WO 2009/009430 PCT/US2008/069318

What is claimed is:

1. A method of preparing the zwitterion of 5-({[2-amino-3-(4-carbamoyl-2,6-diffiethyl-phenyl)-
propionyl}-[1-(4-phenyl-1h-imidazol-2-yl}-ethyl}-amino}-methyl)-2-methox
comprising the steps of:
combining a strong ionizable acid with 5-({[2-tert-butoxycarbonylaming#3-(4-carbamoyl-2,6-
dimethyi-phenyl)-propionyl]-{1-(4-phenyl-1H-imidazol-2-yl)-cthyl}-gfnino }-methyl)-2-methoxy-
benzoic acid to prepare a salt of 5-({[2-amino-3-(4-carbamoyl-2,6 fimethyi-phenyl)-propionyl]-
[ 1-(4-phenyl- [h-imidazol-2-yl)-ethyl]-amino} -methyl)-2-methgly-benzoic acid; and

washing said salt of 5-({[2-amino-3-(4-carbamoyl-2,6-dimetjfl-phenyl)-propionyl]-[1-(4-
phenyl-th-imidazol-2-yl)-ethyl]-amino}-methyl)-2-methoyy-benzoic acid an inorganic base fo
obtain the zwitterion of 5-({[2-amino-3-(4-carbamoyl-2/-dimethyl-phenyl)-propionyl]-[1-(4-
phenyl-lh-imidazol-2-yI)-ethyl]-amino)-methyl}-2-nthoxy-benzoic acid.
2. The method of claim 1, further comprising tJ step of washing said zwitterion of 5-({[2-
amino-3-(4-carbamoyl-2,6-dimethyl-phenyl}propionyl]-[1-(4-phenyl-1h-imidazol-2-yl)-ethyl]-
amino }-methyl)-2-methoxy-benzoic acid yith water.

3. The method of claim 1, wherein gf1d inorganic base is sodium hydroxide.

4. The method of claim 1, whegRin said ionizable acid is hydrochloric acid and wherein said salt
is the hydrochloride salt of 3/ {[2-amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-propionyl]-{ 1-(4-

phenyl-1h-imidazol-2-yl)£thyl]-amino}-methyl)-2-methoxy-benzoic acid.
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5. Crystalline zwitterion of 5-({[2-amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-pro
(4-phenyl-1h-imidazol-2-yl)-ethyl]-amino} -methy!)-2-methoxy-benzoic acid prepgfed by the
process of claim 1,

6. A method of preparing the zwitterion of 5-({[2-amino-3-(4-carbamoyl-g6-dimethyl-phenyl)-
propionyl]-[1-(4-phenyl-1h-imidazol-2-yl)-ethyl]-amino } -methyl)-2-meffioxy-benzoic acid
comprising the steps of:
combining hydrochoric acid with 5-({[2-tert-butoxycarbonylaming/3-(4-carbamoy!-2,6-
dimethyl-phenyl)-propionyl]-1-(4-phenyl-1H-imidazol-2-yl)-et
benzoic acid to prepare the hydrochloride salt of 5-({[2-amin
phenyl)-propionyl]-[ 1-(4-phenyl-1h-imidazol-2-yl)-ethyl]-gfnino }-methyl)-2-methoxy-benzoic
acid;

washing said salt of 5-({[2-amino-3-(4-carbamoyl-2,imethyl-phenyl)-propionyl]-[1-(4-
phenyl-1h-imidazol-2-yl)-ethyl]-amino} -methyl)-2methoxy-benzoic acid with sodium
hydroxide to obtain the zwitterion of 5-({[2-amigh-3-(4-carbamoy!-2,6-dimethyl-phenyl)-
propionyl}-[1-(4-phenyl-1h-imidazol-2-y1)-etlyl]-amino}-methyl)-2-methoxy-benzoic acid; and
washing said zwitterion of 5-({[2-amino-3-fA-carbamoyl-2,6-dimethyl-phenyl)-propionyl]-[1-(4-
phenyl-1h-imidazol-2-yl)-ethyl]-amino} hethyl)-2-methoxy-benzoic acid with water.
7. Crystalline zwitterion of 5-({f2-gfnino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-propionyl]-[1-
(4-phenyl-1h-imidazol-2-yl)-ethyf|-amino}-methyl)-2-methoxy-benzoic acid prepared by the
process of claim 1.

8. A Form a crystal of 5-f4{2-amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-propionyij-[1-(4-

phenyl-1h-imidazol-21)-ethyl]-amino}-methyl)-2-methoxy-benzoic acid
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9. The « crystal of claim 8, wherein said crystal is characterized by a powder X-ray gfffraction
pattern having powder X-ray diffraction peaks at about 14.0, 14.3, and 14.7 degreef 2-theta.

10. The o crystal of claim 8, wherein said crystal is characterized by a powdgf X-ray diffraction
pattern having powder X-ray diffraction peaks at about 10.2, 11.3, 14.0, 1443, and 14.7 degrees
2-theta,

11, The o crystal of claim 8, wherein said crystal is characterized Jy a powder X-ray diffraction
pattern having powder X-ray diffraction peaks at about 10.2, 116, 11.8, 14.0, 14.3, 14.7, 16.1,
and 18.3 degrees 2-theta,

12. The o crystal of claim 8, wherein said crystal is chayfcterized by a powder X-ray diffraction

pattern having powder X-ray diffraction peaks substgftially as shown in Table 1.

13. The o crystal of claim 8, wherein said crystgfl is characterized by a powder X-ray diffraction
pattern having powder X-ray diffraction pealf substantially similar to the powder X-ray
diffraction peaks of Figure 1.

14. The o crystal of claim 8, whereigfaid crystal is characterized by a thermal gravimetric
analysis (TGA) substantially similgh to the TGA in Figure 2.

15. The o crystal of claim 8 g#ivherein said crystal is characterized by a differential scanning

calorimetry (DSC) measugfment substantially similar to the DSC in Figure 3.

16. A method of tregfing a2 mammal suffering from irritable bowel syndrome, pain or another

opioid receptor digbrder comprising administering to said mammal an cffective amount of a
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Form a crystal of 5-({[2-amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-propiony!]-[ LA4-phenyl-
1h-imidazol-2-y1)-ethyl]-amino }-methyl)-2-methoxy-benzoic acid.

17. A Form B crystal of 5-({[2-amino-3-(4-carbamoyl-2,6-dimethyl-phenyljfbropionyl)-[1-(4~
phenyl-1h-imidazol-2-yl)-ethyl}-amino} -methyl)-2-methoxy-benzoic aci
18. The B crystal of claim 17, wherein said crystal is characterized yf a powder X-ray

diffraction pattem having powder X-ray diffraction peaks at abouy/1 1.0, 12.4, and 15.2 degrees
2-theta.

19. The B crystal of claim 17, wherein said crystal is chargfterized by a powder X-ray diffraction
pattern having powder X-ray diffraction peaks at about£1.0, 12.4, 14.9, 15.2, and 22.1 degrees
2-theta.

20. The B crystal of claim 17, wherein said cry.
patiern having powder X-ray diffraction pealyf at about 11.0, 12.4, 14.9, 15.2, 22,1, 25.6, 27 4,
and 30.4 degrees 2-theta,

1 is characterized by a powder X-ray diffraction

21. The B crystal of claim 17, wherepf said crystal is characterized by a powder X-ray diffraction
pattern having powder X-ray diffigltion peaks substantially as shown in Table 2.

22. The § crystal of claim 1 wherein said crystal is characterized by a powder X-ray

diffraction pattern having fowder X-ray diffraction peaks substantially similar to the powder

X-ray diffraction peaksf Figure 1.
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23. The P crystal of claim 17, wherein said crystal is characterized by a thermal gragfmetric
analysis (TGA) substantially similar to the TGA in Figure 4.

24. The P crystal of claim 17, wherein said crystal is characterized by a difffrential scanning
calorimetry (DSC) measurement substantially similar to the DSC in Figup 5.

25, A method of treating a mammal suffering from irritable bowel ghndrome, pain or another
opioid receptor disorder comprising administering to said mammy] an effective amount of a
Form B crystal of 5-({[2-amino-3-(4-carbamoyl-2,6-dimethylfhenyl)-propionyl]-[1-(4-phenyl-
1h-imidazol-2-yl)-ethyl}-amino }-methyl)-2-methoxy-benzole acid.
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CLAIMS

1. A method ofpreparing a crystalline zwitterion of 5-({[2-amino-3-(4-carbamoyl-2,6-
dimethyl-phenyl)-propionyl)-[1-(4-phenyl- IH-imidazol-2-yt)-ethyl}-amino}-methyl)-2-
methoxy-benzoic acid comprising the steps ofi

combining a strong ionizable acid with 5-({{2-tert-butoxycarbonylamino-3-(4-
carbamoyl-2,6-dimethyl-phmyl)-prop:‘onyl]—[1-(.4—pheny1-lH-imidazol-z-yl)-ethyl]-amino}—
methyl)-2-methoxy-benzoic acid to prepare a salt of 5-({[2-amino-3-(4-catbamoyl-2,6-
d imethyl-phenyl)-propionyl]-[1-(4-pheny1-1H-imidazol-2-y1)-ethyl]-amino}-pnethyl)-z-
methoxy-benzoic acid; and

washing said salt of 5 —({[Z-amino-3-(4-carbamoyl-z,G-dimethyl-phenyl)—propionyl]-[l -
(4-phenyl-1H-imidazo 1-2-y])—cthyl]-amino}-methy])-2~methc§xy—b enzoic acid with an
inorganic base to obtain a zwitterion of 5-({{2-amino-3-(4-carbamoy?-2,6-dimetly)-phenyl)-
propionyl]-[1-(4-phenyl-1 H-imidazol-2-yl)-ethyl}-amino } ~methyl)—2—meﬂuox§r~benzoic acid;
and crystallizing the zwitterion. -

2. The method of claim 1, further comprising the step of washing said zwitterion of S-({{2- .
amin0—3—(4—carbamoyl-2,6-di1nethy1-phenyl)-propionyl]-[l-(4—phenyl-lH—imidazo1~2-y1)-
ethyl]-aminc}-methyl)-2-methoxy-benzoic acid with water,

3. The method of claim 1 or claim 2, wherein said inorganic base is sodium hydroxide.

4. The method of any one of the preceding claims, wherein said ionizable acid is hydrochloric
acid and wherein said salt is the hydrochloride salt of 5-({ [2-amino-3-(4-carbamoyl-2,6-
dimethyl-phenyl}-propionyl}-[1-(4-pheny)-1 H—imidazol—Z-yi)-ethyl}-aminn} -methyl)-2.
methoxy-benzoic acid,
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5. Crystalline zwitterion of 5-({[2-amino-3 -(4—carbamoyl~2,6-dimethy1—phenyl)upropionylj-
(1-(4-phenyl-1H-imidazol-2-y1)-ethyl]-amino }-methyl)-2-methoxy-benzoic acid prepared by
the method of claim 1.

6. A method of preparing a erystzlline zwittedion of J-({[2-amino-3-(4-carbamoyl-2,6-
dimethyl-phenyl)-propionyl}-[1-(4-phenyl-1 H—irrﬁdazol-2—yl)-ethyl]-amino}-methyl)-Z-
methoxy-benzoic acid comprising the steps of

combining hydrochloric acid with 5-({ [2-tert-butoxyearbonylaming-3-(4-carbamio yl-
2,6-dimethyl-phenyl)-pro pionyl]-[1-(4-phenyl-1H-imidazo E-2-yD-ethyl]-amino}-methyl}-2-
methoxy-benzojc acid to prepare the hydrochloride salt of 5 «{ {[2-amino-3-(4i-carbamoy1-2,6~
dimethyl—pbenyl)-propiunyl]-[1—(4-phenyl«1H—imidazol-2-yl)-ethy1]-amino]-methyl)-Z-

methoxy-benzoic acid;
washing said salt of 5-({[2-amino-3-(4-carbamo yl-2,6-dimcthy1—pheni¢l)—pmpionyl}-{l -
(4-phenyl-1H-imidazol-2-y1)-ethyl]-amino }-methyl)-2-methoxy-benzoic acid with sodiwm
hydroxide to obtain the zwitterion of 5-({ [2-amino-3-(4-carbamoy1-2,6-dimcthy1—phenyl)-
propionylj-{1-(4-phenyl-1 H—imidazol~2—yl)-ethy1]—amino}—meﬂlyl)-z-methoxy-benzoic acid,
washing said zwitterion of 5-({[2-amino-3-(4-carbamo ¥1-2,6-dimethyl-phenyl)-
propionyl]-[1-(4-phenyl-1 H-imidazol-2-yl)-ethyl]-amino} -methyl)-2-methoxy-benzoic acid

with water; and crystallizing the zwitterion,

7. Crystalline zwitterion of 5—({[2-amino-3-(4—carbamoyl—2, 6-dimethyI-phcnyl)-pmpionyl]-
[l-(4-phenyl-1H—imidazol—Z—yl)-ethyl]—amho]-methyl)-z-meihoxy-benzoic acid prepared by
the method of claim 6.

8. A Form cerystal of 5—({[2-amino-3—(4-carbamoyl-z,6-d:'methyl-phcnyl)-pmpionyl]-[l-(4—
phenyl-1 H-imidazol-z-yl)-ethy]]-amino}-memyi)-}methoxy-benzoic acid,
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9. The @ crystal of claim 8, wherein said crystal is characterized by a powder X-ray
diffraction pattern having powder X-ray diffraction peaks at about 14.0, 14.3, and 14.7 degrees
2-theta,

10. The acrystal of claim 8, wherein said erystal is characterized by a powder X-ray
diffraction pattem having powder X-ray diffraction peaks at about 10.2, 11,3, 14,0, 14.3, and
14,7 degrees 2-thefa,

11. The acrystal of claim 8, wherein said crystal is characterized by a powder Kray
diffraction pattern having powder X-ray diffraction peaks at about 10.2, 11.3,11.8, 14.0, 14.3,
14,7, 16.1, and 18.3 deprees 2-theta,

12. The aterystal of claim 8, wherein said crystal is characterized by a powder X-tay
diffraction pattem having powder X-ray diffraction peaks substantially as shawn in Table 1.

13. The a:crystal of claim 8, wherein said crystal is characterized by a powdeér X-ray
diffraction pattem having powder X-ray difftaction peeks substantially similar to the powder
X-ray diffraction peaks of Figure 1.

14. The crorystal of claim 8, wherein said crystal is characterized by a thermal gravimetric
analysis (TGA) substantially similar to the TGA in Figure 2,

15. The czcerystal of claim 8, wherein said crystal is characterized by a differential scanning
calorimetry (DSC) measurement substantially similar to the DSC in Figure 3,
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16. A Form 8 erystal of 5-({[2-amine-3-(4-carbamoyl-2,6-dimethyl-phenyl)-propionyl]-[1-(4-
phenyl-1H-imidazol-2-yl)-ethylj-amino}-methyl)-2-methoxy-benzoic acid.

17. The @ crystal of claim 16, wherein said crystal is characterized by a powder X-ray
diffraction pattern having powder X-ray diffraction peaks at about 11.0, 12.4 and 15.2
degrees 2-theta,

18. The S crystal of claim 16, wherein said crystal is characterized by a powder X-ray
diffraction pattern having powder X-ray diffraction peaks at about 11.0, 12.4, 14,9, 15.2 and
22.1 degrees 2-theta.

19. The § crystal of claim 16, wherein said crystal is characterized by a powder X-ray
diffraction pattern having powder X-ray diffraction peaks at about 11.0, 12.4, 14.9, 15.2,
22.1, 25.6, 27.4 and 30.4 degrees 2-theta.

20. The § crystal of claim 16, wherein said crystal is characterized by a powder X-ray

diffraction pattern having powder X-ray diffraction peaks substantially as shown in Table 2.

21. The § erystal of claim 16, wherein said crystal is characterized by a powder X-ray
diffraction pattern having powder X-ray diffraction peaks substantially similar to the
powder X-ray diffraction peaks of Figure 1,

22. The B crystal of claim 16, wherein said crystal is characterized by a a thermal
gravimetric analysis (TGA) substantially similar to the TGA in Figure 4.
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23. The 8 crystal of claim 16, wherein said crystal is characterized by a differential
scanning calorimetry (DSC) measurement substantially similar fo the DSC in Figure 5.

24, Use of a Form & crystal of 5-({[2-amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-
propionyl]-[1-(4-phenyl-1H-imidazol-2-yl)-ethyl]-amino}-methyl)-2-methoxy-benzoic
acid In the manufactare of a medicament for treating irritable bowel syndrome, pain or
another opioid receptor disorder,

25. Use of a Form § crystal of 5-({[2-amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-
propionyl]-[1-(4-phenyl-1H-imidazol-2-yl)-ethyl}-amino}-methyl)-2-methoxy-benzoic
acid in the manufacture of a medicament for treating irritable bowel syndrome, pain or
another opioid receptor disorder.

26. A method of preparing a erystalline zwitterion of 5-({[2-amino-3-(4-carbamoyl-2,6-
dimethyl-phenyl)-propionyl}-[1-(4-phenyl-1 H-imidazol-2-yl)-ethyl]-amino }-methyD)-2-
methoxy-benzoic acid; Crystalline zwitterion of 5-({[2-amino-3-(4-carbamoyl-2, G-dimethyl
phenyD-propionyl]-{1-(4-phenyl-1H-imidazol-2-y1}-ethyl]-amino}-methyl)-2-methoxy-
benzoic acid prepared by the process of claim I or claim 6; Form o erystal o£5-({[2-amino-3-
(d-carbamoyl-2,6-dimethyl-phenyl)-propionyl}-[1-(4-phenyl- 1 H-imidazol-2-yl)-ethyl]-
amino}-methyl)-2-methoxy-benzoic acid; Form 8 crystal of 5-({ [2.-amino-3-(4—carbamuy1—2,6-
dimethy[—phenyl)—propionyl]—[l-{4~pheny1-1H-imidazol-Z-yl)-ethyI}-amino}-methy])-z—
methoxy-benzoie acid; A method of treating a mammal suffering from irritable bowel
syndrone, pain or another opioid receptor disorder comprising administeriog to said mammal
an effective amount of a Forrn o erystal of 5+( {{2-amino-3-(4-carbamoyl-2,6-dimethyl-
phenyl)-propionyl]-{ 1-(4-phenyl-1 H—imidazol—iyl)-ethy!]-amino}-methy])-z-‘metl'noxy-
benzoic acid or Form @ crystal of 5—({[2—ami.no-3-(4—carbamoyI-z,G-dimemyl—phen);])-
propionyl}-{ 1 -(4-phenyl-1 H-imidazol-2-y])-ethyl}-amino }~methyl)-2-methoxyrbenzoic acid;
Use of a Form o crystal of 5~({[2-amino-‘3-(4—oarbamoyl-z,6—dimethyl-phenyi)—propiony]]—[1-
(4-phenyl-1H-~imidazo}-2-y)-ethyl]-amino }-methyl}-2-methoxy-benzoie acid or a Form B
crystal of S-({[Z—amt‘no-3-(4-carbamoy1-2,6-dimcthyl-phenyl)—propionyi}[]-(4-phe,ny1.1 H-
imidazol-2-yl)-ethyll-amino }-methyl)-2-methoxy-benzoic acid in the menufacture ofa
medicament; substantially as herefn described with reference to any one or more of the

examples but excluding any comparatives,
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