
             

1 
 

 

 

THE USE OF SPIROCYCLIC COMPOUNDS AS TRYPTOPHAN HYDROXYLASE 

INHIBITORS 

 5 

FIELD OF THE INVENTION 

 The present invention is directed to spirocyclic compounds which are inhibitors of 

tryptophan hydroxylase (TPH), particularly isoform 1 (TPH1), that are useful in the treatment of  

diseases or disorders associated with peripheral serotonin including, for example, 

gastrointestinal, cardiovascular, pulmonary, inflammatory, metabolic, and low bone mass 10 

diseases, as well as serotonin syndrome, and cancer. 

 

BACKGROUND OF THE INVENTION 

 Serotonin (5-hydroxytryptamine, 5-HT) is a neurotransmitter that modulates central and 

peripheral functions by acting on neurons, smooth muscle, and other cell types.   5-HT is 15 

involved in the control and modulation of multiple physiological and psychological processes. In 

the central nervous system (CNS), 5-HT regulates mood, appetite, and other behavioral 

functions. In the GI system, 5-HT plays a general prokinetic role and is an important mediator of 

sensation (e.g., nausea and satiety) between the GI tract and the brain.  Dysregulation of the 

peripheral 5-HT signaling system has been reported to be involved in the etiology of several 20 

conditions (see for example: Mawe, G. M. & Hoffman, J. M. Serotonin Signalling In The Gut-

functions, Dysfunctions And Therapeutic Targets. Nature Reviews. Gastroenterology & 

Hepatology 10, 473–486 (2013); Gershon, M. D. 5-hydroxytryptamine (serotonin) In The 

Gastrointestinal Tract. Current Opinion in Endocrinology, Diabetes, and Obesity 20, 14–21 

(2013); Lesurtel, M., Soll, C., Graf, R. & Clavien, P.-A. Role of Serotonin In The Hepato-25 

gastrointestinal Tract: An Old Molecule For New Perspectives. Cellular And Molecular Life 

Sciences : CMLS 65, 940–52 (2008)).  These include osteoporosis (e.g. Kode, A. et al. FOXO1 

Orchestrates The Bone-suppressing Function Of Gut-derived Serotonin. The Journal of Clinical 

Investigation 122, 3490–503 (2012); Yadav, V. K. et al. Pharmacological Inhibition Of Gut-

derived Serotonin Synthesis Is A Potential Bone Anabolic Treatment For Osteoporosis. Nature 30 

Medicine 16, 308–12 (2010); Yadav, V. K. et al. Lrp5 Controls Bone Formation By Inhibiting 
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What is claimed is: 

 

1.  A process for making (S)-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-3-carboxylate, comprising:  

(a) reacting (R)-1-(2-bromo-4-chlorophenyl)-2,2,2-trifluoroethanol and 4,6-

dichloropyrimidin-2-amine in solution under heat to form (R)-4-(1-(2-bromo-4-chlorophenyl)-

2,2,2-trifluoroethoxy)-6-chloropyrimidin-2-amine;  

(b) reacting (R)-4-(1-(2-bromo-4-chlorophenyl)-2,2,2-trifluoroethoxy)-6-

chloropyrimidin-2-amine, (S)-2-benzyl 3-ethyl 2,8-diazaspiro[4.5]decane-2,3-dicarboxylate, and 

a base in solution under heat to form (S)-2-benzyl 3-ethyl 8-(2-amino-6-((R)-1-(2-bromo-4-

chlorophenyl)-2,2,2-trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-

dicarboxylate;  

(c) reacting (S)-2-benzyl 3-ethyl 8-(2-amino-6-((R)-1-(2-bromo-4-chlorophenyl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-dicarboxylate, phenyl boronic 

acid, and a base in solution under heat in the presence of PdCl2(dppf)-CH2Cl2 to form (S)-2-

benzyl 3-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-dicarboxylate; and  

(d) reacting (S)-2-benzyl 3-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-

2,2,2-trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-dicarboxylate and TMSI in 

solution to form the (S)-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-3-carboxylate.  

  

2.  The process of claim 1, wherein the solution in steps (a) and (b) includes dioxane. and 

wherein the solution in step (c) includes dioxane and water.    

  

3.   The process of claim 1, wherein the solution in step (d) includes acetonitrile.  

  

4.  The process of claim 1, further comprising a step (e) of quenching the reaction in step (d) by 

introducing hydrochloric acid.  
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5.   A process for making (S)-8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-

trifluoroeth-oxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-3-carboxylic acid, comprising:  

(a) reacting (R)-1-(2-bromo-4-chlorophenyl)-2,2,2-trifluoroethanol and 4,6-

dichloropyrimidin-2-amine in solution under heat to form (R)-4-(1-(2-bromo-4-chlorophenyl)-

2,2,2-trifluoroethoxy)-6-chloropyrimidin-2-amine;  

(b) reacting (R)-4-(1-(2-bromo-4-chlorophenyl)-2,2,2-trifluoroethoxy)-6-

chloropyrimidin-2-amine, (S)-2-benzyl 3-ethyl 2,8-diazaspiro[4.5]decane-2,3-dicarboxylate, and 

a base in solution under heat to form (S)-2-benzyl 3-ethyl 8-(2-amino-6-((R)-1-(2-bromo-4-

chlorophenyl)-2,2,2-trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-

dicarboxylate;  

(c) reacting (S)-2-benzyl 3-ethyl 8-(2-amino-6-((R)-1-(2-bromo-4-chlorophenyl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-dicarboxylate, phenyl boronic 

acid, and a base in solution under heat in the presence of PdCl2(dppf)-CH2Cl2 to form (S)-2-

benzyl 3-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-dicarboxylate;  

(d) reacting (S)-2-benzyl 3-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-

2,2,2-trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-2,3-dicarboxylate and TMSI in 

solution to form the (S)-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-3-carboxylate; and  

(e) hydrolyzing the (S)-ethyl 8-(2-amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-

trifluoroethoxy)pyrimidin-4-yl)-2,8-diazaspiro[4.5]decane-3-carboxylate to form the (S)-8-(2-

amino-6-((R)-1-(5-chloro-[1,1'-biphenyl]-2-yl)-2,2,2-trifluoroeth-oxy)pyrimidin-4-yl)-2,8-

diazaspiro[4.5]decane-3-carboxylic acid.  

  

6. The process of claim 5, wherein the solutions in steps (a) and (b) include dioxane, and wherein 

the solution in step (c) includes dioxane and water.    

  

7.  The process of claim 5, wherein the solution in step (d) includes includes acetonitrile.  

  

8.  The process of claim 5, further comprising a step of quenching the reaction in step (d) by 

introducing hydrochloric acid.  
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9.  The process of claim 5, wherein the hydrolyzation is carried out in solution via reaction with  

lithium hydroxide.    

  

10. The process of claim 5, further comprising a step of quenching the reaction in step (e) by 

introducing hydrochloric acid.  
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