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; 
R is hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl; R is hydrogen, alkoxy, amino, 
cyano, halogen, hydroxyl, or optionally Substituted alkyl or 
aryl; each Rs is independently hydrogen or optionally Substi 
tuted alkyl or aryl; n is 0-3; and X" is N, O, or S. 
0255. In some compounds, X is O. 
(0256. In some compounds, X is O., n is 1, R is hydrogen, 
and R is hydrogen. 
(0257. In some compounds, X is O., n is 1, R is hydrogen, 
R is hydrogen, X is —C(RR)O—, R is hydrogen, and R. 
is substituted alkyl. In some of these embodiments, A is 
fluoro-substituted biphenyl and R is hydrogen. In some of 
these embodiments, A is 3'-fluorobiphenyl. In some of these 
embodiments, R is halo-substituted methyl. In some of these 
embodiments, D is substituted pyrimidinyl and E is phenyl. In 
some of these embodiments, D is 2-substituted pyrimidinyl. 
0258. In some compounds, A is optionally substituted 
biphenyl, X is —C(RR)O—, R is hydrogen, R is option 
ally substituted lower alkyl, D is optionally substituted pyri 
midinyl, E is phenyl, X is O., n is 1, R is hydrogen or lower 
alkyl, and R is hydrogen or lower alkyl. In some of these 
compounds, A is 2-, 3-, 4-, 5", or 6'-halo-substituted biphe 
nyl, X is —C(RR)O—, R is hydrogen, R is halo-substi 
tuted methyl or ethyl, D is 2-substituted pyrimidinyl, E is 
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phenyl, X" is O., n is 1, R is hydrogen, and R2 is hydrogen. In 
some of these compounds, A is 2-, 3-, 4-, 5", or 6'-fluoro 
Substituted biphenyl, X is —C(RR)O—, R is hydrogen, R 
is fluoro-substituted methyl, D is 2-amino substituted pyrim 
idinyl, E is phenyl, X" is O., n is 1, R is hydrogen, and R2 is 
hydrogen. 
0259 (114) 

where: 

X is N, O, or S: 
0260 R is hydrogen or optionally substituted alkyl; 
R is hydrogen or optionally Substituted alkyl, alkyl-aryl, 
alkyl-heterocycle, aryl, or heterocycle; and 
n is 0-3. 

10261) In some compounds, X is O and n is 1. In certain 
embodiments, the carbon having the HNR' group is in the S 
configuration. 
0262 (115) 

O 

R ey" sh 
HN 

S. O N R3 

CF l 
R 

where A is optionally substituted aryl or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each R is independently 
halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
R is halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
R is hydrogen or optionally Substituted alkyl; each R is 
independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; each R, is independently hydrogen or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; X" is N, O, 
or S. mis 1-4; and n is 0-3. In certain embodiments, the carbon 
having the HNR group is in the S configuration. 
0263 
10264. In some compounds, X is O., n is 1, R is hydrogen, 
and R is hydrogen. 

In some compounds, X is O and n is 1. 
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0265 (116) 

where: 

Ar is a structure comprising multiple aryl or heterocycle 
rings; 

X is —CH2— or N: 

0266 Y is hydrogen or NH; 
R is optionally substituted alkyl or alkoxy; and 
R" is hydrogen or optionally substituted alkyl, alkyl-aryl, 
alkyl-heterocycle, aryl, or heterocycle. 

0267 In some compounds, X is N.Y is NH R is option 
ally substituted alkyl, and R' is hydrogen. 
0268. In some compounds, Ar is a structure comprising 
1-4 optionally substituted linked cycloalkyl, aryl, or hetero 
cycle rings. In some compounds, Arcomprises 1 ring; in some 
compounds, Ar comprises 2 rings; in some compounds, Ar 
comprises 3 rings; in Some compounds, Arcomprises 4 rings. 

0269 (117) 

ORI 

O) X -R 
X-6 S1 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O , 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; R is hydrogen, alkoxy, amino, cyano, 
halogen, hydroxyl, or optionally Substituted alkyl, R is 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl or aryl; each Rs is independently 
hydrogen or optionally substituted alkyl or aryl; X" is 
—CH2— or N.Y is hydrogen or NH; R is optionally substi 
tuted alkyl or alkoxy; and R' is hydrogen or optionally sub 
stituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or hetero 
cycle. In certain embodiments where Y is NH, the carbon to 
which Y is attached is in the S configuration. In other embodi 
ments, the carbon to which Y is attached is in the R configu 
ration. 

0270. In some compounds, X is N.Y is NH R is option 
ally substituted alkyl, and R' is hydrogen. 
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0271 (118) 

-R See Sri 
where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O— 

ORI 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; E is optionally substituted aryl or hetero 
cycle; R is hydrogen, alkoxy, amino, cyano, halogen, 
hydroxyl, or optionally Substituted alkyl; R is hydrogen, 
alkoxy, amino, cyano, halogen, hydroxyl, or optionally Sub 
stituted alkyl or aryl; each Rs is independently hydrogen or 
optionally substituted alkyl or aryl; X" is —CH2— or N.Y is 
hydrogen or NH; R is optionally substituted alkyl oralkoxy; 
and R' is hydrogen or optionally substituted alkyl, alkyl-aryl, 
alkyl-heterocycle, aryl, or heterocycle. In certain embodi 
ments where Y is NH, the carbon to which Y is attached is in 
the S configuration. In other embodiments, the carbon to 
which Y is attached is in the R configuration. 
(0272. In some compounds, X is N.Y is NH R is option 
ally substituted alkyl, and R' is hydrogen. 
0273. In some compounds, A is optionally substituted 
biphenyl, X is —C(RR)O—, R is hydrogen, R is option 
ally substituted lower alkyl, D is optionally substituted pyri 
midinyl, E is phenyl, X" is —CH2— or N;Y is hydrogen or 
NH R is optionally substituted alkyl, and R' is hydrogen or 
lower alkyl. In some of these compounds, A is 2-, 3-, 4-, 5'. 
or 6'-halo-substituted biphenyl, X is —C(RR)O—, R is 
hydrogen, R is halo-substituted methyl or ethyl, D is 2-sub 
stituted pyrimidinyl, E is phenyl, X" is N;Y is hydrogen, R is 
optionally substituted lower alkyl, and R' is hydrogen. In 
some of these compounds, A is 2-, 3-, 4-, 5", or 6'-fluoro 
Substituted biphenyl, X is —C(RR)O—, R is hydrogen, R 
is fluoro-substituted methyl, D is 2-amino substituted pyrim 
idinyl, E is phenyl, X is N. Y is hydrogen, R is optionally 
substituted methyl or ethyl, and R' is hydrogen. 
0274 (119) 
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where: 

X is —CH2— or N: 
(0275 Y is hydrogen or NH; 
R is hydrogen or optionally Substituted alkyl or alkoxy; and 
R" is R is hydrogen or optionally substituted alkyl, alkyl-aryl, 
alkyl-heterocycle, aryl, or heterocycle. In certain embodi 
ments where Y is NH, the carbon to which Y is attached is in 
the S configuration. In other embodiments, the carbon to 
which Y is attached is in the R configuration. 
0276 (120) 

R (R) in x - 
O 

N O N Y 

where A is optionally substituted aryl or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; each R is independently 
halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle; 
R is halogen, hydrogen, C(O)R, OR, NRR, S(O)R, or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
R is hydrogen or optionally Substituted alkyl; each R is 
independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; each R, is independently hydrogen or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; X is 
—CH2— or N;Y is hydrogen or NH; and m is 1-4. In certain 
embodiments where Y is NH, the carbon to which Y is 
attached is in the S configuration. In other embodiments, the 
carbon to which Y is attached is in the R configuration. 
0277. The present invention provides pharmaceutical 
compositions comprising a therapeutically effective amount 
of an agent that lowers serum or plasma serotonin Such as the 
TPH1 inhibitors disclosed herein and at least one pharmaceu 
tically acceptable excipient. In certain embodiments, the 
agent or TPH1 inhibitor may be in the form of a salt with a 
physiologically acceptable acid or base. 
0278. In certain embodiments, the patient’s level of serum 
or plasma serotonin is measured prior to administering a 
therapeutic agent that lowers the level of serum or plasma 
serotonin. In other embodiments, the patients level of serum 
or plasma serotonin is measured after administering the thera 
peutic agent that lowers the level of serum or plasma seroto 
nin. In some embodiments, the patient’s level of serum or 
plasma serotonin is measured before and after administering 
the therapeutic agent that lowers the level of serum or plasma 
serotonin. 
0279. In certain embodiments, the therapeutic agent that 
lowers the level of serum or plasma serotonin is repeatedly 
administered to the patient and the patient’s level of serum or 
plasma serotonin is repeatedly measured until the patients 
level of serum or plasma serotonin is reduced to a desired 
level, e.g., by at least about 10%, at least about 20%, at least 
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about 30%, at least about 40%, at least about 50%, at least 
about 60%, at least about 70%, at least about 80%, or at least 
about 90%, compared to the level measured prior to the first 
administration of the therapeutic agent that lowers the level of 
serum or plasma serotonin. 
0280. In certain embodiments, the patient has been iden 
tified as having a serum or plasma serotonin level that is more 
than 10%, 25%, 35%, 50%, 75%, 100%, or 200% higher than 
the normal level of serum or plasma serotonin. Those of skill 
in the art will understand that serum or plasma serotonin 
levels may vary among individuals depending on certain fac 
tors and will be able to take those factors into account to 
determine whether a person has abnormally high serum or 
plasma serotonin levels. One possible range which those 
skilled in the art may consider to be normal serum or plasma 
serotonin levels is 101-283 ng/ml (nanograms per milliliter). 
0281. In certain embodiments, the patients level of serum 
or plasma serotonin is lowered by at least about 10%, at least 
about 20%, at least about 30%, at least about 40%, at least 
about 50%, at least about 60%, at least about 70%, at least 
about 80%, or at least about 90% compared to the level before 
administering the therapeutic agent that lowers the level of 
serum or plasma serotonin. 
0282. In certain embodiments, the therapeutic agent that 
lowers the level of serum or plasma serotonin is administered 
in an amount of from about 1 mg/day to about 2 g/day. 
0283. The present invention also provides a method for 
identifying a patient having diabetes or at risk of developing 
diabetes and treating the patient, comprising: 
0284 a) determining the level of serum or plasma seroto 
nin in a biological sample from the patient and in a biological 
sample from a normal Subject; 
0285 b) administering to the patient a therapeutically 
effective amount of a therapeutic agent disclosed herein if the 
level of serum or plasma serotonin in the sample from the 
patient is elevated by at least about 25% above the serum or 
plasma serotonin level in the sample from the normal Subject; 
whereby the patient’s serum or plasma serotonin level is 
lowered and diabetes is thereby treated. 
0286. In certain embodiments, “determining the level of 
serum or plasma serotonin' of step (a) includes the formation 
of a complex between the serum or plasma serotonin from the 
biological sample and a reagent that specifically binds to 
serotonin. 

0287. In certain embodiments, “determining the level of 
serum or plasma serotonin' of step (a) includes a process 
whereby the serum or plasma serotonin is transformed into a 
derivative of serotonin, e.g., N-acylserotonin. 
0288. In certain embodiments, the “administering to the 
patient a therapeutically effective amount of a therapeutic 
agent of step b) results in the lowering of blood glucose 
levels in the patient. 
0289. The present invention provides a method of lower 
ing blood glucose levels and thus treating or preventing dia 
betes in a patient known or Suspected to be in need of Such 
treatment or prevention comprising administering to the 
patient known or Suspected to be in need of such treatment or 
preventionatherapeutically effective amount of an antagonist 
of the serotonin Htr2b receptor. In some embodiments, the 
antagonist of the serotonin Htr2b receptor is a compound 
having the formula 
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(0290 wherein R' is selected from the group consisting 
of ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, hexyl, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, phe 
noxy, trifluoromethyl, trifluoromethoxy, amino, dim 
ethylamino. —CON(CH) and —CON(CHs): 

(0291) R' is a methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, pentyl, hexyl, hydroxy or hydrogen, or R' and 
R together form a five-membered heterocycle, wherein 
a heteroatom in said heterocycle is an oxygen atom; 

(0292 R is selected from the group consisting of 
methyl, ethyl, propyl, isopropyl, butyl isobutyl, pentyl, 
hexyl, hydroxy and hydrogen; 

(0293 R' is selected from the group consisting of 
hydroxy, methoxy, ethoxy, propoxy, isopropoxy, 
butoxy, isobutoxy, trifluoromethyl, amino, dimethy 
lamino, diethylamino, fluorine, chlorine, bromine, 
methyl, ethyl, propyl, isopropyl, butyl and hydrogen; 

(0294 R is methyl or hydrogen; 
0295 R is methyl or ethyl; and 
0296 X is S, Nor Se: 
0297 provided that when R' is ethoxy and X is S, at 
least one of R. R. Wand R is not hydrogen (see U.S. 
Pat. No. 7,060,711) 

or is the compound SB224289 (Papageorgiou & Denef, 2007, 
Endocrinology 148:4509-4522). 

BRIEF DESCRIPTION OF THE FIGURES 

0298 FIG. 1. GDS is required for fasting induced lipoly 
sis. (A) Relative expression of Tph1 in duodenum from mice 
fasted for indicated time (na5). (B) Relative increase in 
plasma levels of serotonin (5-HT) and glucagon in mice 
fasted for indicated time (n5). Plasma levels of (C) glycerol 
and (D) FFA in mice of indicated genotypes fasted for indi 
cated time (na7). (E) Epididymal fat pad weight to body 
weight ratio in fed and fasted Tphlff and TphlgutA/A mice 
(n-6). (F) Average size of adipocytes from fat pad offed and 
48 h-fasted Tphlf/f and TphlgutA/A mice (n5). (G) 48 h. 
fasting-induced body weight loss (na7). Plasma levels of (H) 
glycerol and (I) FFA in mice with implanted placebo or sero 
tonin-releasing pellets fasted for indicated time (ne8). (J) 
Glycerol and (K) FFA release from mouse epigonadal fat 
explants stimulated with indicted dose of serotonin (n-5). * 
P<0.05, ** P<0.01, *** P<0.001. For each pair of bars in 
(C)-(G), the left bar represents Tphlf/f and the right bar 
represents TphlgutA/A. For each pair of bars in (H) and (I), 
the left bar represents placebo and the right bar represents 
serotonin. 
0299 FIG.2. GDS favors lipolysis through Htr2b receptor 
expressed in adipocytes. (A) Relative expression of indicated 
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serotonin receptors in adipose tissue of fed and fasted mice. 
Plasma levels of (B) glycerol and (C) FFA in mice of indi 
cated genotypes fasted for indicated time (n-20). (D) Epid 
idymal fat pad weight to body weight ratio in fed and fasted 
Htr2bf/f and Htr2bfatA/A mice (n-12). (E) Average size of 
adipocytes from fat pad of fed and 48 h-fasted Htr2bf/fand 
Htr2bfatA/A mice (n5). (F) 48 h-fasting induced body 
weight loss of mice (ne2O). (G) Glycerol and (H) FFA release 
from Htr2bf/for Htr2bfatA/A epididymal fat explants stimu 
lated with 50 uM serotonin or 1 uM isoproterenol (n=5). (I) 
Western blot analysis of expression and activation of indi 
cated proteins in Htr2bf/fand Htr2bfatA/A fat explants stimu 
lated with 50 uM serotonin. * P<0.05, *** P<0.001. For each 
pair of bars in (B)-(F), the left bar represents Htr2bf/fand the 
right bar represents Htr2bfatA/A. 
0300 FIG. 3. GDS promotes gluconeogenesis in liver by 
acting through Htr2b. (A) Glycerol evoked glucose produc 
tion in Tphlf/f and TphlgutA/A mice (na8). (B) Pyruvate 
tolerance test in Tphlff and TphlgutA/A mice (na8). (C) 
Glycerol tolerance test in WT mice implanted with placebo or 
serotonin-releasing pellets (ne8). (D) Hepatic glucose pro 
duction during hyperinsulinemiceuglycemic clamp in 
Tphlf7f and TphlgutA/A mice (na7). (E) Production of glu 
cose from glycerol by primary hepatocytes stimulated with 
indicated doses of serotonin or 100 nM glucagon (n=5). (F) 
Relative expression of indicated serotonin receptors in liver 
of fed and fasted mice. (G) Glycerol tolerance test in 
Htr2blff and Htr2bliverA/A mice (nd7). (H) Pyruvate toler 
ance test in Htr2bf/fand Htr2bliver A/A mice (nd7). (I) Glyc 
erol-induced glucose production in Htr2bf/f and 
Htr2bliverA/A hepatocytes stimulated by 50 uM serotonin 
(n=5). Normalized (J) FBPase and (K) G6Pase activity in 
livers of Htr2bf/fand Htr2blivera/A mice (n-6).* P-0.05, ** 
P<0.01, *** P-0.001. For the pair of bars in (D), the left bar 
represents Tphlf/f and the right bar represents TphlgutA/A. 
For each pair of bars in (I)-(K), the left bar represents Htr2bf/f 
and the right bar represents Htr2bliverA/A. 
0301 FIG. 4. Decreasing GDS synthesis protects from 
Type II diabetes. (A) Insulin and (B) glucose tolerance tests in 
Tphlf7f and TphlgutA/A mice (na7). (C) Glycerol and (D) 
FFA plasma levels in mice of indicated genotypes fed normal 
(ND) or high fat diet (HFD), fasted for 4h (na5). (E) Insulin 
and (F) glucose tolerance tests in Tphlf/f and TphlgutA/A 
mice on indicated diet (na5). (G) Glycerol and (H) FFA 
plasma levels in mice treated with vehicle or LP533401 fed 
ND or HFD and fasted for 4 h (na7). (I) Insulin and (J) 
glucose tolerance tests in mice treated with vehicle or 
LP533401 fed ND or HFD (nd7). (K) Model of GDS action. 
* P<0.05, ** P<0.01, *** P<0.001. For each triplet of bars in 
(C) and (D), the left bar represents Tph1ff HFD (high fat 
diet), the middle bar represents TphlgutA/A HFD, and the 
right bar represents Tphlf/fND (normal diet). For each triplet 
ofbars in (G) and (H), the left bar represents Vehicle HFD, the 
middle bar represents LP533401 HFD, and the right bar rep 
resents Vehicle ND. 

0302 FIG. 5. (A) Plasma serotonin concentration in fed 
and fasted Tphlff and TphlgutA/A mice (n5). (B) Histol 
ogy of fat pad from fed and 48 h-fasted Tphlff and 
TphlgutA/A mice (ne5). (C) Plasma serotonin concentration 
in mice with implanted placebo and serotonin-releasing pel 
lets (na8). (D) Relative expression of indicated genes in fat 
pad from fed and fasted Tphlf/fand TphlgutA/A mice (na5). 
* P-0.05, ** P-0.01. 

  



US 2014/0378489 A1 

0303 FIG. 6. (A) Relative expression of indicated seroto 
nin receptors in primary mouse adipocytes. (B) Relative 
expression of indicated genes in fat pad from fed and fasted 
Htr2bf/fand Htr2bfatA/A mice (n5). (C) Histology offat pad 
from fed and 48 h-fasted Htr2bf/f and Htr2bfatA/A mice 
(neš). 
0304 FIG. 7. (A) Metabolic parameters of Tphlf/f and 
TphlgutA/A mice Subjected to hyperinsulinemic-euglycemic 
clamp (na9). (B) Relative expression of indicated 5-HT 
receptors in primary mouse hepatocytes. (C) Normalized gly 
cogen content in livers from fed and fasted Htr2bf/f and 
Htr2bliverA/A mice (na5). (D) B-hydroxybutyrate levels in 
Htr2bf/f and Htr2bliverA/A mice (na8). (E) Relative expres 
sion of indicated genes in liver from fed and fasted Htr2bf/f 
and Htr2bliverA/A mice (nd5). * P-0.05. 
0305 FIG. 8. (A) Insulin tolerance test in Htr2bff and 
Htr2bfatA/A mice (n-12). (B) Glucose tolerance test in 
Htr2bf/f and Htr2bliverA/A mice (nd7). (C) Insulin levels 
during glucose tolerance testin Tphlf7fand Tphlguta/A mice 
(na7). (D) Body weight gain of Tphlf/fand TphlgutA/A mice 
fed normal or high fat diet (na5). (E) Pyruvate tolerance test 
in Tphlf/f and TphlgutA/A mice fed normal or high fat diet 
(neš). (F) Plasma serotonin concentrations in mice treated 
with vehicle or LP533401 inhibitor (nd8). (G) Body weight 
gain of mice treated with vehicle or LP533401 inhibitor, fed 
ND or HFD (na8). (H) Pyruvate tolerance test in mice treated 
with vehicle or LP533401 inhibitor (nd8) fed ND or HFD. * 
P<0.05, ** P-0.01, ** P-0.001. 
(0306 FIG. 9. (A) Plasma levels of B-hydroxybutyrate in 
mice of indicated genotypes fasted for indicated times (na7). 
(B) Plasma levels of triglycerides in mice of indicated geno 
types fasted for indicated times (na7). (C) Percent of fat 
content in fed and fasted mice of indicated genotypes mea 
Sured by magnetic resonance imaging (MRI) (ne5). (D) Per 
cent offat content loss during 48 hr fasting in relation to initial 
fat content of each animal; average offive mice of Tphlf/fand 
TphlgutA/A genotype. 
0307 FIG. 10. (A) Plasma levels of glycerol at indicated 
time points after i.p. injection of serotonin (doses in mg/kg 
BW) (nd5). Data represented as meaniSEM, *p<0.05, 
**p<0.01, ***p<0.001. (B) Plasma levels of FFAs at indi 
cated time points after i.p. injection of serotonin (doses in 
mg/kg BW) (n5). Data represented as meant-SEM, p<0.05, 
**p<0.01, ***p<0.001. (C) Plasma levels of B-hydroxybu 
tyrate in mice lacking Htr2b in adipose tissue (deletion by 
aP2-Cre, indicated on graphs by Htr2bfatA/AW21) fasted for 
indicated times (nd20). (D) Western blot analysis of expres 
sion and activation of indicated proteins in fat pads isolated 
from Htr2bff and Htr2bfatA/A (aP2) mice fasted for 48 hr. 
Data are represented as meaniSEM, *p-0.05, ***p<0.001. 
0308 FIG. 11. (A) Plasma levels of glycerol in mice lack 
ing Htr2b in adipose tissue (deletion by Adiponectin-Cre, 
indicated on graphs by Htr2bfatA/AAq) fasted for indicated 
times (n-6). (B) Plasma levels of FFAs (H) in mice lacking 
Htr2b in adipose tissue (deletion by Adiponectin-Cre, indi 
cated on graphs by Htr2bfatA/A Aq) fasted for indicated 
times (na6). (C) Glycerol levels in Htr2bf/f and Htr2bfatA/A 
(aP2) mice implanted with serotonin-releasing pellets. (D) 
FFA levels in Htr2bf/fand Htr2bfatA/A (aP2) mice implanted 
with serotonin-releasing pellets. 
0309 FIG. 12. (A) Glycerol-evoked glucose production in 
Tphlff and TphlgutA/A mice injected with serotonin (10 
mg/kg BW) 90 min before the test (na7). (B) Glucose infu 
sion rate during hyperinsulinemic-euglycemic clamp in 
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Tphlf7f and TphlgutA/A mice (na7). (C) Production of glu 
cose from indicated Substrates by primary hepatocytes stimu 
lated with indicated doses of serotonin or 100 nM glucagon 
(n=5). 
0310 FIG. 13. (A) Glucose tolerance test in Tphlf/f and 
TphlgutA/A mice injected with serotonin (10 mg/kg BW) 90 
min before the test (na7). (B) Glucose uptake in primary 
hepatocytes stimulated with indicated doses of serotonin. (C) 
Production of glucose from indicated substrates by hepato 
cytes isolated from Htr2bf/f and Htr2bliverA/A mice and 
stimulated by 50 mM serotonin (n=5). 
0311 FIG. 14. (A) Glycerol tolerance test in Htr2bf/fand 
Htr2bliverA/A mice implanted with placebo or serotonin 
releasing pellets (n-6). (B) Normalized FBPase activity in 
isolated hepatocytes stimulated with indicated doses of sero 
tonin (n-3). Data are represented as meant SEM, p<0.05, 
**p<0.01, ***p<0.001. (C) Normalized G6Pase activity in 
isolated hepatocytes stimulated with indicated doses of sero 
tonin (n-3). Data are represented as meant SEM, p<0.05, 
**p<0.01.***p<0.001. (D) Glucose tolerance testin Htr2bf/f 
and Htr2bliverA/A mice implanted with placebo or serotonin 
releasing pellets (ne6). 
0312 FIG. 15. (A) Relative glucose uptake in Htr2b-defi 
cient hepatocytes stimulated with 50 mM serotonin. (B) 
Western blot analysis of expression of indicated proteins in 
livers from fasted Htr2bff and Htr2blivera/A mice. (C) 
Immunofluorescence with antibodies against Glut1 and Glut2 
on primary hepatocytes of indicated genotypes stimulated 
with 50 mM serotonin. 
0313 FIG. 16. (A) Normalized glucokinase activity in 
livers of fasted Htr2bf/f and Htr2bliverA/A mice. Data are 
represented as meaniSEM, *p-0.05, **p<0.01, ***p<0.001. 
(B) Same as for FIG. 8F except that data for mice treated with 
LP533401 and fed a normal diet (ND) are shown. (C) Same as 
for FIG. 8G except that data for mice treated with LP533401 
and fed a normal diet (ND) are plotted. 
0314 FIG. 17. (A) Same as for FIG. 4G except that data 
for mice treated with LP533401 and fed a normal diet (ND) 
are shown. (B) Same as for FIG. 4H except that data for mice 
treated with LP533401 and fed a normal diet (ND) are shown. 
(C) Same as for FIG.8H except that data for mice treated with 
LP533401 and fed a normal diet (ND) are plotted. 
0315 FIG. 18. (A) Same as for FIG. 4I except that data for 
mice treated with LP533401 and fed a normal diet (ND) are 
plotted. (B) Same as for FIG. 4J except that data for mice 
treated with LP533401 and fed a normal diet (ND) are plot 
ted. 

DETAILED DESCRIPTION OF THE INVENTION 

0316. The term “substituted, when used to describe a 
chemical structure or moiety, refers to a derivative of that 
structure or moiety wherein one or more of its hydrogen 
atoms is Substituted with an atom, chemical moiety or func 
tional group Such as, but not limited to, alcohol, aldehyde, 
alkoxy, alkanoyloxy, alkoxycarbonyl, alkenyl, alkyl (e.g., 
methyl, ethyl, propyl, t-butyl), alkynyl, alkylcarbonyloxy 
( OC(O)alkyl), amide ( C(O)NH-alkyl- or -alkylNHC(O) 
alkyl), amidinyl ( C(NH)NH-alkyl or –C(NR)NH), 
amine (primary, secondary and tertiary Such as alkylamino, 
arylamino, arylalkylamino), aroyl, aryl, aryloxy, azo, car 
bamoyl ( NHC(O)O-alkyl- or —OC(O)NH-alkyl), car 
bamyl (e.g., CONH2, as well as CONH-alkyl, CONH-aryl, 
and CONH-arylalkyl), carbonyl, carboxyl, carboxylic acid, 
carboxylic acid anhydride, carboxylic acid chloride, cyano, 
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ester, epoxide, ether (e.g., methoxy, ethoxy), guanidino, halo, 
haloalkyl (e.g., —CCls, —CF, -C(CF)), heteroalkyl, 
hemiacetal, imine (primary and secondary), isocyanate, 
isothiocyanate, ketone, nitrile, nitro, oxygen (i.e., to provide 
an oxo group), phosphodiester, Sulfide, Sulfonamido (e.g., 
SONH), sulfone, sulfonyl(including alkylsulfonyl, arylsul 
fonyl and arylalkylsulfonyl), Sulfoxide, thiol (e.g., Sulfhy 
dryl, thioether) and urea ( NHCONH-alkyl-). 
0317. The term “alkenyl' means a straight chain, branched 
and/or cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 10 or 
2 to 6) carbonatoms, and including at least one carbon-carbon 
double bond. Representative alkenyl moieties include vinyl, 
allyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl, 2-pen 
tenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-dim 
ethyl-2-butenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 1-hepte 
nyl, 2-heptenyl, 3-heptenyl, 1-octenyl, 2-octenyl, 3-octenyl, 
1-nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 2-decenyl and 
3-decenyl. 
0318. The term “alkyl means a straight chain, branched 
and/or cyclic (“cycloalkyl) hydrocarbon having from 1 to 20 
(e.g., 1 to 10 or 1 to 4) carbon atoms. Alkyl moieties having 
from 1 to 4 carbons are referred to as “lower alkyl.” Examples 
of alkyl groups include methyl, ethyl, propyl, isopropyl. n-bu 
tyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4.4-dim 
ethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, unde 
cyl and dodecyl. Cycloalkyl moieties may be monocyclic or 
multicyclic, and examples include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, and adamantyl. Additional 
examples of alkyl moieties have linear, branched and/or 
cyclic portions (e.g., 1-ethyl-4-methyl-cyclohexyl). The term 
“alkyl includes saturated hydrocarbons as well as alkenyl 
and alkynyl moieties. 
0319. The term “alkoxy' means an —O-alkyl group. 
Examples of alkoxy groups include —OCH-OCH2CH, 
—O(CH2)CH, —O(CH2)CH, —O(CH2)CH, and 
—O(CH2)CH. 
0320 Term “alkylaryl or “alkyl-aryl' means an alkyl 
moiety bound to an aryl moiety. 
0321) The term “alkylheteroaryl” or “alkyl-heteroaryl 
means an alkyl moiety bound to a heteroaryl moiety. 
0322 The term “alkylheterocycle” or “alkyl-heterocycle” 
means an alkyl moiety bound to a heterocycle moiety. 
0323. The term “alkynyl' means a straight chain, 
branched or cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 
20 or 2 to 6) carbonatoms, and including at least one carbon 
carbon triple bond. Representative alkynyl moieties include 
acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 
2-pentynyl, 3-methyl-1-butynyl, 4-pentynyl, 1-hexynyl, 
2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl, 6-heptynyl, 
1-octynyl, 2-octynyl, 7-octynyl, 1-nonynyl, 2-nonynyl, 
8-nonynyl, 1-decynyl, 2-decynyl and 9-decynyl. 
0324. The term “aryl' means an aromatic ring or an aro 
matic or partially aromatic ring system composed of carbon 
and hydrogen atoms. An aryl moiety may comprise multiple 
rings bound or fused together. Examples of aryl moieties 
include anthracenyl, azulenyl, biphenyl, fluorenyl, indan, 
indenyl, naphthyl, phenanthrenyl, phenyl, 1,2,3,4-tetrahy 
dro-naphthalene, and tolyl. 
0325 The term “arylalkyl or “aryl-alkyl means an aryl 
moiety bound to an alkyl moiety. 
0326. The terms “halogen' and “halo' encompass fluo 
rine, chlorine, bromine, and iodine. 
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0327. The term “heteroalkyl refers to an alkyl moiety 
(e.g., linear, branched or cyclic) in which at least one of its 
carbonatoms has been replaced with a heteroatom (e.g., N, O 
or S). 
0328. The term "heteroaryl' means an aryl moiety 
wherein at least one of its carbon atoms has been replaced 
with a heteroatom (e.g., N, O or S). Examples include acridi 
nyl, benzimidazolyl, benzofuranyl, benzoisothiazolyl, ben 
Zoisoxazolyl, benzoquinazolinyl, benzothiazolyl, benzox 
azolyl, furyl, imidazolyl, indolyl, isothiazolyl, isoxazolyl, 
oxadiazolyl, oxazolyl, phthalazinyl, pyrazinyl, pyrazolyl, 
pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, pyrrolyl, 
quinazolinyl, quinolinyl, tetrazolyl, thiazolyl, and triazinyl. 
0329. The term “heteroarylalkyl or "heteroaryl-alkyl 
means a heteroaryl moiety bound to an alkyl moiety. 
0330. The term "heterocycle” refers to an aromatic, par 

tially aromatic or non-aromatic monocyclic or polycyclic 
ring or ring system comprised of carbon, hydrogen and at 
least one heteroatom (e.g., N, O or S). A heterocycle may 
comprise multiple (i.e., two or more) rings fused or bound 
together. Heterocycles include heteroaryls. Examples include 
benzo. 1.3dioxolyl, 2,3-dihydro-benzo 1.4 dioxinyl, cinno 
linyl, furanyl, hydantoinyl, morpholinyl, oxetanyl, oxiranyl. 
piperazinyl, piperidinyl, pyrrolidinonyl, pyrrolidinyl, tet 
rahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl, tet 
rahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopy 
ranyl and Valerolactamyl. 
0331. The term “heterocycloalkyl or “heterocycle-alkyl 
refers to a heterocycle moiety bound to an alkyl moiety. 
0332 The term "heterocycloalkyl refers to a non-aro 
matic heterocycle. 
0333. The term “heterocycloalkylalkyl or "heterocy 
cloalkyl-alkyl refers to a heterocycloalkyl moiety bound to 
an alkyl moiety. 
0334) “Prevention of or “preventing diabetes means 
actively intervening as described herein prior to the overt 
onset of diabetes to prevent the development of diabetes or to 
minimize the extent of the diabetes or slow the course of 
development of the diabetes. 
0335 “Treatment of or “treating diabetes means 
actively intervening as described herein after the onset of 
diabetes to slow down, ameliorate symptoms of minimize the 
extent of, or reverse the course of the diabetes in a patient who 
is known to have, is at risk of, or Suspected to have, diabetes. 
0336. Unless otherwise indicated, a “therapeutically 
effective amount of a therapeutic agent is an amount that 
provides atherapeutic benefit in the treatment or management 
of a disease or condition Such as diabetes, delays or mini 
mizes one or more symptoms associated with the disease or 
condition, or enhances the therapeutic efficacy of another 
therapeutic agent against the disease or condition. A thera 
peutic agent is said to be administered in a “therapeutically 
effective amount' if the amount administered results in a 
desired change in the physiology of a recipient mammal (e.g., 
decreasing blood glucose levels in a mammal having or at risk 
of developing diabetes) compared to pre-treatment levels. 
That is, the therapy results in treatment, i.e., modulates the 
recipient mammal’s physiology to more closely resemble that 
of corresponding non-diseased State. 
0337. A "patient' is a mammal, preferably a human, but 
can also be a companion animal such as a dog or cat, or farm 
animals such as horses, cattle, pigs, or sheep. 
0338. In some embodiments, a patient “in need of preven 
tion or treatment' for diabetes may include a patient known or 
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Suspected of having, or being at risk of developing, diabetes. 
Such a patient in need of treatment could be, e.g., a person 
known to have elevated blood glucose levels. Elevated blood 
glucose levels may include blood levels of greater than 100 
mg/dl., when blood glucose levels are measured according to 
standard methods (e.g., under fasting conditions). 
0339. In some embodiments, a patient at risk of develop 
ing diabetes could include the elderly and the obese. Other 
persons in need of treatment or prevention by the methods of 
the present invention may include persons who are known to 
be in need of therapy to decrease serum or plasma serotonin 
levels in order to treat or prevent diabetes. In some embodi 
ments, such persons might include persons who have been 
identified as having a serum or plasma serotonin level that is 
about 25% or more above that of serum or plasma serotonin 
levels in normal Subjects. 
0340. In some embodiments, a patient at risk of develop 
ing diabetes could include a patient who has been diagnosed 
as having genetic factors that predispose the patient toward 
the development of diabetes. 
0341. In one embodiment, a patient in need of treatment or 
prevention for diabetes by the methods of the present inven 
tion does not include a patient being treated with a TPH1 
inhibitor where the patient is being treated with the TPH1 
inhibitor only for a purpose other than to treat diabetes. Thus, 
a patient in need of treatment or prevention for diabetes by the 
methods of the present invention does not include a patient 
being treated with a TPH1 inhibitor only for the purpose of 
treating chemotherapy-induced emesis, carcinoid syndrome, 
or gastrointestinal disorders such as irritable bowel syn 
drome. 

0342 A patient in need of treatment or prevention for 
diabetes by the methods of the present invention does not 
include a patient being treated with a TPH1 inhibitor only for 
the purpose of treating gastrointestinal diseases and certain 
other disorders. Examples of specific diseases and disorders 
include abdominal pain (e.g., associated with medullary car 
cinoma of the thyroid), anxiety, carcinoid syndrome, celiac 
disease, constipation (e.g., constipation having an iatrogenic 
cause, and idiopathic constipation), Crohn's disease, depres 
Sion, diarrhea (e.g., bile acid diarrhea, enterotoxin-induced 
secretory diarrhea, diarrhea having an iatrogenic cause, idio 
pathic diarrhea (e.g., idiopathic secretory diarrhea), and trav 
eler's diarrhea), emesis, functional abdominal pain, func 
tional anorectal disorders, functional bloating, functional 
dyspepsia, functional gallbladder disorders, irritable bowel 
syndrome (IBS; including IBD-d, IBS-c and IBS-a), lactose 
intolerance, MEN types I and II, nausea, Ogilvie’s syndrome, 
Pancreatic Cholera Syndrome, pancreatic insufficiency, 
pheochromacytoma, scleroderma. Somatization disorder, 
sphincter of Oddi disorders, ulcerative colitis, and Zollinger 
Ellison Syndrome. A patient in need of treatment or preven 
tion for diabetes by the methods of the present invention does 
not include a patient being treated with a TPH1 inhibitor only 
for the purpose of treating these diseases and disorders. 
0343 A patient in need of treatment or prevention for 
diabetes by the methods of the present invention also does not 
include a patient being treated with a TPH1 inhibitor only for 
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the purpose of treating the following diseases and disorders: 
acute and chronic hypertension, chronic obstructive pulmo 
nary disease (COPD), pulmonary embolism (e.g., bronchoc 
onstriction and pulmonary hypertension following pulmo 
nary embolism), pulmonary hypertension (e.g., pulmonary 
hypertension associated with portal hypertension), and radia 
tion pneumonitis (including that giving rise to or contributing 
to pulmonary hypertension). Others include abdominal 
migraine, adult respiratory distress syndrome (ARDS), car 
cinoid crisis, CREST syndrome (calcinosis, Raynaud's phe 
nomenon, esophageal dysfunction, Sclerodactyl), telang 
iectasia), serotonin syndrome, and Subarachnoid 
hemorrhage. 
0344. A “TPH1 inhibitor is a substance that reduces the 
amount of 5-hydroxytryptophan produced from tryptophan 
by TPH1 in a suitable assay, as compared to the amount of 
5-hydroxytryptophan produced from tryptophan by TPH1 in 
the assay in the absence of the substance. Preferably, the 
reduction in the amount of 5-hydroxytryptophan produced is 
at least about 10%, at least about 15%, at least about 20%, at 
least about 40%, at least about 60%, at least about 80%, or at 
least about 90%. Examples of assays for determining the level 
of TPH1 inhibition by a substance are described in U.S. 
Patent Application Publication US 2009/0029993. In some 
embodiments, the TPH1 inhibitor is a substance that reduces 
the amount of 5-hydroxytryptophan produced from tryp 
tophan by TPH1 by a mechanism that involves binding of the 
Substance to TPH1. 

(0345 “Gut derived serotonin (GDS)” refers to serotonin 
produced by TPH1 in the duodenum and is the major source 
for serotonin in the bloodstream, i.e., for plasma and serum 
serotonin. 

0346. An “antagonist of the serotonin Htr2b receptor, as 
used herein, refers to a substance which reduces the action or 
effect of signaling through the serotoninHtr2b receptor. Pref 
erably, such reduction of the action or effect of the serotonin 
Htr2b receptor occurs by a mechanism that involves binding 
of the substance to the serotonin Htr2b receptor. 

Methods of Treatment and Diagnosis 
0347 Adaptation to food deprivation is a regulated sur 
vival function that requires continuous mobilization of 
energy from various sources. The data described herein show 
that gut-derived serotonin (GDS) synthesis is enhanced by 
fasting and that this hormone promotes lipolysis by signaling 
in adipocytes through the Htr2b receptor to activate the 
lipolytic enzyme hormone sensitive lipase (HSL). Addition 
ally, GDS promotes gluconeogenesis in the liver, also by 
signaling through Htr2b, to increase the activity of gluconeo 
genic enzymes fructose-1,6-bisphosphatase (FBPase) and 
glucose-6-phosphatase (G6Pase). Hence, GDS opposes del 
eterious consequences of food deprivation through two 
complementary mechanisms that can raise blood glucose lev 
els. Thus, inhibition of GDS synthesis lowers blood glucose 
levels and improves insulin resistance and glucose intoler 
ance caused by a high fat diet. Small molecule inhibitors of 
GDS synthesis such as TPH1 inhibitors therefore should be of 
use to treat Type II diabetes. 
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0348. The results presented herein reveal that GDS is a 
hormone whose synthesis is induced by fasting and that 
opposes deleterious consequences of food deprivation. To do 
So, GDS favors glucose production by acting synergistically 
in adipocytes to promote release of glycerol, a Substrate of 
gluconeogenesis, and in hepatocytes to actively promote glu 
coneogenesis (FIG. 4K). An important feature of this regula 
tion is that pharmacological evidence indicates that it could 
be manipulated advantageously to fight Type II diabetes. 
0349 The results disclosed herein show that elevated 
serum or plasma serotonin increases blood glucose levels, 
leading to diabetes. Thus, certain embodiments of the inven 
tion are directed to methods for diagnosing and treating per 
Sons at risk of developing diabetes and to methods for treating 
or preventing diabetes by administering therapeutic agents 
that decrease the level of serum or plasma serotonin and thus 
decrease blood glucose levels. 
0350 One embodiment of the invention is directed to a 
method for determining if a patient is at risk of developing 
diabetes by measuring the patient’s level of serum or plasma 
serotonin and then administering a therapeutic agent dis 
closed herein that is a TPH1 inhibitor to the patient if the 
patient’s level of serum or plasma serotonin is elevated so as 
to indicate that the patient is at risk of developing diabetes. In 
one embodiment, if the patient’s level of serum or plasma 
serotonin is known to be significantly higher (e.g., more than 
about 25% higher, more than about 50% higher, more than 
about 75% higher, more than about 100% higher) than the 
level in a normal subject, then the patient is at risk of devel 
oping diabetes and one or more TPH1 inhibitors that reduce 
serotonin synthesis, and thus serum or plasma serotonin lev 
els, is administered to reduce (and preferably normalize) 
serum or plasma serotonin levels, thereby preventing diabetes 
from developing or minimizing the extent or the detrimental 
effects of diabetes, should diabetes develop. Patient monitor 
ing will determine if an abnormal serum or plasma serotonin 
level is chronic. If it is chronic, then the patient may need to 
continue treatment over a prolonged period (e.g., for one 
month, six months, one year, two years, three years, or many 
years) to normalize serum or plasma serotonin levels and/or 
maintain normal levels of serum or plasma serotonin. 
0351 When a patient’s level of serum or plasma serotonin 

is compared to the level of serum or plasma serotonin in a 
normal subject, it should be understood that “normal subject’ 
refers to a person who is matched to the patient in those 
characteristics that would be expected to affect serum or 
plasma serotonin levels, e.g., gender, age, general health, 
medications being taken, etc. 

Methods of Treatment and Prevention of Diabetes 

0352. The present invention provides a method of prevent 
ing or treating diabetes in a patient known or Suspected to be 
in need of Such prevention or treatment comprising adminis 
tering to the patient a therapeutically effective amount of a 
therapeutic agent that decreases serum or plasma serotonin 
levels. In certain embodiments, the method comprises admin 
istering to the patient therapeutically effective amounts of 
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two or more therapeutic agents disclosed herein that decrease 
serum or plasma serotonin levels. 
0353 TPH1 inhibitors that may be used in certain of the 
methods of the present invention include the following, 
including any racemic mixtures and individual enantiomers, 
pharmaceutically acceptable salts or Solvates thereof: 
0354 (121) 

LP-533401 

O O 
F OH 

O N NH2 

CF 

NH2 

0355 (122) 

LP-615819 

O O 
F o1n 

O N NH2 

0356 (123) 

O 

R2 

HN 
n R 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O— 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; R is hydrogen or optionally Substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen, alkoxy, 
amino, cyano, halogen, hydroxyl, or optionally Substituted 
alkyl; R is hydrogen, alkoxy, amino, cyano, halogen, 
hydroxyl, or optionally substituted alkyl or aryl; each Rs is 
independently hydrogen or optionally Substituted alkyl or 
aryl; and n is 0-3: 
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0357 (124) 

O 

R2 

HN 
YR 

where A is optionally substituted cycloalkyl, aryl, or hetero 
cycle; X is a bond (i.e., A is directly bound to D), —O , 

—S(O)— —S(O)N(Rs)— —N(Rs)S(O)— —C(RR) 
S(O)—, or —S(O)C(RR)—; D is optionally substituted 
aryl or heterocycle; E is optionally substituted aryl or hetero 
cycle; R is hydrogen or optionally Substituted alkyl, alkyl 
aryl, alkyl-heterocycle, aryl, or heterocycle; R is hydrogen or 
optionally substituted alkyl, alkyl-aryl, alkyl-heterocycle, 
aryl, or heterocycle; R is hydrogen, alkoxy, amino, cyano, 
halogen, hydroxyl, or optionally Substituted alkyl, R is 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl or aryl; each Rs is independently 
hydrogen or optionally substituted alkyl or aryl; and n is 0-3: 
0358 (125) 

OH 

HO N1 Ncoh 

so 
--- 
CONH2 

0359 (126) 

CONH COH 
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0360 (127) 

R R 
No O1 

N 

?y N 
HOC 

HOC CO2H 
CO2H 

where R is hydrogen or lower alkyl; and 
n is 1, 2, or 3: 
0361 (128) 

R. R. 

-X, 

N 

?y N 
HOC 

2 HOC CO2H 

CO2H 

where R is hydrogen or lower alkyl, and 
n is 1, 2, or 3: 
0362 (129) 

R R 
No O1 

R3 

- 
HOC R R2 

HOC 

where R is hydrogen or lower alkyl; 
R. R. and Rs are independently: 
0363 
0364 
0365 
0366 
0367 
n is 1, 2, or 3: 

hydrogen; 
halogen; 
lower alkyl; 
alkoxy; or 
amino; and 
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0368 (130) 0376 (133) 

OH 

X HO 
O O 

N1 R 
R3 

pi 

r 
HOC ?OH CO2H 

HOC 

where R and R2 are independently hydrogen, lower alkyl, or 
where R is hydrogen or lower alkyl; cycloalkyl; 
R. R. and R. are independently: 0377 (134) 
0369 hydrogen: 

OH 
0370 halogen: 

HO 
0371 lower alkyl: 
0372 alkoxy; or N 

NR 
0373 amino; and 

rN n is 1, 2, or 3: 

0374 (131) ÖOH CO2H 

where R is hydrogen, lower alkyl, or cycloalkyl: 
0378 (135) 

HO OH R 

O Cr N 

N R 2 N 
N 

r rN CO2H CO2H 

CO2H CO2H 

where R is hydrogen, lower alkyl, or cycloalkyl: 
0375 (132) where R and R are independently hydrogen, lower alkyl, 

cycloalkyl, F, Cl, or OH: 
0379 (136) 

OH 

HO 

N 

OH 

HO 
R 

YR, 
N 

N R r N 
r N lo CO2H 
CO2H CO2H 2 

where R and R2 are independently hydrogen, lower alkyl, or 
where R is hydrogen, lower alkyl, or cycloalkyl: cycloalkyl. 
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TABLE 1-continued 

(S)-2-amino-3-(4-(2-amino-6-(2.2.2-trifluoro-1-(6-(2-fluoro-3- 
methoxyphenyl)pyridin-3-yl)ethoxy)pyrimidin-4- 
yl)phenyl)propanoic acid 
2-amino-3-(5-(4-methylbiphenyl-4-yl)-1H-indol-3-yl)propanoic 
acid 
2-amino-3-(5-m-tolyl-1H-indol-3-yl)propanoic acid 
(2S)-2-amino-3-(4-(2-(2-methoxyphenyl)furan-3- 
carboxamido)phenyl)propanoic acid 
2-amino-3-(5-(1-benzyl-1H-pyrazol-4-yl)-1H-indol-3- 
yl)propanoic acid 
(2S)-2-amino-3-(4-(2-amino-6-(2,2,2-trifluoro-1-(6-(thiophen-2- 
yl)pyridin-3-yl)ethoxy)pyrimidin-4-yl)phenyl)propanoic acid 
2-amino-3-(6-(1-benzyl-1H-pyrazol-4-yl)-1H-indol-3- 
yl)propanoic acid 
(S)-2-amino-3-(4-((2-(4-(trifluoromethyl)phenyl)thiazol-4- 
yl)methylamino)phenyl)propanoic acid 
(S)-2-amino-3-(4-((4'-methoxybiphenyl-4- 
ylsulfonamido)methyl)phenyl)propanoic acid 
(S)-2-amino-3-(4-(3-(2-methoxydibenzob.dfuran-3- 
yl)ureido)phenyl)propanoic acid 
(S)-2-amino-3-(4-(3-(2,2- 
diphenylethyl)ureido)phenyl)propanoic acid 
(S)-2-amino-3-(4-(phenylethynyl)phenyl)propanoic acid 
(S)-2-amino-3-(4-(2-amino-6-((5-(1-methyl-5-(trifluoromethyl)- 
1H-pyrazol-3-yl)thiophen-2-yl)methoxy)pyrimidin-4- 
yl)phenyl)propanoic acid 
(2S)-2-amino-3-(4-(2-amino-6-(1,1,1-trifluoro-3-((R)-2,2,3- 
trimethylcyclopent-3-enyl)propan-2-yloxy)pyrimidin-4- 
yl)phenyl)propanoic acid 
(2S)-2-amino-3-(4-(2-amino-6-(3-(2- 
hydroxyethylcarbamoyl)piperidin-1-yl)pyrimidin-4- 
yl)phenyl)propanoic acid 
(2S)-2-amino-3-(4-(2-amino-6-(3-(pyridin-2-yloxy)piperidin-1- 
yl)pyrimidin-4-yl)phenyl)propanoic acid 
(S)-2-amino-3-(4-(2-amino-6-(4-chloro-3-(piparidine-1- 
carbonyl)phenyl)pyrimidin-4-yl)phenyl)propanoic acid 

0488. In certain embodiments, the TPH1 inhibitors dis 
closed herein reduce serum or plasma serotonin to a level that 
is at least about 10% less than the level before treatment with 
the TPH1 inhibitor. In certain embodiments, the TPH1 inhibi 
tor reduces serum or plasma serotonin to a level that is about 
10% less, about 20% less, about 30% less, about 40% less, 
about 50% less, about 60% less, about 70% less, about 80% 
less, or about 90% less, than the level before treatment with 
the TPH1 inhibitor. 

0489. In certain embodiments, the methods described 
herein result in a decrease in blood glucose levels of at least 
about 5%, at least about 10%, at least about 15%, at least 
about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 
about 50%, at least about 55%, or at least about 60%. In 
certain embodiments, the methods described herein result in 
a decrease in blood glucose levels of at least about 5 mg/dl., at 
least about 10 mg/dl., at least about 15 mg/dl., at least about 20 
mg/dl., at least about 25 mg/dl., at least about 30 mg/dl., at least 
about 35 mg/dl., at least about 40 mg/dl., at least about 45 
mg/dl., at least about 50 mg/dl., at least about 55 mg/dl., or at 
least about 60 mg/dl. In certain embodiments, the methods 
described herein resultina decrease in blood glucose levels of 
5-50%, 10-40%, 15-35%, or 20-30%. In certain embodi 
ments, the methods described herein result in a decrease in 
blood glucose levels of from 5-50 mg/dl. 10-40 mg/dl. 15-35 
mg/dl., or 20-30 mg/dl. In certain embodiments, the methods 
described herein resultina decrease in blood glucose levels of 
5-10%, 10-20%, 20-30%, 30-40%, or 40-50%. In certain 
embodiments, the methods described herein result in a 
decrease in blood glucose levels of from 5-10 mg/dl. 10-20 
mg/dl., 20-30 mg/dl., 30-40 mg/dl., or 40-50 mg/dl. 
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0490 Synthesis of the compounds described herein can be 
carried out by methods similar to those disclosed in U.S. 
Patent Application Publication US 2007/0191370, U.S. 
Patent Application Publication US 2008/0153852, U.S. 
Patent Application Publication US 2009/0005381, and U.S. 
Patent Application Publication US 2009/0029993. Moieties 
Such as A, X, D, and E can be prepared and linked according 
to the methods described in those patent applications. By 
choosing Suitable starting materials for the remaining portion 
of the structures disclosed herein, the remaining portion can 
be incorporated with the A-X-D or A-X-D-E portion in the 
final structure and thus the compounds disclosed herein can 
be prepared. 
0491. One skilled in the art would be guided by other 
publications. For instance, one skilled in the art could consult 
the Examples in International Patent Publication WO 2010/ 
056992 and could, for example, choose intermediates such as 
the following from Scheme 1 of Example 9 

O 

OCH 
N 

O 

and link the intermediate compounds to Suitable moieties 
Such as A, X, D, and E that had been prepared according to 
the disclosures of the patent applications described above. By 
choosing other intermediates similar to the intermediate 
shown above, one skilled in the art could readily synthesize 
other TPH1 inhibitors disclosed herein. 
0492 Synthesis of specific compounds disclosed hereinas 
well as the compounds within the generic formulas disclosed 
herein can also be carried out by methods similar to those 
disclosed in International Patent Publication WO 2007/ 
08.9335 and International Patent Publication WO 2008/ 
073933. Moieties such as A, X, D, and E can be prepared and 
linked according to the methods described in WO 2007/ 
089335, in particular the methods disclosed at pages 35-41. 
Further methods that can be turned to for guidance are shown 
on pages 14-17 of WO 2008/073933. By choosing suitable 
starting materials for the remaining portion of the structures 
disclosed herein (e.g., the X-2-oxoacetate or X-2-oxoacetic 
acid moiety in certain of the generic formulas described 
above), the remaining portion can be incorporated with the 
A-X-D or A-X-D-E portion in the final structure and thus the 
compounds of the present invention can be prepared. 
0493 Certain compounds disclosed herein can be pre 
pared according to the methods disclosed in International 
Patent Publication WO 2009/123978 or International Patent 
Publication WO 2010/056992, incorporated herein by refer 
ence in their entireties and specifically for the purpose of their 
disclosures of the synthesis of the compounds disclosed 
herein. 
0494 The present invention also encompasses the use of 
certain derivatives of the TPH1 inhibitors disclosed herein. 
For example, prodrugs of the TPH1 inhibitors could be pro 
duced by esterifying the carboxylic acid functions of the 
TPH1 inhibitors with a lower alcohol, e.g., methanol, ethanol, 
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propanol, isopropanol, butanol, etc. The use of prodrugs of 
the TPH1 inhibitors that are not esters is also contemplated. 
For example, pharmaceutically acceptable carbonates, thio 
carbonates, N-acyl derivatives, N-acyloxyalkyl derivatives, 
quaternary derivatives of tertiary amines, N-Mannich bases, 
Schiffbases, amino acid conjugates, phosphate esters, metal 
salts and sulfonate esters of the TPH1 inhibitors are also 
contemplated. In some embodiments, the prodrugs will con 
tainabiohydrolyzable moiety (e.g., a biohydrolyzable amide, 
biohydrolyzable carbamate, biohydrolyzable carbonate, bio 
hydrolyzable ester, biohydrolyzable phosphate, or biohydro 
ly Zable ureide analog). Guidance for the preparation of pro 
drugs of the TPH1 inhibitors disclosed herein can be found in 
publications such as Design of Prodrugs, Bundgaard, A. Ed., 
Elsevier, 1985. Design and Application of Prodrugs, A Text 
book of Drug Design and Development, Krosgaard-Larsen 
and H. Bundgaard, Ed., 1991, Chapter 5, pages 113-191; and 
Bundgaard, H., Advanced Drug Delivery Review, 1992, 8, 
pages 1-38. 
0495. In certain embodiments, the TPH1 inhibitor inhibits 
TPH1 without significantly affecting the level of brain-de 
rived serotonin. Methods of obtaining such inhibitors 
include: (1) screening for compounds that inhibit TPH1 to a 
much greater extent than TPH2; and (2) screening for com 
pounds that, while they inhibit both TPH1 and TPH2, cannot 
cross the blood brain barrier and thus are effectively specific 
for TPH1 when administered to the patient outside the central 
nervous system. Of course, compounds that both inhibit 
TPH1 to a much greater extent than TPH2 and cannot cross 
the blood brain barrier are also suitable. Preferably, com 
pounds that inhibit TPH1 to a much greater extent than TPH2 
have an ICs for TPH2 that is at least about 10-fold greater 
than their ICs for TPH1. 
0496 Unless otherwise indicated, one or more adjectives 
immediately preceding a series of nouns is to be construed as 
applying to each of the nouns. For example, the phrase 
“optionally substituted alky, aryl, or heteroaryl has the same 
meaning as "optionally Substituted alky, optionally Substi 
tuted aryl, or optionally substituted heteroaryl.” 
0497. A chemical moiety that forms part of a larger com 
pound may be described herein using a name commonly 
accorded it when it exists as a single molecule or a name 
commonly accorded its radical. For example, the terms “pyri 
dine' and “pyridyl are accorded the same meaning when 
used to describe a moiety attached to other chemical moieties. 
Thus, the two phrases “XOH, wherein X is pyridyl and 
“XOH, wherein X is pyridine' are accorded the same mean 
ing, and encompass the compounds pyridin-2-ol, pyridin-3- 
ol, and pyridin-4-ol. 
0498 If the stereochemistry of a structure or a portion of a 
structure is not indicated with, for example, bold or dashed 
lines or wedges, the structure or the portion of the structure is 
to be interpreted as encompassing all Stereoisomers of it, 
unless the chemical name associated with the structure indi 
cates otherwise. Similarly, names of compounds having one 
or more chiral centers that do not specify the stereochemistry 
of those centers encompass pure stereoisomers and mixtures 
thereof. Moreover, any atom shown in a drawing with unsat 
isfied Valences is assumed to be attached to enough hydrogen 
atoms to satisfy the valences. When the stereochemistry of a 
structure or a portion of a structure is indicated with, for 
example, a bold or dashed line, the use of that structure in the 
methods describe herein encompasses the use of the indicated 
stereochemistry substantially free of any of the non-indicated 
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structure. For example, Such use includes the use of the indi 
cated Structure where the indicated structure is present in an 
enantiomeric excess of 95%, 96%, 97%, 98%, 99%, or 
99.5%, 
0499. Notwithstanding the above, it is understood that the 
methods of the invention may encompass the use of pure R 
and Senantiomers of the compounds disclosed herein as well 
as racemic mixtures. Thus, the disclose of the use of a com 
pound without indication of any particular stereochemistry 
should be considered a disclosure of the use of that compound 
in the form of all racemic mixtures (e.g., a mixture of about 
50% R and 50% Senantiomers) as well as a disclosure of the 
use of essentially pure enantiomers (i.e., about 100% R or 
about 100% Senantiomers). 
0500. In certain embodiments of the invention, a therapeu 
tically effective amount of one or more of the TPH1 inhibitors 
described herein is administered in combination with other 
compounds or medications that are known to prevent or treat 
diabetes to a Subject who has or is at risk of developing 
diabetes in order to treat or prevent diabetes. Classes of such 
compounds or medications include: insulin biguanides, meg 
litinides, Sulfonylureas, thiazolidinediones, alpha glucosi 
dase inhibitors, dipeptidyl peptidase inhibitors, and ergot 
alkaloids. Particular compounds or medications include: met 
formin (GLUCOPHAGE(R), GLUCOPHAGE XRR), GLU 
METZAR, RIOMETR), FORTAMETR), repaglinide 
(PRANDINR), nateglinide (STARLIX(R), Chlorpropamide 
(DIABINESE(R), Glimepiride (AMARYL(R), glipizide 
(GLUCOTROL(R), glyburide (DIABETAR, MICRON 
ASE(R), GLYNASE(R), Tolazamide (TOLINASE(R), Tolbuta 
mide (ORINASE(R), pioglitazone (ACTOS(R), rosiglitazone 
(AVANDIAR), acarbose (PRECOSR), miglitol (GLY 
SETR), sitagliptide (JANUVIAR), saxagliptin (ONG 
LYZAR), and bromocriptine (CYCLOSETR). 
0501. In certain embodiments, the TPH1 inhibitor is 
administered to a patient in need of treatment or prevention of 
diabetes in combination with an inhibitor of hormone sensi 
tive lipase (HSL). For example, the TPH1 inhibitor may be 
administered with one or more of the following HSL inhibi 
tOrS: 
0502 Methylphenylcarbamic acid 5-(4-isobutyl-2,6-di 
oXopiperazin-1-yl) pyridinyl-2-yl ester 

O CH 

N^^ 
OO lus! O N 

CH 

See International Patent Publication WO 2006/0873.08. 

0503 

R 

C R re Z CHO 
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(0504 wherein R is hydrogen, hydroxyl or —OR'; 
0505 wherein R' is hydrogen or a chemical moiety that 
can be cleaved in vivo to release a hydroxyl group and 
includes, for example, aliphatic or aromatic acyl (to form an 
ester bond) and the like. Such aliphatic or aromatic groups 
can include a substituted or unsubstituted, Saturated or unsat 
urated aliphatic group, a Substituted or unsubstituted, Satu 
rated or unsaturated alicyclic group, a Substituted or unsub 
stituted aromatic group, a Substituted or unsubstituted 
heteroaromatic group, or a Substituted or unsubstituted het 
erocyclic group, a carbalkoxy, a carbaryloxy, —SOH and 
—SOR. -P(O)(OH), or -P(O)(OR): 
0506 wherein R is a saturated or unsaturated aliphatic 
group, Substituted or unsubstituted aliphatic group, Substi 
tuted or unsubstituted Saturated or unsaturated alicyclic 
group, Substituted or unsubstituted aromatic group, Substi 
tuted or unsubstituted heteroaromatic group, Substituted or 
unsubstituted heterocyclic group, glucuronide or glucuronide 
ester, -P(O)(OH), and -P(O)(OR): 
0507 wherein Y is -(CH), where m=1 or 2, OC 
(O)— —O(CH), where m=1 or 2, or —S(O)(CH) - 
where m=1 or 2; n=0, 1 or 2: 
0508 wherein Z is hydrogen, CH, F, Cl, Br or I. 

See International Patent Publication WO 2007/081808. 

0509 

wherein R, R', R. Y and Z are as defined in the previous 
paragraph; and, 
0510) wherein R is hydrogen or a hydroxyl protecting 
group, as described in “Protective Groups in Organic Synthe 
sis” by Therodora W. Greene, Peter G. M. Wuts, 1999, 3" 
edition, pp 17-200, -SOH and -SOR where R is a 
saturated or unsaturated aliphatic group; a Substituted or 
unsubstituted Saturated or unsaturated alicyclic group. 

See International Patent Publication WO 2007/081808. 

0511 

R1 R7 O 21 n 

is 1 - 1 - ) N O N 

R3 R6 

R4 R5 

wherein R. R. R. R. R. R. and R", independent of each 
other, each represents hydrogen, hydroxy, mercapto, amino, 
CONH, CSNH, -NH CO. NH NH CS 
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NH, halogen, —S(=O)(OH), C-alkyl, C-alkoxy, 
Co-alkenyl, aryl, heteroaryl, Cs-heterocyclyl and C 
cycloalkyl, wherein each of hydroxy, mercapto, amino, 
- CONH2, - NH CO. NH, - NH CS NH, 
—CSNH, -SO=O)(OH), C-alkyl, C-alkoxy, C.- 
alkenyl, aryl, heteroaryl, Cs-heterocyclyl and C-cy 
cloalkyl may optionally be substituted with one or more sub 
stituents independently selected from hydroxy, mercapto, 
oxo (=O), thioxo halogen, amino, —S(=O)(OH), C 
alkoxy, C-alkenyl, aryl, heteroaryl, C-heterocyclyl, and 
C-cycloalkyl, wherein each of hydroxy, mercapto, 
—S(=O)(OH), C-alkyl, C-alkoxy, C-alkenyl, aryl, 
heteroaryl, Cs-heterocyclyl and C-cycloalkyl may 
optionally be substituted with one or more substituents inde 
pendently selected from hydroxy, mercapto, oxo, halogen, 
amino. —S(=O)(OH), halo-Ca-alkyl, halo-Ca-alkoxy, 
Co-alkyl, C-alkoxy, C2-alkenyl, aryl, heteroaryl, Cas 
heterocyclyl, and Cis-cycloalkyl; and either R is hydrogen 
and R represents Cs-heterocyclyl which, optionally, is Sub 
stituted with one or more substituents independently selected 
from hydroxy, mercapto, oxo (=O), thioxo (=S), halogen, 
amino. —S(=O)(OH), C-alkyl, C-alkoxy, C-alk 
enyl, aryl, heteroaryl, heterocycyl, and C-cycloalkyl, or 
R together with R and together with the adjacent nitrogen 
atom represents Cs-heterocyclyl which, optionally, is sub 
stituted with one or more substituents independently selected 
from hydroxy, mercapto, oxo (=O), thioxo (=S), halogen, 
amino, -SO-O)(OH), C-alkyl, C-alkoxy, C-alk 
enyl, aryl, heteroaryl, Cs-heterocyclyl, and C-cy 
cloalkyl, or a pharmaceutically acceptable salt thereof, or a 
pharmaceutically acceptable Solvate thereof, or any tauto 
meric forms, Stereoisomers, mixture of stereoisomers includ 
ing a racemic mixture, or polymorphs. 

See International Patent Publication WO 2006/0873.09. 

0512 

wherein 

R" and R are independently selected from hydrogen, 
hydroxy, Sulfanyl, amino, halogen, Sulfo, C-alkyl, C 
alkoxy, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl and 
Co-cycloalkyl, wherein each of hydroxy, Sulfanyl, sulfo, 
Co-alkyl, C-alkoxy, C2-alkenyl, aryl, heteroaryl, Cas 
heterocyclyl and Co-cycloalkyl may optionally be substi 
tuted with one or more substituents independently selected 
from hydroxy, Sulfanyl, oxo, halogen, amino, Sulfo, perha 
lomethyl, perhalomethoxy, C-alkyl, C-alkoxy, C-alk 
enyl, aryl, heteroaryl, Cs-heterocyclyl, and Co-cy 
cloalkyl, wherein each of hydroxy, Sulfanyl, Sulfo, C-alkyl, 
C-alkoxy, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl 
and Co-cycloalkyl may optionally be substituted with one 
or more substituents independently selected from hydroxy, 
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Sulfanyl, oxo, halogen, amino, Sulk), perhalomethyl, perha 
lomethoxy, C-alkyl, C-alkoxy, C-alkenyl, aryl, het 
eroaryl. Cis-heterocyclyl, and Co-cycloalkyl; 

X is N or C R; V is N or C R'; Z is N or C R: 

0513 R, R and R are independently selected from 
hydrogen, hydroxy, Sulfanyl, amino, Sulfo, C-alkyl, C 
alkenyl, aryl, heteroaryl, Cs-heterocyclyl and Co-cy 
cloalkyl, wherein each of hydroxy, Sulfanyl, amino, Sulfo, 
Co-alkyl, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl 
and Co-cycloalkyl is optionally substituted with one or 
mare Substituents independently selected from hydroxy, Sul 
fanyl, Oxo, halogen, amino, Sulfo, Co-alkyl, C2-alkenyl, 
aryl, heteroaryl, Cs-heterocyclyl and Co-cycloalkyl, 
wherein each of hydroxy, Sulfanyl, amino, Sulfo, C-alkyl, 
C2-alkenyl, aryl, heteroaryl, C-s-heterocyclyl and Co 
cycloalkyl is optionally substituted with one or more substitu 
ents independently selected from hydroxy, Sulfanyl, oXo, 
halogen, amino, Sulfo, C-alkenyl, aryl, heteroaryl, Cs 
heterocyclyl and Co-cycloalkyl, wherein each of hydroxy, 
Sulfanyl, Sulfo, C-alkyl, C-alkoxy, C-alkenyl, aryl, 
heteroaryl, Cs-heterocyclyl and Co-cycloalkyl may 
optionally be substituted with one or more substituents inde 
pendently selected from hydroxy, Sulfanyl, Oxo, halogen, 
amino, sulfo, perhalomethyl, perhalomethoxy, C-alkyl, 
Co-alkoxy, C-alkenyl, aryl, heteroaryl, Cs-heterocy 
clyl, and Co-cycloalkyl, 
R is hydrogen or fluor; 
A is selected from —O— —S —S(=O)— —S(=O) 
2 3 CHO , CHS , CHCH N(R) , 
CHCHF N(R) , CHCF, N(R)-, and 
CHFCH N(R) ; 

R is selected from hydrogen, Co-alkyl, Co-alkenyl, aryl, 
heteroaryl, Cs-heterocyclyl and Co-cycloalkyl, wherein 
each of C-alkyl, C-alkenyl, aryl, heteroaryl, Cs-het 
erocyclyl and Co-cycloalkyl is optionally substituted with 
one or more substituents independently selected from 
hydroxy, Sulfanyl, oxo, halogen, amino, Sulfo, C-alkyl, 
Co-alkenyl, aryl, heteroaryl, C-sheterocyclyl and Co 
cycloalkyl, wherein each of hydroxy, Sulfanyl, amino, Sulfo, 
Co-alkyl, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl 
and Co-cycloalkyl is optionally Substituted with one or 
more Substituents independently selected from hydroxy, Sul 
fanyl, oxo, halogen, amino, C-alkyl, perhalomethyl and 
perhalomethoxy; 

0514 R7 is selected from aryl or heteroaryl, which may 
optionally be substituted with one or more substituents 
selected from hydroxy, Sulfanyl, halogen, amino, Sulfo, C.- 
alkyl, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl and 
Co-cycloalkyl, wherein each of hydroxy, Sulfanyl, amino, 
Sulfo, C-alkyl, C-alkenyl, aryl, heteroaryl, Cs-hetero 
cyclyl and Co-cycloalkyl is optionally substituted with one 
or more substituents independently selected from hydroxy, 
Sulfanyl, oxo, halogen, amino, Sulfo, C-alkyl, C-alkenyl, 
aryl, heteroaryl, Cs-heterocyclyl and Co-cycloalkyl, 
wherein each of hydroxy, Sulfanyl, amino, Sulfo, C-alkyl, 
C2-alkenyl, aryl, heteroaryl, C-s-heterocyclyl and Co 
cycloalkyl is optionally substituted with one or more substitu 
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ents independently selected from hydroxy, Sulfanyl, OXo, 
halogen, amino, C-alkyl, perhalomethyl and perhalom 
ethoxy; 

See International Patent Publication WO 2004/111032. 

0515 

wherein 
R" and R are independently selected from hydrogen, 
hydroxy, Sulfanyl, amino, halogen, Sulk), C-alkyl, C 
alkoxy, C-alkenyl, aryl, heteroaryl, Co-heterocyclyl and 
Co-cycloalkyl, wherein each of hydroxy, Sulfanyl, Sulfo, 
Co-alkyl, C-alkoxy, C-alkenyl, aryl, heteroaryl, Cs 
heterocyclyl and Co-cycloalkyl may optionally be substi 
tuted with one or more substituents independently selected 
from hydroxy, Sulfanyl, oxo, halogen, amino, Sulfo, perha 
lomethyl, perhalomethoxy, C-alkyl, C-alkoxy, C-alk 
enyl, aryl, heteroaryl, Cs-heterocyclyl, and Co-cy 
cloalkyl: 
R. R. and R are independently selected from hydrogen, 
hydroxy, Sulfanyl, fluor, amino, Sulfo, C-alkenyl, aryl, het 
eroaryl, C-heterocyclyl and Co-cycloalkyl, wherein 
each of hydroxy, Sulfanyl, amino, Sulfo, C-alkyl, C 
alkenyl, aryl, heteroaryl, heterocyclyl and Co-cycloalkyl is 
optionally substituted with one or more substituents indepen 
dently selected from hydroxy, Sulfanyl, oxo, halogen, amino, 
Sulfo, C-alkyl, C-alkenyl, aryl, heteroaryl, Cs-hetero 
cyclyl and Co-cycloalkyl, wherein each of hydroxy, Sulfa 
nyl, amino, Sulfo, C-alkyl, C-alkenyl, aryl, heteroaryl. 
Cs-heterocyclyl and Co-cycloalkyl is optionally Substi 
tuted with one or more substituents independently selected 
from hydroxy, sulfanyl, oxo, halogen, amino, C-alkyl, per 
halomethyl and perhalomethoxy; 

See International Patent Publication WO 2004/111025. 

0516 

R2 O 

=-\ ul R-CH O N 

wherein 
R" is selected from hydroxy, sulfanyl, sulfo, Co-alkyl, Co 
alkoxy, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl and 
Co-cycloalkyl, wherein each of hydroxy, Sulfanyl, Sulfo, 
Co-alkyl, C-alkoxy, C-alkenyl, aryl, heteroaryl, Cs 
heterocyclyl and Co-cycloalkyl may optionally be substi 
tuted with one or more substituents independently selected 
from hydroxy, Sulfanyl, Oxo, halogen, amino, Sulfo, C.- 
alkyl, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl, and 

3 
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Co-cycloalkyl, wherein each of hydroxy, Sulfanyl, Sulfo, 
Co-alkyl, C-alkoxy, C2-alkenyl, aryl, heteroaryl, Cas 
heterocyclyl and Co-cycloalkyl may optionally be substi 
tuted with one or more substituents independently selected 
from hydroxy, Sulfanyl, oxo, halogen, amino, Sulfo, perha 
lomethyl, perhalomethoxy, C-alkyl, Calkoxy, C-alk 
enyl, aryl, heteroaryl, Cs-heterocyclyl, and Co-cy 
cloalkyl: 
R is selected from hydrogen, hydroxy, Sulfanyl, amino, halo 
gen, Sulfo, C6-alkyl, Co-alkoxy, C2-alkenyl, aryl, het 
eroaryl, Cs-heterocyclyl and Co-cycloalkyl, wherein 
each of hydroxy, Sulfanyl, amino, Sulfo, C-alkyl, C 
alkenyl, aryl, heteroaryl, Co-heterocyclyl and Co-cy 
cloalkyl may optionally be substituted with one or more sub 
stituents independently selected from hydroxy, Sulfanyl, oXo, 
halogen, amino, Sulfo, C-alkyl, C-alkoxy, C-alkenyl, 
aryl, heteroaryl, Cs-heterocyclyl, and Co-cycloalkyl, 
wherein each of hydroxy, sulfanyl, amino, sulfo, C-alkyl, 
Co-alkoxy, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl 
and Co-cycloalkyl may optionally be substituted with one 
or more substituents independently selected from hydroxy, 
Sulfanyl, oxo, halogen, amino, Sulfo, perhalomethyl, perha 
lomethoxy, C-alkyl, C-alkoxy, C-alkenyl, aryl, het 
eroaryl, Cs-heterocyclyl, and Co-cycloalkyl; 

See International Patent Publication WO 2004/111006. 

0517 

O 

o Al-A2 

ul A M / \,, 
\ / O N N A 

wherein 

X is N or C R. Y is N or C R, Z is N or C R: 
0518 A' is N or C R. A is N or C R7, A is N or 
C R: provided that at least one of A', A and A is N: 
R", R. R. R. R. R. R7 and Rare independently selected 
from hydrogen, hydroxy, Sulfanyl, halogen, amino, Sulfo, 
C-alkyl, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl 
and Co-cycloalkyl, wherein each of hydroxy, Sulfanyl. 
amino, Sulfo, C-alkyl, C-alkenyl, aryl, heteroaryl, Cs 
heterocyclyl and Co-cycloalkyl is optionally substituted 
with one or more substituents independently selected from 
hydroxy, Sulfanyl, oxo, halogen, amino, Sulfo, C-alkyl, 
C2-alkenyl, aryl, heteroaryl, C-s-heterocyclyl and Co 
cycloalkyl, wherein each of hydroxy, Sulfanyl, amino, Sulfo, 
Co-alkyl, C-alkenyl, aryl, heteroaryl, Cs-heterocyclyl 
and Co-cycloalkyl is optionally substituted with one or 
more Substituents independently selected from hydroxy, Sul 
fanyl, Oxo, halogen, amino, Sulfo, Co-alkyl, C2-alkenyl, 
aryl, heteroaryl, Cs-heterocyclyl and Co-cycloalkyl, 
wherein each of hydroxy, Sulfanyl, amino, Sulfo, C-alkyl, 
Co-alkenyl, aryl, heteroaryl, Cs-heterocyclyl and Co 
cycloalkyl is optionally substituted with one or more substitu 
ents independently selected from hydroxy, Sulfanyl, oXo, 
halogen, amino, Sulfo, C-alkyl, C-alkenyl, aryl, het 
eroaryl, Cs-heterocyclyl and Co-cycloalkyl, wherein 
each of hydroxy, Sulfanyl, amino, Sulfo, C-alkyl, C 
alkenyl, aryl, heteroaryl, Cs-heterocyclyl and Co-cy 
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cloalkyl is optionally substituted with one or more substitu 
ents independently selected from hydroxy, Sulfanyl, OXo, 
halogen, amino, Sulfo, C-alkyl, C-alkenyl, perhalom 
ethyl and perhalomethoxy; 

See International Patent Publication WO 2004/111007. 

0519 

wherein: 
0520 Ar is an aryl or heteroaryl group: 
0521 X is —OC(O) , NRC(O)-, -(CH), , 
—O(CH) —S(O)(CH), or—S(O)O(CH), wherein m 
is 1 or 2: 
0522) R' is selected from the group consisting of hydro 
gen, OH, Coalkyl, aryl, heteroaryl, OCoheteroaryl, 
O-aryl, O-heteroaryl, OCoalkylenylaryl, OCoalkylenyl 
heteroaryl, and N(R)R: 
0523. R. R. R. R. and R are each independently 
selected from the group consisting of hydrogen, Coalkyl, 
C(O)Coalkyl, C(O)C(O)Coalkyl, C(O)NR'R', and 
C(O)Cohaloalkyl, and 
0524 Rand Rare independently selected from the group 
consisting of hydrogen, Coalkyl, aryl, and heteroaryl, 
or a salt thereof. 
0525. In certain embodiments, the TPH1 inhibitor may be 
administered with one or more of the HSL inhibitors dis 
closed in International Patent Publication WO 2006/074957: 
International Patent Publication WO 2005/073199: Interna 
tional Patent Publication WO 2004/111031: International 
Patent Publication WO 2004/111004; International Patent 
Publication WO 2004/035550; International Patent Publica 
tion WO 2003/051841; International Patent Publication WO 
2003/051842; or International Patent Publication WO 2001/ 
O66531. 
0526 In some embodiments, the efficacy of therapy to 
prevent or treat diabetes by administering TPH1 inhibitors is 
monitored by measuring blood glucose levels before and over 
time after treatment to determine the efficacy of the therapy. 
0527 The amount of therapeutic agents such as TPH1 
inhibitors disclosed herein to be administered to a patient 
depends on many factors, as discussed herein. However, in 
humans, for example, the amount may range from about 1 
mg/day to about 2 g/day; preferably from about 15 mg/day to 
about 500 mg/day; or from about 20 mg/day to about 250 
mg/day; or from about 40 mg/day to about 100 mg/day. Other 
preferred dosages include about 2 mg/day, about 5 mg/day, 
about 10 mg/day, about 15 mg/day, about 20 mg/day, about 25 
mg/day, about 30 mg/day, about 40 mg/day, about 50 mg/day, 
about 60 mg/day, about 70 mg/day, about 80 mg/day, about 90 
mg/day, about 100 mg/day, about 125 mg/day, about 150 
mg/day, about 175 mg/day, about 200 mg/day, about 250 
mg/day, about 300 mg/day, about 350 mg/day, about 400 
mg/day, about 500 mg/day, about 600 mg/day, about 700 
mg/day, about 800 mg/day, and about 900 mg/day. 
0528. Other dose ranges that may be used include from 
about 50 mg/day to about 15 g/day; from about 50 mg/day to 
about 10 g/day; from about 50 mg/day to about 5 g/day; from 
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about 50 mg/day to about 1 g/day; from about 50 mg/day to 
about 900 mg/day; from about 50 mg/day to about 800 
mg/day; from about 50 mg/day to about 700 mg/day; from 
about 50 mg/day to about 600 mg/day; from about 50 mg/day 
to about 500 mg/day; from about 50 mg/day to about 400 
mg/day; from about 50 mg/day to about 300 mg/day; or from 
about 50 mg/day to about 200 mg/day. 
0529) Other dose ranges that may be used include from 
about 100 mg/day to about 15 g/day; from about 100 mg/day 
to about 10 g/day; from about 100 mg/day to about 5 g/day; 
from about 100 mg/day to about 1 g/day; from about 100 
mg/day to about 900 mg/day; from about 100 mg/day to about 
800 mg/day; from about 100 mg/day to about 700 mg/day; 
from about 100 mg/day to about 600 mg/day; from about 100 
mg/day to about 500 mg/day; from about 100 mg/day to about 
400 mg/day; from about 100 mg/day to about 300 mg/day; or 
from about 100 mg/day to about 200 mg/day. 
0530 Other dose ranges that may be used include from 
about 200 mg/day to about 15 g/day; from about 200 mg/day 
to about 10 g/day; from about 200 mg/day to about 5 g/day; 
from about 200 mg/day to about 1 g/day; from about 200 
mg/day to about 900 mg/day; from about 200 mg/day to about 
800 mg/day; from about 200 mg/day to about 700 mg/day; 
from about 200 mg/day to about 600 mg/day; from about 200 
mg/day to about 500 mg/day; from about 200 mg/day to about 
400 mg/day; or from about 200 mg/day to about 300 mg/day. 
0531. Other dose ranges that may be used include from 
about 300 mg/day to about 15 g/day; from about 300 mg/day 
to about 10 g/day; from about 300 mg/day to about 5 g/day; 
from about 300 mg/day to about 1 g/day; from about 300 
mg/day to about 900 mg/day; from about 300 mg/day to about 
800 mg/day; from about 300 mg/day to about 700 mg/day; 
from about 300 mg/day to about 600 mg/day; from about 300 
mg/day to about 500 mg/day; or from about 300 mg/day to 
about 400 mg/day. 
0532. Other dose ranges that may be used include from 
about 400 mg/day to about 15 g/day; from about 400 mg/day 
to about 10 g/day; from about 400 mg/day to about 5 g/day; 
from about 400 mg/day to about 1 g/day; from about 400 
mg/day to about 900 mg/day; from about 400 mg/day to about 
800 mg/day; from about 400 mg/day to about 700 mg/day; 
from about 400 mg/day to about 600 mg/day; or from about 
400 mg/day to about 500 mg/day. 
0533. Other dose ranges that may be used include from 
about 500 mg/day to about 15 g/day; from about 500 mg/day 
to about 10 g/day; from about 500 mg/day to about 5 g/day; 
from about 500 mg/day to about 4 g/day; from about 500 
mg/day to about 3 g/day; from about 500 mg/day to about 2 
g/day; from about 500 mg/day to about 1 g/day; from about 
500 mg/day to about 900 mg/day; from about 500 mg/day to 
about 800 mg/day; from about 500 mg/day to about 700 
mg/day; or from about 500 mg/day to about 600 mg/day. 
0534. Other dose ranges that may be used include from 
about 600 mg/day to about 15 g/day; from about 600 mg/day 
to about 10 g/day; from about 600 mg/day to about 5 g/day; 
from about 600 mg/day to about 4 g/day; from about 600 
mg/day to about 3 g/day; from about 600 mg/day to about 2 
g/day; from about 600 mg/day to about 1 g/day; from about 
600 mg/day to about 900 mg/day; from about 600 mg/day to 
about 800 mg/day; or from about 600 mg/day to about 700 
mg/day. 
0535. Other dose ranges that may be used include from 
about 700 mg/day to about 15 g/day; from about 700 mg/day 
to about 10 g/day; from about 700 mg/day to about 5 g/day; 
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from about 700 mg/day to about 4 g/day; from about 700 
mg/day to about 3 g/day; from about 700 mg/day to about 2 
g/day; from about 700 mg/day to about 1 g/day; from about 
700 mg/day to about 900 mg/day; or from about 700 mg/day 
to about 800 mg/day. 
0536. Other dose ranges that may be used include from 
about 800 mg/day to about 15 g/day; from about 800 mg/day 
to about 10 g/day; from about 800 mg/day to about 5 g/day; 
from about 800 mg/day to about 4 g/day; from about 800 
mg/day to about 3 g/day; from about 800 mg/day to about 2 
g/day; from about 800 mg/day to about 1 g/day; or from about 
800 mg/day to about 900 mg/day. 
0537 Other dose ranges that may be used include from 
about 900 mg/day to about 15 g/day; from about 900 mg/day 
to about 10 g/day; from about 900 mg/day to about 5 g/day; 
from about 900 mg/day to about 4 g/day; from about 900 
mg/day to about 3 g/day; from about 900 mg/day to about 2 
g/day; or from about 900 mg/day to about 1 g/day. 
0538. Other dose ranges that may be used include from 
about 1 g/day to about 15 g/day; from about 1 g/day to about 
10 g/day; from about 1 g/day to about 5 g/day; from about 1 
g/day to about 4 g/day; from about 1 g/day to about 3 g/day; 
or from about 1 g/day to about 2 g/day. 
0539. Other dosages that may be used include from about 
1 g/day, about 2 g/day, about 3 g/day, about 4 g/day, about 5 
g/day, about 6 g/day, about 7 g/day, about 8 g/day, about 9 
g/day, about 10 g/day, about 11 g/day, about 12 g/day, about 
13 g/day, about 14 g/day, or about 15 g/day. 
0540. The amount of therapeutic agent disclosed hereinto 
be administered to a patient may range from about 5 mg/kg/ 
day to about 500 mg/kg/day, from about 5 mg/kg/day to about 
400 mg/kg/day, from about 5 mg/kg/day to about 300 mg/kg/ 
day, from about 5 mg/kg/day to about 250 mg/kg/day, from 
about 5 mg/kg/day to about 200 mg/kg/day, from about 5 
mg/kg/day to about 150 mg/kg/day, from about 5 mg/kg/day 
to about 100 mg/kg/day, from about 5 mg/kg/day to about 75 
mg/kg/day, from about 5 mg/kg/day to about 50 mg/kg/day, 
from about 5 mg/kg/day to about 40 mg/kg/day, from about 5 
mg/kg/day to about 35 mg/kg/day, from about 5 mg/kg/day to 
about 30 mg/kg/day, from about 5 mg/kg/day to about 25 
mg/kg/day, from about 5 mg/kg/day to about 24 mg/kg/day, 
from about 5 mg/kg/day to about 23 mg/kg/day, from about 5 
mg/kg/day to about 22 mg/kg/day, from about 5 mg/kg/day to 
about 21 mg/kg/day, from about 5 mg/kg/day to about 20 
mg/kg/day, from about 5 mg/kg/day to about 19 mg/kg/day, 
from about 5 mg/kg/day to about 18 mg/kg/day, from about 5 
mg/kg/day to about 17 mg/kg/day, from about 5 mg/kg/day to 
about 16 mg/kg/day, from about 5 mg/kg/day to about 15 
mg/kg/day, from about 5 mg/kg/day to about 14 mg/kg/day, 
from about 5 mg/kg/day to about 13 mg/kg/day, from about 5 
mg/kg/day to about 12 mg/kg/day, from about 5 mg/kg/day to 
about 11 mg/kg/day, or from about 5 mg/kg/day to about 10 
mg/kg/day. 
0541. Other dose ranges that may be used include from 
about 10 mg/kg/day to about 500 mg/kg/day, from about 10 
mg/kg/day to about 400 mg/kg/day, from about 10 mg/kg/day 
to about 300 mg/kg/day, from about 10 mg/kg/day to about 
250 mg/kg/day, from about 10 mg/kg/day to about 200 
mg/kg/day, from about 10 mg/kg/day to about 150 mg/kg/ 
day, from about 10 mg/kg/day to about 100 mg/kg/day, from 
about 10 mg/kg/day to about 75 mg/kg/day, from about 10 
mg/kg/day to about 50 mg/kg/day, from about 10 mg/kg/day 
to about 45 mg/kg/day, from about 10 mg/kg/day to about 40 
mg/kg/day, from about 10 mg/kg/day to about 35 mg/kg/day, 
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from about 10 mg/kg/day to about 34 mg/kg/day, from about 
10 mg/kg/day to about 33 mg/kg/day, from about 10 mg/kg/ 
day to about 32 mg/kg/day, from about 10 mg/kg/day to about 
31 mg/kg/day, from about 10 mg/kg/day to about 30 mg/kg/ 
day, from about 10 mg/kg/day to about 29 mg/kg/day, from 
about 10 mg/kg/day to about 28 mg/kg/day, from about 10 
mg/kg/day to about 27 mg/kg/day, from about 10 mg/kg/day 
to about 26 mg/kg/day, from about 10 mg/kg/day to about 25 
mg/kg/day, from about 10 mg/kg/day to about 24 mg/kg/day, 
from about 10 mg/kg/day to about 23 mg/kg/day, from about 
10 mg/kg/day to about 22 mg/kg/day, from about 10 mg/kg/ 
day to about 21 mg/kg/day, from about 10 mg/kg/day to about 
20 mg/kg/day, from about 10 mg/kg/day to about 19 mg/kg/ 
day, from about 10 mg/kg/day to about 18 mg/kg/day, from 
about 10 mg/kg/day to about 17 mg/kg/day, from about 10 
mg/kg/day to about 16 mg/kg/day, or from about 10 mg/kg/ 
day to about 15 mg/kg/day. 
0542. Other dose ranges that may be used include from 
about 15 mg/kg/day to about 500 mg/kg/day, from about 15 
mg/kg/day to about 400 mg/kg/day, from about 15 mg/kg/day 
to about 300 mg/kg/day, from about 15 mg/kg/day to about 
250 mg/kg/day, from about 15 mg/kg/day to about 200 
mg/kg/day, from about 15 mg/kg/day to about 150 mg/kg/ 
day, from about 15 mg/kg/day to about 100 mg/kg/day, from 
about 15 mg/kg/day to about 75 mg/kg/day, from about 15 
mg/kg/day to about 50 mg/kg/day, from about 15 mg/kg/day 
to about 40 mg/kg/day, from about 15 mg/kg/day to about 30 
mg/kg/day, from about 15 mg/kg/day to about 25 mg/kg/day, 
or from about 15 mg/kg/day to about 20 mg/kg/day. 
0543. Other dose ranges that may be used include from 
about 20 mg/kg/day to about 500 mg/kg/day, from about 20 
mg/kg/day to about 400 mg/kg/day, from about 20 mg/kg/day 
to about 300 mg/kg/day, from about 20 mg/kg/day to about 
250 mg/kg/day, from about 20 mg/kg/day to about 200 
mg/kg/day, from about 20 mg/kg/day to about 150 mg/kg/ 
day, from about 20 mg/kg/day to about 100 mg/kg/day, from 
about 20 mg/kg/day to about 75 mg/kg/day, from about 20 
mg/kg/day to about 50 mg/kg/day, from about 20 mg/kg/day 
to about 40 mg/kg/day, from about 20 mg/kg/day to about 30 
mg/kg/day, or from about 20 mg/kg/day to about 25 mg/kg/ 
day. 
0544 Other dose ranges that may be used include from 
about 25 mg/kg/day to about 500 mg/kg/day, from about 25 
mg/kg/day to about 400 mg/kg/day, from about 25 mg/kg/day 
to about 300 mg/kg/day, from about 25 mg/kg/day to about 
250 mg/kg/day, from about 25 mg/kg/day to about 200 
mg/kg/day, from about 25 mg/kg/day to about 150 mg/kg/ 
day, from about 25 mg/kg/day to about 100 mg/kg/day, from 
about 25 mg/kg/day to about 75 mg/kg/day, from about 25 
mg/kg/day to about 50 mg/kg/day, from about 25 mg/kg/day 
to about 40 mg/kg/day, or from about 25 mg/kg/day to about 
30 mg/kg/day. 
0545. Other dose ranges that may be used include from 
about 30 mg/kg/day to about 500 mg/kg/day, from about 30 
mg/kg/day to about 400 mg/kg/day, from about 30 mg/kg/day 
to about 300 mg/kg/day, from about 30 mg/kg/day to about 
250 mg/kg/day, from about 30 mg/kg/day to about 200 
mg/kg/day, from about 30 mg/kg/day to about 150 mg/kg/ 
day, from about 30 mg/kg/day to about 100 mg/kg/day, from 
about 30 mg/kg/day to about 75 mg/kg/day, from about 30 
mg/kg/day to about 50 mg/kg/day, or from about 30 mg/kg/ 
day to about 40 mg/kg/day. 
0546. Other dose ranges that may be used include from 
about 40 mg/kg/day to about 500 mg/kg/day, from about 40 
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mg/kg/day to about 400 mg/kg/day, from about 40 mg/kg/day 
to about 300 mg/kg/day, from about 40 mg/kg/day to about 
250 mg/kg/day, from about 40 mg/kg/day to about 200 
mg/kg/day, from about 40 mg/kg/day to about 150 mg/kg/ 
day, from about 40 mg/kg/day to about 100 mg/kg/day, from 
about 40 mg/kg/day to about 75 mg/kg/day, from about 40 
mg/kg/day to about 60 mg/kg/day, or from about 40 mg/kg/ 
day to about 50 mg/kg/day. 
0547. Other dose ranges that may be used include from 
about 50 mg/kg/day to about 500 mg/kg/day, from about 50 
mg/kg/day to about 400 mg/kg/day, from about 50 mg/kg/day 
to about 300 mg/kg/day, from about 50 mg/kg/day to about 
250 mg/kg/day, from about 50 mg/kg/day to about 200 
mg/kg/day, from about 50 mg/kg/day to about 175 mg/kg/ 
day, from about 50 mg/kg/day to about 150 mg/kg/day, from 
about 50 mg/kg/day to about 125 mg/kg/day, from about 50 
mg/kg/day to about 100 mg/kg/day, from about 50 mg/kg/day 
to about 75 mg/kg/day, or from about 50 mg/kg/day to about 
60 mg/kg/day. 
0548. Other dose ranges that may be used include from 
about 60 mg/kg/day to about 500 mg/kg/day, from about 60 
mg/kg/day to about 400 mg/kg/day, from about 60 mg/kg/day 
to about 300 mg/kg/day, from about 60 mg/kg/day to about 
250 mg/kg/day, from about 60 mg/kg/day to about 200 
mg/kg/day, from about 60 mg/kg/day to about 175 mg/kg/ 
day, from about 60 mg/kg/day to about 150 mg/kg/day, from 
about 60 mg/kg/day to about 125 mg/kg/day, from about 60 
mg/kg/day to about 100 mg/kg/day, or from about 60 mg/kg/ 
day to about 75 mg/kg/day. 
0549 Other dose ranges that may be used include from 
about 70 mg/kg/day to about 500 mg/kg/day, from about 70 
mg/kg/day to about 400 mg/kg/day, from about 70 mg/kg/day 
to about 300 mg/kg/day, from about 70 mg/kg/day to about 
250 mg/kg/day, from about 70 mg/kg/day to about 200 
mg/kg/day, from about 70 mg/kg/day to about 175 mg/kg/ 
day, from about 70 mg/kg/day to about 150 mg/kg/day, from 
about 70 mg/kg/day to about 125 mg/kg/day, or from about 70 
mg/kg/day to about 100 mg/kg/day. 
0550 Other dose ranges that may be used include from 
about 80 mg/kg/day to about 500 mg/kg/day, from about 80 
mg/kg/day to about 400 mg/kg/day, from about 80 mg/kg/day 
to about 300 mg/kg/day, from about 80 mg/kg/day to about 
250 mg/kg/day, from about 80 mg/kg/day to about 200 
mg/kg/day, from about 80 mg/kg/day to about 175 mg/kg/ 
day, from about 80 mg/kg/day to about 150 mg/kg/day, from 
about 80 mg/kg/day to about 125 mg/kg/day, or from about 80 
mg/kg/day to about 100 mg/kg/day. 
0551. Other dose ranges that may be used include from 
about 90 mg/kg/day to about 500 mg/kg/day, from about 90 
mg/kg/day to about 400 mg/kg/day, from about 90 mg/kg/day 
to about 300 mg/kg/day, from about 90 mg/kg/day to about 
250 mg/kg/day, from about 90 mg/kg/day to about 200 
mg/kg/day, from about 90 mg/kg/day to about 175 mg/kg/ 
day, from about 90 mg/kg/day to about 150 mg/kg/day, from 
about 90 mg/kg/day to about 125 mg/kg/day, or from about 90 
mg/kg/day to about 100 mg/kg/day. 
0552. Other dose ranges that may be used include from 
about 100 mg/kg/day to about 500 mg/kg/day, from about 100 
mg/kg/day to about 400 mg/kg/day, from about 100 mg/kg/ 
day to about 300 mg/kg/day, from about 100 mg/kg/day to 
about 250 mg/kg/day, from about 100 mg/kg/day to about 200 
mg/kg/day, from about 100 mg/kg/day to about 175 mg/kg/ 
day, from about 100 mg/kg/day to about 150 mg/kg/day, or 
from about 100 mg/kg/day to about 125 mg/kg/day. 
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0553 Other dosages that may be used include about 5 
mg/kg/day, about 6 mg/kg/day, about 7 mg/kg/day, about 8 
mg/kg/day, about 9 mg/kg/day, about 10 mg/kg/day, about 11 
mg/kg/day, about 12 mg/kg/day, about 13 mg/kg/day, about 
14 mg/kg/day, about 15 mg/kg/day, about 16 mg/kg/day, 
about 17 mg/kg/day, about 18 mg/kg/day, about 19 mg/kg/ 
day, about 20 mg/kg/day, about 21 mg/kg/day, about 22 
mg/kg/day, about 23 mg/kg/day, about 24 mg/kg/day, about 
25 mg/kg/day, about 26 mg/kg/day, about 27 mg/kg/day, 
about 28 mg/kg/day, about 29 mg/kg/day, about 30 mg/kg/ 
day, about 31 mg/kg/day, about 32 mg/kg/day, about 33 
mg/kg/day, about 34 mg/kg/day, about 35 mg/kg/day, about 
36 mg/kg/day, about 37 mg/kg/day, about 38 mg/kg/day, 
about 39 mg/kg/day, about 40 mg/kg/day, about 45 mg/kg/ 
day, about 50 mg/kg/day, about 60 mg/kg/day, about 70 
mg/kg/day, about 80 mg/kg/day, about 90 mg/kg/day, about 
100 mg/kg/day, about 125 mg/kg/day, about 150 mg/kg/day, 
about 175 mg/kg/day, about 200 mg/kg/day, about 250 
mg/kg/day, or about 350 mg/kg/day. 
0554. The amounts and dosages of therapeutic agents dis 
closed above may be administered in the form of a once-per 
day pharmaceutical composition. Thus, e.g., the disclosure of 
50 mg/day is to be taken as including the disclosure of a 
pharmaceutical composition comprising a therapeutic agent 
as disclosed herein where the pharmaceutical composition 
comprises 50 mg of the therapeutic agent. 
0555 Routine experimentation will determine the appro 
priate dosage for each patient and each therapeutic agent by 
monitoring the therapeutic agent’s effect on serum or plasma 
serotonin levels, which can be frequently and easily moni 
tored. The therapeutic agent can be administered once or 
multiple times per day. Serum or plasma serotonin levels can 
be monitored before and during therapy to determine the 
appropriate amount of therapeutic agent to administer to 
lower serum or plasma serotonin levels or bring serum or 
plasma serotonin levels to normal and to maintain normal 
levels overextended periods of time. The frequency of admin 
istration may vary from a single dose per day to multiple 
doses per day. Preferred routes of administration include oral, 
intravenous and intraperitoneal, but other forms of adminis 
tration may be chosen as well. 
0556. In certain embodiments, the therapeutic agents of 
the invention act selectively on peripheral serotonin or are 
administered in an amount that decreases serum or plasma 
serotonin without increasing or decreasing brain-derived 
serotonin. 

0557 Monitoring the therapeutic efficacy of TPH1 inhibi 
tors is straightforward, as one can administer the TPH1 
inhibitors in an amount and for a duration that reduces serum 
or plasma serotonin levels, and over time decreases blood 
glucose levels. Serum or plasma serotonin levels and blood 
glucose levels can be easily measured. Monitoring serum or 
plasma serotonin is simple and can be done frequently during 
the course of therapy to establish the appropriate dose for 
each patient. Any method known in the art for assaying serum 
or plasma serotonin can be used. Measuring blood glucose 
levels may also be done by methods known in the art. 
0558. In certain embodiments, the methods of the present 
invention comprise the step of identifying a patient in need of 
therapy for diabetes. Thus, the present invention provides a 
method comprising: 
0559 
betes; 

(a) identifying a patient in need of therapy for dia 
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0560 (b) administering to the patient a therapeutically 
effective amount of a therapeutic agent that decreases serum 
or plasma serotonin levels in order to prevent or treat diabetes 
in the patient identified in step (a). 
0561. In certain embodiments, “identifying in step (a) 
above may be done by measuring the patients level of blood, 
serum, or plasma serotonin, e.g., by forming a detectable 
complex of blood, serum, or plasma serotonin and a reagent 
that binds to blood, serum, or plasma serotonin in order to 
determine the patients level of blood, serum, or plasma sero 
tonin, where an elevated level of blood, serum, or plasma 
serotonin identifies the patient as being in need of therapy for 
diabetes. In certain embodiments, the reagent is an antibody 
or antibody fragment that binds to serotonin. In certain 
embodiments, the antibody orantibody fragment that binds to 
serotonin is labeled (e.g., radioactively, antigenically, fluo 
rescently, with peroxidase, etc.) and measuring the patients 
level of blood, serum, or plasma serotonin includes the step of 
detecting a physical transformation in the label (e.g., radio 
active decay of the label) or in a substance acted upon by the 
label (oxidation of a substrate by a peroxidase label). 
0562. In certain embodiments, “identifying in step (a) 
above includes transforming serotonin from a bodily sample 
from the patient into a derivative of serotonin, e.g., N-acyl 
serotonin. In certain embodiments, “identifying in step (a) 
above includes Subjecting serotonin or a serotonin derivative 
from a bodily sample from the patient to chromatography 
where the serotonin is separated from the components of the 
blood with which it is normally found and interacts with the 
stationary phase used in the chromatographic process. 
0563. In certain embodiments, the patient’s level of blood, 
serum, or plasma serotonin is determined to be elevated in 
comparison to a standard level of blood, serum, or plasma 
serotonin that has previously been determined to be a normal 
level. In other embodiments, the patient’s level of blood, 
serum, or plasma serotonin is determined to be elevated in 
comparison to a level of blood, serum, or plasma serotonin 
measured in a person who is known not to be in need of 
therapy for diabetes. In other embodiments, the patient’s level 
of blood, serum, or plasma serotonin is determined to be 
elevated in comparison to a level of blood, serum, or plasma 
serotonin measured in the patient at a time when the patient 
was known not to be in need of therapy for diabetes. 
0564. In certain embodiments, “a patient in need of 
therapy for diabetes’ is a patient with an elevated blood 
glucose level, “identifying in step (a) above may be done by 
measuring the patient’s blood glucose level, e.g., by forming 
a detectable complex of glucose obtained from the blood of 
the patient and a reagent that binds to glucose in order to 
determine the patient’s blood glucose level, where an 
elevated blood glucose level identifies the patient as being in 
need of therapy for diabetes. In certain embodiments, the 
reagent is labeled (e.g., radioactively, antigenically, fluores 
cently, with peroxidase etc.) and measuring the patients 
blood glucose level includes the step of detecting a physical 
transformation in the label (e.g., radioactive decay of the 
label) or in a substance acted upon by the label (oxidation of 
a substrate by a peroxidase label to transform the substrate 
into a different substance). 
0565. In certain embodiments, “identifying in step (a) 
above includes transforming glucose from a bodily sample 
from the patient into a derivative of glucose, e.g., by contact 
ing glucose from the patient’s blood with glucose oxidase, 
thereby oxidizing the glucose. In certain embodiments, 
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“identifying in step (a) above includes Subjecting glucose or 
a glucose derivative from a bodily sample from the patient to 
chromatography where the glucose is separated from the 
components of the blood with which it is normally found and 
interacts with the stationary phase used in the chromato 
graphic process. 
0566 In certain embodiments, the patient’s level of blood 
glucose is determined to be elevated in comparison to a stan 
dard level of blood glucose that has previously been deter 
mined to be a normal level. In other embodiments, the 
patient’s level of blood glucose is determined to be elevated in 
comparison to a level of blood glucose measured in a person 
who is known not to be in need of therapy for diabetes. In 
other embodiments, the patient’s level of blood glucose is 
determined to be elevated in comparison to a level of blood 
glucose measured in the patientata time when the patient was 
known not to be in need of therapy for diabetes. 
0567 The present invention encompasses a TPH1 inhibi 
tor for use in the prevention or treatment of diabetes in a 
patient in need of Such prevention or treatment. The patient is 
preferably a mammal, e.g., a human. The TPH1 inhibitor may 
be a therapeutic agent selected from therapeutic agents (1)- 
(189) disclosed herein or the therapeutic agents listed in Table 
1. In certain embodiments, the diabetes is Type II diabetes. In 
other embodiments, the diabetes is Type I diabetes. 
0568. The present invention encompasses the use a TPH1 
inhibitor for the manufacture of a medicament for preventing 
or treating diabetes. In certain embodiments, the present 
invention encompasses the use ofatherapeutic agent selected 
from therapeutic agents (1)-(189) disclosed herein or the 
therapeutic agents listed in Table 1 for the manufacture of a 
medicament for preventing or treating diabetes. In certain 
embodiments, the diabetes is Type II diabetes. In other 
embodiments, the diabetes is Type I diabetes. 

Pharmaceutical Compositions 
0569. Therapeutic agents such as the TPH1 inhibitors 
described herein may be formulated into pharmaceutical 
compositions. The pharmaceutical compositions may be sol 
ids or liquids. The therapeutic agents may be present in the 
pharmaceutical compositions in the form of salts of pharma 
ceutically acceptable acids or in the form of bases. The thera 
peutic agents may be present in amorphous form or in crys 
talline forms, including hydrates and solvates. Preferably, the 
pharmaceutical compositions comprise a therapeutically 
effective amount of a TPH1 inhibitor. 
0570 Pharmaceutically acceptable derivatives of any of 
the TPH1 inhibitors described herein are within the scope of 
the invention. A “pharmaceutically acceptable derivative' of 
a TPH1 inhibitor means any non-toxic derivative of a TPH1 
inhibitor described herein that, upon administration to a 
patient, exhibits the same or similar activity with respect to 
reducing blood, serum, or plasma serotonin levels as the 
TPH1 inhibitor described herein. 
0571 Pharmaceutically acceptable salts of the therapeutic 
agents described herein for use in treating or preventing dia 
betes include those salts derived from pharmaceutically 
acceptable inorganic and organic acids and bases. Examples 
of suitable acid salts include acetate, adipate, alginate, aspar 
tate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, 
camphorate, camphorsulfonate, cyclopentanepropionate, 
digluconate, dodecylsulfate, ethanesulfonate, formate, fuma 
rate, glucoheptanoate, glycerophosphate, glycolate, hemisul 
fate, heptanoate, hexanoate, hydrochloride, hydrobromide, 
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hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, 
malonate, methanesulfonate, 2-naphthalenesulfonate, nicoti 
nate, nitrate, oxalate, palmoate, pectinate, persulfate, 3-phe 
nylpropionate, phosphate, picrate, pivalate, propionate, Sali 
cylate. Succinate, Sulfate, tartrate, thiocyanate, tosylate and 
undecanoate salts. Other acids, such as oxalic, while not in 
themselves pharmaceutically acceptable, may be employed 
in the preparation of salts useful as intermediates in obtaining 
the therapeutic agents of the invention and their pharmaceu 
tically acceptable acid addition salts. 
0572 Salts derived from appropriate bases include alkali 
metal (e.g., sodium and potassium), alkaline earth metal (e.g., 
magnesium), ammonium and N(C. alkyl) salts. The 
present invention also envisions the quaternization of any 
basic nitrogen-containing groups of the therapeutic agents 
disclosed herein. Water or oil-soluble or dispersible products 
may be obtained by Such quaternization. 
0573 The therapeutic agents disclosed herein are also 
meant to include all stereochemical forms of the therapeutic 
agents (i.e., the R and S configurations for each asymmetric 
center). Therefore, the use of single enantiomers, racemic 
mixtures, and diastereomers of the therapeutic agents is 
within the scope of the invention. Also within the scope of the 
invention is the use of steric isomers and positional isomers of 
the therapeutic agents. The therapeutic agents of the present 
invention are also meant to include compounds which differ 
only in the presence of one or more isotopically enriched 
atoms. For example, therapeutic agents in which one or more 
hydrogens are replaced by deuterium or tritium, or the 
replacement of one or more carbons by 'C- or 'C-enriched 
carbon, are within the scope of this invention. 
0574. In a particular embodiment, the therapeutic agents 
of the present invention are administered in a pharmaceutical 
composition that includes a pharmaceutically acceptable car 
rier, adjuvant, or vehicle. The term “pharmaceutically accept 
able carrier, adjuvant, or vehicle' refers to a non-toxic carrier, 
adjuvant, or vehicle that does not destroy or significantly 
diminish the pharmacological activity of the therapeutic 
agent with which it is formulated. Pharmaceutically accept 
able carriers, adjuvants or vehicles that may be used in the 
pharmaceutical compositions of this invention encompass 
any of the standard pharmaceutically accepted Solid carriers 
as well as liquid carriers such as a phosphate-buffered saline 
Solution, water, as well as emulsions such as an oil/water 
emulsion or a triglyceride emulsion. An example of an 
acceptable triglyceride emulsion useful in the intravenous 
and intraperitoneal administration of the compounds is the 
triglyceride emulsion commercially known as 
INTRALIPID(R). Solid carriers may include excipients such 
as starch, milk, Sugar, certain types of clay, Stearic acid, talc, 
gums, glycols, or other known excipients. Carriers may also 
include flavor and color additives or other ingredients. 
0575. The pharmaceutical compositions of the present 
invention are preferably administered orally. However, the 
pharmaceutical compositions may be administered parenter 
ally, by inhalation spray, topically, rectally, nasally, buccally, 
vaginally or via an implanted reservoir. Preferably, the phar 
maceutical compositions are administered orally, intraperito 
neally or intravenously. Sterile injectable forms of the phar 
maceutical compositions may be aqueous or oleaginous 
Suspensions. These Suspensions may be formulated accord 
ing to techniques known in the art using Suitable dispersing or 
wetting agents and Suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution or Sus 
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pension in a non-toxic parenterally acceptable diluent or Sol 
vent, for example as a solution in 1,3-butanediol. Among the 
acceptable vehicles and solvents that may be employed are 
water, Ringer's Solution and isotonic sodium chloride solu 
tions. In addition, sterile, fixed oils are conventionally 
employed as a solvent or Suspending medium. 
0576 For this purpose, any bland fixed oil may be 
employed including synthetic mono- or di-glycerides. Fatty 
acids, such as oleic acid and its glyceride derivatives are 
useful in the preparation of injectables, as are natural phar 
maceutically-acceptable oils such as olive oil or castor oil, 
especially in their polyoxyethylated versions. These oil solu 
tions or Suspensions may also contain a long-chain alcohol 
diluent or dispersant, such as carboxymethyl cellulose or 
similar dispersing agents that are commonly used in the for 
mulation of pharmaceutically acceptable dosage forms 
including emulsions and Suspensions. Other commonly used 
Surfactants, such as Tweens, Spans and other emulsifying 
agents or bioavailability enhancers which are commonly used 
in the manufacture of pharmaceutically acceptable solid, liq 
uid, or other dosage forms may also be used for the purposes 
of formulation. 

0577. The pharmaceutical compositions of this invention 
may be orally administered in any orally acceptable dosage 
form including, but not limited to, Solid forms such as cap 
Sules and tablets. In the case of tablets for oral use, carriers 
commonly used include microcrystalline cellulose, lactose 
and corn starch. Lubricating agents, such as magnesium 
Stearate, are also typically added. When aqueous Suspensions 
are required for oral use, the active ingredient may be com 
bined with emulsifying and Suspending agents. If desired, 
certain Sweetening, flavoring or coloring agents may also be 
added. 

0578. The pharmaceutical compositions of this invention 
may also be administered by nasal aerosol or inhalation. Such 
pharmaceutical compositions are prepared according to tech 
niques well-known in the art of pharmaceutical formulation 
and may be prepared as solutions in Saline, employing benzyl 
alcohol or other suitable preservatives, absorption promoters 
to enhance bioavailability, fluorocarbons, and/or other con 
ventional solubilizing or dispersing agents. 

0579. Should topical administration be desired, it can be 
accomplished using any method commonly known to those 
skilled in the art and includes but is not limited to incorpora 
tion of the pharmaceutical composition into creams, oint 
ments, or transdermal patches. 
0580. The pharmaceutical compositions may contain 
derivatives of the TPH1 inhibitors. For example, the TPH1 
inhibitors of the present invention can be derivatized by the 
formation of a reversible linkage with one or more suitable 
groups to yield "pro-drugs, i.e., chemical derivatives that, 
after absorption by the host, are converted into the parent 
compound. Liberation of the parent compound may be by 
chemical hydrolysis or enzymatic attack. A derivative or pro 
drug can have enhanced permeability for the target organ. In 
the case of TPH1 inhibitors, the target organ is the duodenum 
where 95% of peripheral serotonin is made. The prodrug has 
an enhanced permeability according to the present invention 
if, after administration of the pro-drug orderivative thereof to 
a living organism, a higher amount of the compound reaches 
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the target organ, resulting in a higher level of effective thera 
peutic agent, as compared to administration of the base com 
pound without derivatization. 
0581. The amount of the therapeutic agents of the present 
invention that may be combined with the carrier materials to 
produce a pharmaceutical composition in a single dosage 
form may vary depending upon the patient being treated and 
the particular mode of administration. It should be understood 
that a specific dosage and treatment regimen for any particu 
lar patient will depend upon a variety of factors, including the 
activity of the specific therapeutic agent employed, the age, 
body weight, general health, sex, diet, time of administration, 
rate of excretion, drug combination, and the judgment of the 
treating physician, as well as the severity of the particular 
condition being treated. Despite their variety, accounting for 
these factors in order to select an appropriate dosage or treat 
ment regimen is routinely done in the art and thus would 
require no more than routine experimentation. 
0582. The dosage of TPH1 inhibitor administered may 
also depend on whether the TPH1 inhibitor is being admin 
istered for the prevention or for the treatment of diabetes. For 
prevention, preferred dose ranges include from about 5 
mg/kg/day to about 250 mg/kg/day; from about 5 mg/kg/day 
to about 100 mg/kg/day; or from about 5 mg/kg/day to about 
30 mg/kg/day; with about 10 mg/kg/day being especially 
preferred. 

0583. For treatment, preferred dose ranges include from 
about 10 mg/kg/day to about 250 mg/kg/day; from about 10 
mg/kg/day to about 50 mg/kg/day; or from about 10 mg/kg/ 
day to about 30 mg/kg/day, with about 25 mg/kg/day being 
especially preferred. 
0584. Additional drugs which are normally administered 
to treat diabetes may also be administered with the therapeu 
tic agents of this invention. Those additional drugs may be 
administered separately from the therapeutic agents that are 
used to lower blood, serum, or plasma serotonin levels, as part 
of a multiple drug dosage regimen. Alternatively, those addi 
tional drugs may be part of a single dosage form, mixed 
together or otherwise combined with the therapeutic agents 
that are used to lower blood, serum, or plasma serotonin levels 
in a single pharmaceutical composition. If administered as 
part of a multiple drug dosage regime, the additional drugs 
and the therapeutic agents used to lower blood, serum, or 
plasma serotonin levels may be administered simultaneously, 
sequentially or within a selected specified period of time from 
one another. The amount of both the therapeutic agent that is 
used to lower blood, serum, or plasma serotonin levels and the 
additional drug (in those compositions which comprise an 
additional drug) that may be combined with the carrier mate 
rials to produce a single dosage form will vary depending 
upon the patient treated and the particular mode of adminis 
tration as well as on the nature of the therapeutic agent that is 
used to lower blood, serum, or plasma serotonin levels and the 
nature of the additional drug. 
0585. In the present specification, the invention has been 
described with reference to specific embodiments thereof. It 
will, however, be evident that various modifications and 
changes may be made thereto without departing from the 
broader spirit and scope of the invention. The specification 
and drawings are, accordingly, to be regarded in an illustrative 
rather than a restrictive sense. 
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EXAMPLES 

Example 1 

Materials & Methods 

0586 Animal Experiments 
0587 Mice were housed under 12:12 light:dark cycle and 
chow and water were provided ad libitum. All animals were 
maintained according to NIH guidelines. The Htr2bflox/flox, 
Tph1 flox/flox, and Villin-cre mice have been described pre 
viously (1). Alb-cre and aP2-cre mice were obtained from the 
Jackson Laboratory. For glucose tolerance tests mice were 
fasted overnight before i.p. injection of 2 g/kg body weight 
(BW) d-glucose in phosphate buffered saline (PBS) or 1 g/kg 
BW when mice were fed high fat diet. For pyruvate tolerance 
tests, mice were fasted overnight, injected i.p. with 2 g/kg BW 
sodium pyruvate in PBS. Glycerol tolerance test (4 g/kg BW) 
was performed after 4h fasting. For insulin tolerance tests, 
mice were injected with 0.75 U/kg of insulin after 4h fasting. 
Glucose was measured by tail vein bleeds at the indicated 
intervals using an ACCU-CHECKR) glucometer. Measure 
ment of free fatty acids (FFA) and glycerol were performed in 
plasma using a serum triglycerides determination kit 
(TR0100, Sigma) and a NEFA-HR(2) kit (WAKO Diagnos 
tics). Plasma concentration of serotonin and glucagon were 
determined by Glucagon ELISA (Alpco, 48-GLUHU-E01) 
and Serotonin (Research) ELISA, (IBL-America, IB89540). 
Hyperinsulinemic-euglycemic clamp was performed in the 
University of Massachusetts Mouse Phenotyping Center, 
University of Massachusetts Medical School. LP533401 was 
purchased from Dalton Pharma Services (Toronto, Ontario, 
Canada), dissolved in polyethylene glycol 400 and Supple 
mented with 2.5% glucose, and administered daily at the dose 
of 100 mg/kg by gavage. 
0588. Histology 
0589 Histological analyses were performed on paraffin 
embedded epididymal fat. 5 um thick sections were stained 
with hematoxylin-eosin and analyzed using a 20x objective. 
Quantification of the size of individual adipocytes was per 
formed using Image.J. 
0590 Enzymatic Activity Assays 
0591 fructose-1,6-bisphosphatase (FBPase) and glucose 
6-phosphatase (G6Pase) enzymatic activities assays were 
performed as described previously (2-3). All reagents were 
obtained from Sigma. 
0592. In Vitro Lipolysis of Isolated Fat Pads 
0593. In vitro lipolysis assay was performed as described 
(4). Briefly, epididymal fat pads were isolated and washed 
several times in Hank's Balanced Salt Solution (HBSS) 
(Sigma). Tissue pieces (~25 mg) were incubated in Dulbec 
co's Modified Eagle's Medium (DMEM) medium (Invitro 
gen) containing 2% fatty acid free bovine serum albumin 
(Sigma) at 37° C. for 1 h. After this preincubation, the fat 
explants were transferred into identical, fresh medium con 
taining serotonin (Sigma) or 10 LM forskolin as a positive 
control and incubated further for the indicated time-points at 
37° C. Afterwards, aliquots of medium were taken for mea 
surements of FFAs and glycerol using available kits (NEFA 
HR(2), WAKO Diagnostics; serum triglycerides determina 
tion kit, TR0100, Sigma) and tissue was lysed with RIPA 
buffer for subsequent Western blot analysis or in TRIZOL(R) 
(Invitrogen) for gene expression analysis. 
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0594. In Vitro Glucose Production 
0595 Production of glucose was assessed in primary, 
freshly isolated, attached hepatocytes. Briefly, cells were 
platted on 12 well plate format (200,000 cells per well). After 
isolation, the cells were allowed to attach and recover for 6 h 
in Williams E medium containing 10% fetal calfserum. Then 
they were washed and starved for 1 h in Dulbecco's Modified 
Eagle's DMEM without glucose and phenol red but with 2 
mM L-glutamate and 0.5% BSA (D5030, Sigma). Then the 
cells were Switched to the same medium or the same medium 
containing 10 mM glycerol and stimulated with the indicated 
Substances for 6 h. Glucose concentration was determined in 
the medium using Amplex Red Glucose/Glucose Oxidase 
Assay Kit, (Invitrogen, A22 189). Glucose production from 
glycerol was determined by Subtracting glucose produced by 
the cells incubated without glycerol from this incubated with 
glycerol. 
0596 Western Blotting 
0597 Western blotting was performed according to stan 
dard procedures. Frozen tissues or cells were homogenized 
and lysed with RIPA buffer. Membranes were blocked and 
then incubated overnight with primary antibody in TBST-5% 
BSA, followed by incubation with appropriate HRP-conju 
gated secondary antibody. Signals were visualized with ECL. 
The following primary antibodies were used: antiphospho 
HSL(s563) (4139), antiphospho-HSL(s565) (4137), 
antiphospho-HSL(sG60) (4126) and anti-perilipin (3470) (all 
from Cell Signaling); anti-HSL (ab45422), anti-ATGL 
(ab85348) and anti-glycerol kinase (ab70029) (all from 
Abcam); anti-B-actin (A5441) and anti-C-tubulin (T6199) 
(all from Sigma); anti-G6Pase (Aviva Systems Biology, 
ARP44224. P050); anti-FBPase (Abgent, AP7385c); 
antiphospho-perilipin(s522) (Vala Sciences, 4856). 
0598 RNA. Isolation and Real-Time PCR Analysis 
0599 Total RNA was isolated using TRIZOL(R) reagent 
with manufacturer's protocol (Invitrogen) and 2 g of total 
RNA was used to synthesize complementary DNA using 
random primers and M-MLV reverse transcriptase (Invitro 
gen). For quantitative PCR, FastStart SYBR Green Master 
(Roche) was used in an MX3000P Real-Time System ther 
mocycler (Stratagene). Primers sequence available upon 
request. qPCR values were normalized against B-actin or 
GAPDH expression. Primer sequences are available upon 
request. 
0600 Statistical Analysis 
0601 Data are always shown as mean valuests.e.m. 
Analyses of significant differences between means were per 
formed using two-tailed Student's t-tests in case of compari 
Son of 2 groups or analysis of variance followed by Tukey's 
post-hoc test, in case of multiple groups. n, number of inde 
pendent cultures or animals used. In all cases *P<0.05; 
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Example 2 

Fasting Increases Plasma Serotonin Levels 
0606 Tph1 expression, and even more plasma serotonin 
levels, were both significantly increased in mice fasted for 
only 2 hand remained so during a 48 h fasting period (FIGS. 
1A and B). This elevation of circulating serotonin levels 
occurred before the elevation of glucagon, a hormone 
involved in the adaptation to fasting invertebrates (7). Fasting 
triggers mobilization of triglycerides, in the form of glycerol 
and free fatty acids (FFAs), through lipolysis (8, 9). Thus, the 
potential role of GDS in this process was determined through 
the study of mice lacking Tphl only in the gut (Tphlguta/A 
mice) (FIG. 5A). 

Example 3 

Plasma Serotonin Levels Regulate Lypolysis 
0607. Unlike Tph1 fl/fl control littermates, TphlgutA/A 
mice did not show a significant increase in circulating levels 
of FFAs and glycerol following a 4h fasting period. While 
glycerol circulating levels did not increase even when fasting 
was prolonged up to 48 h, FFAs levels did increase in 
TphlgutA/A mice during this extended fasting but not to the 
same extent as in Tph1 fl/fl mice (FIGS. 1C and D). As a 
consequence of this failure to induce appropriate lipolysis, 
TphlgutA/A mice fasted for 48 h displayed heavier fat pads, 
larger adipocytes and lost significantly less weight than 
Tphlfl/fl mice (FIG. 1E-G and FIG. 5B). These results indi 
cate that serotonin is a physiological regulator of lipolysis. 

Example 4 

Serotonin Affects Lypolysis in the Fed State 

0608. Whether serotonin could affect lipolysis in fed mice, 
a situation in which this process is normally blocked (8, 9), 
was also tested. This was done by implanting Subcutaneously 
serotonin releasing pellets in WT mice. These pellets 
increased circulating levels of serotonin approximately two 
fold (FIG.5C). This resulted in a significant increase in cir 
culating levels of glycerol and FFAs (FIG. 1H and I). Lipoly 
sis was further enhanced if WT mice implanted with these 
pellets were fasted for 4 h. Hence, GDS is sufficient to induce 
lipolysis in fed or fasted mice. 

Example 5 

GDS Acts Directly on Adipocytes Through Htr2b 

0609. To determine whether GDS promotes lipolysis by 
acting directly on adipocytes, epididymal fat pads were 
treated with increasing amounts of serotonin. This treatment 
significantly increased release of both glycerol and FFAs 
(FIG. 1J and K). Of note, there was no evidence of white fat 
into brown fat transformation in Tph 1 gutA/A mice (10) (FIG. 
5D). In view of these results, the identity of the signaling 
pathway used by GDS in adipocytes was investigated. Among 
the fourteen known serotonin receptors (1), Htr2b was by far 
the most highly expressed in mouse adipocytes (FIG. 6A). 
Furthermore, its expression in white adipose tissue increased 
upon fasting (FIG. 2A). Hence, mice lacking Htr2b in adipo 
cytes only were generated (Htr2bfatA/A mice) and their 
response to fasting was analyzed. 
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0610 Fasting failed to increase glycerol circulating levels 
in Htr2bfatA/A, as it did in Htr2bf/fl mice (FIG. 2B). The 
increase in FFAs circulating levels observed upon fasting in 
Htr2bfatA/A mice was also significantly weaker than in 
Htr2bfl/fl mice (FIG. 2C). Consequently, Htr2bfatA/A mice 
had bigger fat pads, larger adipocytes, and lost less weight 
during a 48 h fasting than Htr2bfl/fl littermates (FIG. 2D-F 
and FIG. 6C). Moreover, in cell culture, serotonin failed to 
enhance release of glycerol and FFAs from Htr2b-deficient 
fat pad explants. This was not due to the poor quality of 
explants because isoproterenol, used as a positive control, 
favored equally well FFAs and glycerol release from these 
explants (FIG. 2G and H). 

Example 6 

GDS Controls the Activation of Hormone Sensitive 
Lipase (HSL) 

0611. To begin deciphering serotonin's molecular mode 
of action in adipocytes, the expression, accumulation, and 
phosphorylation of key lipolytic enzymes (11-14) were ana 
lyzed. There was no alteration of gene expression in Tphl 
guta/A and Htr2bfatA/A mice (FIG.5D and FIG. 6B) or in the 
accumulation of many enzymes involved in lipolysis. In con 
trast, serotonin favored, in an Htr2b-dependent manner, phos 
phorylation of hormone sensitive lipase (HSL) on serine resi 
dues 563 and 660 (FIG. 2I). Those phosphorylation events 
enhance HSL activity (15, 16). Taken together, these experi 
ments indicate that serotonin promotes lipolysis by signaling 
in adipocytes through Htr2b to increase phosphorylation and 
activity of HSL. 

Example 7 

GDS Promotes Gluconeogenesis 

0612 Glycerol can be converted to glucose by the liver 
during fasting (7). Hence, results presented above raised the 
prospect that GDS may promote gluconeogenesis simply 
through its ability to increase glycerol circulating levels or 
independently of its role on lipolysis. These possibilities were 
tested by measuring glucose production following glycerol 
injection (17). In the conditions of this experiment, glycerol 
did not increase circulating glucose levels in Tph1 gutA/A 
mice to the same extent as in Tph1 fl/fl mice (FIG. 3A). The 
same was true for pyruvate, the initial Substrate in liver glu 
coneogenesis (FIG. 3B). Conversely, in WT mice implanted 
with serotonin pellets glycerol increased blood glucose levels 
to a higher level than in controls (FIG. 3C). These experi 
ments indicated that serotonin is a physiological regulator of 
liver gluconeogenesis and that this function is not a mere 
consequence of its action on lipolysis. To further test if sero 
tonin can induce gluconeogenesis from endogenous Sub 
strates, TphlgutA/A mice were subjected to hyperinsuline 
mic-euglycemic clamp. Hepatic glucose production was 
markedly reduced in TphlgutA/A mice (FIG. 3D). Consistent 
with the notion that serotonin adapts the organism to food 
deprivation glycogen synthesis rate was also increased in 
TphlgutA/A mice (FIG. 7A). That whole-body glycolysis 
rate was unchanged ruled out that the observed effect on 
gluconeogenesis might be secondary to alterations of this 
process (FIG. 7A). 
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Example 8 

GDS Promotes Gluconeogenesis in Hepatocytes 
Through Htr2b 

0613. In cell culture, serotonin stimulated conversion of 
glycerol to glucose in hepatocytes to the same extent as glu 
cagon, a positive control, did (FIG. 3E). Since Htr2b was the 
most abundant serotonin receptor in the liver and its expres 
sion in this organ also increased upon fasting (FIG. 3F and 
FIG. 7B), whether Htr2b was mediating serotonin regulation 
of hepatic gluconeogenesis was tested. Glycerol and pyruvate 
did not increase circulating glucose levels in Htr2bliverA/A 
mice to the same extent as in Htr2bfl/fl littermate controls 
(FIG.3G,H), and serotonin could not induce glucose produc 
tion from glycerol when added to Htr2b A/A hepatocytes 
(FIG. 3I). These data indicate that serotonin stimulates glu 
coneogenesis by signaling through Htr2b present in hepato 
cytes. That glycogen content was increased in livers of fasted 
Htr2bliverA/A mice (FIG.7C) indicated that the regulation of 
glycogen synthesis by serotonin previously noted (18) occurs 
through Htr2b. Generation of ketone bodies in Htr2bliverA/A 
was normal, indicating that serotonin signaling does not 
affect this aspect of adaptation to fasting (FIG.7D). Next, the 
expression of key genes involved in gluconeogenesis from 
glycerol (FBPase, G6Pase, glycerol kinase and aquaporin 9) 
(7) was analyzed, but no significant change in Htr2bliverA/A 
mice (FIG. 7E) was observed. In contrast, when measured 
through classical bioassays (19,20), the enzymatic activity of 
the two rate limiting enzymes for this process, FBPase and 
G6Pase, were decreased 20% and 25%, respectively, in 
Htr2bliverA/A mice (FIG.3J and K). These results suggested 
that serotonin favors gluconeogenesis, in part, by enhancing 
activity of these enzymes. 

Example 9 

Blocking GDS Activity Increases Glucose Tolerance 
0614 FFAs promote insulin resistance (21, 22). Accord 
ingly, insulin sensitivity, measured by insulin tolerance test 
and glucose infusion rates during hyperinsulinemic-euglyce 
mic clamp, was significantly improved in Tphlguta/A and in 
Htr2bfatA/A mice compared to controls (FIG. 4A, FIG. 8A, 
and FIG. 7A). The ability of serotonin to promote liver glu 
coneogenesis also influenced glucose homeostasis since both 
TphlgutA/A and Htr2bliverA/A mice were significantly more 
tolerant to a glucose load than control littermates (FIG. 4B 
and FIG. 8B). On the other hand, GDS does not influence 
glucose stimulated insulin secretion at basal conditions (23) 
(FIG. 8C). These results implied that decreasing GDS syn 
thesis should attenuate the severity of Type II diabetes. 

Example 10 

ATPH1 Inhibitor Increases Insulin Sensitivity and 
Increases Glucose Tolerance 

0615 TphlgutA/A mice were fed a high fat diet, inducing 
obesity and Type II diabetes (FIG. 8D). Circulating glycerol 
and FFA levels were reduced in Tph1 gutA/A mice compared 
to control animals (FIG. 4C and D). Moreover, gluconeogen 
esis was partially normalized in Tphlguta/A mice fed a high 
fat diet (FIG. 8E). These mice were also significantly more 
insulin sensitive and glucose tolerant than Tph1 fl/fl mice fed 
the same diet (FIG. 4E, F). 
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0616. A small molecule inhibitor of TPH1, and thus GDS 
synthesis, LP533401, that does not cross efficiently the 
blood-brain barrier (24), was tested for its effect on glucose 
intolerance. In WT mice fed a high fat diet, LP533401 (100 
mg/kg/day) resulted in an 80% reduction of circulating sero 
tonin levels, a decrease in glycerol and a normalization of 
FFAs circulating levels (FIG. 4G, H and FIG. 8F). Conse 
quently, insulin sensitivity was normalized while gluconeo 
genesis and glucose tolerance were significantly improved in 
LP533401-treated mice fed a high fat diet (FIG. 4I, Jand FIG. 
8H). When given to WT mice fed a normal diet, LP533401 
decreased glycerol and FFA levels, decreased gluconeogen 
esis rate, and improved glucose and insulin tolerance to the 
extent shown by TphlgutA/A mice (FIG. 17A-C and FIG. 
18A-B). LP533401 did not affect body weight gain (FIG. 
8G). 

REFERENCES FOR EXAMPLES 2-10 

0617. 1. M. Berger, J. A. Gray, B. L. Roth, Annu Rev Med 
60,355 (2009). 

0618 2. V. K. Yadav et al., Cell 135,825 (Nov. 28, 2008). 
0619. 3. M. Frost et al., J Bone Miner Res 26, 1721 (Au 
gust). 

0620. 4. A. Saarinen et al., Clin Endocrinol (Oxf) 72, 481 
(April, 2010). 

0621 5. A. Blacket al., J Gerontol A Biol Sci MedSci 56, 
B98 (March, 2001). 

0622 6. F. Elefteriou et al., Cell Metab 4, 441 (December, 
2006). 

0623 
2011). 

0624 8. E. D. Rosen, B. M. Spiegelman, Nature 444,847 
(Dec. 14, 2006). 

0625 9. R. Zimmermann, A. Lass, G. Haemmerle, R. 
Zechner, Biochim Biophys Acta 1791, 494 (June, 2009). 

7. H. V. Lin, D. Accili, Cell Metab 14, 9 (Jul. 6, 

0626 10. F. M. Fisher et al., Genes Dev 26, (2012). 
0627 11. R. Zimmermann et al., Science 306, 1383 (Nov. 
19, 2004). 

(0628 12. G. Haemmerle et al., Science 312, 734 (May 5, 
2006). 

0629. 13. J. Martinez-Botas et al., Nat Genet 26, 474 (De 
cember, 2000). 

0630. 14. J. Osuga et al., Proc Natl AcadSci USA 97,787 
(Jan. 18, 2000). 

0631) 15. A. S. Greenberg et al., J Biol Chem 276, 45456 
(Nov.30, 2001). 

0632) 16. M. W. Anthonsen, L. Ronnstrand, C. Wernstedt, 
E. Degerman, C. Holm, J Biol Chem 273, 215 (Jan. 2, 
1998). 

0633 17. N. Maeda et al., Proc Natl AcadSci USA 101, 
17801 (Dec. 21, 2004). 

0634. 18. L. J. Hampson, P. Mackin, L. Agius, Diabetolo 
gia 50, 1743 (August, 2007). 

0635. 19. A. Reyes, M. E. Burgos, E. Hubert, J. C. Slebe, 
J Biol Chem 262, 8451 (Jun. 25, 1987). 

0636 20. M. Alegre, C.J. Ciudad, C. Fillat, J.J. Guinovart, 
Anal Biochem 173, 185 (Aug. 15, 1988). 

0637 21. A. R. Saltiel, C. R. Kahn, Nature 414,799 (Dec. 
13, 2001). 

0638 22. G. I. Shulman, J Clin Invest 106, 171 (July, 
2000). 

0639 23. H. Kim et al., Nat Med 16, 804 (July). 
(0640 24. Q. Liu et al., J Pharmacol Exp Ther 325, 47 

(April, 2008). 



US 2014/0378489 A1 

What is claimed is: 

1. A method of treating or preventing Type II diabetes in a 
patient known or Suspected to be in need of such treatment or 
prevention comprising administering to the patient a thera 
peutically effective amount of a tryptophan hydroxylase 1 
(TPH1) inhibitor. 

2. A method of lowering blood glucose levels in a patient 
known or suspected to be in need of such lowering of blood 
glucose levels comprising administering to the patient a 
therapeutically effective amount of a tryptophan hydroxylase 
1 (TPH1) inhibitor. 

3. The method of claim 1 or 2 wherein the TPH1 inhibitor 
is selected from the following or from pharmaceutically 
acceptable salts and/or solvates thereof: 

(1) 

(R) R3 R4 
2y. lift B 2 ORs, 

OS lia O 
CF 

R2 
R3 R4 

CF N 
R2 

R3 R4 

Gr B-C-OR. 
G S. wO N O 

CF N 

where A is optionally substituted heterocycle or 3-fluo 
rophenyl; B is O, N, or —CH2—, each R is indepen 
dently halogen, hydrogen, C(O)R, OR, NRR, 
S(O)R, or optionally substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; R is halogen, hydrogen, C(O)R. 
OR, NRR, S(O)R, or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; either R is NHR and 
R is hydrogen or, alternatively, R and R togetherform 
=O; Rs is hydrogen or optionally substituted alkyl, 
alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen, C(O)R, C(O)OR, or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; 
each R is independently hydrogen or optionally Substi 
tuted alkyl, alkyl-aryl or alkyl-heterocycle; each R is 
independently hydrogen or optionally Substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R, is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl 
aryl or alkyl-heterocycle; m is 0-4; and n is 0 or 1. 
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4. The method of claim 1 or 2 wherein the TPH1 inhibitor 
is 

(121) 

O O 
F OH 

O N NH2 

CF 

NH2 

LP-533401 

O 

(122) 

O On1n NH2 

NH2 

LP-615819 

5. The method of claim 1 or 2 wherein the TPH1 inhibitor 
does not cross the blood brain barrier or the TPH1 inhibitor 
does not significantly inhibit tryptophan hydroxylase 2 
(TPH2). 

6. The method of claim 1 or 2 wherein the patient’s level of 
serum or plasma serotonin is measured prior to administering 
the TPH1 inhibitor. 

7. The method of claim 1 or 2 wherein the patient’s level of 
serum or plasma serotonin is measured after administering 
the TPH1 inhibitor. 

8. The method of claim 1 or 2 wherein the patient is a 
mammal. 

9. The method of claim 1 or 2 wherein the patient is a 
human. 

10. The method of claim 1 or 2 wherein the TPH1 inhibitor 
is administered with another compound that is known to 
prevent or treat Type II diabetes. 

11. The method of claim 1 or 2 wherein the TPH1 inhibitor 
is administered with an inhibitor of hormone sensitive lipase. 

12. A method of identifying and treatingapatient in need of 
therapy for diabetes comprising: 

(a) identifying a patient in need of therapy for diabetes: 
(b) administering to the patient a therapeutically effective 
amount of a TPH1 inhibitor in order to treat diabetes in 
the patient identified in step (a). 

13. A method for identifying a patient having diabetes or at 
risk of developing diabetes and treating the patient, compris 
1ng: 

a) determining the level of serum or plasma serotonin in a 
biological sample from the patient and in a biological 
sample from a normal Subject; 

b) administering to the patient a therapeutically effective 
amount of a TPH1 inhibitor if the level of serum or 
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plasma serotonin in the sample from the patient is 
elevated by at least about 25% above the serum or 
plasma serotonin level in the sample from the normal 
Subject; 

whereby the patient’s serum or plasma serotonin level is 
lowered and diabetes is thereby treated. 

k k k k k 


