






achieves sufficiently high exposure of tofacitinib in the gastrointestinal tract to optimize 

clinical efficacy while avoiding systemic dose-limiting systemic exposure. 

SUMMARY 

In one embodiment, the present disclosure provides novel glucuronide-containing 

5 prodrugs of the JAK inhibitor tofacitinib. Such prodrugs take advantage of the gut 

microbiome which contains or produces an abundance of f3-glucuronidase which 

selectively cleaves the glucuronide-containing prodrug moiety to trigger release of 

tofacitinib in the gastrointestinal tract, in particular in the colon. 

Surprisingly, the glucuronide-containing prodrugs of the present disclosure are 

10 sufficiently stable to be isolated, formulated in a pharmaceutical composition and 

administered to a patient in need of treatment. However, they are also sufficiently labile 

so as to be cleaved by f3-glucuronidase and further break-down to efficiently release 

tofacitinib. In contrast, when the glucuronide-containing prodrug moiety employed in the 

present disclosure was attached to certain other drugs known or potentially useful for 

15 treating UC, the drugs were not released on contact with13-glucuronidase (as described 

more fully herein below). Accordingly, the glucuronide-containing prodrugs of the 

present disclosure are particularly useful for delivering and releasing tofacitinib. 

In one aspect, the present disclosure relates to a compound of formula (I): 
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wherein 

n is 0, 1 or 2; 

R1  is selected from hydrogen, C 1 -4 alkyl, C1 _3  alkoxy, amino, nitro, halo, cyano, 

hydroxy, and trifluromethyl; 



each R2, when present, is independently selected from C1_4 alkyl, C1 _3  alkoxy, 

amino, nitro, halo, cyano, hydroxyl, and trifluromethyl; 

R3  is hydrogen, methyl or ethyl; 

R4  is hydrogen, methyl or ethyl; 

5 or a pharmaceutically-acceptable salt thereof 

In another aspect, the present disclosure relates to a compound of formula (II): 
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wherein 

10 RI  is selected from hydrogen, C1_4 alkyl, C1 _3  alkoxy, amino, nitro, halo, cyano, 

hydroxy, and trifluromethyl; 

or a pharmaceutically-acceptable salt thereof 

In one embodiment, the disclosure provides a compound of formula (II) wherein 

R1  is selected from hydrogen, methyl, methoxy, amino, nitro, and chloro, or a 

15 pharmaceutically-acceptable salt thereof 

In another aspect, the present disclosure relates to a compound of formula 1: 



CH3  
O 	

i 	
-L N 

N)N \ 1 
O 	CH3  

101 

N
t_..  / 	

,CH3 

N 	CH 

	

s, 	3 

NO2  
HO2C 0 

HO'' ,'OH 	 NC 
OH 

1 

or a pharmaceutically acceptable salt thereof. 

The compound of formula 1 has demonstrated low oral bioavailability and robust 

5 	release of tofacitinib (2) 
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in vivo upon oral administration in preclinical species resulting in a marked increase in 

the ratio of colon exposure to plasma exposure relative to that obtained on oral dosing of 

10 	tofacitinib itself. 

In one embodiment, the compound of formula 1 produces tofacitinib or a salt 

thereof, upon contact with13-glucuronidase. 
In another aspect, the present disclosure relates to a pharmaceutical composition 

comprising a pharmaceutically acceptable-carrier and a compound of foiiiiula (I), (II) or 

15 	1, or a pharmaceutically acceptable salt thereof; or any specific embodiments thereof 
described herein. 

In another embodiment, the present disclosure relates to a method of treating a 

gastrointestinal inflammatory disease in a mammal, the method comprising administering 

to the mammal a pharmaceutical composition comprising a pharmaceutically acceptable- 

20 	carrier and a compound of formula (I), (II) or 1, or a pharmaceutically acceptable salt 

thereof; or any specific embodiments thereof described herein. 



In one embodiment, the gastrointestinal inflammatory disease is ulcerative colitis. 

In another embodiment, the gastrointestinal inflammatory disease is Crohn's disease. And 

in another embodiment, the gastrointestinal inflammatory disease is colitis associated 

with immune checkpoint inhibitor therapy. 

5 In another embodiment, the present disclosure relates to a method of delivering 

tofacitinib to the gastrointestinal tract of a mammal, in particular, to the colon, the method 

comprising orally administering to the mammal a glucuronide-containing prodrug of 

tofacitinib which prodrug is cleaved by 13-glucuronidase in the gastrointestinal tract to 

release tofacitinib. 

10 In separate and distinct embodiments, the glucuronide-containing prodrug of 

tofacitinib is a compound of formula (I), (II) or 1, or a pharmaceutically acceptable salt 

thereof; or any specific embodiments thereof described herein. 

In another aspect, the present disclosure relates to a process for preparing a 

compound of formula (I) or a pharmaceutically acceptable salt thereof, the process 

15 comprising deprotecting a compound of fotiiiula (I-A): 
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or a salt thereof; wherein R', R2, R3, R4  and n are as defined herein; each PGa  is 

independently a hydroxyl protecting group; and PGb  is a carboxyl protecting group; to 

20 provide a compound of formula (I) or a pharmaceutically acceptable salt thereof. 

In one embodiment of this process, RI  is nitro; R3  and R4  are methyl; each PGa  is 

acetyl; PGb  is methyl; and n is 0. 

In another aspect, the present disclosure relates to a compound of formula (I-A), 

or a salt thereof; or any specific embodiments thereof described herein. 



In another aspect, the present disclosure relates to a process for preparing a 

compound of formula 1, or a pharmaceutically acceptable salt thereof, the process 

comprising: 

(a) 	reacting a compound of formula 12' 
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or a salt thereof; wherein each PGa  is independently a hydroxyl protecting group, 
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to provide a compound of formula 14': 
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and 

(b) 	deprotecting the compound of formula 14' to provide the compound of 

formula 1 or a pharmaceutically acceptable salt thereof. 

In one embodiment of this process, PGa  is acetyl. 

5 In separate and distinct aspects, the present disclosure also relates to a compound 

of formula 13, or a salt thereof; and a compound of formula 14' or a salt thereof; or any 

specific embodiments thereof described herein. 

In separate and distinct aspects, the present disclosure also relates to other 

synthetic processes and intermediates described herein, which are useful for preparing the 

10 compounds of the disclosure. 

In separate and distinct aspects, the present disclosure also relates to a compound 

of formula (I), (II) or 1, or a pharmaceutically acceptable salt thereof; or any specific 

embodiments thereof described herein; for use in medical therapy; or for use in the 

manufacture of a medicament or a formulation. In one embodiment, the medicament or 

15 formulation is for treating a gastrointestinal inflammatory disease in a mammal. 

Other aspects and embodiments of this disclosure are disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 illustrates the concentration of active metabolites, tofacitinib and 

20 compounds C-1M and C-2M, respectively as a function of time as a result of incubation 

of the compound of the invention (compound 1) and of comparison compounds C-1 and 

C-2 with rat colon content. 

DETAILED DESCRIPTION OF THE INVENTION 

25 Among other aspects, the invention provides glucuronide prodrugs of the JAK 

kinase inhibitor tofacitinib, pharmaceutically-acceptable salts thereof, and intermediates 

for the preparation thereof. 

Chemical structures are named herein according to IUPAC conventions as 

implemented in ChemDraw software (PerkinElmer, Inc., Cambridge, MA). According to 

30 the convention, the compound of formula 1 may be identified as: 

(2S,3S,4S,SR,6S)-6-(4-((((2-(4-(((3R,4R)-1-(2-cyanoacety1)-4-methylpiperidin-3-

y1)(methyDamino)-N-methy1-7H-pyrrolo[2,3-d]pyrimidine-7-

carboxamido)ethyl)(methypcarbamoyl)oxy)methyl)-2-nitrophenoxy)-3,4,5-

trihydroxytetrahydro-2H-pyran-2-carboxylic acid, 
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WHAT IS CLAIMED IS: 

1. A compound of formula (I): 

 

 

(I) 5 

wherein 

n is 0, 1 or 2; 

R1 is selected from hydrogen, C1-4 alkyl, C1-3 alkoxy, amino, nitro, halo, cyano, 

hydroxy, and trifluromethyl; 

each R2, when present, is independently selected from C1-4 alkyl, C1-3 alkoxy, 10 

amino, nitro, halo, cyano, hydroxyl, and trifluromethyl; 

R3 is hydrogen, methyl or ethyl; 

R4 is hydrogen, methyl or ethyl; 

or a pharmaceutically-acceptable salt thereof. 

 15 

2. The compound of Claim 1, or a pharmaceutically-acceptable salt thereof, 

wherein R1 is hydrogen. 

 

3. The compound of Claim 1, or a pharmaceutically-acceptable salt thereof, 

wherein R1 is nitro. 20 

 

4. The compound of Claim 1, or a pharmaceutically-acceptable salt thereof, 

wherein R1 is amino. 

 

5. The compound of Claim 1, or a pharmaceutically-acceptable salt thereof, 25 

wherein n is 0.  
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6. The compound of Claim 1, or a pharmaceutically-acceptable salt thereof, 

wherein n is 1. 

 

7. A compound of formula (II): 5 

 

 

(II) 

wherein 

R1 is selected from hydrogen, C1-4 alkyl, C1-3 alkoxy, amino, nitro, halo, cyano, 10 

hydroxy, and trifluromethyl; 

or a pharmaceutically-acceptable salt thereof. 

 

8. The compound of Claim 7, or a pharmaceutically-acceptable salt thereof, 

wherein R1 is selected from hydrogen, methyl, methoxy, amino, nitro, and chloro. 15 

 

9. The compound of Claim 7, or a pharmaceutically-acceptable salt thereof, 

wherein R1 is hydrogen. 

 

10. The compound of Claim 7, or a pharmaceutically-acceptable salt thereof, 20 

wherein R1 is amino.  
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11. A compound of formula 1: 

 

1 

or a pharmaceutically acceptable salt thereof. 

 5 
12. The compound of Claim 11, wherein the compound is 

. 
 

 

13. A pharmaceutical composition comprising a pharmaceutically acceptable-10 

carrier and a compound of any one of Claims 1 to 12.  
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14. A process for preparing a compound of Claim 1, the process comprising 

deprotecting a compound of formula (I-A):  

 

(I-A) 

or a salt thereof; wherein R1, R2, R3, R4 and n are as defined in Claim 1; each PGa is 5 

independently a hydroxyl protecting group; and PGb is a carboxyl protecting group; to 

provide a compound of formula (I) or a pharmaceutically acceptable salt thereof. 

 

15. The process of Claim 14, wherein R1 is nitro; R3 and R4 are methyl; each 

PGa is acetyl; PGb is methyl; and n is 0. 10 

 

16. A process for preparing a compound of Claim 11, or a pharmaceutically 

acceptable salt thereof, the process comprising: 

(a) reacting a compound of formula 12': 

 15 

12'  
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or a salt thereof; wherein each PGa is independently a hydroxyl protecting group, with a 

compound of formula 13: 

 

13 5 

to provide a compound of formula 14': 

 

14' 

and 

(b) deprotecting the compound of formula 14' to provide the compound of 10 

formula 1 or a pharmaceutically acceptable salt thereof. 

 

17. A compound of formula 13: 

 

13 15 

or a salt thereof.  
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18. Use of a compound of any one of Claims 1 to 12 for the manufacture of a 

medicament for the treatment of gastrointestinal inflammatory disease in a mammal. 

 

19. The use of Claim 18, wherein the gastrointestinal inflammatory disease is 

ulcerative colitis. 5 

 

20. The use of Claim 18, wherein the gastrointestinal inflammatory disease is 

Crohn’s disease. 

 

21. The use of Claim 18, wherein the gastrointestinal inflammatory disease is 10 

colitis associated with immune checkpoint inhibitor therapy. 

 

 

 

 15 
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