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2-AMINO-4-ARYLTHIAZOLE COMPOUNDS AS TRPA1 ANTAGONISTS 

Related Applications 
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and US provisional application No(s). 61/428,327 filed on December 30, 2010; 

61/466,535 filed on March 23, 2011; 61/495,002 filed on June 09, 2011; 61/552,076 filed 
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Technical. Field 

10 The present application relates to 2-amino-4-arylthiazole compounds, methods for 

their synthesis and their use as transient receptor potential ankyrin 1 (TRPA1) 

antagonists. 

Background of the Invention 

The transient receptor potential (TRP) channels or receptors are increasingly 

15 recognized as transducers of pain signal in response to mechanical, thermal, inflammatory 

and chemical assaults. They have been classified into seven subfamilies: TRPC 

(canonical), TRPV (vanilloid), TRPM (melastatin), TRPP (polycystin), TRPML 

(mucolipin), TRP A (ankyrin, ANKTM1) and TRPN (NOMPC) families. The TRPC sub­

family are the original members which were discovered and are homologous to the 

20 Drosophila trp-channel. Seven isoforms (TRPC1 - T.RPC7) have been characterized so 

far. Currently the TRPV family has 6 members. TRPV5 and TRPV6 are more closely 

related to each, other than to TRPVI, TRPV2, TRPV3 or TRPV4. TRPA1 is most closely 

related, to TRPV3 and is more closely related to TRPV1 and TRPV2 than to TRPV5 and 

TRPV6. The TRPM family has 8 members. Constituents include the following: the 

25 founding member TRPM1 (melastatin or LTRPC1), TRPM.3 (IC1AA1616 or LTRPC3), 

TRPM.7 (TRP-PL1K, ChaK(l), LTRPC7), TRPM6 (ChaK2), TRPM2 (TRPC7 or 

LTRPC2), TRPM8 (TRP-p8 or CMR1), TRPM5 (MTR.1 or LTRPC5) and TRPM4 

(FLJ2004I or LTRPC4). The TRPML family consists of the mucolipins, which include 

TRPML 1 (mucolipin 1), TRPML2 (mucolipin 2) and.TRPM.L3 (mucolipin 3). The TRPP 

30 family consists of two groups of channels: those predicted, to have six transmembrane 

domains such as TRPP2 (PKD2), TRPP3 (PK.D2L1), TRPP5 (PFCD2L2) and those that 
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have eleven domains such as TRPP1 (PKDl, PCI), PKD-REJ and PKD-1L1. The sole 

mammalian member of the TRPA family is ANKTM1. 

It is believed TRPA1 is expressed, in nociceptive neurons. Nociceptive neurons of 

the nervous system sense the peripheral damage and transmit pain signals. TRPA1 is 

5 membrane bound and most likely acts as a heterodimeric voltage gated channel. It is 

believed to have a particular secondary structure, its N-terminus is lined with a large 

number of ankyrin repeats which are believed to form a spring-like edifice. TRPA1 is 

activated by a variety of noxious stimuli, including cold temperatures (activated at 17 °C 

and below), pungent natural compounds (e.g., mustard, cinnamon and garlic) and 

10 environmental, irritants (MacPherson LJ et al, Nature, 2007, 445; 541-545). Noxious 

compounds activate TRPA1 ion channels through covalent modification of cysteines to 

form covalently linked adducts. Variety of endogenous molecules produced during 

inflammation / tissue injury or allergy have been identified as pathological activators of 

TRPA1 receptor. These include hydrogen peroxide which is produced due to oxidative 

15 stress generated during inflammation, alkenyl aldehyde 4-HNE - an intracellular lipid 

peroxidation product and cyclopentenone prostaglandin 15dPGJ2 which is produced, from 

PGD2 during inflammation /allergic response. TRPA1 is also activated in receptor 

dependant fashion by Bradykinin (BK) which is released during tissue injury at peripheral 

terminals. 

20 The difference between TRPA1 and other TRP receptors is that TRPA1 ligand 

binding persists for hours due to which the physiological response (e.g., pain.) is greatly 

prolonged. Hence to dissociate the electrophiie, an effective antagonist is required. 

In efforts to discover better analgesics for the treatment of both acute and chronic 

pain and to develop treatments for various neuropathic and nociceptive pain states, there 

25 exists a need for a more effective and safe therapeutic treatment of diseases, conditions 

and/or disorders modulated by TRPA1. 

international publications W02010109287, W02010109328, W02010109329 

and W02010109334, W02009118596, W02009144548, W02010004390, 

IN200802512, W02010125469, W02011114184, W0201II32017, W02007073505, 

30 W02010075353, W02009158719, W02009002933 and W02010132838 disclose 

various 2-amino-4-arylthiazoie compounds which are useful for treating disorders related 

to TRPA1. 
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It has been found that a few of the 2-amino-4-ary!thiazoi.es compounds having 

high TRPA1 activity are characterized by low aqueous solubility which may contribute to 

poor pharmacokinetic properties. Therefore it is important to find ways to improve the 

solubility and pharmacokinetic profile of these compounds. 

Therefore it is an object of the present application to provide 2-amino-4-

arylthiazole compounds having improved solubility and/or pharmacokinetic properties. 

Summary of the Invention 

The present application provides compounds of 2-amino-4-arylthiazoie which are 

useful, for treating disorders mediated by TRPA1. 

The present application relates to compound of formula (1): 

(i) 

or a pharmaceutical ly acceptable salt thereof, 

wherein, 

Het is selected from the group consisting of 
o o o o 
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O. O . . O vVv O O vVy 

^URb^N\Vc RVVV ^V/?. 
O^N^S O^N^1 •' d O^N^N 

& R' »b 

Ras 5 "X" Ra U* ""i" Ra j? T Pc Pa 9 Vs" N-vs_Rd R ^VN T NN-jyv, ^VN 
O N O^N^fN O N N'-N O^N N^RC 

Rb Rb Rc Rb Rb 

R\ 2 
and A]" 

N^N^N 
\ / 

? 

P is selected from tbe group consisting of 

/YR3 , ^OYR3 , ^O4;OR8 , >4<OR8 
5 £ ' OR8 $ OR8 

ni R4 R5 
K - ' S 6,-, 7 

^VNH, . 
0 ' 0 o 

R4 R4 s 
>1) ."•VCNH-K.^CVCCH^-CNH 

OH ^ O-f* ° O 
5 R4 R4 

R1- is selected from hydrogen, halogen, cyano, hydroxy], substituted or 

unsubstituted alky 1, alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, 

arylalkyl, heteroaryl, heteroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

at each occurrence, R2, which may be the same or different, is independently 

10 selected from halogen, cyano, hydroxy!, nitro, -NR°Rf, substituted or unsubstituted alkyl, 

alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, 

heteroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

R3 is selected from -NR6R7, substituted or unsubstituted alkyl, aryl, heterocyclic 

ring, heterocyclylalkyl and heteroaryl; R3 or the group -0C(=0)RJ is selected from 

15 amino acids such as isoleucinate, leucinate, iysinate, methi.oni.nate, phenylalaninate, 

threoninate, tryptophanate, valinate, alaninate, asparaginate, aspartic acetate, cysteinate, 

glutamic acetate, glutaminate, glycinate, prolinate, selenocysteinate, seiinate, tyrosinate, 

argininate, histidinate, ornithinate or ta.urinate. 

R4 and R5, which may be the same or different, are independently selected from 

20 hydrogen, substituted or unsubstituted alkyl, hydroxyalkyl, arylalkyl, heterocyclylalkyl, 

4 
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heteroarylalkyl, -(CR8Rh)p-C(0)-Ci-C4alkyl9 -(CRsRh)p-C(0)-NReRf, ~(CRgRhVNReRf, -

(CR8Rh)p-NRe-C(0)-NReRf and -(CR8Rh)p-NRe-C(=NH)-NReRf; 

R° and R7, which may be the same or different, are independently selected from 

hydrogen, substituted or unsubstituted alkyl and hydroxyalkyl; or R6 and R7 together with 

5 the nitrogen atom to which they are attached, form a cyclic ring, which may be 

monocyclic, bicyclic or tricyclic rings, which is substituted or unsubstituted and wherein 

the cyclic ring optionally contains one or more heteroatoms selected from O, N or S; 

R8 is selected from hydrogen, Cj-Chalky 1, arylalkyl and pharmaceutical^ 

acceptable cation (Mf or M2"); 

10 Ra, Rb and Rd, which may be the same or different, are each independently 

selected from hydrogen, trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and Ci-

G i alkyl; 

Rc is selected from hydrogen, halogen, trifluoromethyl, difluoromethyl, 2,2,2-

trifluoroethyl and Ci-C.ial.kyl; 

15 Re and Rf, which may be the same or different, are independently selected from 

hydrogen, substituted or unsubstituted alkyi and hydroxyalkyl; or Rfc and Rf together with 

the nitrogen atom to which they are attached, form a cyclic ring, which may be 

monocyclic, bicyclic or tricyclic rings, which is substituted or unsubstituted and wherein 

the cyclic ring optionally contains one or more heteroatoms selected from O, N or S; 

20 Rs and Rh, which may be the same or different, are each independently hydrogen or 

C]-C4 alkyl; 

'm' is an integer ranging from 0 to 5, both inclusive; 

'n' is an integer ranging from 1 to 4, both inclusive; and 

'p' is an integer ranging from 1 to 3, both inclusive. 

25 The compounds of formula (I) may involve one or more embodiments. 

Embodiments of formula (!) include compounds of formula (la), compounds of formula 

(lb) and compounds of formula (1c) as described hereinafter. It is to be understood that 

the embodiments below are illustrative of the present invention and. are not intended to 

limit the claims to the specific embodiments exemplified. It is also to be understood that 

30 the embodiments defined herein may be used independently or in conjunction with any 

definition, claim or any other embodiment defined herein. Thus the invention 

contemplates all possible combinations and permutations of the various independently 

described embodiments. For example, the invention provides compounds of formula (I) 

5 
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as defined above wherein R1 is hydrogen (according to an embodiment defined below) 

and R2 is haiogen (e.g. fluorine, chlorine), haloalkyl (e.g. trifluoromethyl) or haloalkoxy 

(e.g. trifiuoromethoxy) (according to another embodiment defined below). 

According to one embodiment, specifically provided are compounds of the 

5 formula (I) in which R' is hydrogen. 

According to another embodiment, specifically provided are compounds of the 

formula (f) in which Het is selected from 

In this embodiment, R\ and Rb are independently selected from CVQalkyl (e.g. 

10 methyl, ethyl), trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and hydrogen; Rc is 

independently selected from Ci-Qalkyl. (e.g. methyl, ethyl), trifluoromethyl, 

difluoromethyl, 2,2,2-trifluoroethyl, hydrogen and halogen. 

According to another embodiment, specifically provided are compounds of the 

formula (I) in which Het is selected from 

According to yet another embodiment, specifically provided are compounds of the 
•y formula (I) m which R" is selected from halogen (e.g. fluorine, chlorine), haloalkyl (e.g. 

trifluoromethyl) and haloalkoxy (e.g. trifiuoromethoxy). 

According to yet another embodiment, specifically provided are compounds of the 

20 formula (J) in which'm' is !, 2 or 3. 

According to yet another embodiment, specifically provided are compounds of the 

formula (I) in which R2 is fluorine (-F), chlorine (-C1), trifluoromethyl (~CF3) or 

trifiuoromethoxy (-OCF3); and'm' is 2 or 3. 

According to another embodiment, specifically provided are compounds of the 

25 formula (I) in which P is selected from 

6 
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^°IR3 and vUcyV 
O o 
>3 in this embodiment, R3 is selected from hydrogen, substituted or unsubstituted 

alkyl (e.g methyl, isopropyl, isobutyl), arylalkyl (e.g benzyl), amino acid and heterocyclic 

ring (e.g. piperidinyl, pyrrolidinyl); or the group -0C(=0)R3 is glycinate, L-alaninate, L-

valinate, L-isoleucinate, L-proiinate, L-vaiinate or L-phenylalaniri.ate; R4 is selected from 

hydrogen, substituted or unsubstituted alkyl (e.g methyl, isopropyl, isobutyl), and 

arylalkyl (e.g benzyl). 

According to another embodiment, specifically provided are compounds of the 

formula (I) in which P is selected from 
o OH O AII O , o 

nu OH *\ P\ 0H - ^ Ol-I VMH- > 

5-P^' 2t O" OH V.-M" ' * P\ M 
JO O" 

In this embodiment, M1 is pharmaceutically acceptable cation comprising sodium, 
2*f potassium, and ammonium; M '' is pharmaceutically acceptable cation comprising 

calcium, and magnesium. 

Further embodiments relating to Het, P, m, R1 and R2 (and groups defined therein) 

15 are described hereinafter in relation to the compounds of formula (la), (lb) and (Ic). Jt is 

to be understood that these embodiments are not limited to use in conjunction with 

formula (la), (lb) or (Ic) but apply independently and individually to the compounds of 

formula (I). For example, in an embodiment described hereinafter, the invention 

specifically provides compounds of formula (la) in which RJ is hydrogen, and 

20 consequently there is also provided a compound of formula (I) wherein R1 is hydrogen. 

The present invention also provides a compound of formula (la) which is an. 

embodiment of a compound of formula (I). 

Accordingly, the present invention provides the compound of formula (la): 

R1 

O 
Het^-N' , ,2 

,<^N 

*0 
0^R3 

25 (la) 
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or a pharmaceutically acceptable salt thereof, 

wherein, 

Het is selected from the group consisting of 

*r .. cry o^1'1 O N O O N' 
Rb Rb Rb Rb RC 

O N S O^N^ O N"^ \ . O^N^-N., 
Rc I, Rd i, Rd 1 ( ' h i, r\ t . 

R R R R 

RIVO • RYrt •R . Rayy^ O^N^N o^N^cj O^NAN O^N^N 
R» Rb 

O 0 -.A 
S^N 

Rb 

N 

R° O^V 
Rb 

Rb Rd Rb 

Ra^N*Sr^N , R3"~N'\^ 
O^N^S' O^N^N' 

Rb Rb 

R \,^N K X Ra A '> F& A JT jy>° • ^ JCV • • 1 iW 
O^N N " " ' O^N^NVR ' O^S 

11 r>^ I ^ i 
R R Rb R 

O O . • O W*V O v"v"v O >AN r-x(j 

<SUR^NV^R0 " NJV/R . 
O^N^S ' O^N^K d O^N^N 

Ab R ib 

Ra. ?T Ra ? T- R3 ? T Rc pa ? r-NVS^d NN"SrV VST^N 
/NVR" O^N'V^ ' O^N^N*^ ' O^N"^N^RC 

Q Rb Rb Rc Rb Rb 

R\ 9 N. 
N V-N and I if ^ 

M N •• > I 
? 

R1 is selected from hydrogen, halogen, cyano, hydroxyl, substituted or 

unsubstituted alkyl, alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, 

arylalkyl, heteroaryl, heteroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

5 at each occurrence, R2, which may be the same or different, is independently 

selected from halogen, cyano, hydroxyl, nitro, -NReRf, substituted or unsubstituted alkyl, 
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alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, 

heteroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

R3 is selected from. -NR6R7, substituted or unsubstituted alkyl, aryl, heterocyclic 

ring, heterocyclylalkyl and heteroaryl; R3 or the group -OCC-OjR.3 is selected from 

5 amino acids such as isoieucinate, leucinate, lysinate, methioninate, phenylalaninate, 

thrconinate, tryptophanate, valinate, alaninate, asparaginate, aspartic acetate, cysteinate, 

glutamic acetate, glutaminate, giycinate, prolinate, selenocysteinate, serinate, tyrosinate, 

argininate, histidinate, ornithinate or taurinate. 

R6 and R7, which may be the same or different, are independently selected from 
0 1 10 hydrogen, substituted or unsubstituted alkyl and hydroxyalkyl; or R' and. R. together with 

the nitrogen atom to which they are attached, form a cyclic ring, which may be 

monocyclic, bicyclic or tricyclic rings, which is substituted or unsubstituted and wherein 

the cyclic ring optionally contains one or more heteroatoms selected, from. O, N or S; 

Ra, Rb and Rd, which may be the same or different, are each independently 

15 selected from, hydrogen, trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and Ci-

C4alkyi; 

R° is selected from hydrogen, halogen, trifluoromethyl, difluoromethyl, 2,2,2-

trifluoroethyl and Ci-Qalkyl; 

Re and Rf, which may be the same or different, are independently selected from 

20 hydrogen, substituted or unsubstituted alkyl and hydroxyalkyl; or Re and Rf together with 

the nitrogen atom to which they are attached, form a cyclic ring, which may be 

monocyclic, bicyclic or tricyclic rings, which is substituted or unsubstituted and wherein 

the cyclic ring optionally contains one or more heteroatoms selected from O, N or S; 

'nf is an integer ranging from 0 to 5, both inclusive. 

25 The compounds of formula (la) may involve one or more embodiments. It is to be 

understood thai the embodiments below are illustrative of the present invention and are 

not intended to limit the claims to the specific embodiments exemplified. It is also to be 

understood that the embodiments defined herein may be used independently or in 

conjunction with any definition, claim or any other embodiment defined herein. Thus the 

30 invention contemplates all possible combinations and permutations of the various 

independently described embodiments. For example, the invention provides compounds 

of formula (la) as defined above wherein. R1 is hydrogen (according to an embodiment 

9 
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defined below) and R2 is halogen (e.g. fluorine, chlorine), haloalkyl (e.g. trifluoromethyl) 

or haloalkoxy (e.g. trifiuoromethoxy) (according to an embodiment defined below). 

According to one embodiment, specifically provided are compounds of the 

formula (ia) in. which R.1 is hydrogen. 

According to another embodiment, specifically provided are compounds of the 

formula (la) in which Het is selected from 

n 7" !?-> 1? 9 — o RavAj R°. Y rVpo y irw v w\. N 

Rb . In 

oA/° R ' " O^N-^NN R ' GXNA/ 0ANAN^RL 
Rb Rb Rb ° A 

this embodiment, R'\ and Rb are independently selected from Ci-C^alkyl (e.g. methyl, 

ethyl), trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and. hydrogen; R° is selected 

10 from Ct"C,ial.kyl (e.g. methyl, ethyl), trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl, 

hydrogen and. halogen. 

According to yet another embodiment, specifically provided are compounds of the 

formula (la) in which Het is selected from 

? 7* T*- II 7" ° 
"!C'N Vic„ "=C-N'Vi„ H*VVi ... HaC.J' I 1 y~cn3 ? || yH, j II ^>-CH3 N Y\_ru , Q^NJL/~ 2 ' 

CH3 CH3 CH3 

o I? 9 7^ 
H3°Y IT^N h3C"N ffV ' ' N-CHc, ' 1 X ' and J P 

O N s NX N 

CH3 CH3 CH3 

15 According to yet another embodiment, specifically provided are compounds of the 

formula (Ia) in which R is selected from halogen (e.g. fluorine, chlorine), haloalkyl (e.g. 

trifluoromethyl) and haloalkoxy (e.g. trifiuoromethoxy). 

According to yet another embodiment, specifically provided are compounds of the 

formula (la) in which'm' is 1,2 or 3. 

20 According to yet another embodiment, specifically provided are compounds of the 

formula (la) in which R2 is fluorine (-F), chlorine (-C1), trifluoromethyl (-CF3) or 

trifiuoromethoxy (-OCF3); and'm' is 2 or 3. 

According to another embodiment, specifically provided are compounds of the 

formula (la) in which R2 is substituted or unsubstituted alkyl, preferably substituted or 

25 unsubstituted Cj-Cialkyl (e.g. isopropyl, terr-butyl, 11-butyl). 

10 
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According to yet another embodiment, specifically provided are compounds of the 

. , NH 
formula, (la) in which K~ is heterocyclic ring, preteraoiy ' v—7 or * . 

Below are representative compounds, which are illustrative in nature only and are 

not intended to limit the scope of the invention. 

5 [2-{[(.l,3-Dimethyl-2,4-dioxo-!,2,3,4-tetrahydrothieno[2,3-c/|pyrimidin-5-yl)acetyl] 

imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2/-^)-yl]methyl-2-methyl 

propanoate; 

[442,4-Dif]uoro-3-(trifiuoromethyi)phenyl]-2-{[(l ^-dimcthy^^-dioxo-l^^/l-

leU-ahydrolhienoP^-tflpyrimidin-S-yOacety^iminoj-l^-thiazoi-SQ/^-yijmethyl-^-

10 methyl pro p an o at e; 

[4-[3-ChIoro-4-(trifluoromethoxy)pheiiyI]-2-{[(I,3,6-trimethyl-2,4-dioxo-l,2J3,4-

tetrahydrofuro[2,3-^Jpyrimidii3-5-yl)acetyl]imino}-.l,3-thiazoI~3(2//)-yl]methyl 2,2-

d i me th y 1 prop ano ate; 

[4-[2,4-Difluoro-3-(tri f!uoromcthyl)phenyl]-2- {[(1,3~dimethyi-2,4-dioxo-1,2,3,4-

15 tetrahydrotliieno[2,3-J]pyrimidin-5-yl)acetyi]imino}-l,3-thiazol-3(2//)-y.i]rnethyl 

L-prolinate; 

[4-[2}4 -Difluoix>-3~(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-^]py!'ii"nidin-5-yl)acetyl]imino}-l ,3-thiazol-3(2/7)-yljrnethyl 

L-prolinate hydrochloride; 

20 [2-{[(J ,3-Dimethyl-2,4-dioxo-l)2)3s4-tetrahydrothieno[2,3-t/jpyrimidm-5-yl)acetyl] 

imino}-4-[3-fluoro-4-(trifluoromethyl)plienyl]-l,3-l.hiazol-3(2/-/)-yrjmethylpiperidine-4-

carboxylate; 

[2-{[(.l,3-Dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieoo[2?3-</jpyrimidi.n-5-yl)acetyl] 

imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-I,3-thiazol-3(2/T)-yl]methylpiperidine-4-

25 carboxylate hydrochloride; 

[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(I,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-(i]pyrim.idin-5-yl)acety]Jimino}-J ,3-thiazoi-3(2/-/)-yl]methyl 

piperidine-4-carboxylate; 

[4-[2,4-Difluoro-3-(trifhioromethyl)phenyl]~2-{[(l,3-dimethyl-2,4-dioxo-I,2,3,4-

30 tetrahydrothieno[2,3-d]pyrimidin-5-yl)acety!]imino}-l,3-thiazol-3(2/:/)-yl]methyl 

piperidine-4-carboxyIate hydrochloride; 

II 
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10 

[4-[3-Ch!oro-4-(trifluoromethoxy)pheny!]-2- {[(1,3,6-trimethy 1-2,4-dioxo-1,2,3,4-

te!;rahydrofuro(2,3-c/]pyrimjdm-5-yl)acetyl]iiTiino}-J,3-thiazo{-3(2/i)-y3.]methyl 

piperidine-4-carboxylale; 

[4-[3-Chioro-4-(trifluoromethoxy)phenyi]-2-{[(l,3!»6-lrimethyl-294-dioxo-l,2,3,4-

Letrahydrofuro[2,3-^/]pyrimidin-5-yl)acetyl]imino}-l,3-thiazoi-3(2//)-yl]methyl 

piperidine-4-carboxylate hydrochloride; 

The invention also provides a compound of formula (lb) which is an embodiment 

of a compound of formula (I). 

Accordingly the present invention provides the compound of formula (lb): 
,1 R 

Het^N^N\l/ V (R2> 

(ib) 

m 

0^CH{R4)NH2 

or a pharmaceutically acceptable salt thereof, 

wherein, 

Het is selected from the group consisting of 
O O n O VVN. o 

REt"N' Ra"NAN^ SN'Nr4_ RC RaNN*N^n 

' cAfN ' O^N^O ' ' 
15 Rb Rb Rta Rb R° 

O ^ Da O O ^ O 

2 1L VR°' 2 Is , 2 iL/>'RC' 2 JIVRC 
O N S O^N^r O^N-Mri O^N^N 

^ ^ RC k ^ ^ ^ 
RSV:D(1 I I o ' 2 I N • J 11 M - 2 k M-R 

O^N-^N O^N^Nd O^N^N 
b R" ib R° pb R° R 

O O vw Q Q 

R%A^N_„ R%.-M£, R^N-V; X O . R'ITN1 R)j = 
° 7 PC 0*V~N O N S c/V*N' 

Rb R Rb ^ > 

AVc . Ra-NV^Rb . R~NANT RC , "Yv-W 
O^N^N ^ o^N O^N^R 

Rb Rd ° ^ & 

12 



WO 2012/085662 PCT/IB20 IS/003224 

O O . • O ^ >A/V O vW/nd 

Ra'N-S'N-t Rb R0 RWN , R , 
Rd >, 

RYY^R[; . RiV^VvR0R%VN 
O N O N N'^ O^N N^RC 

Rb Rb Rc Rb Rb 

R \ U ^ 
N N 

and 'i I b 
N^N-^N 

\ I 
? 

R] is selected from hydrogen, halogen, cyano, hydroxy], substituted or 

5 unsubstituted alkyl, alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, 

arylalkyl, heteroaryl, be'teroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

at each occurrence, R2, which may be the same or different, is independently 

selected from halogen, cyano, hydroxyl, nitro, -NRcRf, substituted or unsubstituted alkyl, 

alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, 

10 heteroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

R4 is selected from hydrogen, substituted or unsubstituted alkyl, hydroxyalkyl, 

arylalkyl, heterocyclylalkyl, heteroarylalkyl, -(CRSR1,)P-C(0)-C]-C4alkyl, -(CR8Rh)p-

C(pymiQ$!\ -(CR8Rh)p-"NReRfJ -(CR8Rh)p-NRe-C(0)-NReRf >and ~(CR8Rh)p-NRe-

C(=NH)-NReRf; 

15 Ra, Rb and Rd, which may be the same or different, are each independently 

selected from hydrogen, trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and CV 

. C4alky]; 

Rc is selected from hydrogen, halogen, trifluoromethyl, difluoromethyl, 2,2,2-

trifluoroethyl and C]-Qalkyl; 

20 R® and Rf, which may be the same or different, are independently selected from 

hydrogen, substituted or unsubstituted alkyl and hydroxyalkyl; or Re and Rf together with 

the nitrogen atom to which they are attached, form a cyclic ring, which may be 

monocyclic, bicyclic or tricyclic rings, which is substituted or unsubstituted and wherein 

the cyclic ring optionally contains one or more heteroatoms selected, from O, N or S; 

25 R8 and Rh, which may be the same or different, are each independently hydrogen 

or CVCi alkyl; 
4m' is an integer ranging from 0 to 5, both inclusive; and 

13 
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'p' is an integer ranging from J to 3, both inclusive. 

The compounds of formula (Jb) may involve one or more embodiments. It is to be 

understood that the embodiments below are illustrative of the present invention and are 

not intended to limit the claims to the specific embodiments exemplified. It is also to be 

5 understood that the embodiments defined herein may be used independently or in 

conjunction with any definition, claim or any other embodiment defined herein. Thus the 

invention contemplates all possible combinations and permutations of the various 

independently described embodiments. For example, the invention provides compounds 

of formula (lb) as defined above wherein RJ is hydrogen (according to an embodiment 

10 defined below) and R is halogen (e.g. fluorine, chlorine), haloalkyl (e.g. trifluoromethyl) 

or haloalkoxy (e.g. trifiuoromethoxy) (according to an embodiment.defined below). 

According to one embodiment, specifically provided are compounds of the 

formula (lb) in which R1 is hydrogen. 

According to another embodiment, specifically provided are compounds of the 

15 formula (lb) in which Het is selected from 

this embodiment Ra, and Rfa are independently selected from Q-C^alkyl (e.g. methyl, 

ethyl), trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and hydrogen; Rc is 

independently selected from Ci-C^alkyl (e.g. methyl, ethyl), hydrogen and halogen. 

20 According to yet another embodiment, specifically provided are compounds of the 

formula (lb) in which Het is selected from 

According to yet another embodiment, specifically provided are compounds of the 

formula (lb) in which R2 is independently selected from halogen (e.g. fluorine, chlorine), 

25 haloalkyl (e.g. trifluoromethyl) and haloalkoxy (e.g. trifiuoromethoxy). 

.14 
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According to yet another embodiment, specifically provided are compounds of the 

formula (lb) in which'm' is I, 2 or 3. 

According to yet another embodiment, specificaliy provided are compounds of the 

formula (lb) in which R' is fluorine (~F), chlorine (-CI), trifluoromethyl (-CF3) or 

5 trifiuoromethoxy (-OCF3); and'm' is 2 or 3. 

According to one embodiment, specifically provided are compounds of the 

formula (lb) in which R4 is independently selected from hydrogen, substituted or 

unsubstituted alkyl, preferably substituted or unsubstituted Ci^alkyl (e.g methyl, 

isopropyl, isobutyl), and arylalkyl (e.g benzyl). 

10 According to yet another embodiment, specifically provided, are compounds of die 

formula (Jb) wherein the pharmaceutically acceptable salt is hydrochloride salt. 

According to another embodiment, specifically provided are compounds of the 

following formula: 

[4-[2,4-Difluoro-3-(lrifluoromethy!)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

15 tetrahydrothieno[2,3-J]pyrimidin-5-yl)acetyl]imino}-l ,3-thiazol-3(2/-/)-yl]methyl 

glycinate; 

[4-[2,4-Dif]uoro~3-(trifhi6romethyl)pbenyi]-2-{ |X l,3-diinethyl~2/4-dioxo-1,2,3,4~ 

tetrahydroth.ieno[2,3-<i]pyrimidm-5-yl)acetyl]imino}-l,3-thiazol-3(2i7)-yl]methyl 

glycinate hydrochloride; 

20 [4-[2,4-Difluoro-3-(trifl.uoromethyl)phenyl]-2-{[(l,3-dimethyI-2J4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-d]pyrimidii)-5-yl)acetyl]imin.o}-l,3-thiazol-3(2/7)-yl]niethyl 

L-a.lani.nate; 

[4~[2,4-Dif1 uoro-3-(trifluoromethy])phenyl]-2- {[(1,3-di melhyl-2,4-dioxo-1,2,3,4-

tetrahydrothi.eno[2,3-c/|pyrimidin--5-yl)acel.yl]imino}-l,3-thiazol-3(2/-/)-yl]methyl 

25 L-alaninate hydrochloride; 

[4-| 2,4-Difluoro-3-(lrifluoromethyl)phenyl]-2-{[(1,3-dimethy 1-2,4-dioxo-1,2,3,4-

tetrahydrothieno[2,3-flr|pyrimidin-5-yl)acetyl]imino}-1,3-thiazoi-3(2//)-yi]melhyl 

L-valinate: 

|4-[2/4-Difluoro-3-(trifluoromethyl)pheny]]-2~{[(1,3~dimethyl-2,4--dioxo~l,2,3,4~ 

30 tetrahydrolhieno[2,3-^]pyrimidin-5-yl)acetyrjimino}-l,3-lhiazoi-3(27-/)-yl]methyl 

L-valinate hydrochloride; 

|2-{[(1,3-Dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-t/Jpyrimidin-5-yl)acetyl] 

imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2/7)-yl]methyl 
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L-isoleucinate; 

[2-{[(I,3-Diraethyl-2s4-dioxo-l J2,3,4-tetrahydrothieno[2,3-rf]pyrimidin-5-yl)acetyI] 

imino}-4-[3-i:luoro-4-(lntluoromethyl)pheny!j-J,3-thiazol-3(2y^)-y3]methyl 

L-isoleucinate hydrochloride; 

5 [4-[2)4-Difluoro~3-(trifluoromethyl)phcnyl]-2-{[(l,3-dimethyI-2,4-dioxo-J ,2,3,4-

tetrahydrothleno[2,3~ff|pyrirnidm-5-yl)acetyi]irnmo}-l,3-thiazol-3(2f/)-yl]methyI 

L-isoieucinaie; 

[4-[2,4-Difliioro~3-(trifluororriethyl)phenyIJ-2-{[(],3-dimethyI-2,4-dioxo-J ,2,3,4-

teti,ahydrothieno[2,3-c/]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2/-f)-yl]methyl 

J 0 L-isoleucinate hydrochloride; 

[4~[3-Chloro-4-(trinuoromethoxy)phen.yl]-2-{[(l,3,6-trimethyl-2)4-dioxo-] ,2,3,4-

tetrah.ydrofuro[2,3-(i]pyrimidiii-5-yl)acelyl.]imino}-l53-thiazol-3(2H)-yrjmethyl glycinate; 

[4-[3-Chloro-4-(tri fluoromethoxy)phenyl]-2~{[(l,3,6-trimeth.yl-2)4-dioxo-l,2,3,4-

telrahydrofuro[2,3-^]pyrirnidin-5-y])acetyl]imino}-l,3-lhiazol-3(2/7)-yl|methyl glycinate 

15 hydrochloride; 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2- {[(1,3,6-trimethyl-2,4-dioxo-l ,2,3,4-

telrahydrofuro[2,3-c/]pyrimidin-5-yl)acctyl.]imiao}-l ,3-thiazol-3(2//)-yi]raethyl 

L-valinate; 

[4-[3-Chioro-4-(trifluoroniethoxy)phenyl]-2- {[(l,3,6-ti*imelhyl-2,4-dioxo-l,2,3,4-

20 tetrahydrofuro[2,3-*/]pyrimidin-5-yl)acety!]imino}-L,3-thiazol-3(2//)-yL]melhyl 

L-val inate hy drochlorid e; 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-J ,2,3,4-

tetrahydrofuro[2,3-<flpyrimidin-5-yl)acetyl]imino}-l,3-thiazoi-3(2//)-yrjmethyl 

L-isoleucinate; 

25 [4-f3-Chloro-4~(trifluoroTnethoxy)phenyl]-2-{[(l,3,6-trimelhyI-2,4-dioxo-J ,2,3,4-

tetrahydrofuro[2,3-iflpyrimidin~5-yl)acetyI]imino}-l,3-tliiazol-3(2#)-yI]methyl 

L-isoleucinate hydrochloride; 

4-[3-Chloro-4-(trifluoromelhoxy)phenyl]-2-{[(13,6~trimediyl-2,4-dioxo-l ,2,3,4-

tetrahydrofui,o[2,3-d]pyrimidin-5-yl)acetyl]imino} -1,3-thiazol-3(2H)r-yl]melhyl 

30 L-phenylalaninate; 

4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trirriethyl-2,4-dioxo-3,2,3,4-

telrahydrofuro[2,3-d]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2H)-yl]methyl 

L-phenylalaninate hydrochloride. 

16 



WO 2012/085662 PCT/IB2011/003224 

The invention also provides a compound of formula (Jc) which is an embodiment 

of a compound of formula (I). 

Accordingly, the present invention provides compound of formula (Ic): 

R1 

9 

8 J/OR8 
0=P^ o 

OR 

(Ic) 

or a pharmaceutically acceptable salt thereof, 

wherein, 

Het is selected from the group consisting of 
o o _ .f. o > o 

pa A. Ra_ As R' A. J Ra 
R N ^ K N N * N^r\ r.c 
0<V ' 0^fN ' O^NA0 R ' o^N' ° 

Rb R!> Rb RC 

">v 

0 T R ^ A > Ra^ A NP R\ A Jh 
7 I VRC ' ' l\/-RC< A^T^,RC 

O N S O^N^r O^N^N 
>h ib R IK R I, R 

j 0 R R R R 

RVVt . R%Vt %VC, . RSVld JL L O > i' 1 N • X 1 M - 2 L .N-Rc 
o^N^N O^N^O O^N^N O^N^N 

^ ^b ^ Rd & 

R>\> . 
0 Vbc t/V-s O^N^-N 

Rb R Rb {*> 

r>a "V" O ~-v~ O a *? s^-v 

YV>° • . R" N-W RC ,R -NANA_RC 
O^N^N ^ J»N> R 0^S> 

h- Rd 0 & Rb 

O O i-' O ""*"•* ^ wv O vs^vr^ci 

R3~N-S'N\_ b R^NAYS_ ^N-VN , RNNJS|A/1 , 
O^-N^S ' ' O^N^H'd O^N^N 

b ^ R ^b 

Ras A T oa | T R\ 2 "X RC Ra V T~ N-SrS^d R^VN , NVY RSN\AN 
O N ' O^N"^ O^N N-'N ' O^N N^RC 

]5 Rb Rb Rc Rb Rb 
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R1 is selected from, hydrogen, halogen, cyano, hydroxyl, nitro, -NReR(, substituted 

or unsubstituted alkyl, alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, 

arylalkyl, heteroaryl, heteroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

5 at each occurrence, R2, which, may be the same or different, is independently 

selected from halogen, cyano, hydroxyl, nitro, -NReR!, substituted or unsubstituted alkyl, 

alkoxy, haloalkyl, haloalkoxy, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, 

heteroarylalkyl, heterocyclic ring and heterocyclylalkyl; 

R8 is selected from hydrogen, Cj-C4alkyi, arylalkyl and pharmaceutically 

10 acceptable cation (M' orM2:); 

R;!, Rb and Rd, which, may be the same or different, are each independently 

selected from hydrogen, trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and Cj-

Qalkyl; 

Rc is selected from hydrogen, halogen, trifluoromethyl, difluoromethyl, 2,2,2-

15 Irifluorocthyl and Ci-C^alkyl; 

Re and Rr, which may be the same or different, are independently selected from 

hydrogen, substituted or unsubstituted alkyl and hydroxyalkyl; or Re and R( together with 

the nitrogen atom to which they are attached, form a cyclic ring, which may be 

monocyclic, bicyclic or tricyclic rings, which is substituted or unsubstituted and wherein 

20 the cyclic ring optionally contains one or more heteroatoms selected from O, N or S; 
cm' is an integer ranging from 0 to 5, both inclusive; 

The compounds of formula (Ic) may involve one or more embodiments. It is to be 

understood that the embodiments below are illustrative of the present invention and are 

not intended to limit the claims to the specific embodiments exemplified. It is also to be 

25 understood that the embodiments defined herein may be used independently or in 

conjunction with any definition, claim or any other embodiment defined herein. Thus the 

invention contemplates all possible combinations and permutations of the various 

independently described embodiments. For example, the invention provides compounds 

of formula (Ic) as defined above wherein Rl is hydrogen (according to an embodiment 

30 defined below) and Rs is hydrogen (according to an embodiment defined, below). 

18 
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According to one embodiment, specificaliy provided are compounds of the 

formula (Ic) in which R1 is hydrogen. 

According to another embodiment, specifically provided are compounds of the 

formula (Ic) in which Het is selected from 
O o .. P v^.. o 

R I^CVRC R R jr^r^N~Rd'R"T R ̂ VRC 
/A O^N^S and 0ANA/"R 

5 Rb Rb Rb R> 

In this embodiment Ra, and Rb are independently selected from Ci-C4alkyl (e.g. 

methyl, ethyl), trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl and hydrogen; Rc is 

independently selected from hydrogen, Ci-Qalkyl (e.g. methyl, ethyl), trifluoromethyl, 

difluoromethyl, 2,2,2-trifluoroethyl and halogen. 

10 According to yet another embodiment, specifically provided are compounds of the 

formula (Ic) in which Het is selected from 
° ^ 0 9 o 

CH, M3C"N^Sr"4 „ 
2n5 

CH3 CH', CH 3 CH3 

H3aNAT H3C U H3C 1 f 
CAXN-CH3 • ^ IN^H 

CH3 CH3 CH3 

According to yet another embodiment, specifically provided are compounds of the 

formula (Ic) in which R is selected from, halogen (e.g. fluorine, chlorine), haloalkyl (e.g. 

15 trifluoromethyl) and haloalkoxy (e.g. trifiuoromethoxy). 

According to yet another embodiment, specifically provided are compounds of the 

formula (Ic) in which'm" is 1, 2 or 3. 

According to yet another embodiment, specifically provided are compounds of the 

formula (Ic) in which R is fluorine (-F), chlorine (-C1), trifluoromethyl (-CF3) or 

20 trifiuoromethoxy (-OCF3); and'm' is 2 or 3. 

According to yet another embodiment, specifically provided are compounds of the 

formula (Ic) in which R8 is hydrogen. 
o 

According to yet another embodiment R is pharmaceutically acceptable cation 

(M+or M2") such as sodium, potassium, ammonium., calcium and magnesium. 

25 According to another embodiment, specifically provided are compounds of the 

following formula: 
19 
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9 ^ n S ~"V / ^ ,-p 2, HetN ^ Het^^K^ (R ^ 

0 
1 XTM' 

0~ OH 
(ld-1) 

Het^l ^ 

O 
O=PC 

O'M 

(Id) 

in this embodiment, Het is selected from 

(id-2) 

I > n T"4- i? 7^" 0 

" VSficH. Vi,, n3a -v^. 
CH3 CH3 CH3 

i T ?\ H3C.NAJ H3aNAr.N/ 

y r"NN-CH-5 ' A JL /N and T J| 
Q^N^N ' O^N S O^N^N 

13 

.2 

CHo CH3 CH3 

R is fluorine (-F), chlorine (-C1), trifluoromethyl or trifiuoromethoxy; and'm' is 

5 2 or 3; further in this embodiment, MT is pharmaceutically acceptable cation such as 

sodium, potassium, and ammonium; M2" is pharmaceutically acceptable cation such as 

calcium, and magnesium. 

According to another embodiment, specifically provided are compounds of the 

following formula: 

10 [2-{[(l,3-Dimethy!-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-<i]pyrimidm-5-yl) 

acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2/ir)-yl]methyl 

dihydrogen phosphate; 

Disodium.[2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-£i]pyrimidin-5~ 

yl)acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2//)-yl]methyl 

15 phosphate; 

[4-[2)4-Difluoro-3-(trifluoroinethyI)phenyl]-2-{[(l)3-dimethyl-2,4-dioxo-lJ2,3J4-

tetrahydrothieno[2,3-(i]pyrimidm-5-yl)acetyl]imino}-l,3-thiazol-3(2i7)-yl]methyl 

dihydrogen phosphate 

20 
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Disodi.itm[4-[2,4-difluoro-3-(trifluoromethyl)phenyl]-2-{[(L3-dimethyl-2,4-dioxo-

l,2,3,4-tetrahydrothieno[2,3-^]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2i:/)-yl]methyl 

phosphate; 

4-(2,4-Difluoro-3 -(trifluoromethy l)phenyl)-2-((2-( 1,3,6-trimethyl~2,4~dioxo-1,2,3,4-

5 tetrahydrothieno[2,3-d]pyrim.idm-5-yl)acctyi)imino)thiazol-3(2H)-yI)methyl dihydrogen 

phosphate; 

Disodium (4-(2,4-difluoro-3-(trifluoromethyl)phenyl)-2~((2-(l,3,6-trimethyl-2,4-dioxo-

l,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-5-yl)acetyl)imino)thi.azoI-3(2H)-yl)methyl 

phosphate; 

10 [2-{[(6-ethyl-l ,3-dimethyl-2,4-dioxo-l ,2,3,4-tetrahydrothieno[2,3~i%yrimidin-5-

yl)acetyl]imino}~4-[3-fluoro~4-(trifhxoromethyl)phenyl]-l,3-thiazol-3(2/:/)-yl]methyl 

dihydrogen phosphate; 

Disodium [2-{[(6-ethyl-l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-£/]pyrimidin-

5-yl)acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyi]-l,3-thiazol-3(2//)-yl]methyl 

15 phosphate; 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-<i]pyrimidin-5-yl)acetyl]imino}-l,3-thiazoi-3(2i/)-yl]methyl 

dihydrogen phosphate; 

Disodium [4-[3-ehloro-4-(trifluoromethoxy)phenyi]-2-{[(l,3,6-trimethyl-2,4-dioxo-

20 1,2,3,4-tetrahydrofuro [2,3-c/] pyrimidin-5-yl)acetyl]imino}-ls3-thiazol-3(2//)-yl]methyl 

phosphate: 

4-[2>3-DifIuoro-4-(trifluoromethyl)phenyl]-2-{[(l,3,6-trimethyI-2,4-dioxo-ls2,3)4-

tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2H)-yl]methyl 

dihydrogen phosphate; 

25 4-(2,4-Difluoro-3-(trifluoromethyl)phenyl)-2-((2-(2,5,7-trimethyl-4,6-dioxo-4!5,6,7-

tetrahydro-2H-pyrazolo[3,4-d]pyrimidin-3-yl)acetyl)imino)thiazol-3(2H)~yl)methyl 

dihydrogen phosphate; 

Disodium-(4-(2,4-difluoro-3-(trifluoromethyl)phenyl)-2-((2-(2)5,7-trimethyl-4,6-dioxo-

4,5,6,7-tetrahydro-2H-pyrazolo[3,4-d]pyrimidin-3-yl)acetyl)imino)thiazol-3(2H)-

30 yl)methyl phosphate; 

(4-(3,4-Dichlorophenyl)-2-((2-(l ,3"dimethyi-2,6-dioxo-2,3~dihydro~lH-purin-7(6H)-

yl)acetyl)imino)thiazol-3(2H)-yl)methyl dihydrogen phosphate; 

21 
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[4-[2,3-Oifluoro-4-(trifiuoromethyl)phenyl]-2-{[(5,7-dimethyl-4,6-dioxo-4!5,6,7-

tetrahydro[l,2]thiazolo[5,4-<i]pyrimidin-3-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl 

dihydrogen phosphate; 

Disodium -(4-(2,3-difhioro-4-(trifhiQromethy1)phenyl)-2-((2-(5,7~dimethyl-4,6-dioxo-

5 4,5,6,7-tetrahydroisothiazoio[5,4-d.]pyrimidm-3-yl)acetyi)immo)thiazol-3(2H)-yl.)methyI 

phosphate. 

In a broader aspect, the invention relates to compound of formula (I) as defined 

herein, which revert under physiological conditions into a compound having formula (1) 

compound of formula (I). 

According to one embodiment, specifically provided are compounds of formula 

(I) having better aqueous solubility over the corresponding compound of formula (1). 

(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-

^/]pyrimidin-5-yl)acetyl]rmino}-l,3~thiazol-3('2//)-yl]methyI glycinate hydrochloride has 

better aqueous solubility over 7V-{4-[2,4-difluoro-3-(trifluoromethyl)phenyl]-l,3-thiazol-

2-yl}-2-(l,3~dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothicno[2,3-(i]pyrimidin~5-

20 yl)acetamide. 

According to yet another embodiment, compound [4-[2,4-difluoro-3-

(trifluoromethyi)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-

J]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl piperidine-4-carboxylate 

hydrochloride has better aqueous solubility over A-{4-[2,4-difluoro-3~ 

25 (trifluoromethyl)phenyl]~ 1,3-thiazol-2-y] }-2-(l ,3-dimethy!-2,4-dioxo-1,2,3,4-

tetrahydrothieno[2,3-<i]pyrimidin-5-yl)acetamide. 

According to yet another embodiment, compound [2-{[(l,3-dimethyi-2,4~dioxo-

l,2,3,4-tetrahydrothieno[2,3-(i]pyrimidin-5-yl)acetyl]imino}-4-[3-fluoro-4-

(trif!uoromethy[)phenyi]-l,3-thiazol-3(2//)-y[]methyl dihydrogen phosphate has better 

30 aqueous solubility over 2-(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-

i/]pyrimidin-5-yl)-A^-{4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-2-yl}acetamide. 

10 
1 2 wherein Het', R , R and m have the same meaning as defined herein for 

15 According to another embodiment, compound [4-[2,4-difluoro-3 
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According to one embodiment, specifically provided are compounds of formula 

(I), (Ia), (lb) or (lc) with, better pharmacokinetic properties (Cmax and AUC) with respect 

to corresponding compound of formula (1). 

According to one embodiment, compound [2-{[(] ,3-dimethyl-2,4-dioxo-l,2,3,4-

5 tetrahydrothieno[2,3-d]pyrimidin~5~yl)acetyl] imino}-4-[3-fluoro-4-(trifluoromethyl) 

phenyl]-l,3-thiazol-3(2//)-yl]methyl L-isoleucinate hydrochloride has better 

pharmacokinetic properties (Cmax and AUC ) when compared to 2-(l,3-dim.ethyl-2,4-

dioxo-1,2,3,4-tetrahydrothieno[2,3-c/]pyrimidin-5-yl)-7V-{4-[3-fluoro-4-

(trifluoromethy l)pheny 1] -1,3 -thiazol-2-y 1} acetami de. 

10 According to another embodiment, compound [4-[2,4-difluoro-3-

(trifluoromethyl)pheiiyl]-2-{[(l,3-d.imethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-

^]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl L-isoleucinate hydrochloride 

has better pharmacokinetic properties (Cmax and AUC ) when compared to 7V-{4-[2,4-

difluoro-3-(trifluoromethyl)phenyl]-l,3-thiazol~2-yl}-2-(l,3-dimethyl-2?4-dioxo-l,2)3!4-

15 tetrahydrothieno[2,3-(i]pyrimidin-5-yl)acetamide. 

According to yet another embodiment, compound [2-{[(l,3-dimethyl-2,4-dioxo-

1,2,3,4-tetrahydrothieno[2,3-(i]pyrimi.din-5-yl)acetyl]imino}-4-[3-fluoro-4-

(trifluoromethyljphenyl]-3,3-thiazol-3(2//)-yl]methyl dihydrogen phosphate has better 

pharmacokinetic properties (Cmax and AUC) when compared to 2-(.l,3-dimethyl-2,4-

20 dioxo-l;2,3,4-tetrahydrothieno[2,3~^pyrjmidin~5-yr)-jV~{4~[3~fluoro~4~ 

(trifluoromethyl)phenyl]-1,3-thiazol-2-ylj acetamide. 

According to yet another embodiment, compound [4-[3-chloro-4-

(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo~l ,2,3,4-tetrahydrofuro[2s3-

(i]pyrim.idin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl piperidin.e-4-carboxylate 

25 hydrochloride has better pharmacokinetic properties (Cmax and AUC) when compared to 

/V-{4-[3-chloro-4-(trifliioromethoxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6-trimethyl-2,4-

dioxo-1,2,3,4-tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetamide. 

According to yet another embodiment, compound [4-[3-chloro-4-

(trifluoromethoxy)phenyl]-2-{[(l,3,6-tiimethyl-2,4-dioxo-l,2,3,4-tetrahydrofuro[2,3-

30 <:/]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2/7)-yl]methyl glycinate hydrochloride has 

better pharmacokinetic properties (Cmax and AUC) when compared to A-{4-[3-chloro-4-

(trifluoromethoxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetamide. 
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According to yet another embodiment, compound [4-[3-chloro-4-

(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-tetrahydrofuro[2,3-

d]pyrimLdin-5-yI)acetyi]imino}-i,3-thiazoi-3(2/f}~yl]methyl L-vaiinate hydrochloride has 

better pharmacokinetic properties (Cmax and AUC) when compared to A/-{4-[3-chloro-4-

5 (trifluoromethoxy)phenyI]-l,3-thiazol-2-yl}-2-(l,3»6-trimethyI-2,4-dioxo-l,2,3!4-

tctrahydrofuro[2,3-d]pyrimidin-5-yl)acetamide. 

According to yet another embodiment, compound [4-[3-chloro-4-

(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-tetrahydrofuro[2,3-

^]pyrimidin-5-yi)acetyi]imino} -1,34hi.azoi-3(2iY)-yl]methyl dihydrogen phosphate has 

10 better pharmacokinetic properties (Cmax and AUC) when compared to N- {4-[3-chloro-4-

(trifluoromethoxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetamide 

According to yet another embodiment, compound 4-(2,4-difluoro-3-

(tri.fhioromethyl)phenyl)-2-((2-(2,5,7-trimethy!-4,6-dioxo-4,5,6,7-tetrahydro-2H-

15 pyrazolo[3,4-d]pyrimidin-3-yr)acetyl)imino)thiazol-3(2H)-y])methyl dihydrogen 

phosphate has better pharmacokinetic properties (Cmax and AUC value) when compared 

to A?-(4-(2,4-difluoro-3-(trifluoromethyl)phenyi)thiazol-2-yl)-2-(2>5?7-trimethyl~4,6-

dioxo-4,5,6,7~tetrahydro-2H-pyrazolo[3,4~d]pyrimidin~3-yl)acetamide. 

It should be understood that the formulas (I), (la), (lb) or (Ic) structurally 

20 encompasses TV-oxide, all tautomers, geometrical isomers, stereoisomers, including 

enantiomers and diastereomers and pharmaceutically acceptable salts that may be 

contemplated from the chemical structure of the genera described herein. 

The present invention also provides a pharmaceutical composition that includes at 

least one compound described herein and at least one pharmaceutically acceptable 

25 excipient, such as a pharmaceutically acceptable carrier or diluent. Preferably, the 

pharmaceutical composition comprises a therapeutically effective amount of at least one 

compound described herein. The compounds described in the present patent application 

may be associated with a pharmaceutically acceptable excipient, such as a carrier or a 

diluent or be diluted by a carrier, or enclosed within a carrier which can be in the form of 

30 a capsule, sachet, paper or other container. 

The compounds of the present invention can be administered as pharmaceutical 

composition containing, for example, 0.1 to 99.5% (more preferably, 0.5 to 90%) of 

active ingredient in combination with a pharmaceutically acceptable carrier. The ultimate 
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dose will depend 011 the condition being treated, the route of administration and the age, 

weight and condition of the patient and will be the doctor's discretion. 

Compounds of the present invention may be used in the manufacture of 

medicaments for the treatment of any diseases disclosed herein. The compounds and 

5 pharmaceutical compositions described herein are useful for modulating TRPAl 

receptors, wherein modulation is believed to be related to a variety of disease states. 

The compound of the present invention can be administered alone or in 

combination with other therapeutic agents. For instance, the TRPAl modulator is 

administered conjointly with one or more of an anti-inflammatory agent, anti-acne agent, 

10 anti-wrinkle agent, anti-scarring agent, anti-psoriatic agent, anti-proliferative agent, anti­

fungal agent, anti-viral agent, anti-septic agent, anti-migraine agent, keratolytic agent, or 

a hair growth inhibitor 

15 

Detailed Description of the Invention 

Definitions 

20 The terms "halogen" or "halo" means fluorine (fluoro), chlorine (chloro), bromine 

(bromo), or iodine (iodo). 

The term "alkyl" refers to a hydrocarbon chain radical that includes solely carbon 

and hydrogen atoms in the backbone, containing no unsaturation, having from one to 

eight carbon atoms (i.e. Cj-saikyl), and which is attached to the rest of the molecule by a 

25 single bond, e.g., methyl, ethyl, n-propyl, 1-methylethyl (isopropyl), n-butyl, n-pentyl and 

1,1-dimethylethyl (t-butyl). The term. "Ci-Cgalkyl" refers to an alkyl chain having 1 to 6 

carbon atoms. The term "Q^alltyl" refers to an alkyl chain having 1 to 4 carbon atoms. 

Unless set forth or recited to the contrary, all alkyl groups described or claimed herein 

may be straight chain or branched, substituted or unsubstituted. 

30 The term "alkoxy" refers an alkyl group attached via an oxygen linkage to the rest 

of the molecule (i.e. Ci-salkoxy). Examples of such alkoxy moiety include, but are not 

limited to, -OCH3 and -OC2H5. Unless set forth or recited to the contrary, all alkoxy 

groups described herein may be straight chain or branched, substituted or unsubstituted.. 
25 
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The term "haloalkyl" refers to at least one halo group (selected from F, CI, Br or 

1), linked to an alkyl group as defined above (i.e.haloCi-salkyl). Examples of such 

haloalkyl moiety include, but are not limited to, trifluoromethyl, difluoromethyl and 

fluoromethyl groups. Unless set forth or recited to the contrary, all haloalkyl groups 

5 described herein may be straight chain or branched, substituted or unsubstituted. 

The term "haloalkoxy" refers to an alkoxy group substituted with one or more 

halogen atoms (i.e.haloCi-salkoxy). Examples of "haloalkoxy" include but are not limited 

to fluoromethoxy, difluoromethoxy, trifiuoromethoxy, 2,2,2-trifluoroethoxy, 

pcntafluoroethoxy, pentachloroethoxy, chloromethoxy, dichlorormethoxy, 

10 trichloromethoxy and 1-bromoethoxy. Unless set forth or recited to the contrary, all 

haloalkoxy groups described herein may be straight chain or branched, substituted or 

unsubstituted. 

The term "hydroxyalkyl" refers to an alkyl group as defined above wherein one to 

three hydrogen atoms on different carbon atoms is/are replaced by hydroxyl groups (i.e. 

15 hydroxyCi-salkyl). Examples of hydroxyalkyl moiety include, but are not limited to -

CH2OH and ~C2H4OH. 

The term "cycloalkyl" denotes a non-aromatic mono or multicyclic ring system of 

3 to about 12 carbon atoms for example C3.i2cycloalkyl, such as cyclopropyl, cyclobutyl, 

cyclopentyl and cyclohexyl. Examples of multicyclic cycloalkyl groups include, but are 

20 not limited to, perhydronapththyl, adamantyl and norbornyl groups, bridged cyclic groups 

or sprirobicyciic groups, e.g., sprio(4,4)non-2-yl, spiro[3,3]heptanyl, spiro[3,4]octanyl 

and spiro[4,4]heptanyl. Unless set forth or recited to the contrary, all cycloalkyl groups 

described herein may be substituted or unsubstituted. 

The term "cycloalkylalkyl" refers to a cyclic ring-containing radical having 3 to 

25 about 8 carbon atoms directly attached to an alkyl group for example C3_8cycloalkylC]_ 

salkyl. The cycloalkylalkyl group may be attached to the main structure at any carbon 

atom in the alkyl group that results in the creation of a stable structure. Examples of 

cycloalkylalkyl moiety include, but are not limited to cyclopropylmethyl, cyclobutylethyl, 

and cyclopentylethyl. Unless set forth or recited to the contrary, all cycloalkylalkyl 

30 groups described or claimed herein may be substituted or unsubstituted. 

The term "aryl" refers to an aromatic radical having 6 to 14 carbon atoms (i.e. 0,$. 

naryl), including monocyclic, bicyclic and tricyclic aromatic systems, such as phenyl, 
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naphthyl, tetrahydronapthyl, indanyl and biphenyl. Unless set forth or recited to the 

contrary, all aryl groups described herein may be substituted or unsubstituted. 

The term "arylalkyl" refers to an aryl group as defined above directly bonded to 

an alkyl group as defined above (i.e. C6-i4arylCi_galkyl). Examples of arylalkyl moiety 

5 include, but are not limited to -CH2C6H5 and -C2H4C6H5. Unless set forth or recited to the 

contrary, all arylalkyl groups described herein may be substituted or unsubstituted. 

The term "heteroaryl" unless otherwise specified refers to substituted or 

unsubstituted 5 to 14 membered aromatic heterocyclic ring radical with one or more 

heteroatom(s) independently selected from N, 0 or S. The heteroaryl may be a mono-, bi-

10 or tricyclic ring system. The heteroaryl ring radical may be attached to the main structure 

at any heteroatom or carbon atom that results in the creation of a stable structure. 

Examples of such heteroaryl ring radicals include, but are not limited to oxazolyl, 

isoxazolyl, imidazolyl, furyl, indolyl, isoindolyl, pyrrolyl, triazolyl, triazinyl, tetrazoyl, 

thienyi, thiazolyi., isothiazolyi, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, benzofuranyl, 

15 benzothiazolyl, benzoxazolyl, benzimidazolyl, benzothienyl, benzopyranyl, carbazolyl, 

quinolinyl, isoquinolinyl, quinazolinyl. ci.nnolinyl, naphthyridinyl, pteridinyl, purinyi. 

quinoxalinyl, quinolyl, isoquinolyl, thiadiazolyl, indolizinyl, acridinyl, phenazinyl and 

phthalazinyl. Unless set forth or recited to the contrary, all heteroaryl groups described 

herein may be substituted or unsubstituted. 

20 The term "heteroarylalkyl" refers to a heteroaryl ring radical directly bonded to an 

alkyl group (i.e. hctcrarylCj-galkyl). The heteroarylalkyl radical, may be attached to the 

main structure at any carbon atom in the alkyl group that results in the creation of a stable 

structure. Unless set forth or recitcd to the contrary, all heteroarylalkyl groups described 

herein may be substituted or unsubstituted.. 

25 The term "heterocyclic ring" or "heterocyclyl" unless otherwise specified refers to 

substituted or unsubstituted non-aromatic 3 to 15 membered ring radical which consists of 

carbon atoms and from one to five heteroatoms selected from nitrogen, phosphorus, 

oxygen and sulfur. The heterocyclic ring radical may be a mono-, bi- or tricyclic ring 

system, which may include fused, bridged or spiro ring systems, and the nitrogen, 

30 phosphorus, carbon, oxygen or sulfur atoms in the heterocyclic ring radical may be 

optionally oxidized to various oxidation states. In addition, the nitrogen atom may be 

optionally quaternized; also, unless otherwise constrained by the definition the 

heterocyclic ring or heterocyclyl may optionally contain one or more olefinic bond(s). 
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Examples of such heterocyclic ring radicals include, but are not limited to azepinyl, 

azetidinyl, benzodioxolyl, benzodioxanyl, chromanyl, dioxolanyl, dioxaphospholanyl, 

decahydroisoquinoiyi, indanyl, indoiinyl, isoindoiinyi, isochromanyl, isothiazolidinyi, 

isoxazolidinyl, morpholinyl, oxazolinyl, oxazolidinyl, oxadiazolyl, 2-oxopiperazinyl, 2-

5 oxopipcridinyl, 2-oxopyrrolidinyl, 2-oxoazepinyl, octahydroindolyl, octahyd.roisoindolyl, 

perhydroazepinyl, pipcrazinyl, 4-piperidonyl, pyrrolidinyl, piperidinyl, phenothiazinyl, 

phenoxazinyl, quinuclidinyl, tetrahydroisquinolyl, tetrahydrofuryl, tetrabydropyranyl, 

thiazolinyl, thiazolidinyl, thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl 

sulfone, 7-aza-spiro[3,3]heptanyl, 7-spiro[3,4]octanyl, and 7-aza- spiro[3,4]octanyl. The 

10 heterocyclic ring radical may be attached to the main structure at any heteroatom or 

carbon atom that results in the creation of a stable structure. Unless set forth or recited to 

the contrary, all heterocyclyl groups described herein may be substituted or unsubstituted. 

The term "heterocyclylalkyl" refers to a heterocyclic ring radical directly bonded 

to an alkyl group (i.e. heterocyclylCi-galkyl). The heterocyclylalkyl radical may be 

15 attached to the main structure at any carbon atom. in. the alkyl group that results in the 

creation of a stable structure. Unless set forth or recited to the contrary, all 

heterocyclylalkyl groups described herein may be substituted or unsubstituted. 

Unless otherwise specified, the term "substituted" as used herein refers to a group 

or moiety having one or more of the substituents attached to the structural skeleton of the 

20 group or moiety, including, but not limited to such substituents as hydroxy, halogen, 

carboxyL cyano, nitro, oxo (=0), thio ("S), substituted or unsubstituted alkyl, substituted 

or unsubstituted haloalkyl, substituted or unsubstituted alkoxy, substituted or 

unsubstituted haloalkoxy, substituted or unsubstituted alkenyl, substituted or 

unsubstituted alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted 

25 arylalkyl substituted or unsubstituted cycloalkyl, substituted or unsubstituted 

cycloalkylalkyl, substituted or unsubstituted cycloalkenyl, substituted or unsubstituted 

amino, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, 

substituted or unsubstituted heterocyclylalkyl ring, substituted or unsubstituted 

heteroarylalkyl, substituted or unsubstituted heterocyclic ring, substituted or unsubstiuted 

30 guanidine, -COORx, -C(0)Rx, -C(S)RX, -C(OJNRxRy, -C(Q)ONRxRy, -NRxCGNRyRz, -

N(Rx)SORy, -N(Rx)S02Ry, -(=N-N(Rx)Ry), ~NRxC(0)0Ry, -NRxRy, -NRxC(G)Ry, -

NRxC(S)Ry, -NRxC(S)NRyRz, -SONRxRy, -S02NRxRy, ~ORx, -0C(0)Rx, ~0C(0)NRxRy, -

SR\ -SOR\ -S02RX, and -ONO2, wherein Rx, Ry and Rz are independently selected from 
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hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkoxy, 

substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or 

unsubstituted aryl, substituted or unsubstituted arylalkyl, substituted or unsubstituted 

cycloalkyl, substituted or unsubstituted cycloalkenyl, substituted or unsubstituted amino, 

5 substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted 

heterocyclylalkyl ring, substituted or unsubstituted heteroarylalkyl, or substituted or 

unsubstituted heterocyclic ring. The substituents in the aforementioned "substituted" 

groups cannot be further substituted. For example, when the substituent on "substituted 

alkyl" is "substituted aryl", the substituent on "substituted, aryl" can be unsubstituted 

10 alkenyl but cannot be "substituted alkenyl". 

The term "treating" or "treatment" of a state, disorder or condition includes: (a) 

preventing or delaying the appearance of clinical symptoms of the state, disorder or 

condition developing in a subject that may be afflicted with or predisposed to the state, 

disorder or condition but does not yet experience or display clinical or subclinical 

15 symptoms of the state, disorder or condition; (b) inhibiting the state, disorder or 

condition, i.e., arresting or reducing the development of the disease or at least one clinical, 

or subclinical symptom thereof; or (c) relieving the disease, i.e., causing regression of the 

state, disorder or condition or at least one of its clinical or subclinical symptoms. 

The term "subject" includes mammals (especially humans). Other mammals 

20 include domestic animals (e.g., household pets including cats and dogs) and non-domestic 

animals (such as wildlife). 

A. "therapeutically effective amount" means the amount of a compound, that, when 

administered to a subject for treating a state, disorder or condition., is sufficient to effect 

such treatment. The "therapeutically effective amount" will vary depending on the 

25 compound, the disease and its severity and the age, weight, physical condition and 

responsiveness of the subject to be treated. 

Pharmaceutically acceptable salts forming part of this patent application include 

salts derived from inorganic bases (such as Li, Na, K, Ca, Mg, Fe, Cu, Zn, and Mn), salts 

of organic bases (such as N, N'-diacetylethylenediamine, glucamine, tri ethyl amine, 

30 choline, hydroxide, dicyclohexylamine, metformin, benzylamine, trialkylamine, and 

thiamine), salts of chiral bases (such as alkylphenylamine, glycinol, and phenyl glycinol), 

salts of natural amino acids (such as glycine, alanine, valine, leucine, isoleucine, 

norleucine, tyrosine, cystine, cysteine, methionine, proline, hydroxy proline, histidine, 
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ornithine, lysine, arginine, and serine), salts of non-natural amino acids (such as D-

isomers or substituted amino acids), salts of guanidine, salts of substituted guanidine 

(wherein the substituents are selected from nitro, amino, alkyl, alkenyl or alkynyl), 

ammonium salts, substituted ammonium salts and aluminum salts. Other 

5 pharmaceutically acceptable salts include acid addition salts (where appropriate) such as 

sulphates, nitrates, phosphates, perchlorates, borates, hydrobalides, acetates (such as 

trifiuoroacetate), tartrates, maleates, citrates, fumarates, succinates, palmoates, 

methanesulphonates, benzoates, salicylates, benzenesulfonates, ascorbates, 

glycerophosphates and lcetoglutarates. Yet other pharmaceutically acceptable salts 

10 include, but are not limited to, quaternary ammonium, salts of the compounds of invention 

with alkyl halides or alkyl sulphates (such as Mel or TV^SO^). 

Compounds described herein can comprise one or more asymmetric carbon atoms 

and thus can occur as racemic mixtures, enantiomers and diastereomers. These 

compounds can also exist as conformers/rotamers. All such isomeric forms of these 

15 compounds are expressly included in the present patent application. Although the specific 

compounds exemplified in this application may be depicted in. a particular stereochemical 

configuration, compounds having either the opposite stereochemistry at any given chiral 

centre arc envisioned as a part thereof. In addition, compounds of Formula I can exist in 

different geometrical isomeric forms. Unless otherwise stated a reference to a particular 

20 compound includes all such isomeric forms, including racemic and other mixtures 

thereof. The various isomeric forms of the compounds of the present invention may be 

separated from one another by methods known, in the art or a given isomer may be 

obtained by stereospecific or asymmetric synthesis. Tautomeric forms and mixtures of 

compounds described herein are also contemplated. It is also to be understood, that 

25 compounds of the invention may exist in solvated forms (such as hydrates) as well, as 

unsolvated forms, and that the invention encompasses all such forms. 

Pharmaceutical Compositions 

The pharmaceutical composition of the present patent application includes at least 

30 one compound described herein and at least one pharmaceutically acceptable excipient 

(such as a pharmaceutically acceptable carrier or diluent). Preferably, the pharmaceutical 

composition includes the compound(s) described herein in an amount sufficient to inhibit 

TRPAl in a subject (e.g., a human). 
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The compound of the present invention may be associated with a 

pharmaceutically acceptable excipient (such as a carrier or a diluent) or be diluted by a 

carrier, or enclosed within a carrier which can be in the form of a capsule, sachet, paper or 

other container. 

5 The pharmaceutical compositions may be prepared by techniques known in the 

art. For example, the active compound can be mixed with a carrier, or diluted by a 

carrier, or enclosed within a carrier, which may be in the form of an ampoule, capsule, 

sachet, paper, or other container. When, the carrier serves as a diluent, it may be a solid, 

semi-solid, or liquid material that acts as a vehicle, excipient, or medium for the active 

10 compound. The active compound can be adsorbed on a granular solid container, for 

example, in a sachet. 

The pharmaceutical compositions may be in conventional forms, for example, 

capsules, tablets, aerosols, solutions, suspensions or products for topical application. 

15 Methods of Treatment 

The compounds and pharmaceutical compositions of the present invention can be 

administered to treat any disorder, condition, or disease treatable by inhibition of TRP A1. 

For instance, the compounds and pharmaceutical compositions of the present invention 

are suitable for treatment or prophylaxis of the following diseases, conditions and 

20 disorders mediated or associated with the activity of TRPAl receptors: pain, chronic pain, 

complex regional pain syndrome, neuropathic pain, postoperative pain, rheumatoid 

arthritic pain, osteoarthritic pain, back pain, visceral pain, cancer pain, algesia, neuralgia, 

migraine, neuropathies, chemotherapy - induced neuropathies, eye - irritation, bronchial 

- irritation, skin - irritation (atopic dermatitis), Frost - bites (cold - bite), spasticity, 

25 catatonia, catalepsy, parkinsons, diabetic neuropathy, sciatica, HIV-related neuropathy, 

post-herpetic neuralgia, fibromyalgia, nerve injury, ischaemia, neurodegeneration, stroke, 

post stroke pain, multiple sclerosis, respiratory disorder, inflammatory disorders, 

oesophagitis, gastroeosophagal reflux disorder (GERD), irritable bowel syndrome, 

inflammatory bowel disease, pelvic hypersensitivity, urinary incontinence, cystitis, bums, 

30 psoriasis, eczema, emesis, stomach duodenal ulcer and pruritus. By the term "respiratory 

disorder", it is meant any condition, or disease related to respiration or the respiratory 

system and includes but is not limited to airway inflammation, asthma, emphysema, 

bronchitis, COPD, sinusitis, rhinitis, cough, respiratory depression, reactive airways 
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dysfunction syndrome (RADS), acute respiratory distress syndrome (ARDS), irritant 

induced asthma, occupational asthma, sensory hyper-reactivity, multiple chemical 

sensitivity, and aid in smoking cessation therapy. The connection between therapeutic 

effect and inhibition of TRPAl is illustrated, for example, in Story, G. M. et al. Cell, 

5 2003, 112, 819-829; McMahon, S.B. and Wood, J. N., Cell, 2006, 124, 1123-1125; 

Voorhoeve, P. M. et al. Cell, 2006, 124A1169-1181; Wissenbach, U, Niemeyer, B. A. and 

Floclcerzi, V. Biology of the Cell, 2004, 96, 47-54; and the references cited therein. 

Pain can be acute or chronic. While acute pain is usually self-limiting, chronic 

pain persists for 3 months or longer and can lead to significant changes in a patient's 

10 personality; lifestyle, functional ability and overall quality of life (K. M. Foley, Pain, in 

Cecil Textbook of Medicine; J. C. Bennett & F. Plum (eds.), 20th ed., 1996, 100-107). 

The sensation of pain can be triggered by any number of physical or chemical stimuli and 

the sensory neurons which mediate the response to this harmful stimulus are termed as 

"nociceptors". Nociceptors arc primary sensory afferent (C and A5 fibers) neurons that 

15 are activated by a wide variety of noxious stimuli including chemical, mechanical, 

thermal and proton (pH<6) modalities. Nociceptors are the nerves which sense and 

respond to parts of the body which suffer from damage. They signal tissue irritation, 

impending injury, or actual injury. When activated, they transmit pain signals (via the 

peripheral nerves as well as the spinal cord) to the brain. 

20 Chronic pain can be classified as either nociceptive or neuropathic. Nociceptive 

pain includes tissue injury-induced pain and inflammatory pain such as that associated 

with arthritis. Neuropathic pain is caused by damage to the sensory nerves of the 

peripheral or central nervous system and is maintained by aberrant somatosensory 

processing. The pain is typically well localized, constant and often with an aching or 

25 throbbing quality. Visceral pain is the subtype of nociceptive pain that involves the 

internal organs. It tends to be episodic and poorly localized. Nociceptive pain is usually 

time limited, meaning when the tissue damage heals, the pain typically resolves (arthritis 

is a notable exception in that it is not time limited). 

30 General Methods of Preparation 

The compounds of general formulas (I), (Ia), (lb), (Ic) and (Id) and specific 

examples described herein are prepared using techniques known to one skilled in the art 

through selection of reaction sequences depicted in synthetic schemes 1-16 and as well as 
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by other known methods. Furthermore, in the following schemes, where specific acids, 

bases, reagents, coupling agents, solvents, etc. are mentioned, it is understood that other 

suitable reagents may be used and are included within the scope of the present invention. 

Modifications to reaction conditions, for example, temperature, duration of the reaction or 

5 combinations thereof, are envisioned as part of the present invention. The compounds 

obtained by using the general reaction sequences may be of insufficient purity. These 

compounds can be purified by using any of the methods for purification of organic 

compounds known to persons skilled in the art, for example, crystallization or silica gel or 

alumina column chromatography using different solvents in suitable ratios. All possible 

10 geometrical isomers, stereoisomers and tautomers are envisioned within the scope of this 

invention. 

The compounds of the present invention can be prepared by adapting appropriate 

synthetic approaches known in the literature. The advanced intermediates required for 

the synthesis of compounds described herein were prepared from commercially available 

15 starting materials. 2-Amino-4-arylthiazole derivatives having TRPAl antagonistic 

activity used in the preparation of compounds of invention were prepared using 

procedures described in the following international applications: W02010109287, 

WG2010109328, W02010109329, W02010109334, W02009118596, W02009144548, 

W02010004390, W02010125469, W02011114184, W02011132017, W02007073505, 

20 W02010075353, W02009158719, W02009002933 and W02010132838. Di-ferf-butyl 

iodomethyl phosphate ester was prepared from di-?er?-butyl chloromethyl phosphate. The 

amino acid based pro-moieties used for the preparation of compounds of present 

invention were prepared using literature procedure. A typical procedure is reported by 

Iyer, R. P. et al in Synthetic Communications, 1995, 25, 2739-2750. 

25 A general approach for the synthesis of compounds of the general formula (I) 

(where R1, R2, 'Het' P and'm' are as defined above) is described in synthetic scheme I. 

Thus, coupling reaction, of substituted thiazole (1) with compound of the general formula 

(2) in the presence of a suitable base and a suitable solvent at an appropriate temperature 

can give compound of general formula (I). 

30 
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Synthetic scheme 1 

R1 R1 
0 s"\. P"L (2) _____ o s-i/=\ 

Het^ANAN^\|/ base, soi;ent ** Het^N^N>-\|/ 
H (R2)m p (R2)m 

(1) (I) 

A general approach for the synthesis of N-acyloxymethylene derivative of the 
i 2 ^ formula (Ia) (where Het, R , R , R" and 'nf are as defined above) is described in 

5 synthetic scheme 2. The coupling reaction of an appropriately substituted arythiazole of 

the formula (1) with halomethyl ester of the general formula (3) (wherein L is leaving 

group such as iodo or chloro) using a suitable base such as sodium hydride in suitable 

solvent such as DMF or DMSO can give N-acyloxymethylene compound of general 

formula (Ja). The halomethyl ester of the formula (2) required for the synthesis of (Ia) can 

10 be prepared from appropriate carboxylic acid and chloromethyl chlorosulphate as 

described by Tsujihara, K. et al. in Synthetic Communications, 1994, 24, 767-772 and 

Ralph P. Robinson el al. in J. Med. Chem. 1996, 39, 10-18. 

Synthetic scheme 2 

R1 R1 

LCH?OCOR3 (3)^ 
H (R2)m base, solvent Q> (R2)m 

0<^R3 

(1) (la) 

15 A general approach for the synthesis of compound of the general formula (lb), 

where Het, R1, R2, R4 and 'm' are as defined above and L is leaving group such as 

halogen (e.g., CI, Br or I) is described in Synthetic scheme 3. The thiazole derivative of 

the foimula (1) is deprotonated using strong base such as sodium hydride in a polar 

solvent such as DMF and the anion thus formed is allowed to react with intermediate (4) 

20 (where Pg is protecting group such as Boc, Cbz, Bn or Fmoc) to give N-

acyloxymethylene intermediate, which on further deprotection gives compound of the 

formula (lb). The intermediate (4) required for the synthesis of (lb) is prepared from, a 

natural (biorganic) or unnatural amino acid as described by Tsujihara, K. et al. in 

Synthetic Communications, 1994, 24, 161-112 and Ralph P. Robinson et al. in J. Med. 

25 Chem. 1996, 39, 10-18. 
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Synthetic scheme 3 

R1 R1 

1-LCH2OCOCH(R>HPg (4) Het^NXj/^~^/ 
H L, base, solvent \ ,R2X (K )m »- Qy ^ )m 

2. HX (X =Ci, CF3COO) X 
O^CH(R4)NH2HX 

(1) (lb) 

Compounds of the formula (lb), can also be prepared, as per the route shown in 

Synthetic scheme 4. Thus, reaction of thiazole of formula (1) with chloromethyl 

5 chloroformatc (5) in the presence of strong base such as sodium hydride can give 

chloromethyl thiazole intermediate of the formula (6). The coupling reaction of 

intermediate of the formula (6) with amino group protected amino acid of formula (7) 

(where Pg is Boc, Cbz, Bn or Fmoc) in the presence of strong base can produce 

compound of the formula (8). The cleavage of protecting group under acidic conditions 

10 can afford compounds of formula (lb). Similar procedure is described in ,/. Med. Chem. 

2011, 54,751-764. 

Synthetic scheme 4 

R1 R1 

C1CH20C0C[(5) ^ PgHNCH(R*)CQ2H (7) 

H ,1,2N base, solvent ) 12 basej solvent 
\K Ci (K jm 

(1) (6) 

Het X^C|} — • Het Jl 1^C|) 
0> (R2)m P9 = B0C J (R2)m 

0^CH(R4)NHPg 0^cH(R4)NH2.HX 

(8) (lb) 

A general approach for the synthesis of N-phosphono oxymethyl derivative of the 

15 formula (Ic) is described in synthetic scheme 5. Thus, reaction of thiazole of formula (1) 

with an appropriate halomethyl phosphate of the formula (9) (where L is Ci, Br, OTs or I 

and R8 is methyl, ethyl, allyl, tert. butyl, n-butyl, benzyl etc.) in. the presence of base such 

as sodium hydride or sodium terf-butoxide or potassium fc/t-butoxide in polar aprotic 

solvent gives phosphono-oxymethylene derivative of the formula (Ic). The procedure 

20 used is similar to that is reported by Anette, G. S, et al. in J. Med. Chem. 2011, 54, 751 -764. 

The hydrolysis of compound of the formula (Ic) under acidic condition affords 

phosphoric acid derivative (Ic-1). The phosphoric acid (Ic-1) can be converted to mono or 

bis salt of the formula (Id-1) and (Id) using appropriate equivalents of metal alkoxides of 
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alkali metals or amines in a suitable solvent. The phosphoric acid derivative (Ic-1) can 

also form salts with alkaline earth metals such as calcium, or magnesium under 

appropriate conditions. The "halomethyl phosphate intermediate of the formula (9) can be 

prepared from chloromethyl chlorosulphate and appropriate phosphate ester as reported 

by Antti Mantyla et al. in Tetrahedron Letters, 2002, 43, 3793-3794. 

Synthetic scheme 5 

R1 

R1 o s\_/=\ 

Hetv^ANAN>-\|/ LCH2OPO(OR8)2 (9)_ } (F^2U hydrolysis 
^ O ^ ̂  

(R )m base, solvent _ *-OR 
OR^ 

(1) (tc) 

R1 _ R1 R1 

salt formation Het^AN^^~~<Cp> 

o; (R2)- " o; (R2>- or 0; (R2)m 

o-p£u o=p;0"M* 0=P'°'M1 OH u ^0H ° KO"M+ 

(Ic-1) (Id-1) (Id) 

Another approach for the synthesis of N-phosphonooxymethyl derivative of the 

formula (Id) is described in synthetic scheme 6. In this approach, thiazole derivative (1) 

10 can be coupled with chloromethyl chloroformate (5) or chloromethyl tosylate of the 

formula (10) in the presence of base to give N-chloromethylthiazole compound of 

formula (6). The reaction of the intermediate (6) with dialkyl phosphate of the formula 

(11) (where R8 is methyl, ethyl, allyl, tert. butyl, n-butyl, benzyl etc.) in. the presence of 

suitable base such as sodium hydride can give compound of formula (Ic). Alternatively 

15 compound of formula (Ic-1) can also be prepared by the reaction of the intermediate (6) 

with phosphoric acid in the presence of suitable base such N,N-disopropyl.etbylamine in 

suitable solvent such as acetonitrile. This approach is similar to the one reported by 

Anette, G. S, etal. in,/. Med. Chem. 2011, 54, 751-764. The hydrolysis of compound of the 

formula (Ic) and salt formation can provide compound of the formula (Id). 

20 

25 
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Synthetic scheme 6 

R1 R1 

Het CICH2OCOC! (5) HOPO(OR8)2 (11) 

H (R2)m C!CH2OTS (IOT CI; (R2)m base, solvent 

(1) base, solvent ^ 

H3PO4 

Het 

R1 

deprotectior^ 4 ,2 salt 

C? ^ formation c/ lR2}m 
^ '^OH ^ 1 ^0"M O=PC O=PC 

OH 0"M 
(Ic) (Ic~i) (Id) 

Another approach for the synthesis of phosphono-oxymethyl derivative of the 

formula (Ic), is described in synthetic scheme 7. Thus, coupling reaction of 2-amino-4-

5 aryl thiazole of formula (12) with halomethyl phosphate of formula (9) (where R8 is 

methyl, ethyl, allyl, ten. butyl, n-butyl, benzyl etc.) in the presence of strong base such as 

sodium hydride can provide N-phosphonoxymethyl thiazole of the formula (13). The 

phosphonoxymethyi thiazole derivative (13) can be coupled with a heteroaryl substituted 

carboxylic acid of the formula (14) in the presence of strong base such as sodium hydride 

10 to afford compounds of the formula (Ic). 

Synthetic scheme 7 

sXr=\ s JH> Het^ 
tVil/) LCH2OPO(OR )2 (9) HN N I Het-CH2-C02H(14) ; fR2> 

u Ki-^N r/ \K )m »- O o 1 /m 
2 (R2)m 9 OR8 coupling 0=PCOR8 

°^OR* 

(12) (13) (Ic) 

An alternative approach for the synthesis of N-phosphono-oxymethyl derivative 

15 of the formula (Ic) is shown in synthetic scheme 8. In this approach, 2-amino-4-aryl 

thiazole of formula (12) can be coupled with chloromethyl chloroformate (5) or 

chloromethyl tosylate of the formula (10) in the presence of base to give N-

chloromethylthiazole of formula (15). The reaction of intermediate of formula (15) with 

carboxylic acid of the formula (14) in the presence of strong base such as sodium hydride 

20 can provide chloromethyl compound of formula (6). The coupling reaction of the (6) with 

37 



WO 2012/085662 PCT/IB2011/003224 

Q 

dialkyphosphate (11) (where R' is methyl, ethyl, allyl, tert. butyl, n-butyl, benzyl etc.) can 

provide compound of the formula (Ic). 

Synthetic scheme 8 

R 
CICHoOCOCI (5) ? > 

or UM HetCH2C02H (14) 

CICH2OTS (10) 
(12) 

(R^m 

R1 o 
HOPO(OR8)2 (11) 

c|, (R2)m _ ; ̂  
U-r^ R 

OR8 

(6) (ic) 

5 An approach for the synthesis of phosphonate compounds of the formula (ld-3) 

where the thiazole nitrogen is covalently linked to phosphorus, L is leaving group and R8 

is methyl, ethyl, allyl, tert butyl, n-butyl, benzyl etc.) is shown in synthetic scheme 9. The 

thiazole compound of the formula (1) can be deprotonated using strong base such as 

sodium hydride in a polar solvent such as DMF and the anion thus formed can be allowed 

10 to react with halo phosphate ester of formula (16) or pyrophosphate (17) to give Tri­

phosphate derivative of the formula (lc-2). The hydrolysis of compound of formula (ic-2) 

can provide phosphate derivative of the formula (Ic-3). The phosphate derivative (Ic-3) 

can be converted to mono or bis salts of the formula (Id-2) or (Id-3) using appropriate 

metal alkoxides or amines. 

15 Synthetic scheme 9 
R1 R1 

HetX^O LP0(0R8)2 (,6) °r Het 
*N N ~ ~ ^ N N 
H (R )m 5 9 9 g O-P-0R8 

(R50)2-P-0-P-(0R8)2(17) OR8 

(1) (Ic-2) 

R1 R1 R1 

salt formation salt formation _ Het or Het 

O.p'-OH (R2)m 0 = P/-0H (R2)m n.p/.°"f\/l+(R2)m 
sOH %CTM+ 0"M + 

(Ic-3) (Id-2) (Id-3) 

An approach for the synthesis of specific examples of the present invention 

wherein heterocyclic group is a thieno[2,3-J]pyrimidine or furo[2,3-^]pyrimidine or 

pyrrolo[2^-d]pyrimidine of general formula (Ila) (where Q is O, N or S and Rc is 

20 hydrogen atom or an alkyl group or halogen) is described in synthetic scheme 10. Thus, 
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reaction of thieno[2,3-^pyrimidine acetami.de or furo[2,3-<fjpyrimidine or pyrrolo[2,3-

djpyrimidine acetamide of the formula (18) with iodomethyi ester of the formula (19) in 

the presence of sodium hydride in dry DMF to afford compound of formula (Ila). 

Synthetic scheme 10 

iCH2OC(0)R3 (19) 
(R )m base, solvent 

O^N Q 
CH* 

5 (11a) 

An approach for the synthesis of compound of the invention wherein heterocyclic 

group constitutes a thieno[2,3-^pyrimidine or furo[2,3-^]pynmidine or pyrrolo[2,3-

c/]pyrimidine acetamide and the pro-moiety derived from an amino acid is shown in 

Synthetic scheme 11. Thus, thieno[2,3-c/]pyrimidine acetamide or furo[2,3-J]pynmidine 

.10 acetamide or pyrrolo[2,3-^]pyrimidine acetamide of the formula (18) is deprotonated 

using sodium hydride in dry DMF and the anion thus formed is allowed to react with an 

amino acid of the formula (20) to provide N-acyloxymethylene intermediate, which on 

deprotcction of Boc group gives compound of the formula (lib). 

Synthetic scheme 11 

1. 1CH2OCOCH(R4)NHBOC (20) 
base, solvent ,, _ » » ' o 

3 CQ^ (Ri)m 
2. HX (X=CI, CF^tCOO) X Xr( L A V 3 ; O N Q J-CH(R4)NH2.HX 

CH3 0 

15 ^ (lib) 

An approach for the synthesis of the compound of the invention wherein the 

heterocyclic group (Het) is a thieno [2,3 -ti] pyrimidine or furo[2,3-^]pyrimidine and the 

pro-moity is a phosphoric acid derivative is shown in Synthetic scheme 12. Thus, the 

coupling reaction of thieno[2,3-^]pyrimidinyl acetamide or furo[2,3-^]pyrimidine 

20 acetamide (18) with halomethyl phosphate of the formula (21) (where X is chloro, bromo, 

or iodo) in the presence of sodium hydride or sodium /er/-butoxide or potassium tert-

butoxide in dry DMF gives N-phosphono-oxymethyl compound (lie). Acid-mediated 

hydrolysis of compound of the formula (lie) gave phosphoric acid derivative (lie-1). The 

phosphoric acid (IIc-1) is converted to compound of the formula (IId-2) using suitable 

25 base sodium methoxide, sodium-terr-butoxide, sodium bicarbonate or sodium carbonate 

in suitable solvent such as dry methanol, dry ethanol and acetonitrile. 
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Synthetic scheme 12 

(R2),n 
XCH2OPO(OtBu)2(21) 

base, solvent (*2)m 

OC(CH3)3 

OC(CH3)3 

(R2)m NaOMe/ MeOH 
or 

NaOlBu/ EtoH 

hydrolysis 

H^C. 

(IIc-1) (IId-2) 

An approach for the synthesis of compounds of the formula (III) wherein the 

heterocyclic group (Het) is pyrazolo[3,4-d]pyrimidin derivative (wherein R2, Rc and'm' 

are as defined above, is described in synthetic scheme 13. The pyrazoie compound of 

formula (22) or its salt is reacted with halomethyl. phosphate of formula (21) (where X is 

chloro, bromo or iodo) in the presence of suitable base such as sodium hydride, sodium 

terf-butoxide or potassium. ?erZ-butoxi.de etc and in an appropriate solvent to give 

phosphono-oxymethylene derivative which undergoes hydrolysis under acidic condition 

or using a mixture of acetone and water to provide phosphoric acid derivative. This 

phosphoric acid can be converted to salt of formula (HI) using appropriate equivalents of 

carbonates or alkoxides of alkali metals or amines in a suitable solvent. The phosphoric 

acid derivative can also form salts with alkaline earth metals such as calcium or 

magnesium under appropriate conditions. 

Synthetic scheme 13 

H3C.N 

1. XCH2OPO(OtBu)2 (21) 

base, solvent 

2. hydrolysis 
3. Na2C03 

0N^NV\|{ 
O^N V"R; 9,0-Na> 

CHs u 0"Na+ 

(III) 

An approach for the synthesis of the compound of the invention wherein the 

heterocyclic group (Het) is a pyrazolo[3,4-dQpyrimidine and the pro-moity is a phosphoric 

acid derivative is shown in Synthetic scheme 14. Thus, pyrazolo [3,4 -af]pyrimidme 

acetamide (23) can be coupled with halomethyl phosphate of the formula (21) in the 

presence of sodium hydride in dry DMF to give N-phosphono-oxymethyl compound 
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which can be hydrolysed under acidic condition to give phosphoric acid derivative of the 

formula (IV). 

Synthetic scheme 14 
O Q —A i L 

1 .XCH2OPO(OtBu)2 (21) i ? \-i ) 
, t O r^N^N V/ 

base, solvent w r A S /a2\ 
,, ,i - ) <R2 

2. hydroiysis _%H 
CH3 R° ° P"OH 

(IV) 

5 An approach for the synthesis of compound of the general formula (VI) is 

described in synthetic scheme 15. This thiazolo[5,4-<i]pyrimidine phosphate compound is 

furnished by three step reaction. First the coupling reaction of thiazolo[5,4-^/]pyrimidine 

acetamide of formula (24) or its salt with halomethyl phosphate of formula (21) (where X 

is iodo) in presence of suitable base such as sodium hydride, sodium /ert-butoxide or 

10 potassium rert-butoxide in a suitable solvent yields the phosphono-oxymethyiene 

intermediate This intermediate undergoes acid mediated hydrolysis to produce the 

phosphoric acid compound. Finally the phosphoric acid compound can be converted, to its 

salt of formula (VI) using appropriate equivalents of carbonates or alkoxides of alkali 

metals or amines in a suitable solvent. The phosphoric acid derivative can also form salts 

15 with alkaline earth metals such as calcium or magnesium under appropriate conditions. 

Synthetic scheme 15 

1. XCH2OPO(OtBu)2 (21) 

base, solvent 

2. hydroiysis 
3. salt formation 

(24) 

An approach for the synthesis of compounds of the general formula (VII) is 

described in synthetic scheme 16. Thus, purin acetamide of the formula (25) or its salt can 

20 be coupled with halomethyl phosphate of formula (21) (where X is chloro or iodo) in 

presence of suitable base such as sodium hydride in a suitable solvent to provide the 

phosphono-oxymethyiene intermediate. This intermediate can be hydrolysed under acidic 

condition to produce the phosphoric acid compound (VII). 

25 
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Synthetic scheme 16 
0 sA/==\ ° 

O 1 XCH2OPO(OtBu)2 (21) o 
HSCN\N H (R2)m base, solvent H3°N\N > ^ 

J y /> ; j II /> o 
O N N . CT"N N n-c>-OH Al. 2. hydroysis AU 0-PN CH3 ' 1 CH3 N0H 

(25) (VII) 

The invention is further illustrated by following non-limiting examples 

5 Experimental 

N-Boc-L-amino acid iodomethyl esters can be prepared using known literature methods. 

Di-te/t-butyl hydrogen phosphate is commercially available (Alfa Aesar). Alternatively, it 

can be prepared from phosphorus trichloride and tert-butanol in the presence of dry 

pyridine in di-isopropyl ether or diethyl ether (Goldwhite H et al., Journal of the 

10 Chemical Society, 1957, 2409-2412). Di-ter£-butyl hydrogen phosphate can also be 

prepared by the reaction of phosphorus acid with fcrf-butanol in presence of a coupling 

agent such as N,N'-dicyclohexylcarbodimide as reported by Garrlich, J. R., et al. in 

W02004/89925. Di-tert-butyl phosphate is prepared by potassium permanganate 

oxidation of Di-terf-butyl hydrogen phosphate according to the procedure reported by 

15 Valentino, S et al. in J. Med. Chem. 1999, 42, 3094-3100. All the reagents and L~amino 

acids required for the synthesis are commercially available (Aldrich). The invention is 

described in greater detail by way of specific examples. However, the following examples 

are illustrative and are not intended to limit the broad scope of the invention. The persons 

skilled in the art can readily recognize a variety of non-critical parameters which can be 

20 modified or altered to yield similar results. 

Unless otherwise stated, work-up includes distribution of the reaction mixture 

between the organic and aqueous phase indicated within parentheses, separation of layers 

and drying the organic layer over sodium sulphate, filtration and evaporation of the 

solvent. Purification, unless otherwise mentioned, includes purification by silica gel 

25 chromatographic techniques. The following abbreviations are used in the text: DMSO-c/e: 

Hexadeuterodimethyl sulfoxide; DMF: N, V-di methy 1 form ami de, J: Coupling constant in 

units of Hz; RT or rt: room temperature (22-26°C). Aq.: aqueous AcOEt: ethyl acetate; 

equiv. or eq.: equivalents. 
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Intermediates 

Intermediate 1 

Di-terr-butyl chloromethyl phosphate 
o 
n„o-c(CH3)3 

CI^O' ^0-C(CH3)3 

5 To a well stirred suspension of di-fcr?-butyl hydrogen phosphate (4.7 g, 22.47 mmol) in 

water (186 ml) was added sodium bicarbonate (7.5 g, 89.52 mmol) followed by tetra-«-

butylammomium hydrogen sulphate (760 mg, 2.238 mmol). The reaction mixture was 

stirred at room temperature for 15 min. To the reaction mixture was added 

dichloromethane (112 ml) at 0 °C and it was stirred for 10 min followed by the addition 

10 of chloromethyl chlorosulphate (4.4 g, 26.85 mmol) in dichloromethane (75 ml) at same 

temperature. The resultant mixture was vigorously stirred overnight at room temperature. 

The organic layer was separated, washed with brine and evaporated under reduced 

pressure to yield 3.04 g of product as pale yellow oil. 

Intermediate 2 

15 Di-terf-butyl iodomethyl phosphate 
o 
n.o-c(CH3)3 

l^O' ^0-C(CH3)3 

The title compound was prepared by halogen exchange reaction of di-ter/-butyl 

chloromethyl phosphate (Intermediate 1) with sodium iodide in suitable solvent such as 

dry acetone or acetonitrile. 

20 Preparation of N-Boc-L-amino acid iodomethyl ester is described below: 

Step 1: To a stirred suspension of N-Boc-L-amino acid (1.0 equiv.) in water (~ 40 vol.) 

was added sodium bicarbonate (4 equiv.) followed by tetra-^-butylammomium hydrogen 

sulphate (0.1 equiv.) and the resultant mixture was stirred at room temperature for 15 

min. To the reaction mixture was added dichloromethane (~ 30 vol.) and the mixture was 

25 cooled to 0 °C followed by addition of chloromethyl chlorosulphate (1.2 equiv.) at same 

temperature and the resulting mixture was stirred at room temperature for overnight. The 

organic layer was separated and collected. The aqueous layer was extracted, with 

dichloromethane. The combined organic extract was washed with brine, dried (Na2S04) 

and evaporated under reduced pressure to yield N-Boc-L-amino acid chloromethyl ester 

30 as pale yellow oil. 
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Step 2: To a stirred solution of step 1 intermediate (1 equiv.) in dry acetone (10 vol.) was 

added sodium iodide (5 equiv.) and the resultant mixture was heated to reflux for 2 h. The 

reaction is photosensitive hence earned, out in dark room. The reaction mixture was 

cooled to room temperature and the precipitate was filtered. The filtrate was washed with 

5 acetone and concentrated under reduced pressure. The residue obtained was diluted with 

ethyl acetate, washed with saturated solution of sodium thiosulphate, water and dried 

(Na2SC>4). The solvent was evaporated under reduced pressure to yield N-Boc-L-amino 

acid iodomethyl ester as a yellow liquid. 

N-Boc-L-amino acid iodomethyl ester i.e Intermediates 3-9 described in Table 1 were 

10 prepared as per the procedure described above. 

Table 1: Structure, name and JH-NMR data of N-Boc-L-amino acid iodomethyl esters 

Sr. 

No. 

Structure and 

Intermediate No. 

Chemical name and lH-NMR data 

1 
L . 0 

,^0A^NHBOC 

Intermediate 3 

Iodomethyl [(fe^butoxycarbonyl)amino]acetate: ]H NMR 

(300 MHz, CDCl3): § 1.45 (s, 9H), 3.90-3.96 (m, 2H), 5.00 (br 

s, 1H), 5.95 (s, 2H). 

2 ? .NHBoc 
CH3 

Intermediate 4 

(S)-Iodomethyl 2-((tert-butoxycarbonyl)amino)propanoate: 
]H NMR (300 MHz, CDC13): 8 1.22-1.30 (m, 3H)t 1.45 (br s, 

9H), 4.30-4.38 (m, 1H), 5.01-5.08 (m, 1H), 5.86-6.02 (m, 2H). 

3. 

I^LNHBOC 

H3C CH3 

Intermediate 5 

(S)-Iodomethyl-2-((terr-butoxycarbonyl)amino)-3-methyl 

butanoate: 
lH NMR (300 MHz, CDCI3): 5 0.92 (d, J = 6.9 Hz, 3H), 0.99 

(d, .7-6.9 Hz, 3H), 1.45 (s, 9H), 2.13-2.20 (m, 1H), 4.15-4.24 

(m, 1H), 4.95-5.02 (m, 1H), 5.84 (d, J= 3.9 Hz, 1H), 6.04 (d, J 

= 4.5 Hz, 1H). 

4. 
o 

„ u ANHBoc i^crV 
H3CV^CH3 

Intermediate 6 

(2S,3S)-Iodomethyl-2-((fer/-butoxycarbonyl)amino)-3-

methylpentanoate: 
!H NMR (300 MHz, CDCK): 8 0.86-0.98 (m, 6H), 1.45 (br s, 

9H), 1.89-1.96 (m, 2H), 4.26-4.33 (m, 1H), 5.06 (d,J = 8.7 Hz, 
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1H), 6.18 (br s, 2H),9.41 (brs, 1H). 

5. 
O Boc 

Intermediate 7 

(S)-l-te7t-Butyl-2-(iodomethyl) pyrrolidine-1,2-dicarboxylate: 

*H NMR (300 MHz, CDC13): 6 1.46 (br s, 9H), 1.88-2.26 (m, 

4H), 3.37-3.55 (m, 2H), 4.11-4.34 (m, 1H), 5.83 (d,J= 4.5 Hz, 

1H), 6.06 (d, .7-4.5 Hz, 1H). 

6. 
o 

k^NBoc 

Intermediate 8 

l-fcr/-Butyl 4-(iodomethyI) piperidine-1,4-di carboxylate: 
!H NMR (300 MHz, CDC13): 5 1.45 (s, 9H), 1.62-1.70 (m, 2H), 

1.85-1.95 (m, 2H), 2.43-2.53 (m, 1H), 2.83-2.90 (m, 2H), 4.00-

4.11 (m, 2H), 5.93 (s, 1H). 

7. 

,-0^^0C 

Intermediate 9 

(S)-Iodomethyl 2-((fert-butoxycarbonyl)amino)-3-phenyl 

prop ano ate: 

*H NMR (300 MHz, CDCI3): 8 1.40 (s, 9H), 2.98-3.16 (m, 2H), 

4.54-4.62 (m, 1H), 4.88-4.95 (m, 1H), 5.86 (d,J = 4.8 Hz, 1H), 

5.99 (d,J = 4.2 Hz, 1H), 7.17 (d,J= 6.3 Hz, 2H), 7.25-7.33 

(m, 3H). 

Intermediate 10 
0 s~\ 

H (R2)m 

The 2-Amino-4 aryl thiazole acetamides of the above formula were prepared by coupling the 

5 desired heterocyclic acid with 2-Amino-4-aryl thiazole derivative according to procedure 

described in the PCT applications WG2010109287, WG2010109328, W02010109329, 

WG2010109334, WQ2009118596, WG2009144548, WG2010004390, WG2010125469, 

W02011114184, W02011132017, WG2007073505, WG2010075353, W02009158719, 

WG2009002933 and W02010132838. 
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The present invention is described in greater detail by way of specific examples. 

However, the following examples are illustrative and are not intended to limit the broad 

scope of the present patent application. The following examples are prepared from the 

approaches described in synthetic schemes using the intermediates discussed above. 

5 

Examples 

General procedure for the preparation of amino acid derivative 

Step 1: To a stirred solution of 2-amino-4 aryl thiazole acetamide derivative (1 equiv.) in 

dry DMF (10 vol.), sodium hydride (60 % dispersion in mineral, oil, 1.2 equiv.) was added 

.10 and resultant mixture was stirred for 1 h at room temperature. The reaction mixture was 

cooled in ice bath and appropriate N-Boc-L-amino acid iodomethyl ester (3.5 equiv.) was 

added in portions. The reaction mixture was stirred at room temperature overnight. The 

reaction mixture was diluted with water and the precipitated solid was collected by 

filtration. The solid was further purified by silica gel column chromatography to yield 

15 product as a pale yellow solid. 

Step 2: To a stirred suspension of Step 1 intermediate (1 equiv.) in dry ethyl acetate (~ 10 

vol.) was added saturated solution of hydrochloric acid in dry ethyl acetate (~ 20 vol.) at. 

0-5 °C. The reaction mixture was gently warmed to room temperature and stirred 

overnight. The solvent was evaporated under reduced pressure. The solid obtained was 

20 stirred in dry ethyl acetate for 30 min, filtered, washed with ethyl acetate and dried to 

yield product as a white solid. 

General procedure for the preparation of phosphate derivative 

The required phosphate esters were prepared by three different approaches as described 

25 below 

Method A: Using sodium hydride and iodomethyl di-fcrr-butyl phosphate 

To a stirred suspension of 2-amino-4 aryl thiazole acetamide derivative (1 equiv.) in dry 

DMF (6 vol.) was added sodium hydride (60% dispersion in mineral oil, 1.5 equiv.) and 

the resultant mixture was stirred at room temperature for .1 h. The reaction mixture was 

30 cooled at 0 °C and a solution of freshly prepared iodomethyl di-tez-t-butyl phosphate (3.5 

equiv.) in dry DMF (4 vol.) was added drop wise and stirred for 10 min. The cooling bath 

was removed and the reaction mixture was stirred at room temperature for 3 h. The 

reaction mixture was diluted with water and extracted with ethyl acetate. The organic 
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layer was washed with water, dried over Na2S04 and concentrated under reduced 

pressure. The viscous residue was washed with hexane to remove traces of the reagent. 

The residue was stirred in diethyl ether. The precipitated solid was filtered and dried to 

yield product as an off-white solid. 

5 Method B: Using sodium terr~butoxi.de and iodomethyl di-ferf-butyl phosphate 

Step I: Sodium salt preparation: To a stirred solution of 2-amino-4 aryl thiazole 

acetamide derivative (1 eqiuv.) in ethanol (10 vol.), sodium terf-butoxide solution (1.1 

equiv.) in dry THF or dry ethanol (1 vol.) was added at 0 °C. The reaction mixture was 

stirred for 1 h at room temperature. The reaction mixture was diluted with n-pentane or 

10 hexane (30 vol.) and was further stirred for 1 h at room, temperature. The solid was 

collected by filtration to get desired salt. 

Step 2: To a stirred suspension, of Step 1 intermediate (1 equiv.) in dry DMF or dry 

acetone (5 vol.) was added iodo methyl di-tert-butyl phosphate (1.5 equiv.) in dry acetone 

or dry DMF (5 vol.) at 0-5 °C and the reaction mixture was stirred at room temperature 

15 for 2 h. The reaction mixture was filtered through hyflo bed. The filtrate was concentrated 

under reduced pressure to give a residue. The residue was diluted with ethyl acetate, 

washed with water and dried over Na2S04. The solvent was evaporated under reduced 

pressure and viscous residue obtained was washed with hexane to remove traces of the 

reagent. The residue was then stirred in diethyl ether or methyl tert-butyl ether or di~ 

20 isopropyl ether and the solid precipitated out was filtered and dried to yield product as an 

off-white solid. 

Method C: Using sodium tert-butoxide and chloromethyl di-te/t-butyl phosphate 

To a stirred suspension of sodium salt of 2-amino-4 aryl thiazole acetamide derivative 

Step 1 intermediate of method B (1 equiv.) in dry acetone or dry DMF (25 vol.) was 

25 added chloromethyl di-terf-butyl phosphate (2.5 equiv.) in dry acetone or dry DMF (2 

vol.) followed by sodium iodide (1 equiv.) at 0-5 °C and the reaction mixture was stirred 

for 40 h at room temperature. The reaction mixture was filtered through hyflow bed. The 

filtrate was concentrated under reduced pressure to give a residue. The residue was 

treated with diethyl ether or methyl tert-butyl ether to obtain product as a pale yellow 

30 solid. 
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General procedure for the hydrolysis of phosphate ester 

The di-tert-butyl phosphate esters were hydrolysed. to the free phosphoric acid derivatives 

by two methods as described below 

Method A: Using trifluoroacetic acid 

5 To a stirred suspension of di-terf-butyl phophonate intermediate of 2-amino-4 aryl 

thiazole acetamide derivative (1 equiv.) in dry dichloromethane (20 vol.) was added 

trifluoroacetic acid (3 equiv.) at 0 CC. The reaction mixture was gently warmed to room 

temperature and stirred overnight. The solid precipitated out was diluted with 

dichloromethane and collected by Alteration, washed with dichloromethane and dried to 

10 yield product as a white solid. 

Method B: By refluxing in aqueous acetone 

A mixture of di-tert-butyl phophonate intermediate of 2-amino-4 aryl thiazole acetamide 

derivative (1 equiv.), acetone (~ 30 vol.) and water (~ 30 vol.) was stirred at 60-65 °C for 

12 h. The solution was cooled to room temperature and filtered. The filtrate was 

15 concentrated to slurry volume. The solid was filtered and washed with ethyl acetate to 

give product as an off white solid. 

General procedure for preparation of disodium phosphonatc salt 

This can be achieved by three methods viz. Method A, Method B and. Method C. Details 

20 procedure are described as below 

Method A: Using sodium methoxide 

Sodium methoxide was freshly prepared from sodium metal (2 equiv.) and dry methanol 

(20 vol.). To this solution diphosphonate intermediate of 2-amin.o~4 aryl thiazole 

acetamide derivative (1 equiv.) was added added at 0-5 °C and further stirred at room 

25 temperature for 2 h. The solvent was evaporated under reduced pressure. The solid 

obtained was filtered and dissolved in water. The reaction mixture was stirred for about 1 

h at 25-30 °C and filtered through celite. The filtrate was concentrated under reduced 

pressure at about 23-25 °C to obtain a solid residue. Acetone was added in the residue and 

stirred for 15-20 min at room temperature. The precipitated product was collected by 

30 filtration to obtain as an off white solid. 

Method B: Using sodium carbonate 

To a stirred suspension of diphosphonate intermediate of 2-amino-4 aryl thiazole 

acetamide derivative (1 equiv.) in acetonitrile (80 vol.) and water (50 vol.), sodium 
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carbonate (1 equiv.) was added and the resulting mixture was stirred at room temperature 

for 2 h. Solvents were evaporated completely from the reaction mixture under reduced 

pressure. The solid obtained was dissolved in water. The reaction mixture was stiired for 

about 1 h at 25-30 °C and. filtered through celite. The filtrate was concentrated under 

5 reduced pressure at about 23-25 °C to obtain a solid residue. Acetone was added in the 

residue and stirred for 15-20 min at room temperature. The precipitated, product was 

collected by filtration to obtain as an off white solid. 

Method C: Using sodium te/t-butoxide 

To a stirred solution of diphosphonate intermediate of 2-amino-4 aryl thiazole acetamide 

10 derivative (1 equiv.) in dry methanol (25 vol.) was added sodium /e/t-butoxidc (2.5 

equiv.) in methanol (~ 10 vol.) at 0-5 °C and the resulting mixture was stirred at room 

temperature for 90 min. The solid obtained was filtered and dissolved in water. The 

reaction mixture was stirred for about 1 h at 25-30 °C and filtered through celite. The 

filtrate was concentrated under reduced pressure at about 23-25 °C to obtain a solid 

15 residue. Acetone was added in the residue and stirred for 15-20 min at room temperature. 

The precipitated product was collected by filtration to obtain as an off white solid. 

[2-{[(l,3-Dimethy{-2,4-di.oxo-l,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-5-yl)acetyl] 

imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2//)-yl]methyl-2-methyl. 

20 propanoate 

To a stirred solution of 2-(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-

fidpyrimidm-5-yl)-N-{4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-2-yl} acetamide 

(200 mg, 0.40 mmol) in dry DMF (2.0 ml), sodium hydride (60 % dispersion in mineral 

25 oil, 19.2 mg, 0.48 mmol) was added and after stirring for 1 h at room temperature and 

cooled in ice bath, iodomethyl 2-methylpropanoate (319 mg, 1.40 mmol) was added 

slowly. The reaction was then stirred at room temperature for overnight. The mixture was 

diluted with water (10 ml) and the precipitated solid was collected by filtration. The crude 

solid was further purified by silica gel column chromatography using pet ether-ethyl 

30 acetate (70:30) to yield 65 mg of product as a pale yellow solid; NMR (300 MHz, 

CDC13): 6 1.20 (d, 7 = 6.0 Hz, 6H), 2.58-2.69 (m, 1H), 3.34 (s, 3H), 3.56 (s, 3H), 4.37 (s, 

Example 1 

CH3 CH3 
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211), 6.51 (s, 2Ii), 6.78 (s, 1H), 7.34 (s, 1H), 7.62 (t, J= 6.0 Hz, 1H), 7.70-7.75 (m, 2H); 

ESI (m/r): 598.89 (MH~H)+. 

[4-[2,4-Difhioro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo~l,2,3,4-

5 tetrahydrothieno[2,3</]pyrimidin-5-yl)acetyl]irn.ino} -1,3-tbiazol-3(2#)-yl]methyl-2-

methylpropanoate 

The title compound was prepared by the reaction of 2-(l,3-dimethyl~2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-7]pyn.midin-5-yL)-A/'-{4-[3-fluoro-4-(tTifluoromethyl)phenyl]-L3-

10 thiazol-2-yl}acetamide (300 mg, 0.58 mmol) with iodomethyl 2-methylpropanoate (462 

mg, 2.03 mmol) in the presence of sodium hydride (60 % dispersion in mineral oil, 27.9 

mg, 0.69 mmol) in dry DMF (3.0 ml) according to procedure described for Example 1 to 

give 150 mg of title compound as a white solid; jIT NMR (300 MHz, CDCI3): 5 1.19 (d, J 

= 6.0 Hz, 6H), 2.58-2.69 (m, 1H), 3.35 (s, 3H), 3.57 (s, 3H), 4.38 (s, 2H), 6.51 (s, 2H), 

15 6.79 (s, 1H), 7.10 (t, ./= 8.9 Hz, 1H), 7.49 (s, 1H), 8.39 (q, J = 9.0 Hz, 1H); ESI (m/z): 

616.88 (M+H)'. 

[4-[2,4-Difhioro-3-(trifhioromethyl)phenyl]~2-{[(l,3~dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-7Jpyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl 

20 glycinate hydrochloride 

Step 1: [4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-L2,3,4-

tetrahydrothieno[2,3-7]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2fi)-yl]methyl N-(tert-

butoxycarbonyl)glycinate: The title compound was prepared by the reaction of N-{4-[2,4-

25 difluoro-3-(trif!uoromethyl)phenyi]-l,3-thiazol-2-yl}-2-(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-7]pyrimid.in-5-yl)acetamide (750 mg, 1.453 mmol) with 

intermediate 3 (1.6 g, 5.087 mmol.) using sodium hydride (60 % dispersion in mineral oil, 

Example 2 

CH3 CH3 

Example 3 
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69.74 mg, 1.743 mmol) in dry DMF (7.5 ml) according to the step 1 of general procedure 

described for the preparation of amino acid derivatives to yield 260 mg of product as an 

off-white solid; !H NM.R (300 MHz, DMSO-fife): 6 1.33 (br s, 9H), 3.18 (s, 3H), 3.48 (s, 

3H), 3.78 (d, J - 6.0 Hz, 2H), 4.39 (br s, 2H), 6.53 (s, 2H), 7.10 (s, 1H), 7.31 (t,,/ = 9.0 

5 Hz, 1H), 7.49 (t, J = 9.0 Hz, 1H), 7.76 (br s, 1H), 8.43 (q, J - 9.0 Hz, 1H); ESI (m/z): 

703.87 (VI v 11) . 

Step 2; [4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l?3-dimethyl-2,-4~dioxo~lJ2f3,-4-

tetrahydrothieno[2,3-7jpyrimidin-5-yl)acctyl]imino}-l,3-thiazol-3(2//)-yl]methyl 

glycinate hydrochloride: The title compound was prepared by the reaction of Step 1 

10 intermediate (245 mg, 0.348 mmol) in dry ethyl acetate (5 mi) and saturated solution of 

hydrochloric acid in dry ethyl acetate (5 ml) according to step 2 of general procedure 

described for the preparation of amino acid derivatives to yield 190 mg of product as a 

white solid. *H NMR (300 MHz, DMSO-de): 8 3.18 (s, 3H), 3.49 (s, 3H), 3.95 (br s, 2H), 

4.44 (s, 2H), 6.65 (br s, 2H), 7.14 (s, 1H), 7.53 (t, J= 9.0 Hz, 1H), 7.77 (br s, 1H), 8.36-

15 8.49 (m, 3H); ESI (m/z): 603.89 (M+H)+. 

Step 1: [4-[2,4-Difhioro-3~(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4~dioxo-l,2,3,4-

tetrahydrothieno[2,3-<i]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2i/)-yl]methyl N-(tert-

butoxycarbonyl)-L-alaninate: The title compound was prepared by the reaction of iV-{4-

[2,4-difIuoro-3-(trifluoromethyl)phenyl]-l,3-thiazol-2-yl}-2-(l,3-dimethyl-2,4-dioxo-

25 l,2,3,4-tetrahydrothieno[2,3-7|pyrimidin-5-yl)acetamide (1.0 g, 1.937 mmol) with 

intermediate 4 (2.2 g, 6.782 mmol) in the presence of sodium hydride (60 % dispersion in 

mineral oil, 93.74 mg, 2.3255 mmol) in dry DMF (10.0 ml) according to step 1 of general 

procedure described for the preparation of amino acid derivatives to give 160 mg of 

product as an white solid; ]H NMR (300 MHz, DMSCM6): 8 1.23 (s, 3H), 1.30 (s, 9H), 

30 3.18 (s, 3H), 3.48 (s, 3H), 4.03-4.09 (m, 1H), 4.38 (s, 2H), 6.43-6.59 (m, 2H), 7.10 (s, 

Example 4 

[4-[2,4-Difhioro-3"(trifhjoromethyl)phenyl]-2~{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-fiT|pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl L 

alaninate hydrochloride 

20 
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1H), 7.37 (d, J= 6.0 Hz, 1H), 7.50 (t, J= 9.0 Hz, 1H), 7.76 (s, 1H), 8.44 (q, 7= 9.0 Hz, 

1H); APCI (m/z): 717.86 (M+H)4". 

Step 2: [4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyi-2,4-dioxo-l,2,3,4-

tetrahydrothien.o[2,3-d]pyrimidin-5-yl)acetyl]imin.o}-l,3-thiazol-3(2//)-yl]methyl L-

5 aianinate hydrochloride: The title compound was prepared by hydrolysis of Step 1 

intermediate (155 mg, 0.220 mmol) with saturated solution of hydrochloride in dry ethyl 

acetate (5.0 ml) according to step 2 of general procedure described for the preparation, of 

amino acid derivatives to yield 105 mg of product as white solid; !H NMR (300 MHz, 

DMSO-40: 5 1.43 (d, J= 6.0 Hz, 3H), 3.18 (s, 3H), 3.49 (s, 3H), 4.20-4.27 (m, 1H), 4.44 

10 (s, 2H), 6.58-6.67 (m, 2H), 7.14 (s, 1H), 7.53 (t,./ = 9.0 Hz, 1H), 7.77 (s, 1H), 8.37-8.55 

(m, 4H); ESI (m/z): 617.88 (Mil). 

[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l ,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-^]pyrimidin-5-yl)acetyl]imino}-l 3-thiazo!-3(2//)-yl]methyl 

15 valinate hydrochloride 

Step 1: [4-[2,4-Difluoro-3-(trifluorometh.yl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-d]pyrimidm-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl N-(tert-

butoxycarbonyl)-L-valinate: The title compound was prepared by coupling reaction of N-

20 {4-[2,4-difluoro-3-(trifluoromethyl)phenyl]-l,3-thiazol-2-yl}-2-(l ,3-dim.ethyl-2,4-dioxo-

1,2,3,4-tetrahydro thieno[2,3-<i]pyrimidi.n-5-yi)acetamide (750 mg, 1.453 mmol) with 

intermediate 5 (1.8 g, 5.087 mmol) using sodium hydride (60 % dispersion in mineral oil, 

69.60 mg, 1.744 mmol) in dry DMF (7.5 ml) according to step 1 of general procedure 

described for the preparation of amino acid derivatives to yield 240 mg of product as an 

25 off-white solid; !HNMR (300 MHz, DMSO-fife): 6 0.82 (d,7= 6.0 Hz, 6H), 1.22-1.34 (m, 

9H), 1.96-2.08 (m, 1H), 3.18 (br s, 3H), 3.48 (s, 3H), 3.87-4.07 (m, 1H), 4.40 (s, 2H), 

6.46-6.55 (m, 2H), 7.11 (s, 1H), 7.21 (d, J=6.0Hz, 1H), 7.50 (t, J - 8.7 Hz, 1H), 7.75 (s, 

1H), 8.42 (q, J - 9.0 Hz, 1H); ESI (m/z): 743.88 (M-H)\ 

Step 2: [4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(],3-dimethyi-2,4-dioxo~l,2,3,4~ 

30 tetrahydrothieno[2,3-<i]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yI]methyl L-

Example 5 
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valinate hydrochloride: The title compound was prepared by deprotection of Step 1 

intermediate (150 mg, 0.201 mmol) using saturated solution of hydrochloride in dry ethyl 

acetate (5 ml) according to step 2 of general procedure described for the preparation of 

amino acid derivatives to yield 90 mg of product as an off-white solid; ]H NMR (300 

5 MHz, DMS0-d6): 8 0.91 (d, J = 6.0 Hz, 6H), 2.17-2.24 (m, 1H), 3.18 (s, 3H), 3.49 (s, 

3H), 4.03 (br s, 1H), 4.46 (s, 2H), 6.63 (br s, 2H), 7.14 (s, 1H), 7.53 (t, J= 9.6 Hz, 1H), 

7.79 (s, 1H), 8.40-8.50 (m, 4H); ESI (m/z): 645.9.1 (M+H)"1. 

[2- {[(1,3-Dimethyl-2,4-dioxo-1,2,3,4-tetrahydrothien.o[2,3-J]pyrimidin-5-yl)acetyl] 

10 imino}-4-[3-fluoro-4-(trifluoromethyl)phcnyl]-l,3-thiazol-3(2/i)-yl]methyl 

L-isoleucinate hydrochloride 

Step 1: [2-{[(l,3-Dimethy3-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-7]pyrimidin-5-y]) 

acctyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2//)-yl]methyl./V-(^rr-

15 butoxycarbonyl)-L-isoleucinate: The title compound was prepared by coupling reaction 

of 2-(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-^pyrim.idin-5-yl)-Ar-{4-[3~ 

fluoro-4-(trifhioromethyl)phenyl]-l,3-thiazol-2-yl} acetamide (300 mg, 0.6024 mmol) 

with intermediate 6 (3.5 g, 2.108 mmol) using sodium hydride (60 % dispersion in 

mineral oil, 36.14 mg, 0.903 mmol) in dry DMF (3.5 ml) according to step 1 of general 

20 procedure described for the preparation of amino acid derivatives to yield 38.5 mg of 

product as an off-white solid; lU NMR (300 MHz, DMSO-flfe): 5 0.61 (t, J= 7.2 Hz, 3H), 

0.76 (d, ,7=6.9 Hz, 3H), 1.05-1.30 (m, 2H), 1.28 (s, 9H), 1.65-1.79 (m, lH),3.17(s, 3H), 

3.46 (s, 3H), 3.96 (t, ,/= 6.9 Hz, 1H), 4.40 (s, 2H), 6.46-6.53 (m, 2H), 7.09 (s, 1H), 7.18 

(d,J = 9.0 Hz, 1H), 7.82 (t, 7= 7.8 Hz, 1H), 7.92-8.02 (m, 2H), 8.08 (s, 1H). 

25 Step 2: [2-{[(l,3-Dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-<i]pyrimi.dm-5-yl) 

acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol.-3(2//)-yl]methyl L-

isoleucinate hydrochloride: The title compound was prepared by deprotection of Step 1 

intermediate (35 mg) with saturated solution of hydrochloride in dry ethyl acetate (3 ml) 

according to step 2 of general, procedure described for the preparation of amino acid 

30 derivatives to yield 20 mg of product as an off-white solid; !H NMR (300 MHz, DMSO-

Example 6 
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d6): 8 0.69 (t, J=6.6 Hz, 3H), 0.86 (t, 7=6.6 Hz, 3H), 1.15-1.23 (m, 1H), 1.33-1.41 (m, 

1H), 1.87-1.94 (m, 1H), 3,18 (s, 3H), 3.48 (s, 3H), 4.11 (br s, 1H), 4.46 (br s, 2H), 6.58-

6.68 (m, 2H), 7.12 (s, 1H), 7.85 (t,7=7.8 Hz, 1H), 7.94-8.06 (m, 2H), 8.13 (s, 1H), 8.39 

(br s, 3H); ESI (m/z): 642.03 (Mill) . 

5 Example 7 

[4-[2,4-Difhioro-3-(trifluoromcthyl)phenyl]-2-{[(l,3~dimcthyl-2,4-dioxo~l,2,3,4-

tetrahydrothieno[2,3-^pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2.£/)-yl]methyl 

L-isoieucinate hydrochloride 

10 Step 1: [4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothicno[2,3-7]pyrimidin-5-y])acetyl]imino}-l,3-thiazol-3(27:/)-yl]methyl N-(tert-

butoxycarbonyl)-L-isoleucinate: The title compound was prepared by coupling AL{4-[2,4-

difluoro-3-(trifIuoromethyl)phenyl]-l,3-thiazol-2-yl}~2-(l,3-dimethyl~2,4~dioxo-l, 2,3,4-

tetrahydrothieno[2,3-7]pyrimidin-5-yl)acetamide (1 g, 1.937 mmol) with intermediate 6 

15 (2.4 g, 6.782 mmol) using sodium hydride (60 % dispersion in mineral oil, 93 mg, 2.324 

mmol) in dry DMF (10.0 ml) according to step 1 of general procedure described, for the 

preparation of amino acid derivatives to yield 603 mg of product as an off-white solid; 

NMR (300 MHz, CDC13): 6 0.72 (t, 7= 7.5 Hz, 3H), 0.87 (d, 7= 6.6 Hz, 3H), 0.92-1.00 

(m, 1H), .1.38 (s, 9H), 1.45 (s, 2H), 1.83 (br s, 2H), 3.35 (s, 3H), 3.57 (s, 3H), 4.27-4.49 

20 (m, 2H), 5.24 (d, 7- 9.0, 1H), 6.47-6.52 (m, 1H), 6.81 (s, 1H), 7.09 (t, 7-9.0 Hz, 1FI), 

7.48 (s, 1H), 8.38 (q, 7- 9.0 Hz, 1H); ESI (m/z): 757.76 (M-H)\ 

Step 2: [4-[2,4-Difhioro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimetbyl~2,4-dioxo~l,2,3,4~ 

tetrahydrothieno[2,3-t/]pyrimidin-5-yi)acetyl]im.mo}-l,3-thiazol-3(2//)-yi]methyl L-

isoleucinate hydrochloride: The title compound was prepared by hydrolysis of Step 1 

25 intermediate (600 mg, 0.790 mmol.) with saturated, solution of hydrochloride in dry ethyl 

acetate (15.0 ml) according to step 2 of general procedure described for the preparation of 

amino acid derivatives to yield 430 mg of product as an off-white solid; JH NMR (300 

MHz, DMSO-4): 8 0.70 (t,7= 6.0 Hz, 3H), 0.86 (d,7=6.0 Hz, 3H), 1.16-1.23 (m, 1H), 

1.32-1.39 (m, 1H), 1.91-1.98 (m, 1H), 3.18 (s, 3H), 3.48 (s, 3H), 4.06 (s, 1H), 4.46 (br s, 
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2H), 6.61 (br s, 2H), 7.14 (s, 1H), 7.53 (t,J= 9.0 Hz, 1H), 7.78 (s, Hi), 8.28-8.56 (m, 

4H); ESI (m/z): 659.54 (M)+. 

[4-[2,4-Difhaoro-3-(triflaoromethyl)phenyl]~2-{[(l,3-dimethyl-2.,4-dioxo-l,2,3,4~ 

5 tetrahydrothieno[2,3-^pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2£/)-yl]methyl 

L-prolinate hydrochloride 

Step 1: \-tert-BvXy\ 2-{[4-[2,4-difluoro-3-(trifIuoromethyl)phenyl]-2-{[(l,3-dimethyl-

2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-^pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-

10 3(2i7)-yl]methyl} ^^-pyrrolidine-1,2-dicarboxylate: The title compound was prepared 

by coupling iV-{4-[2J4-difluoro-3-(trifluoromethyl)phenyl]-lJ3-thiazol-2-yl}-2-(l93-

dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3~7]pyrimidin-5-yl) acetamide (1.0 g, 

1.937 mmol) with intermediate 7 (2.4 g, 6.782 mmol) in the presence of sodium hydride 

(60 % dispersion in mineral oil, 116.20 mg, 2.905 mmol) in dry DMF (25 ml) according 

15 to step 1 of general procedure described for the preparation of amino acid derivatives to 

give 190 mg of product as an off-white solid; [H NMR (300 MHz, DMSCWe): 5 1.19 (s, 

9H), 1.73-1.27 (m, 4H), 3.14-3.20 (s, 5H), 3.48 (s, 3H), 4.19-4.26 (m, 1H), 4.40 (s, 2H), 

6.49-6.56 (m, 2H), 7.11 (s, 1H), 7.56 (q, 9.0 Hz, 1H), 7.76 (s, 1H), 8.39-8.41 (m, 

1H); APCI (m/z): 743.86 (M- H) . 

20 Step 2: [4-[2,4-Difluoro-3-(trifluorometh.yl)phenyl]-2-{[(l,3-d.imethyl-2,4-dioxo-l ,2,3,4-

tetrahydrothieno[2,3-<i]pyrimidin-5-yi)acetyl]imino}-l,3-thiazol-3(2/-/)-yl]methyl L-

prolinate hydrochloride: The title compound was prepared by hydrolysis of Step 1 

intermediate (180 mg, 0.242 mmol) with saturated solution of hydrochloride in diy ethyl 

acetate (5.0 ml) according to step 2 of general procedure described for the preparation of 

25 amino acid derivatives to yield 101 mg of product as white solid; 1HNMR (300 MHz, 

DMSO-^g): 5 1.81-1.89 (m, 2H), 1.99-2.09 (m, 1H), 2.17-2.29 (m, 1H), 2.71-2.83 (m, 

5H), 3.47 (s, 3H), 4.43 (s, 2H), 4.50 (i,J= 7.8 Hz, 1H), 6.60 (s, 2H), 7.12 (s, 1H), 7.52 (t, 

J = 9.9 Hz, 1H), 1.11 (s, 1H), 8.39 (q, J = 8.4 Hz, 1H), 9.04 (br s, 1H), 9.75 (br s, 1H); 

APCI (m/z): 643.98 (M+H)4. 

Example 8 
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Example 9 

[2-{[(13-Dimethyl-2,4-dioxo-.l,2,3,4-tetrahydrotb.i.eno[2,3-d]pyrimidin-5-yl)acetyl] 

imino}-4-[3-fiuoro-4-(trifluoromethyi)phcnyl]-i,3-thiazoi-3(2//)-yl.]methylpiperidme-4-

carboxylate hydrochloride 

Step 1: 1-/erZ-Butyl 4-{[2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-7] 

pyrimidin-5-yl)acetyl]imino}-4-[3-fluoro-4-(tifluoromethyl)phenyl]-.l,3-thiazol-3(2/f)-

yl.]methyl.}piperidme-l,4-dicarboxylate: The title compound, was prepared by coupling 2-

10 (l,3-dimethyl-2,4-dioxo-l,2,3-,4-tetrahydrothieno[2,3-^]pyrimidin-5-yr)-iV- {4-[3-fluoro-4-

(trifluoromethyl)phenyl]-l,3-thiazol-2-yl}acetamide (500 mg, 1.003 mmol) with 

intermediate 8 (1.3 g, 3.51 mmol) using sodium hydride (60 % dispersion in mineral oil, 

44.13 mg, 1.10 mmol) in dry DMF (5.0 ml) according to step 1 of general procedure 

described for the preparation of amino acid derivatives to yield 250 mg of product as an 

15 off-white solid; ]H_ NMR (300 MHz, DMSO-d6): 8 1.43 (s, 9H), 1.65-1.73 (m, 2H), 1.87-

1.95 (m, 2H), 2.50-2.59 (m, 1H), 2.81 (t, J = 12.0 Hz, 2H), 3.34 (s, 3H), 3.57 (s, 3H), 

3.95-4.02 (m, 2H), 4.36 (s, 2H), 6.53 (s, 2H), 6.78 (s, 1H), 7.35 (s, 1H), 7.62 (t, J= 9.0 

Hz, 1H), 7.71 (d, J= 9.0 Hz, 2H); ESI (m/z): 739.76 (M+H)"\ 

Step 2: [2"{[(l,3-Dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothiejio[2,3-7jpyrimidin~5-yl) 

20 acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3~thiazol-3(27/)-yi]methyi 

piperidine-4-carboxylate hydrochloride: The title compound was prepared by the reaction 

of Step 1 intermediate (240 mg, 0.325 mmol) with saturated solution of hydrochloride in 

dry ethyl acetate (5.0 ml) in ethyl acetate (3.0 ml) according to step 2 of general 

procedure described for the preparation of amino acid derivatives to yield 160 mg of 

25 product as an off-white solid; ]H NMR (300 MHz, DMSO-d6): 8 1.71-1.85 (m, 2H), 1.95-

2.08 (m, 2H), 2.78-2.93 (m, 4H), 3.16 (br s, 4H), 3.47 (s, 3H), 4.39 (s, 2H), 6.49 (br s, 

2H), 7.11 (s, 1H), 7.83-8.04 (m, 3H), 8.10 (s, 1H), 8.47-8.69 (m, 2H); ESI (m/z): 639.97 

(M+H)+. 

5 

30 
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Example 10 

[4-[2,4~Difhioro-3-(trifhjoromethyl)phenyl]-2-{[(l,3-dimethyl~2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-r/]pyrimidin-5-yl)acetyi]imino}-l,3-thiazoi-3(2//)-yI]methy} 

piperidine-4-carboxylate hydrochloride 

5 CH3 

Step 1: 1-ferf-Butyl 4-{[4-[2,4-difhioro-3-(trifhioromethyl)phenyl]-2-{[(l,3-dimethyl-2,4~ 

dioxo-l,2,3,4-tetrahydrothieno[2,3-7]pyrimidin~5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yI] 

methyl}piperidine-l,4-dicarboxylate: The title compound was prepared by coupling of N-

{4-[2,4-difIuoro-3-(trifl.uoromethyl)phenyl]-l,3-thiazol-2-yl}-2-(l,3-dimethyi-2,4-dioxo-

10 l,2,3,4-tetrahydrothieno[2,3-7]pyrimidin-5-yl)acetamide (2.50 g, 4.844 mmol.) with 

intermediate 8 (6.30 g, 16.954 mmol) in the presence of sodium hydride (60 % dispersion 

in mineral oil, 232 mg, 5.813 mmol) in dry DMF (25 ml) according to step 1 of general 

procedure described for the preparation of amino acid derivatives to yield 1.169 g of 

product as an off-white solid; JH NMR (300 MHz, DMSO-^e): 8 1.43 (s, 9H), 1.62-1.70 

15 (m, 2H), 1.84-1.93 (m, 2H), 2.51-2.60 (m, 1H), 2.80 (t, J= 11.7 Hz, 2H), 3.34 (s, 3H), 

3.57 (s, 3H), 3.95-4.03 (m, 2H), 4.36 (s, 2H), 6.53 (s, 2H), 6.79 (s, 1H), 7.10 (t, J - 9.0 

Hz, Iff), 7.49 (s, 1H), 8.36 (q, ,/= 9.0 Hz, 1H); ESI (m/z): 757.81 (M+H)4. 

Step 2: L4-L2,4-Difhioro-3-(trifhjoromethyl)phenyl]~2"{[(l,3-dimethyl-2,4-dioxo-l,2,3,4~ 

tetrahydrothieno[2,3-^pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl 

20 piperidine-4-carboxylate hydrochloride: The title compound was prepared by hydrolysis 

of Step 1 intermediate (1.15 g, 1.519 mmol) using saturated solution of hydrochloric acid 

in dry ethyl acetate (40 ml) in dry ethyl acetate (7 ml) according to step 2 of general 

procedure described for the preparation of amino acid derivatives to yield 955 mg of 

product as a white solid; ]H NMR (300 MHz, DMSO-d6): 5 1.72-1.82 (m, 2H), 1.96-2.04 

25 (m, 2H), 2.84-2.94 (m, 4H), 3.17 (br s, 4H), 3.48 (s, 3H), 4.41 (s, 2H), 6.49 (br s, 2H), 

7.12 (s, 1H), 7.55 (t,J= 9.0 Hz, 1H), 7.76 (s, Iff), 8.34-8.41 (m, 1H), 8.62-8.70 (m, 1H), 

8.83-8.92 (m, 1H); APCI (m/z): 657.93 (M+H)". 

Example 11 

[2-{[(l,3-Dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-7jpyrimidin-5-yl) 

30 acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2//)-yl]methyl 

dihydrogen phosphate 
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(MJ-CF3 

Step 1: Di-tert-butyl [2- {[(1,3-dimethy[-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-<i] 

pyrimidin-5~yl)acetyl]imino} -4-[3-fluoro-4-(trifluoromethyl)phenyl]-1,3-thiazol-3(2 H)-

yl]methyi phosphate: The title compound was prepared according to the general 

5 procedure as described in method A for the preparation of phosphate derivative by 

reaction of 2-(l,3-dimethyi-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-<i] pyrimidin-5-yl)-iV-

{4-[3-fluoro-4-(trifLuoromethyl)phenyl]-l,3-thiazol-2-yl}acetamid.e (500 mg, 1.004 

mmol) with freshly prepared di-ferf-butyl iodomethyl phosphate (Intermediate 2) (1.22 g, 

3.514 mmol) in the presence of sodium hydride (60% dispersion in mineral oil, 60.24 mg, 

10 1.506 mmol.) in dry DMF (5 ml) to yield 150 mg of pure product as an off-white solid. *H 

NMR. (300 MHz, CDC13): 5 1.49 (s, 18H), 3.34 (s, 3H), 3.57 (s, 3H), 4.43 (s, 2H), 6.36-

6.44 (m, 2H), 6.79 (s, 1H), 7.33 (s, 1H), 7.61 (t, J= 7.5 Hz, 1H), 7.71-7.81 (m, 2H); ESI 

(m/z): 721 (M+H)+. 

Step 2: [2-{[(l,3-Dimethyl-2,4-dioxo-l?2,3,4-tetrahydrothieno[2,3-t/]pyrimidin-5-yl) 

15 acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2/^)-yl]methyl 

dihydrogen phosphate: The title compound was prepared according to the general 

procedure as described in method A for the hydrolysis of phosphate ester by hydrolysis 

of Step 1 intermediate (145 mg, 0.201 mmol) in dry dichloromethane (3 ml) in the 

presence of trifluoroacetic acid (46.27 p.1, 0.603 mmol) to yield 70 mg of product as a 

20 white solid, !H NMR (300 MHz, DMSO-^g): 5 3.16 (s, 3H), 3.47 (s, 3H), 4.43 (s, 2H), 

6.24 (br s, 2H), 7.10 (s, 1H), 7.84 (t, J= 7.2 Hz, 1H), 8.00 (d, 8.4 Hz, 1H), 8.05-8.13 

(m, 2H); ESI (m/z): 609.02 (M+H)'1. 

Disodium[2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydroth.ieno[2,3-<i]pyrimidin-5~ 

25 yi)acetyi]imino}-4-[3~fluoro-4-(trifluoromethyl)phenyl]-l,3-th.iazol-3(2//)-yl]methyi 

Example 12 

phosphate 

ONa CH3 
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The title compound was prepared according to the general procedure as described in 

method A for preparation of disodium. phosphonate salt by the reaction of Example 11 (65 

mg, 0.106 mmol.) with sodium metal (23.00 mg, 0.224 mmol) and dry methanol (1 ml) to 

yield 65 mg of product as a white solid. JH NMR (300 MHz, D20); 5 3.19 (br s, 3H), 3.50 

5 (br s, 3H), 4.47 (br s, 2H), 6.06 (br s, 2H), 7.00 (br s, 1H), 7.54-7.85 (m, 4H); ESI (m/z): 

653.06 (M+H)'. 

[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3~7]pyrimidin-5-yl)acetyl]imino}-l,3~thiazol-3(2//)-yl]methyl 

10 dihydrogen phosphate 

Step 1: Di-rerr-butyl [4-[2,4-difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-

dioxo-l,2,3,4-tetrahydrothieno[2,3-73pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2/f)-yl] 

methyl phosphate: The title compound was prepared according to the general procedure 

15 as described in method A for the preparation of phosphate derivative by coupling reaction 

of iV-{4~[2,4-difluoro-3-(trifluoromethyl)phenyl]-l,3-thiazol~2-yl}~2-(l,3-dimethyl-2,4-

dioxo-l,2,3,4-tetrahydrothieno[2,3-7]pyrimidin-5-yl)acetamide (3.10 g, 3.01 mmol) with 

freshly prepared di-tert-butyl iodomethyl phosphate (intermediate 2) (4.20 g, 12.02 mmol 

in presence of sodium hydride (60% dispersion in mineral oil, 360 mg, 9.01 mmol) in dry 

20 DMF (31 ml) to yield 2.45 g of pure product as an off-white solid; lH NMR (300 MHz, 

CDCI3): S 1.46 (s, 18H), 3.34 (s, 3H), 3.57 (s, 3H), 4.43 (s, 2H), 6.43 (d,J= 7.8 Hz, 2H), 

6.79 (s, 1H), 7.08 (t, 7- 9.0 Hz, 1H), 7.47 (s, 1H), 8.48 (q, 7- 8.7 Hz, 1H); ESI (m/z): 

738.05 (M+H)'. 

Step 2: [4-[2,4-Difluoro-3-(trifhioromethyl)phenyl]-2~{[(l,3-dim.ethyl-2,4-dioxo-l,2,3,4-

25 tetrahydrothieno[2,3-<i]pyrimidm~5-yl)acetyl]imino}-l,3-tbiazol-3(2//)-yl]methyl 

dihydrogen phosphate: The title compound was prepared according to the general 

procedure as described in method A for the hydrolysis of phosphate esters by hydrolysis 

of Step 1 intermediate (280 mg, 0.379 mmol) using trifluoroacetic acid (87.14 tul, 1.14 

mmol) in dichloromethane (6 ml) to yield 180 mg of product as a white solid; ]H NMR 

30 (300 MHz, D20): 8 3.20 (br s, 3H), 3.51 (br s, 3H), 4.48 (br s, 2H), 6.04 (br s, 2H), 7.01 

Example 13 
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(br s, 1H), 7.10-7.25 (m, 1H), 7.51 (br s, 1H), 8.25-8.43 (m, 1H); ESI (m/z): 671.07 

(M+H)\ 

Example 14 

Disodmm[4-[2,4-difluoro-3-(trifluoromethy!.)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-

l,2,3,4-tetrahydrothieno[2,3~7]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yi]methyl 

phosphate 

o} F Cp3 

O^N^S 0=p-ONa 

CH3 ONa 

The title compound was prepared according to the general procedure as described in 

method A for preparation of disodium phosphonate salts by the reaction of ([4-[2,4-

10 difluoro-3-(trifluoromcthyl)phenyl]-2-{[(l,3-dimethyl-294-dioxo-l,2,3,4-

tetrahydrothieno[2,3-fiT|pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]mcthyl 

dihydrogen phosphate (Example 13) (1.50 mg, 0.2396 mmol) (150 mg, 0.2396 mmol) 

with sodium metal (11.57 mg, 0.5031 mmol) in dry methanol (2 ml) to yield 147 mg of 

product as an off-white solid; *H NMR (300 MHz, D20): 5 3.19 (br s, 3H), 3.49 (br s, 

15 3H), 4.48 (br s, 2H), 6.04 (br s, 2H), 7.01 (br s, 1H), 7.19 (br s, 1H), 7.49 (br s, 1H), 8.25-

8.43 (m, 1H); ESI (m/z): 671.08 (M H)\ 

Example 15 

4-(2,4-Difluoro-3-(trifluoromethyl)phenyl)-2-((2-( 1,3,6-trimethyl-2,4-dioxo-l, 2,3,4-

tetrahydrothieno[2,3-d]pyrimidin-5-yl)acetyl)imino)thiazol-3(2H)-yi)methyl dihydrogen 

20 phosphate 

9 f N N , % 
H3C-NVL k F 3 I I>CH3 Q.OH 

O N S 0=PC 
CH3 0H 

Step 1: Di-ze/-/-hutyl ((4-(2,4-difluoro-3-(trifluoromethyl)phenyl)-2-((2-(l,3,6-trimethyl-

2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-5-yl)acetyl)imino)thiazol-3(2H)-

yl)methyl) phosphate: The title compound was prepared according to the general 

25 procedure as described in method A for the preparation of phosphate derivatives by 

coupling Af-{4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-l,3-thiazol-2-yl}-2-(l,3-

dimethyl-2,4-dioxo-l ,2,3,4-tetrahydrothieno[2,3-<i]pyrimidin-5-yl)acetamide (1.10 g, 

2.07 mmol) with freshly prepared di-terf-butyl iodomethyl phosphate (intermediate 2) 
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(1.459 g, 4.15 mmol) in dry DMF (11 ml) in presence of sodium hydride (60 % 

dispersion in mineral oil, 0.0745 g, 3.113 mmol) to yield 0.85 g of pure product as an off-

white solid.. ln NMR(300 MHz, CDCI3): 8 1.46 (s, 18H), 2.42 (s, 3H), 3.33 (s, 3H), 3.52 

(s, 3H), 4.40 (s, 2H), 6.47 (d, J= 7.8 Hz, 2H), 7.07 (t, J= 8.7 Hz, 1H), 7.46 (s, 1H), 8.47 

5 (q, J= 9.0 Hz, 1H); APCI (m/z): 752.72 (M+Hf. 

Step 2: 4-(2,4-Difluoro-3-(trifluoromcthyl)phenyl)-2-((2-(l,3,6-trimcthyl-2,4-dioxo-

l,2,3,4'tctrahydrothieno[2,3-d]pyrimidin-5-yl)acetyl)imino)thiazoi-3(2H)-yl)methyl 

dihydrogen phosphate: The title compound was prepared according to the general 

procedure as described in method A for the hydrolysis of phosphate esters by hydrolysis 

10 of step 1 intermediate (440 mg, 0.5851 mmol) in dry dichloromethane (9 ml) using 

trifluoroacetic acid (134 pi, 1.755 mmol) to yield 250 mg of product as an off-white solid. 
jH NMR (300 MHz, DMSO-fife): 5 2.36 (s, 3H), 3.16 (s, 3H), 3.45 (s, 3H), 4.45 (s, 2H), 

6.27 (d, J= 6.3 Hz, 2H), 7.51 (t,J = 9.0 Hz, 1H), 7.74 (s, 1H), 8.55 (q, J = 8.7 Hz, 1H); 

ESI (m/z): 638.94 (M)". 

15 Example 16 

Disodium (4-(2,4-difhioro-3-(trifhioromethyl)phenyl)-2-((2-(l,3,6-trimethyl-2,4-dioxo-

l,2,3}4'tetrahydrothieno[2,3-d]pyrimidin-5-yl)acetyl)imino)thiazol-3(2H)-yl)methyl 

phosphate 

20 The title compound was prepared according to the general procedure as described in 

method A for preparation of disodium phosphonate salts by reaction of Example 15 (100 

mg, 0.156 mmol) with sodium metal (7.54 mg, 0.328 mmol) in dry methanol (1.25 ml) to 

yield. 70 mg of an off-white solid. Alternatively the title compound was also prepared 

according to the general procedure as described in method B for preparation of disodium 

25 phosphonate salts by reaction of Example 15 (100 mg, 0.156 mmol) with sodium 

carbonate (16.98 mg, 0.156 mmol) in acetonitrile (8 ml) and water (5 ml), to yield 100 mg 

of product as an off-white solid. 1H NMR (300 MHz, D20) 5 2.39 (s, 3H), 3.23 (s, 3H), 

3.52 (s. 3H), 4.49 (br s, 2H), 6.00-6.20 (m, 2H), 7.25 (t, /= 9.3 Hz, 1H), 7.50-7.64 (m, 

1H), 8.25-8.45 (m, 1H). ESI-MS (m/z): 639.10 (M-H)\ 

30 
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Example 17 

[2-{[(6-ethyl-l,3-dimethyl-2,4-dioxo4,2,3,44etrahydrothieno[2,3-d]pyrimidin-5-

yI)acetyI]imino}-4-[3-fiuoro-4-(trifiuoromethyl)phenylj-I,3-t;hiazol-3(2/f)-yI]methyi 

dihydrogen phosphate 

"•Ci\^cCsS.o„F 
O N S o=PC 

AII OH 
5 3 

Step 1: Di-fe/t-biityl [2-{[(6-e+hyl-].3-dimethyl--2,4-dIoxo-l,2,3,4-tetrahydrothieiio[2J3-

^]pyrimidin-5-yl)acetyl]imino}-4-[3-fluoro-4-(trifluoromethyI)phenyl]-l,3-thiazol-3(2//)-

yijmethyl phosphate: The title compound was prepared according to the general 

procedure as described in method A for the preparation of phosphate derivatives by 

10 coupling reaction of 2-(6-Eth.y}.-l,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-

d]pyrimidin-5-yl)-7V-{4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-2-yl} acetamide 

(1.00 g, 1.901 mmol) with fresly prepared intermediate 2 (1.33 g, 3.802 mmol) in 

presence of sodium hydride (60 % dispersion in mineral oil, 115 mg, 2.0851 mmol) in diy 

DMF (10 ml) to yield 1.15 g of pure product a pale yellow solid. lH NMR (300 MHz, 

15 CDC13): 5 1.20-1.38 (m, 3H), 1.50 (s, 18H), 2.81 (q, J = 7.8 Hz, 2H), 3.32 (s, 3H), 3.53 (s, 

3IT), 4.40 (s, 2H), 6.47 (d, J - 7.2 Hz, 2H), 7.21-7.33 (m, 1H), 7.59-7.81 (m, 3H); ESI 

(m/z): 748.71 (M)\ 

Step 2: [2-{[(6-Ethyl-l,3-dimeth.yl-2;4~dioxo-l ,2,3,4-tetrahydrothieno[2,3-7]pyrimidin~5~ 

yl)acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2//)-yl]methyl 

20 dihydrogen phosphate: The title compound was prepared according to the general 

procedure as described in method A for the hydrolysis of phosphate esters by hydrolysis 

of step 1 intermediate (500 mg, 0.6684 mmol) using trifluoroacetic acid (.154 jxl, 2.005 

mmol) in dry dichloromethane (10 ml) to yield 210 mg of product as an off-white solid. 

'H NMR (300 MHz, DMSO~d6): 5 1.18 (t, J= 1.2 Hz, 3H), 2.79 (q, ./= 7.2 Hz, 2H), 3.16 

25 (s, 3H), 3.46 (s, 3H), 4.45 (s, 2H), 6.28 (d, J = 6.0 Hz, 2H), 7.84 (t tJ = 7.8 Hz, 1H), 8.02 

(d, ./ = 8.4 Hz, 1H), 8.08 (s, 1H), 7.98-8..13 (m, 3H); ESI (m/z): 634.79 (M-H)\ 

Example 18 

Disodium [2-{[(6-ethyl-1,3-dimethyl-2,4-dioxo-l,2,3,4-tetrahydrothieno[2,3-7jpyrimidin-

5-yl.)acetyl]imino}-4-[3-fluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-3(2//)-yl]methyl 

30 phosphate 

NH|C^ 
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CH3 

VCF3 N ^-4 

The title compound was prepared according to the general procedure as described in 

method. A for preparation of disodium phosphonate salts by reaction of example 17 (100 

mg, 0.159 mmol) with sodium metal (7.59 mg, 0.33 mmol) in dry methanol (1.25 ml) to 

yield 75 mg of an off-white solid. 1H NMR (300 MHz, D2O) 8 1.15-1.35 (m, 3H), 2.65-

2.84 (m, 2H), 3.17 (s, 3H), 3.49 (s, 3H), 4.48 (br s, 2H), 6.10-6.20 (m, 2H), 7.50-7.85 (m, 

4H). ESI (m/z): 634.80 (M-H)\ 

Example 19 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyi-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-<i]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yi]methyl 2,2-

di me thy lp rop an 0 at e 

ur-13 

Step 1: Sodium salt of 7V-{4-[3-chloro-4-(trifluoromethoxy)phen.yl]-l,3-thiazol-2-yl}-2-

(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-tetrahydrofuro[2,3-<i]pyrim.idin-5-yl)acetamide: The 

title compound was prepared according to the general procedure as described in step 1 of 

method B for the preparation of phosphate derivatives by the reaction of 7V-{4-[3-Chloro-

4~(trifluoromethoxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6-trimethyl-2,4-dioxo-L2,3,4-

tetrahydrofuro[2,3-^]pyrimidin-5-yl)acetamide (50 g, 0.09 mol) in dry ethanol (300 ml), 

sodium tert- butoxide solution (9.07 g, 0.09 mol) and n-pentane (800 ml) to obtain 54 g of 

the desired product. lH NMR (300 MHz, DMSO-d6) 5 2.25 (s, 3H), 3.12 (s, 3H), 3.35 (s, 

3H), 3.42 (s, 2H), 7.24 (s, 1H), 7.42 (d, J = 6.9 Hz, 1H), 7.86 (d, J = 6.9 Hz, 1H), 8.06 (s, 

1H). 

Step 2: [4-[3~Chloro-4-(trif].uoromethoxy)phenyl]-2-{[(l,3,6-trimethyl~2,4-dioxo~l,2,3?4-

tetrahydrofuro[2,3-7]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyi 2,2-

dimethylpropanoate; The title compound was prepared by the reaction of sodium salt of 

A/"-{4-[3-chloro-4-(trifluoromethoxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6-trimethyl-2,4-

dioxo-l,2,3,4-tetrahydrofuro[2,3-J]pyrimidin-5-yl)acetamide (2.0 g, 0.0036 mol) with 

chloromethyl pivalate (0.82 g, 0.005455 mol) in dry acetone (60 ml) to yield 390 mg of 
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product as an off white solid. {H NMR (300 MHz, CDCK) 8 1.22 (s, 9H), 2.34 (s, 3H), 

3.33 (s,3H), 3.53 (s, 3H),4.11 (s, 2H), 6.49 (s, 2H), 7.24 (s, 1H), 7.36 (d, J=7.8Hz, 1H), 

7.79 (d, ,/= 8.7 Hz, 1H), 7.98 (s, 1H). ESI-MS (m/z) : 642.75 (M+H)+. 

5 [4-[3-Cbloro-4-(trifluoromethoxy)pbenyl]-2-{[(l,3,6-tnmethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-7]pyrimidin-5-yl)acetyl]i.mino}-l,3-thiazol-3(2#)-yl]methyl glycinate 

hydrochloride 

Step 1: [4-[3-Chloro~4-(trifhioromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-1,2,3,4-

10 tetrahydrofuro[2,3-7jpyrimidin~5~yl)acetyl]immo}-l,3-thiazol-3(2H)-yl]methyl N-(tert-

butoxycarbonyl)glycinate: The title compound was prepared by coupling 7V-{4-[3-Chloro-

4-(trifluorom.ethoxy)phenyl]-l>3-tbfazol-2~yl}-2-(l,3,6-trimethyl~2,4-dioxo-l,2,3,4~ 

tetrahydrofuro[2,3-6i]pyrimidin-5-yl)acetamide (2.08 g, 6.615 mmol) with intermediate 3 

(732 mg, 1.984 mmol) using sodium hydride (60 % dispersion in mineral oil, 113 mg, 

15 2.83 mmol) in dry DMF (20 ml) according to step 1 of general procedure described for 

the preparation of amino acid derivatives to yield 380 mg of product as an off-white solid. 
lH NMR (300 MHz, CDC13): 8 1.40 (br s, 9H), 2.36 (s, 3H), 3.32 (s, 3H), 3.53 (s, 3H), 

4.02 (d, J= 6.0 Hz, 2H), 4.09 (s, 2H), 5.17-5.24 (m, 1H), 6.63 (br s, 2H), 7.25 (s, 1H), 

7.36 (d, J = 8.1 Hz, 1H), 7.79 (d, J - 6.9 Hz, 1H), 7.97 (s, 3H); APCI (m/z); 715.80 

20 (M+H)\ 

Step 2: [443-Chloro-4-(trifluoromethoxy)phenyl]-2"{[(l,3,6-trimethyl-2,4~dioxo~l,2,3,4-

tetrahydrofuro[2,3-7]pyrimidin-5-yl)acetyl]imino}-l,34'hiazol-3(2/f)-yl]methyl glycinate 

hydrochloride: The title compound was prepared by deprotection of step 1 intermediate 

(295 mg, 0.637 mmol) with saturated solution of hydrochloride in dry ethyl acetate (8.0 

25 ml) according to Step 2 of general procedure described for the preparation of amino acid 

derivatives to yield 190 mg of product as an off-white solid. !H NMR (300 MHz, DMSO-

d6): 8 2.33 (s, 3H), 3.16 (s, 3H), 3.43 (m, 3H), 4.01 (s, 2H), 4.23 (s, 2H), 6.67 (s, 2H), 

7.65 (d, J-- 8.4 Hz, 1H), 8.00- 8.05 (m, 2H), 8.25 (s, 1H), 8.27-8.40 (m, 3H); APCI (m/z): 

616.15 (M+H)*. 

Example 20 

30 
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Example 21 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,64rimethyl~2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-(i]pyrimidin-5-yi)acetyl]immo}-l ,3-t'hiazol-3(2/-/)-yl]metbyl 

L-valinate hydrochloride 

"N N 

0^NH2 -HCI 

5 CH3 H3C^CH3 

Step 1: [4-[3-Chloro-4-(trifhaoromethoxy)phenyl]~2-{[(l,3,6~trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-4pyrimidin-5-yl)acetyl]imino}-.l,3-thiazoj-3(2//)-yl]methyl N-(tert-

butoxycarbonyl)-L-valinate: The title compound was prepared by coupling TV-{4-[3-

chloro-4-(trifluoromethoxy)phen.yl]-l,3-thiazol-2-yl}-2-(l,3,6-trimcthyl-2,4-dioxo-

10 l,2,3,44etrahydrofuro[2,3-{/]pyrimidin-5-yl)acetamide (8.00 g, 15.126 mmol) with 

intermediate 5 (18.91 g, 52.94! mmol) using sodium, hydride (60 % dispersion in mineral 

oil, 907.5 mg, 22.68 mmol) in dry DMF (80 ml) according to step 1 of general procedure 

described for the preparation of amino acid derivatives to yield 3.68 g of product as an 

off-white solid. NMR (300 MHz, CDC13): 8 0.87 (t, J - 6.0 Hz, 3H), 0.95 (t, J = 6.0 

15 Hz, 3H), 1.39 (s, 9FI), 2.03-2.19 (m, 2H), 2.37 (s, 3H), 3.33 (s, 3H), 3.53 (s, 3H), 4.01-

4.17 (m, 2H), 4.20-4.30 (m, 1H), 5.21 (d, J= 9.0 Hz, 1H), 6.42-6.70 (m, 2H), 7.26 (s, 

1H), 7.35 (d, J = 9.0 Hz, 1H), 7.78 (d, J= 9.0 Hz, 1H), 7.97 (s, 1H); APCI (m/z): 757.55 

(M+H)+. 

Step 2: [4-[3-Chloro-4-(trifluoromethoxy)phenyI]-2-{[(1,3,6-trimethyl-2,4-dioxo-l,2,3,4-

20 tetrahydrofuro[2,3-(i]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2/^)-yl]methyl L-

valinate hydrochloride: The title compound was prepared according to step 2 of general 

procedure described for the preparation of amino acid derivatives by deprotection of step 

1 intermediate (3.60 g, 4.755 mmol) with saturated solution of hydrochloride in dry ethyl 

acetate (200 ml) to yield 2.905 g of product as a white solid. 'H NMR (300 MHz, DMSO-

25 d6): 8 0.92 (t, J-6.6 Hz, 6H), 2.16-2.24 (m, III), 2.34 (s , 3H), 3.16 (s, 3H), 3.43 (s, 3H), 

4.02 (d, J = 6.0 Hz, 1H), 4.24-4.35 (m, 2H), 6.63 (br s, 2H), 7.65 (d, J - 9.0 Hz, 1H), 

7.98-8.04 (m, 2H), 8.22 (s, 1H), 8.43-8.60 (m, 3H); APCI (m/z): 658.24 (M+H)+. 

30 
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Example 22 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3>6-trirnethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-^pyrimidin-5-yl)acetyl]imino}-i,3-thiazol-3(2ii)-yi]methyi L-

isoleucinate hydrochloride 

u -
3 O^YNH2 HC1 

CH3 H3c^ 
5 CH3 

Step-1: [4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-^pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2ft)-yl]methyl N-(tert-

butoxycarbonyl)-L-iso!eucinate: The title compound was prepared by the reaction of 

sodium salt of jV-{4-[3-Chloro-4-(trifluoromethoxy)phenyi]-l,3-thiazol-2-yl}-2-(l,3,6-

10 trimethyl-2,4-dioxo-3,2,3,4-tetrahydrofuro[2,3-fiT|pyrimidin-5-yl)acetamide (1.0 g, 0.0018 

mol) in dry acetone (40 ml) with intermediate 6 (2.36 g, 0.0063 mol) in dry acetone (10 

ml) to obtain 210 mg of product as a pale yellow solid. !H NMR (300 MHz, CDCI3) 6 

0.74 (t, J = 7.5 Hz, 3H), 0.89 (d, J = 6.9 Hz, 3H), 1.25 (s, 9H), 1.80-1.87 (m, 2H), 2.36 (s, 

3H), 3.33 (s, 3H), 3.50-3.57 (m, 5H), 3.73 (s, 2H), 4.26-4.33 (m, JH), 5.19 (d, J = 9.0 

15 Hz, 1H), 6.49 (d, 3 - 12.2 Hz, 1H), 6.64 (d, J = 11.7 Hz, 1H), 7.36 (d, J - 8.1 Hz, 1H), 

7.71-7.79 (m, 1H), 11.40 (br s, 1H); ESI-MS (m/z): 772.01 (iVM l) . 

Step-2: [4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2s4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetyI]imino}-l,3-thiazol-3(2//)-yl]methyl L-

isoleucinate hydrochloride: The title compound was prepared according to step 2 of 

20 general procedure described for the preparation of amino acid derivatives by deprotection 

of step 1. intermediate (200 mg, 0.00025 mol) with saturated solution ethyl acetate-HCl 

(8.0 ml) in ethyl acetate (8.0 ml) to yield 75 mg of the desired product as an off white 

solid. ]H NMR (300 MHz, DMStWg) S 0.72 (t, J - 7.5 Hz, 3H), 0.87 (d, J = 6.9Hz, 3H), 

1.16-1.1.24 (m, 2H), 1.87-1.95 (m, 1H), 2.33 (s, 3H) 3.16 (s, 3H), 3.43 (s, 3H), 4.06-

25 4.13 (m, 1H), 4.24-4.30 (m, 2H), 6.62 (br s, 2H), 7.66 (d, J - 8.7 Hz, 1H), 7.97-8.04 (m, 

2H), 8.22 (s, 1H), 8.46 (br s, 3H); ESI-M.S (m/z): 671.94 (M)+. 

Example 23 

[4_[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-7]pyrimidin-5-yi)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl 

30 piperidine-4-carboxyiate hydrochloride 

66 
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NM_>OCF3 

NH 
.HCi 

Step 1: 1-rerr-Butyi 4-{[4~[3-chloro-4-(trifhioromethoxy)phenyl]~2-{[(l,3,6-trimethyl-

2,4-dioxo-l,2,3,4-tetrahydrofuro[2,3-J]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2i:/)~ 

yljmethyl} piperidine-l,4-dicarboxylate: The title compound was prepared according to 

5 step 1 of general procedure described for the preparation of amino acid derivatives by 

trimethyl-2,4-dioxo-l,2,3,4-tetrahydrofuro[2,3-7]pyrimidin~5-yl)acetamide (300 mg, 

0.567 mmol) with intermediate 8 (732 mg, 1.984 mmol) using sodium hydride (60% 

dispersion in mineral oil, 34 mg, 0.850 mmol) in dry DMF (3 ml) to yield 101 mg of 

10 product as an off-white solid; NMR (300 MHz, CDQ3): S 1.45 (s, 9H), 1.56-1.71 (m, 

2H), 1.87-2.03 (m, 2H), 2.35 (s, 3H), 2.50-2.62 (m, 3H), 2.77-2.87 (s, 2H), 3.32 (s, 3H), 

3.53 (s, 3H), 3.95-4.03 (m, 2H), 4.09 (s, 2H), 6.53 (br s, 2H), 7.24-7.28 (m, 1H), 7.36 (d, 

J= 6.0 Hz, 1H), 7.77 (d, J= 6.0 Hz, 1H), 7.98 (s, 1H); ESI (m/z): 769.88 (M+H)+. 

Step 2: [4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

15 tetrahydrofuro[2,3-7]pyrimidin.-5-yl)acetyl]irnino}-l,3-thiazol-3(2//)-yl]methyi 

piperidine-4-carboxylate hydrochloride: The title compound was prepared according to 

step 2 of general procedure described, for the preparation of amino acid derivatives by 

deprotection of Step 1 intermediate (97 mg, 0.125 mmol) with saturated solution of 

hydrochloride in dry ethyl acetate (5 ml) to yield 61 mg of product as a white solid; *H 

20 NMR (300 MHz, DMSO-tf6): 5 1.71-1.82 (m, 2H), 1.96-2.08 (m, 2H), 2.32 (s, 3H), 2.19-

2.91 (m, 4H), 3.13-3.24 (m, 4H), 3.43 (s, 3H), 4.21 (s, 2H), 6.49 (s, 2H), 7.66 (d, J= 7.8 

Hz, 1H), 7.99-8.03 (m, 2H), 8.21 (s, 1H), 8.40-8.50 (m, 1H), 8.69-8.79 (m, 1H); ESI 

(m/z): 670 (M)\ 

25 4-[3-Chjoro-4-(trifluoromethoxy)phenyl]-2-{ [(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-

coupling A^-{4-[3-chloro-4-(trifluorometh.oxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6' 

Example 24 

tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2H)-yl]methyl L-

phenylalaninate hydrochloride 
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V-\ VOCF3 
N ^ 

Step-]: [4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-7Ipyi'imidin-5-yl)acetyl]imino}-l,3-th.iazoi-3(2^/)-yl]methyl N-(tert-

butoxycarbonyl)-L-phenylalaninate: The title compound was prepared by reaction of 

5 sodium salt of A^{4-[3-chloro-4-(trifluoromethoxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6-

trimethyi-2,4-dioxo~l,2,3?4-tetrahydrofuro[2,3-<i]pyrimidin-5-yl)acetamide (3.0 g, 0.0018 

mol) with intermediate 9 (2.36 g, 0.0063 mol) in dry acetone (75 ml) to yield 1.2 g of 

product as an off white solid. jH NMR (300 MHz, CDC13) 8 1.36 (br s, 9H), 2.34 (s, 3H), 

3.07 (d, J - 6.3 Hz, 2H), 3.31 (s, 3H), 3.47-3.55 (m, 3H), 3.94-4.00 (m, 2H), 4.60-4.68 

10 (m, 2H), 5.25 (d, J = 7.8 Hz, 1H), 6.46-6.52 (m, 1H), 6.64-6.70 (m, 1H), 7.07-7.15 (m, 

5H), 7.36 (d, J - 8.4 Hz, 1H), 7.79 (d, J - 8.7 Hz, 1H), 7.97 (s, 1H); APCI-MS (m/z): 

806.05 (M+H)\ 

Step-2: [4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,64rimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-^pyrimidin-5-yl)acetyi]imino}-l,3-thiazol-3(2//)-yl]methyl L-

15 phenylalaninate hydrochloride: The title compound was prepared according to step 2 of 

general procedure described for the preparation of amino acid derivatives by deprotetion 

of step 1 intermediate (500 mg, 0.00062 mol) using saturated ethyl acetate-HCl (25.0 ml) 

to yield 350 mg of pure product as an off white solid; ]H NMR (300 MHz, DMSG-t/6) 8 

2.32 (s, 3H), 3.15 (s, 3H), 3.19-3.25 (m, 2H), 3.43 (s, 3H), 4.11 (br s, 2H), 4.39 (br s, 

20 1H), 6.61 (br s, 2H), 7.07-7.18 (m, 5H), 7.66 (d, J = 8.4 Hz, 1H), 8.00-8.06 (m, 2H), 

8.23 (s, 1H), 8.73 (br s, 3H). APCI-MS (m/z): 705.93 (M)'\ 

[4--[3-Chloro-4~(triff.uoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-7jpyrimidin-5-yl)acetyi]imino}-l,3-thiazol-3(2//)-yl]methyl 

25 dihydrogen phosphate 

Example 25 
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Step 1: Di-tert-butyl [4-[3-chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6~trimethyl-2,4-

dioxo-l,2,3?4-tetrahydrofuro[2,3-7]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-

yljmethyi phosphate: The title compound was prepared according to the general 

procedure as described in method C for the preparation of phosphate derivatives by the 

5 reaction of sodium salt of Ar-{4-[3-chloro-4-(trifl.uoromethoxy)pheny[]-l,3-thiazoI-2-yl}-

2-(l,3,6-trimethyl-2,4-dioxo-l,2,3,44etrahydrofuro[2,3-<i]pyrimidin-5-yl)acetamidc (50 

g, 0.09 mol) with di-te/T-butyl chloromethyl phosphate (intermediate 1) (58.6 g, 0.23 

mol) in presence of sodium, iodide (10.8 g, 0.072 mol) in dry acetone (1250 ml) to obtain 

50 g of a product as a pale yellow solid. Alternatively the title compound was also 

10 prepared according to the general procedure as described in step 2 of method B for the 

preparation of phosphate derivatives by coupling /V-{4-[3-chloro-4-

(trifhioromethoxy)phenyl]-l,3-thiazol-2-yl}-2-(l,3,6-trimethyl~2,4-dioxo-l,2,3,4-

tetrahydrofuro[2,3-i]pyrimidin-5-yl)acetamide (500 mg, 0.945 mmol) with freshly 

prepared di-fcrf-butyl iodomethyl phosphate (Intermediate 2) (1.16 g, 3.307 mmol) using 

15 sodium hydride (57 mg, 1.418 mmol) in dry DMF (5 mi) to yield 197 mg of product as an 

off-white solid; lH NMR (300 MHz, CDC 13): 5 1.49 (br s, 18H), 2.36 (s, 3H), 3.32 (s, 

3H), 3.53 (s, 3H), 4.18 (s, 2H), 6.43 (d, J = 6.3 Hz, 2H), 7.22-7.29 (m, 1H), 7.34 (d, J = 

8.4 Hz, 1H), 7.78 (t,J= 8.7 Hz, 1H), 8.05 (s, JH); ESI (m/z): 751 (M+H)4. 

Step 2: [4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(1,3,6-trim.ethyl-2,4~dioxo-1,2,3,4-

20 tetrahydrofuro[2,3-J]pyrimidm-5-yl)acetyl]imino}-l,3~thiazol-3(2//)-yl]methyl 

dihydrogen phosphate: The title compound was prepared according to the general 

procedure as described in method B for the hydrolysis of phosphate esters by hydrolysis 

of step 1 intermediate (50 g, 0.066 mol) in acetone (4000 ml) and water (4000 ml) to give 

22 g of the title compound as an off white solid. Alternatively the title compound was 

25 prepared according to the general procedure as described in method A for the hydrolysis 

of phosphate esters by hydrolysis of Step 1 intermediate (63 mg, 0.083 mmol) with 

trifluoro acetic acid (20 JJ.1, 0.251 mmol) in dichloromethane (750 ul) to yield 11 mg of 

product as a white solid; *H NMR (300 MHz, DMSO-^6): 5 2.30 (s, 3H), 3.14 (s, 3H), 

3.41 (s, 3H), 4.25 (s, 2H), 6.24 (d, J= 6.0 Hz, 2H), 7.61 (d,./= 8.4 Hz, 1H), 7.96 (s, 1H), 

30 8.05 (d,,/ = 8.7 Hz, 1H), 8.27 (s, 1H); APCI-MS (m/z) : 639.11 (M+H)4. 
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Example 26 

Disodium [4-[3-chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-

1,2,3,4-tetrahydrofuro [2,3-d] pyrimidin-5-yl)acetyl]imino}4,3-thiazoI-3(2#>yl]methyl 

phosphate: 
o S-A /=\ 

o 
H3C.NAJ ^ Vi 

o^N^CH3o=°KONa 

_ /-^u ONa 
5 3 

The title compound was prepared according to the general procedure as described in 

method C preparation of disodium phosphonate salts by recation of Example 25 (22 g, 

0.034 mol ) with sodium rer£-butoxide (8.28 g, 0.0862 mol) in dry methanol (550 ml) to 

obtain 15 g of product as an off white solid. jH NMR (300 MHz, D20) 5 2.32 (s, 3H), 

10 3.17 (s, 3H), 3.47 (s, 3H), 4.26 (s, 2H), 6.06 (br s, 2H), 7.48 (s, 2H), 7.81 (s, 1H), 8.00 (s, 

1H). ESI-MS (m/z): 636.99 (M-H)\ 

Example 27 

4-[2,3-Difluoro-4-(trifluoromethyl)phenyl]-2-{[(l ,3,6-trimethyl~2,4-dioxo-l,2,3,4-

tetrahydroforo[2,3~d]pyrimidin-5-yl)acetyl]iihino}-l,3-thiazol-3(2H)~yl]methyl 

15 dihydrogen phosphate 

CH3 OH 

Step .1: Sodium salt of M-[4-(2,3-Difiuoro-4-trifhioromethylphenyl)~l,3-thiazol-2-yl]-2-

(l,3>6-trimethyi-2,4-dioxo-l,2,3,4-tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetamide: The 

title compound was prepared according to the general procedure as described in step 1 of 

20 method B for the preparation of phosphate derivatives by reaction of A7-[4-(2,3-DifTuoro-

4-trifluoromethylphcnyl)"l!3-thiazol-2-yl]-2-(l,3,6~trimethyl-2)4-dioxo-l,2,3;4-

tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetamide (2.0 g, 3.891 mmol) with sodium tert-

butoxide (411 mg, 4.28 mmol) in dry ethanol (24 ml) as to yield 2.0 g of product as an 

off-white solid. 

25 Step 2: V)\-tert-bvXy\ ((4-(2?3-difhxoro-4-(trif!uoromethyl)phenyi)-2-((2~(l,3,6-trimethyl-

2,4-dioxo-1,2,3,4-tetrahydrofuro[2,3-d]pyrimidm-5-yl)acetyl)imino)thiazol-3(2H)-

yl)methyl) phosphate: The title compound was prepared according to the general 
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procedure as described in method C for the preparation of phosphate derivatives by 

coupling reaction of sodium salt of Ar/-[4-(2,3-Difluoro-4-trifluoromethylphenyl)-l,3-

thiazol-2-yl]~2-(i,3,6-trimethyL-2,4-dioxo-l!2,3,4-tetrahydrofuro[253-d]pyrimidin-5-

yl)acetamide (2.0 g, 3.73 mmol) with di-te/t-butyl chloromethyl phosphate (Intermediate 

5 1) (2.41 g, 9.328 mmol) in presence of sodium iodide (559 mg, 3.731 mmol) in dry 

acetone (50 ml) to obtain 3.0 g of a product as a pale yellow solid; ESI-.MS (m/z): 736.70 

(M+H)\ 

Step 3: 4-[2,3~Difhioro-4-(trifhjoromethyl.)phenyl]-2~{[(l,3,6~trimethyl-2,4-dioxo-

l,2,3,4-tetrahydrofuro[2,3-d]pyrimidin-5-yl)acetyl]imino}-l ,3-thiazol~3(2H)-yl]methyl 

10 dihydrogen phosphate: The title compound was prepared according to the general 

procedure as described in method B for the hydrolysis of phosphate esters by hydrolysis 

of step 2 intermediate (3.0 g) using acetone (100 ml) and water (100 ml) to give 400 mg 

of product as a pale yellow solid. !H NMR (300 MHz, DMSO-<4): 5 2.29 (s, 3H), 3.13 (s, 

3H), 3.41 (s, 3H), 4.27 (s, 2H), 6.22 (d, J= 5.4 Hz, 2H), 7.66 (d, J= 7.2 Hz, 1H), 7.87 (s, 

15 1H), 8.17 (t, J:= 7.5 Hz, 1H); APCI-MS (m/z): 622.94.11(M-H)\ 

Example 28 

4-(2,4-Difhioro-3-(trifIuoromethyi)phcnyl)-2-((2-(2,5,7-trimethyl-4,6-dioxo-4,5,6,7-

tetrahydro-2H-pyrazolo[3,4-d]pyrimidin-3-yl)acetyl)i.mino)thiazol-3(2H)-yl)methyl 

dihydrogen phosphate 

I F CF3 
X I/CH3 0/0H 

O^N N o=PC 
AM OH 

20 CH3 

Step 1: Sodium salt N-(4-(2,4-difluoro-3-(trifluoromethyl)phenyl)thiazol-2-yl)-2-(2,597-

trimethyl-4,6-dioxo-4,5,6,7-tetrahydro-2H-pyrazolo[3,4-d]pyrimidin-3-yl)acetamide: The 

title compound was prepared according to the general procedure as described in step 1 of 

method B for the preparation, of phosphate derivatives by the reaction of N-(4-(2,4-

25 difluoro-3-(trifluoromethyl)phenyl)thiazol-2-yl)-2-(2,5,7-trimethyl-4,6-dioxo-4,5,6,7-

tetrahydro-2H-pyrazolo[354-d]pyrimidin~3~yl)acetamide (500 mg, 0.96 mmol) with 

sodium-tert-butoxide (93 mg, 0.996 mmol) in dry THF (3 ml) and hexane (10 ml) to yield 

503 mg of product as an off-white solid. ]H NMR (300 MHz, DMSO-^): S 3.18 (s, 3H), 

3.37 (s, 3H), 3.78 (s, 2H), 3.97 (s, 2H), 7.08 (s, 1H), 7.38 (t, ,/= 9.9 Hz, 1H), 8.38 (t, t, J = 

30 8.4 Hz, 1H). 
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Step 2: Di-tert-butyl [4-[2,4-difluoro-3-(trifluoromethy3)phenyl]-2-{[(2,5,7-trimetb.yl~4,6-

dioxo-4,5,657-tetrahydro-2//-pyrazolo[3,4-<flpyrimidin-3-yl)acetyl]imino}-l,3-thiazoI-

3(2//)-yl]metnyl phosphate: The title compound was prepared according to the general 

procedure as described in step 2 of method B for the preparation of phosphate derivatives 

5 by the reaction of sodium salt of N-(4-(2,4-difluoro-3-(trifluoromethyl)phenyl)thiazol-2-

yl)-2-(2,5,7-trim.ethyl~4,6~dioxo-4,5,6,7-tetrahydro-2H-pyrazolo[3,4-d]pyrimidm-3-

yl)acetamide (500 mg, 0.93 mmol) with freshly prepared di-terf-butyl iodomethyl 

phosphate (Intermediate 2) (489 mg, 1.39 mmol) dry DMF (5 ml) to yield 460 mg of 

product as a white solid. The title compound was also prepared according to the general 

30 procedure as described in method A by coupling of N-(4-(2,4-difluoro-3-

(trifluoromethyl)phenyl)thiazol-2-yl)-2-(2,5,7-trimethyl-4,6-dioxo-4,5,6,7-tetrahydro-2H-

pyrazolo[3,4-d]pyrimidin-3-yl)acetamide (2.50 g, 4.86 mmol) with freshly prepared di-

lert-butyl iodomethyl phosphate (Intermediate 2) (5.95 g, 17.02 mmol) in the presence of 

sodium hydride (60 % dispersion in mineral oil, 291 mg, 7,29 mmol) in dry DMF (25 ml) 

15 to yield 1.35 g of pure product as an off-white solid. j,H NMR. (300 MHz, CDC13): 8 ] .44 

(s, 18H), 3.34 (s, 3H), 3.51 (s, 3H), 3.92 (s, 3H), 4.74 (s, 2H), 6.44 (d, J = 9.6 Hz, 2H), 

7.09 (t, 7= 9.3 Hz, 3H), 7.51 (s, 1H), 8.45 (q9J= 9.0 Hz, 1H). ESI (m/z): 736.56 (M+H)\ 

Step 3: 4-(2,4-Difluoro~3-(trifluoromcthyl)phenyl)-2-((2~(2,5,7-trimethy3-4,6-dioxo-

4,5,6,7-tetrahydro-2H-pyrazolo[3,4-d]pyrimidin-3-yl)acetyl)imino)thiazol-3(2H)-

20 yl)methyl dihydrogen phosphate: The title compound was prepared according to the 

general procedure as described in method A for the hydrolysis of phosphate esters by 

hydrolysis of step 2 intermediate (3.33 g, 1.807 mmol) in diy dichloromethane (27 ml) 

using trifluoroacetic acid (415 pi, 3.99 mmol) to yield 740 mg of product as a white solid. 

Alternatively the title compound was also prepared according to the general procedure as 

25 described in method B for the hydrolysis of phosphate esters by hydrolysis of step 1 

intermediate (200 mg, 0.271 mmol) using acetone (16 ml) and water (36 ml) to yield 75 

mg of product as a white solid. ]H NMR (300 MHz, DMSO-^l-2 drops of Et3N): 8 3.18 

(s, 3H), 3.38 (s, 3H), 3.85 (s, 3H), 4.84 (s, 2H), 6.26 (d, .7-7.2 Hz, 2H), 7.51 (t J= 9.6 

Hz, 1H), 7.80 (s, 1H), 8.56 (q, J= 8.1 Hz, 1H); ESI (m/z): 622.95 (M-H)". 

30 Example 29 

Di sodium-(4-(2,4-difluoro-3-(trifluoromethyi)phenyl)-2-((2-(2,5,7-trimethyl-4,6-dioxo-

4,5,6,7-tetrahydro-2H-pyrazolo[3,4-d]pyrimidin-3-yl)acetyl)imino)thiazol-3(2H)-

yl)methyl phosphate 

72 



WO 2012/085662 PCT/IB2011/003224 

The title compound was prepared according to the general procedure as described in 

method B for preparation of disodium phosphonate salts by the reaction of Example 28 

(715 mg, 1.145 mmol) with sodium carbonate (121.45 mg, 1.145 mmol) in acetonitrile 

5 (57 ml) and water (38 ml) to yield 660 mg of product as an off-white solid. !H NMR (300 

MHz, D20) 8 3.22 (s, 3H), 3.41 (s, 3H), 3.85 (s, 3H), 4.44-4.55 (m, 2H), 5.94-6.20 (m, 

2H), 7.21 (t, J = 9.6 Hz, 1H), 7.45-7.60 (m, 1H), 8.20-8.43 (m, 1H). ESI (m/z): 622.76 

(M-H)\ 

10 (4-(3,4-Dichlorophenyl)-2-((2-(l,3-dimethyl-2,6-dioxo-2,3-dihydro-lH-purin-7(6H)-

yl)acetyl)imino)thiazol-3(2H)-yl)metbyl dihydrogen phosphate 

Step 1: Di-terr-butyl ((4-(3,4-dichlorophcnyl)-2-((2-(l ,3-dimethyl-2,6-dioxo-2,3-dihydro-

15 lH-purin-7(6H)-yl)acetyl)imino)thiazol-3(2H)-yl)methyl) phosphate: The title compound 

was prepared according to the general procedure as described in method A for the 

preparation of phosphate derivatives by coupling Ar-[4-(3,4-dichlorophcnyl)-l ,3-thiazol-2-

yi]-2-(l,3-dimethyl-2,6-dioxo-l,2,3,6-tetrahydro-7i;7-purin-7-yl)acetamide (150 mg, 

0.322 mmol) with freshly prepared di-te/t-butyl iodomethyl phosphate (Intermediate 2) 

20 (395.16 mg, 1.129 mmol) in the presence of sodium hydride (60 % dispersion in mineral 

oil, 20 mg, 0.483 mmol) in diy DMF (2 ml) with to yield 135 mg of pure product as an 

off-white solid. !H NMR (300 MHz, CDC13): 5 1.48 (br s, 18H), 3.35 (s, 3H), 3.47 (s, 

2H), 3.62 (s, 3H), 5.71 (s, 2H), 6.36 (br s, 2H), 7.42-7.50 (m, 1H), 7.60-7.72 (m, 1H), 

8.02 (s, 1H). 

25 Step 2: (4-(3s4-Dichlorophenyl)-2-((2-(l ,3-dimethyl-2,6-dioxo-2,3-dih.ydro-lH-purin~ 

7(6H)-yl)acetyl)imino)thiazol-3(2H)-yl)methyl dihydrogen phosphate: The title 

compound was prepared according to the general procedure as described in method A for 

the hydrolysis of phosphate esters by hydrolysis of Step 1 intermediate (40 mg, 0.0582 

Example 30 
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mmol) in dry dichloromethane (1 ml) using trifluoroacetic acid (19.91 mg, 0.175 mmol) 

to yield 23 mg of product as a white solid. !H NMR (300 MHz, DMSO-d6): 8 3.19 (s, 

3H), 3.47 (s, 3H), 5.80 (s, 2H), 6.17-6.23 (m, 2H), 7.71 (d,.7 = 8.7 Hz, 1H), 7.96-8.03 (m, 

2H), 8.10 (s, 1H), 8.25 (s, 1.H); ESI (m/z): 574.95 (M-H)\ 

[4-[2,3-Difluoro-4-(trifhioromethyl)phenyl]-2-{[(5,7-dimethyl-4,6-dioxo-4,5,6,7-

tetrahy dro [ 1,2]thiazolo[5,4-d]pyrimidin-3 -yl)acctyl]imino} -1,3-thiazol-3 (2#)-yl]methyl 

dihydrogen phosphate 

10 Step 1: Sodium salt ofAT-{4-[2,3-Difiuoro-4-(trifluoromethyl)phenyl]-],3-thiazol-2-yl}-2-

(5,7-dimethyl-4,6-dioxo-4,5,6J-tetrahydro[l,2]thiazolo[5,4-<i]pyrimidm-3-yl)acetamide: 

The title compound was prepared according to the general procedure as described in step 

1 of method B for the preparation of phosphate derivatives by the reaction of AL{4-[2,3-

difluoro-4-(trifluoromethyl)phenyl]-l,3-thiazol-2-yl}-2-(5,7-dimethyl-4,6-dioxo-4,5,6,7-

15 tetrahydro[l,2]thiazolo[5,4-<i]pyrimidin-3-yl)acctamide (1.95 g, 3.771 mmol) with 

sodium-tert-butoxide (0.362 g, 3.771 mmol) in dry THF (12 ml) and hexane (40 ml) to 

yield 2.00 g of product as an off-white solid. 'H NMR (300 MHz, DMSCMe): 5 3.22 (s, 

3H), 3.48 (s, 3H), 3.98 (s, 2H), 7.25 (s, 1H), 7.59 (t, .7= 8.1 Hz, 1H), 8.03 (t, t, J = 12 Hz, 

1H). 

20 Step 2: Di-fert-butyl 4-[2,3-difluoro-4-(trifluoromethyl)phenyl]-2-{[(5,7-di.methyl-4,6-

dioxo-4,5,6,7-tetrahydro[l,2]thiazolo[5,4-7]pyrimidin-3-yl)acetyl]imino}-l,3-thiazol-

3(2i7)-yl]methyl phosphate: The title compound was prepared according to the general 

procedure as described in step 2 of method B for the preparation of phosphate derivatives 

by the reaction of sodium salt of ;V- {4-[2,3-difluoro-4-(trifluoromethyl)ph.enyl.]-1,3-

25 thiazo]-2~yl}~2-(5,7~dimethyl-4,6-dioxo-4,5,6,7-tetrahydro[l,2]thiazolo[5,4-</]pyri.midm-

3-yl)acetamide (2.0 g, 3.71 mmol) with freshly prepared di-^rZ-butyl iodomethyl 

phosphate (Intermediate 2) (1.948 g, 5.56 mol) in dry DMF (20 ml) to yield 3.035 g of 

product as a white solid. Alternatively the title compound was also prepared according to 

the general procedure as described in method A for the preparation of phosphate 

30 derivatives by coupling A-{4-[2,3-diflu.oro-4-(trifluoromethyl)phenyl]-l,3-thiazo1-2-yl}-

2-(5,7-dimethyl-4,6-dioxo-4,5,6,7-tetrahydro[l,2]thiazolo[5,4-<flpyrimidin-3-

5 Example 31 
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yl)acetamide (500 mg, 0.967 mmol) with freshly prepared di-fert-butyl iodomethyl 

phosphate (Intermediate 2) (1.18 g, 3.38 mmol) in presence of sodium hydride (60 % 

dispersion 111 mineral oil, 58 mg, 1.45 mmol) in dry DMF (5 ml) to yield 135 mg of 

product as an off-white solid. lU NMR (300 MHz, CDCh): 5 1.46 (s, 18H), 3.36 (s, 3H), 

5 3.57 (s,3H), 4.66 (s, 2H), 6.38 (s, 2H), 7.40 (t, J = 7.8Hz, 1H), 7.64 (s, 1H), 8.15 (t, J-

7.5 Hz, 1H); ESI-MS (m/z) 739.06 (M-H)\ 

Step 3: (4-(2,3-Difluon>-4-(trifluoromethyl)phenyl)-2-((2-(5)7-dimethyl-4,6-dioxo-

4,5,6,7-tetrahydroisothiazolo[5,4-d]pyrimidm-3~yl)acetyl)imin.o)thiazol-3(2H)-yl)methyl 

dihydrogen phosphate: The title compound was prepared according to the general 

10 procedure as described in method A for the hydrolysis of phosphate esters by hydrolysis 

of step 2 intermediate (800 mg, 1.08 mmol) in dry dichloromethane (16 ml) using 

trifluoroacetic acid (250 jil, 3.247 mmol) to yield 460 mg of product as a white solid. 

Alternatively the title compound was also prepared according to the general procedure as 

described in method B for the hydrolysis of phosphate esters by hydrolysis of Step 2 

15 intermediate (200 mg) in acetone (.16 ml) and water (16 ml) to yield 100 mg of title 

compound as a white solid. !H NMR (300 MHz, DMSO-^e): 6 3.20 (s, 3H), 3.49 (s, 3H), 

4.68 (s, 2H), 6.21 (d, ./= 6.3 Hz, 2H), 7.70 (t, J=12 Hz, 1H), 7.93 (s, 1H), 8.18 (t, J = 

12 Hz, 1H), 10.00-12.00 (m 2H); ESI (m/z): 627.64 (M+H)'1'. 

20 Disodium-(4-(2,3-difluoro-4-(trifluoromethyl)phenyl)-2-((2-(5,7-dim.ethyl-4,6-dioxo-

4,5,6,7-tetrahydroisothiazolo[5,4-d]pyrimidin-3-yl)acetyl)imino)thiazol~3(2H)-yl)methyl 

phosphate 

25 The title compound was prepared according to the general procedure as described in 

method B for preparation of disodium phosphonate salts by the reaction of Example 31 

(100 mg, 0.159 mmol) with sodium carbonate (16.90 mg, 0.159 mmol.) in acetonitrile (8 

ml) and water (6 ml) to yield 95 mg of product as an off-white solid. ]H NMR (300 MHz, 

D2G) 5 3.23 (br s, 3H), 3.52 (br s, 3H), 4.44-4.50 (m, 2H), 6.06 (br s, 2H), 7.52 (br s, .1H), 

30 7.72 (br s, 1H), 8.07 (br s, 1H). ESI (m/z): 625.78 (M-H)". 

Example 32 

ONa CH3 
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Pharmacological activity 

The illustrative examples of the present invention were screened for TRPAl activity 

according to a modified procedure described in (a) Toth, A. et al. Life Sciences, 2003, 73, 

487-498. (b) McNamara C, R. et al, Proc. Natl. Acad Sci. U.S.A., 2007, 104, 13525-

5 13530. The screening of the compounds can be carried out by other methods and 

procedures known to persons skilled in the art. 

Screening for TRPAl antagonist using the 45Calcium uptake assay: 

The inhibition of TRPAl receptor activation was measured as inhibition of allyl 

isothiocyanate (AITC) induced cellular uptake of radioactive calcium. 

10 Test compounds were dissolved in 100 % DMSO to prepare 10 mM stock and 

then diluted using plain medium with 0.1 % BSA and 1.8 mM CaCl?. to get the desired 

concentration. The final concentration of DMSO in the reaction was 0.5 % (v/v). Human 

TRPAl expressing CHO cells were grown in F-12 DMEM medium with 10 % FBS, 1 % 

penicillin-streptomycin solution, and 400 tu.g / ml of C-418. Cells were seeded 24 h prior 

15 to the assay in 96 well plates so as to get ~ 50,000 cells per well on the day of experiment. 

Cells were treated with the test compounds for 10 minutes followed by the addition of 

AITC at a final concentration of 30 jiM and 5 ,uCi/ml 45Ca+2 for 3 minutes. Cells were 

washed and lysed using a buffer containing 1 % Triton X-100, 0.1 % deoxycholate and 

0.1% SDS. Radioactivity in the lysate was measured in a Packard TopCount after 

20 addition of liquid scintillant. (Toth et al, Life Sciences (2003) 73, 487-498; McNamara 

CR et al, Proceedings of the National Academy of Sciences, (2007) 104 , 13525-13530). 

Concentration response curves were plotted as a % of maximal response obtained 

in the absence of test antagonist. IC50 values can be calculated from concentration 

response curve by nonlinear regression analysis using GraphPad PRISM software. 

25 The compounds prepared were tested using the above assay procedure and the 

results obtained are given in Table 2. Percentage inhibition at concentrations of 1.0 pM 

and 10.0 JIM are given in the table along with IC50 (nM) details for selected examples. 

The IC50 (nM) values of the compounds are set forth in Table 1, wherein "A" refers to an 

IC50 value of less than 100 nM, "B" refers to IC50 value in range of .100.01 to 500.0 11M 

30 and "C" refers to IC50 value of greater than 500 nM. 

Table 2: 

Example No. Percentage inhibition at Human 

IC50 value (nM) 

Example No. 

1.0 pM 10.0 ,uM 

Human 

IC50 value (nM) 
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Example 1 68.06 90.29 B 

Example 2 54.82 70.18 C 

Example 3 100.00 99.93 A 

Example 5 98.64 99.88 A 

Example 6 89.77 98.60 B 

Example 7 98.58 99.61 A 

Example 8 96.50 98.32 A 

Example 9 80.07 94.79 B 

Example 10 90.52 89.34 B 

Example 12 - - B 

Example 11 53.43 99.76 C 

Example 13 75.29 99.34 C 

Example 14 - - B 

Example 15 81.24 98.45 B 

Example 16 48.18 92.73 C 

Example 17 20.77 96.75 C 

Example 18 30.01 88.70 C 

Example 19 70.27 96.70 B 

Example 20 96.67 96.24 A 

Example 21 93.78 99.87 A 

Example 22 99.15 99.58 B 

Example 23 91.18 97.80 B 

Example 24 98.12 99.78 A 

Example 25 46.47 97.77 C 

Example 26 12.64 96.25 C 

Example 27 93.85 99.33 A 

Example 28 29.48 92.44 C 

Example 29 - - C 

Example 31 60.05 99.17 c 
Example 32 13.85 80.95 c 
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Determination of solubility by Shake flask method 

About 1 mg of test substance was taken in test tube and water was added in the 

increment of 1 ml with shaking after addition of media (water). Solubility was observed 

visually also. After completion of addition of 10 ml volume of media (water), test tube 

5 containing sample solution were put on a mechanical shaker set at 37 °C and 200 rpm for 

shaking up to 15 minute. After shaking, content of flask was filtered through 0.45u filter. 

This filtered solution is analyzed using HPLC method for quantification. A sample 

solution of 1 mg in 10 ml of DMSO is used as reference standard for quantifying 

dissolved test substance in media. Solubility is expressed as mcg/ml. 

10 Aqueous solubility of 'P' substituted thiazole compounds and the parent thiazole 

compounds were determined using the above described procedure and the results are 

given Table 3. 

Table 3: Solubility data of 'P' substituted thiazole compounds and parent thiazole 

compounds. 

Example 

No 

Solubility in water (iig/ml) 

Example 

No 

Het^AN^N>^V| J 
p (R2)m 

('P' substituted thiazole) 

0 
H et N A N^~~\ |/ 

H (R2)m 

(parent thiazole) 

10 >29.0 <0.2 

13 >2.5 <0.2 

14 >1200 <0.2 

28 >30.0 <0.1 

29 >110.0 <0.1 

25 >10.0 <1.3 

26 >75.0 <3.1 

15 

Pharmacokinetic fPK) Studies 

PK values were obtained in male rats (strain: Sprague Dawley) orally dosed with 

the compounds of the present invention as suspension. Accurately weighed quantity of 

compound of present invention (corrected for purity and salt factor) was transferred into a 

20 clean and dry mortar. To this mortar was added 2.5 p,L/mL Tween 80 and triturated until 

the compound gets properly wet. To this, 0.5% (w/v) methyl cellulose suspension was 

added in geometric proportions and triturated thoroughly to form a uniform suspension. 
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Experimental Procedure 

Animals were provided with food and water ad libitum through out the study 

period. Animals were dosed orally with the compounds using a gavage needle at 10 

mL/kg body weight. Blood samples (250 ui approx.) were collected from male Sprague 

5 Dawley retro orbital sinus using rat capillary tubes into 0.6 ml eppendorf tubes with 

tripotassium ethylenediaminetetraacetic acid (K3 EDTA) (25 iiL) as anticoagulant. 

Samples were collected at 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, 12.0 and 24.0 hr post dosing for 

compounds. Then samples were centrifuged immediately at 1000 g for 10 min. at 4°C. 

Plasma samples were separated and stored at -70 °C till analysis. Samples were processed 

10 and analyzed using LCMS/MS. Pharmacokinetic parameters were calculated using 

Winonlin software. Table 4 provides the pK values (Cmax, AUC) obtained in these 

studies. 

Table 4: Rat PK profile of 4P' substituted thiazole compounds and parent thiazole 

compounds: 

V| J 
P (R2)m 

0 

H (R*\ )m 

Example 

No. 

('P' substituted thiazole) (parent thiazole) 
Example 

No. 
c 

(ng/m.L) 

AUCo-24 

(ng h/mL) 

Cmax 

(ng/mL) 

AUCo-24 

(ng h/mL) 

5 >2500 >40000 <250 <4000 

7 >5000 >70000 <250 <4000 

13 >500 >8000 <250 <4000 

14 >4000 >50000 <250 <4000 

20 >4000 >15000 <250 <3000 

21 >5000 >50000 <250 <3000 

23 >1000 >8000 <250 <3000 

25 >2000 >25000 <250 <3000 

28 >1500 >25000 <500 <7000 

29 >7500 >100000 <500 <7000 

31 >7000 >70000 <250 <2500 

32 >7500 >100000 <250 <2500 

15 

79 



Claims: 

1. A compound selected from: 

[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l>2,3,4-

tetrahydrothieno[2,3-^]pyrimidin-5-yl)acetyl]iraino}-l,3-^iazol-3(27/)~y]]metliyl 

dihydrogen phosphate; 

Disodium[4-[2,4-difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-

1,2,3,4-tetrahydrothieno[2,3-{7]pyrimidin-5-yl)acetyl]imino}-3,3-thiazol-3(2//)-yl jm ethyl 

phosphate; 

-80-



[4-[3-Chloro-4-(trifiaoromethoxy)phenyl]-2- {[(1,3,6-trimethyl-2,4-dioxo-l, 2,3,4-

tetrahydrofuro[2,3-Jjpyrimidin-5-yI)acetyI]imino}-l,3-thiazol'3(2/-/)-yl]methyl 

dihydrogen phosphate; 

Disodium [4-[3-chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-

1,2,3,4-tetrahydrofuro [2,3-d] pyrimidin-5-yl)acetyI]imino}-l,3-thiazol-3(2//)-yl]methy] 

phosphate; 

4-(2,4-Difluoro-3-(trifluoromethyl)phenyI)-2-((2-(2,5,7-trimethyI-4,6-dioxo-4,5,6,7-

tetrahydro~2H-pyrazolo[3,4-d]pyrimidin~3-yl)acetyl)imino)thiazol-3(2H)-yl)methyl 

dihydrogen phosphate; 

Disodium-(4-(2,4-difluoro-3-(trifluoromethyl)phenyl)-2-((2-(2,5,7-trimethyl-4,6-dioxo-

4,5,6,7'4etrahydro-2H-pyraz()lo[3,4-dJpyrimidin--3-yl)acetyl)imino)thiazol-3(2H)-

yl)methyl phosphate; 

[4-[2,3-Difluoro-4-(trifluoromethyl)phenyl]~2~{[(5,7-dimethyl-4,6-dioxo~4,5,6,7-

tetrahydro[l,2]thiazolo[5,4-J]pyrimidin-3-yl)acetyl]imino}-l,3-thiazoI-3(2/-/)-yl]methyl 

dihydrogen phosphate; and 

Disodium -(4-(2,3-difluoro-4-(trifluoromethyl.)phenyl)-2-((2-(5,7-dimethyl-4,6-diox.o-

4,5,6,7-tetraliydroisothiazolo[5,4-d]pyrimidin-3-yl)acetyl)imino)thiazol-3(2H)-yl)methyi 

phosphate. 

2. A compound selected from: 
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[4-[2,4-Difluoro-3-(trifluoromethyl)phenyI]-2-{f(l53-dimethyl-2s4~dioxo-l,2J3)4-

tetrahydrothietio[2,3-^pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2/i)-yl]methyl 

piperidine-4-carboxylate; 

[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(ls3-dimethyl-2)4~dioxo-ls2,3,4-

tetrahydrothieno[2,3-d]pyrimidin-5-yl)acetyl]immo}-l,3-thiazol-3(2/-/)-yl]methyl 

piperidine-4-carboxylate hydrochloride; 

[4-f3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3)4-

tetrahydrofu.ro[2,3-J]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl 

piperidine-4-carboxylate; 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]~2-{[(l,3,6-trimethyl-2,4-dioxo-l,2,3,4-

telrahydrofuro[2,3-^]pyriniidin.-5-yl.)acetyl]imino}-l,3-thiazol-3(277)-yl]methyl 

piperidine-4-carboxylate hydrochloride; 
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[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-^]pyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2/f)-yl]methyl L-

vaiinate; 

[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothieno[2,3-^jpyrimidin-5-yl)acetylJimino}-l,3-thiazol-3(2//)-yl]methyl L-

valinate hydrochloride; 

[4-[2,4-DifIuoro-3-(trifluoromethyl)phenyl]-2-{[(l,3-dimethyl-2,4-dioxo-l,2,3,4-

tetrahydrothie.no[2,3-</]pyrimidin-5-y!)acetyl]imirio}-l ,3-thiazol-3(2/f)~yl]methyl L-

isoleucinate; 

[4-[2,4-Difluoro-3-(trifluoromethyl)phenyl]-2-{[(l93-dimethyl-2,4-dioxo-l,2,3s4-

tetrahydrothieno[2,3-c?]pyrimidin-5-yi)acetyl]imino}-l,3-thiazol-3(2//)-y3]methyl L-

isoleucinate hydrochloride; 

t4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6-trimethyl-2,4-dioxo-l,2J3,4-

tetrahydrofuro[2,3-<fjpyrimidin-5-yl)acetyl]imino}-l,3-thiazol-3(2//)-yl]methyl glycinate; 
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[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2- {[(1,3,6-trimethyl~2,4-clioxo-l,2,3»4-

tetrahydrofufo[2,3-^]pyriraidin-5-yl)acetyl]imino}-l,3-tliiazol-3(2//)-yl]rael:hyl glycinate 

hydrochioride; 

[4-[3-Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3)6-triraethyl-2,4-dioxo-l,2J3,4-

tetrahydrofuro[2,3-t/]pyrimidin-5-yl)acetyl]imino}-i,3-thiazoI-3(2//)-yl]methyI 

L-valinate; and 

[4-[3"Chloro-4-(trifluoromethoxy)phenyl]-2-{[(l,3,6~trimethyl~2,4-dioxo-K2,3,4-

tetrahydrofuro[2,3-<i]pyrimidin-5-yl)acetyl]imino}-l,3-thiazoi-3(2/i)-yl]raethyl 

L-valinate hydrochloride. 

3. A compound of formula 

OH CH3 

or a pharmaceutically acceptable salt tliereof. 

4. A compound of formula 

ONa CH3 
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5. A pharmaceutical composition comprising one or more compounds selected from 

the compounds of any one of claims 1 to 4, and one or more pharmaceutically acceptable 

excipients, carriers, diluents or mixture thereof. 

6. Use of the compound according to any one of claims 1 to 4 in the manufacture of 

a medicament for the treatment of the symptoms of a disease or condition associated with 

TRPAl function which is selected from pain, chronic pain, complex regional pain 

syndrome, neuropathic pain, postoperative pain, rheumatoid arthritic pain, osteoarthritic 

pain, back pain, visceral pain, cancer pain, algesia, neuralgia, migraine, neuropathies, 

diabetic neuropathy, sciatica, HIV-related neuropathy, post-herpetic neuralgia, 

fibromyalgia, nerve injury, ischaemia, neurodegeneration, stroke, post stroke pain, 

multiple sclerosis, asthma, cough, COPD, oesophagitis, gastroeosophagal reflux disorder 

(GERD), irritable bowel syndrome, inflammatory bowel disease, pelvic hypersensitivity, 

urinary incontinence, cystitis, burns, psoriasis, eczema, emesis, stomach duodenal ulcer 

and pruritus. 

7. Use of the compound according to any one of claims 1 to 4 in the manufacture of 

a medicament for the treatment of chronic pain, neuropathic pain, rheumatoid arthritic 

pain or osteoarthritic pain. 


