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Anexo IV: HPLC chromatograms 
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Capítulo 2: Catalytic asymmetric 1,3 dipolar cycloaddition of α-heteroarylsilylimines and 

activated olefins 

(3aS,4S,6aR)-2-Phenyl-4-(2-pyridinyl)tetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-dione 

(trans-9a) 

 

 

Racemic 

 

 

 

 (+)-trans-9a: 96% ee 
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(3aS,4S,6aR)-4-(3-Methyl-2-pyridinyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-

dione (trans-9b) 

 

 

Racemic 

 

 

 

 (+)-trans-9b: 82% ee 
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(3aS,4S,6aR)-4-(5-Methyl-2-pyridinyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-

dione (trans-9c)  

 

 

Racemic 

 

 

 

 (+)-trans-9c: 92% ee 
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(3aS,4S,6aR)-4-(6-Methyl-2-pyridinyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-

dione (trans-9d) 

 

 

Racemic 

 

 

 

 (+)-trans-9d: 86% ee 
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(3aS,4S,6aR)-4-(6-Methoxy-2-pyridinyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH) 

-dione (trans-9e) 

 

 

Racemic 

 

 

 

 (+)-trans-9e: 92% ee 
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(3aS,4S,6aR)-4-(5-Bromo-2-pyridinyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-

dione (trans-9f)  

 

 

Racemic 

 

 

 

 (+)-trans-9f: 92% ee 
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(3aS,4S,6aR)-4-(6-Bromo-2-pyridinyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3 (2H,3aH)-

dione (trans-9g)  

 

 

Racemic 

 

 

 

 (-)-trans-9g: 98% ee 
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(3aS,4S,6aR)-4-(2-Thiazolyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-dione 

(trans-9h)  

 

 

Racemic 

 

 

 

 (+)-trans-9h: 89% ee 
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(3aS,4S,6aR)-4-(Benzo[d]thiazol-2-yl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-

dione (trans-9i) 

 

 

Racemic 

 

 

 

 (+)-trans-9i: ≥98% ee 
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(3aS,4S,6aR)-4-(3-Isoquinolinyl)-2-phenyltetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-dione 

(trans-9j) 

 

 

Racemic 

 

 

 

(+)-trans-9j: 91% ee 
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(2S,3S,4R)-Diethyl N-carboxybenzyl-2-(2-pyridinyl)pyrrolidine-3,4-dicarboxylate (Cbz-16) 

 

 

Racemic 

 

 

 

 (+)-Cbz-16: 93% ee 
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(2R,3R,4S)-3,4-Bis(phenylsulfonyl)-2-(2-pyridinyl)pyrrolidine (trans-17) 

 

 

Racemic 

 

 

 

 (-)-trans-17: ≥98% ee 
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Diethyl (2S,3R,4R)-2-(2-pyridinyl)pyrrolidine-3,4-dicarboxylate (cis-18) 

 

Racemic cis + trans 

 

 (-)-18: 89% ee trans and 91% ee cis 

 

 



Anexo IV: HPLC chromatograms 
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(2R,3S,4S)-3,4-Bis(phenylsulfonyl)-2-(2-pyridinyl)pyrrolidine (cis-19) 

 

 

Racemic 

 

 

 

cis-19: 16% ee 
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Methyl (2S,3R,4R)-4-(phenylsulfonyl)-2-(2-pyridinyl)pyrrolidine-3-carboxylate (cis-20) 

 

 

Racemic 

 

 

 

 (-)-cis-20: 91% ee 
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(2R)-4-(Phenylsulfonyl)-2-(2-pyridinyl)pyrrolidine and 2-((2R)-3-(phenylsulfonyl)-2-(2-

pyridinyl)pyrrolidine (23a + 23b) 

 

Racemic 

 

80% ee 23a and ≥98% ee 23b  
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(2S,3S,4R)-4-Nitro-3-phenyl-2-(2-pyridinyl)pyrrolidine (cis-26) 

 

 

Racemic 

 

 

 (+)-cis-26: 94% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 

19 
 

(2S, 3S)-3-Phenyl-4,4-bis(phenylsulfonyl)-2-(2-pyridinyl)pyrrolidine (trans-28) 

 

Racemic 

 

 

(+)-trans-28: ≥99% ee and ≥90% ee 
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(3aS,4S,6aR)-2-(4-Bromophenyl)-4-(2-pyridinyl)tetrahydropyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-

dione (trans-32) 

 

 

Racemic 

 

 

 

 (+)-trans-32: 91% ee 
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Methyl (2S,3R,4R)-2-(5-bromopyridin-2-yl)-4-(phenylsulfonyl)pyrrolidine-3-carboxylate 

(cis-33) 

 

 

Racemic 

 

 

 

 (-)-cis-33: ≥98% ee 
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(3aS,4S,6S,6aR)-4-(((tert-Butyldimethylsilyl)oxi)methyl)-2-methyl-6-(pyridin-2-yl)pyrrolidin 

[3,4-c]pyrrol-1,3(2H,3aH)-dione (29) 

 

 

Racemic 

 

 

 

29: 0% ee 
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(S)-Benzyl 2-(2-pyridinyl)pyrrolidine-1-carboxylate (30) 

 

 

 

Racemic 

 

 

 

(-)-30: 87% ee 
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Capítulo 3: Catalytic asymmetric synthesis of azabicycles by 1,3-dipolar 

cycloaddition/intramolecular alkylation 

(2R, 3S, 4S, 5S)-4-tert-Butyl 2-methyl 3-(3-bromopropyl)-5-phenylpyrrolidine-2,4-

dicarboxylate (exo-57a) 

 

 

Racemic 

 

 

(-)-exo-57a: 95% ee 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2R, 3S, 4S, 5S)-4-tert-Butyl 2-methyl 3-(3-bromopropyl)-5-(4-methylphenyl)pyrrolidine-2,4-

dicarboxylate (exo-57d) 

 

 

Racemic 

 

 

 

(-)-exo-57d: 92% ee 
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(2R, 3S, 4S, 5S)-4-tert-Butyl 2-methyl 3-(3-bromopropyl)-5-(3-methylphenyl)pyrrolidine-2,4-

dicarboxylate (exo-57g) 

 

 

Racemic 

 

 

 

(-)-exo-57g: 93% ee 
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(2R, 3S, 4S, 5S)-4-tert-Butyl 2-methyl 3-(3-bromopropyl)-5-(2-methylphenyl)pyrrolidine-2,4-

dicarboxylate (exo-57i) 

 

 

Racemic 

 

 

(-)-exo-57i: 95% ee 
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(2R, 3S, 4S, 5S)-4-tert-Butyl 2-methyl 3-(3-bromopropyl)-5-(4-(methylthio)phenyl)pyrrolidine-

2,4-dicarboxylate (exo-57b) 

 

 

Racemic 

 

 

 

(-)-exo-57b: 96% ee 
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(2R, 3S, 4S, 5S)-4-tert-Butyl 2-methyl 3-(3-bromopropyl)-5-(4-chlorophenyl)pyrrolidine-2,4-

dicarboxylate (exo-57f) 

 

 

Racemic 

 

 

 

(-)-exo-57f: 90% ee 
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(2R, 3S, 4S, 5S)-4-tert-Butyl 2-methyl 3-(3-bromopropyl)-5-(4-(methoxycarbonyl) phenyl) 

pyrrolidine-2,4-dicarboxylate (exo-57e) 

 

 

Racemic 

 

 

 

(+)-exo-57e: 94% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 

31 
 

(2S, 3S, 3aS, 6aS)-3-tert-Butyl 6a-methyl 2-phenyloctahydrocyclopenta[b]pyrrole-3,6a-

dicarboxylate (exo-54a) 

 

 

Racemic 

 

 

 

(+)-exo-54a: 96% ee 
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(2S, 3S, 3aS, 6aS)-3-tert-Butyl 6a-methyl 2-(4-methylphenyl)octahydrocyclopenta[b]pyrrole-

3,6a-dicarboxylate (exo-54d) 

 

 

Racemic 

 

 

 

(-)-exo-54d: 93% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S, 3S, 3aS, 6aS)-3-tert-Butyl 6a-methyl 2-(3-methylphenyl)octahydrocyclopenta[b]pyrrole-

3,6a-dicarboxylate (exo-54g) 

 

 

Racemic 

 

 

 

(-)-exo-54g: 92% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S, 3S, 3aS, 6aS)-3-tert-Butyl 6a-methyl 2-(2-methylphenyl)octahydrocyclopenta[b]pyrrole-

3,6a-dicarboxylate (exo-54i) 

 

 

Racemic 

 

 

 

(-)-exo-54i: 96% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S, 3S, 3aS, 6aS)-3-tert-Butyl 6a-methyl 2-(4-(methylthio)phenyl)octahydrocyclopenta[b] 

pyrrole-3,6a-dicarboxylate (exo-54b) 

 

 

Racemic 

 

 

 

(-)-exo-54b: 96% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 

36 
 

(2S, 3S, 3aS, 6aS)-3-tert-Butyl 6a-methyl 2-(4-chlorophenyl)octahydrocyclopenta[b]pyrrole-

3,6a-dicarboxylate (exo-54f) 

 

 

Racemic 

 

 

 

(-)-exo-54f: 90% ee 
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(2S, 3S, 3aS, 6aS)-3-tert-Butyl 6a-methyl 2-(4-(methoxycarbonyl)phenyl)octahydrocyclopenta 

[b]pyrrole-3,6a-dicarboxylate (exo-54e) 

 

 

Racemic 

 

 

 

(-)-exo-54e: 93% ee 
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Capítulo 4: Alkenylarenes as dipolarophiles in catalytic asymmetric 1,3-dipolar cycloadditions 

of azomethine ylides 

(2R,4R,5S)-Methyl 4-(4-Nitrophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-64a) 

 

Racemic exo + endo 

 

 

 

(+)-exo-64a: 98% ee 
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(2R,4R,5S)-Methyl 5-(4-methoxyphenyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate 

(exo-64m) 

 

 

Racemic 

 

 

 

(+)-exo-64m: ≥98% ee 
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(2R,4R,5S)-Methyl 5-(4-chlorophenyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate (exo-64f) 

 

 

Racemic 

 

 

 

(+)-exo-64f: ≥98% ee 
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(2R,4R,5S)-Methyl 4-(4-nitrophenyl)-5-(m-tolyl)pyrrolidine-2-carboxylate (exo-64g) 

 

 

Racemic exo + endo 

 

 

 

(+)-exo-64g: 95% ee (+ minor endo-64g) 
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(2R,4R,5S)-Methyl 4-(4-nitrophenyl)-5-(o-tolyl)pyrrolidine-2-carboxylate (exo-64i) 

 

 

Racemic 

 

 

 

(+)-exo-64i: 94% ee 
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(2R,4R,5S)-Methyl 5-(o-methoxyphenyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate (exo-64o) 

 

 

Racemic 

 

 

 

(+)-exo-64o: ≥98% ee 
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(2R,4R,5S)-Methyl 5-(naphthalen-2-yl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate (exo-64j) 

 

 

Racemic exo + endo 

 

 

 

 (+)-exo-64j: 95% ee 
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(2R,4R,5S)-Methyl 4-(4-nitrophenyl)-5-(thiophen-2-yl)pyrrolidine-2-carboxylate (exo-64r) 

 

 

Racemic exo + endo 

 

 

 

(+)-exo-64r: 94% ee 
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(2R,4R,5S)-Methyl 5-(cyclohexyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate (exo-64u) 

 

  

Racemic 

 

 

 

(+)-exo-64u: ≥98% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 

47 
 

(2R,4R,5S)-Methyl 5-phenyl-4-(4-(trifluoromethyl)phenyl)pyrrolidine-2-carboxylate (exo-65b) 

 

 

Racemic 

 

 

 

(+)-exo-65b: 89% ee 
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(2R,4R,5S)-Methyl 4-(4-cyanophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65c) 

 

 

Racemic 

 

 

  

(+)-exo-64c: 97% ee 
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(2R,4R,5S)-Methyl 4-(4-(methoxycarbonyl)phenyl)-5-phenylpyrrolidine-2-carboxylate  

(exo-65d) 

 

 

Racemic 

 

 

 

(+)-exo-65d: 91% ee 
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(2R,4R,5S)-Methyl 4-(4-acetylphenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65e) 

 

 

Racemic 

 

 

 

(+)-exo-65e: 97% ee 
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(2R,4R,5S)-Methyl 4-(4-(methylsulfonyl)phenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65f) 

 

 

Racemic 

 

 

 

(+)-exo-65f: 97% ee 
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(2R,4R,5S)-Methyl 4-(3-nitrophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65g) 

 

 

Racemic 

 

 

  

(+)-exo-65g: 95% ee 

 

 

 

 



Anexo IV: HPLC chromatograms 

53 
 

(2R,4R,5S)-Methyl 4-(3-cyanophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65h) 

 

 

Racemic 

 

 

 

(+)-exo-65h: 97% ee 
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(2R,4R,5S)-Methyl 4-(2-nitrophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65j) 

 

 

Racemic exo + endo 

 

 

 

(-)-exo-65j: 98% ee 
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(2R,4R,5S)-Methyl 5-phenyl-4-(2-(trifluoromethyl)phenyl)pyrrolidine-2-carboxylate (exo-65k) 

 

 

Racemic 

 

 

 

(+)-exo-65k: 96% ee 
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(2R,4R,5S)-Methyl 4-(4-bromophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65n) 

 

 

Racemic 

 

 

 

(+)-exo-65n: 98% ee 
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(2R,4R,5S)-Methyl 4-(2-bromo-5-fluorophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65q) 

 

 

Racemic 

 

 

 

(-)-exo-65q: 80% ee 
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(2R,4R,5S)-Methyl 4-(perfluorophenyl)-5-phenylpyrrolidine-2-carboxylate (exo-65r) 

 

 

Racemic 

 

 

 

(+)-exo-65r: 95% ee 
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(2R,4S,5S)-Methyl 5-phenyl-4-(pyridin-2-yl)pyrrolidine -2-carboxylate (exo-66a) 

 

 

Racemic 

 

 

 

(+)-exo-66a: ≥98% ee 
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(2R,4S,5S)-Methyl 5-(4-methoxyphenyl)-4-(pyridin-2-yl)pyrrolidine -2-carboxylate (exo-66m) 

 

 

Racemic 

 

 

 

(+)-exo-66m: ≥98% ee 
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(2R,4S,5S)-Methyl 5-(4-methylthiophenyl)-4-(pyridin-2-yl)pyrrolidine-2-carboxylate (exo-66b) 

 

 

Racemic 

 

 

 

(+)-exo-66b: ≥98% ee 
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(2R,4S,5S)-Methyl 5-(4-chlorophenyl)-4-(pyridin-2-yl)pyrrolidine-2-carboxylate (exo-66f) 

 

 

Racemic 

 

 

 

(+)-exo-66f: 96% ee 
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(2R,4S,5S)-Methyl 4-(pyridin-2-yl)-5-(4-(trifluoromethyl)phenyl)pyrrolidine-2-carboxylate  

(exo-66c) 

 

 

Racemic 

 

 

 

(+)-exo-66c: 96% ee 
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(2R,4S,5S)-Methyl 5-(3-methoxyphenyl)-4-(pyridin-2-yl)pyrrolidine-2-carboxylate (exo-66h) 

 

 

Racemic 

 

 

 

(+)-exo-66h: 95% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 

65 
 

(2R,4S,5S)-Methyl 5-(naphthalen-2-yl)-4-(pyridin-2-yl)pyrrolidine-2-carboxylate (exo-66j) 

 

 

Racemic 

 

 

 

(+)-exo-66j: 89% ee 
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(2R,4S,5S)-Methyl 5-(naphthalen-1-yl)-4-(pyridin-2-yl)pyrrolidine-2-carboxylate (exo-66k) 

 

 

Racemic 

 

 

 

(+)-exo-66k: ≥98% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 

67 
 

(2R,4S,5S)-Methyl 4-(pyridin-2-yl)-5-(thiophen-2-yl)-pyrrolidine-2-carboxylate (exo-66r) 

 

 

Racemic 

 

 

 

(+)-exo-66r: 95% ee 
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(2R,4S,5S)-Methyl 5-phenyl-4-(pyridin-4-yl)pyrrolidine-2-carboxylate (exo-67b) 

 

 

Racemic 

 

 

 

(+)-exo-67b: ≥98% ee 
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(2R,4S,5S)-Methyl 5-phenyl-4-(quinolin-2-yl)pyrrolidine-2-carboxylate (exo-67e) 

 

 

Racemic 

 

 

 

(+)-exo-67e: ≥98% ee 
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(2R,4S,5S)-Methyl 5-phenyl-4-(pyrazin-2-yl)pyrrolidine-2-carboxylate (exo-67f) 

 

 

Racemic 

 

 

 

(+)-exo-67f: 98% ee 
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(2R,4S,5S)-Methyl 5-phenyl-4-(thiazol-2-yl)pyrrolidine-2-carboxylate (exo-67g) 

 

 

Racemic 

 

 

 

(+)-exo-67g: ≥98% ee 
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(2R,5R)-Methyl 5-phenyl-4,4-di(pyridin-2-yl)pyrrolidine-2-carboxylate (67l) 

 

 

Racemic 

 

 

 

(+)-67l: 90% ee 
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(2R,4R,5S)-Methyl 4-(4-((E)-2-nitrovinyl)phenyl)-5-phenylpyrrolidine-2-carboxylate (exo-69c) 

 

 

Racemic 

 

 

 

(+)-exo-69c: 97% ee 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S,4R,5R)-Methyl 4-(4-nitrophenyl)-5-phenylpyrrolidine-2-carboxylate (endo-64a) 

 

 

Racemic exo + endo 

 

 

 

(+)-endo-64a: ≥98% ee (+ minor exo-64a) 

 

 



Anexo IV: HPLC chromatograms 
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(2S,4R,5R)-Methyl 5-(4-methoxyphenyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate  

(endo-64m) 

 

 

Racemic 

 

 

 

(-)-endo-64m: 93% ee 
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(2S,4R,5R)-Methyl 5-(4-chlorophenyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate (endo-64f) 

 

 

Racemic exo + endo 

 

 

 

(+)-endo-64f: 95% ee (+ minor exo-64f) 
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(2S,4R,5R)-Methyl 4-(4-nitrophenyl)-5-(m-tolyl)pyrrolidine-2-carboxylate (endo-64g) 

 

 

Racemic exo + endo 

 

 

 

(+)-endo-64g: 92% ee (+ minor exo-64g) 
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(2S,4R,5R)-Methyl 4-(4-nitrophenyl)-5-(o-tolyl)pyrrolidine-2-carboxylate (endo-64i) 

 

 

Racemic 

 

 

 

(+)-endo-64i: 90% ee 
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(2S, 4R, 5R)-Methyl 5-(2-methoxyphenyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate 

(endo-64o) 

 

 

Racemic 

 

 

 

(+)-endo-64o: 92% ee 
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(2S, 4R, 5R)-Methyl 5-(2-bromophenyl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate (endo-64q) 

 

 

Racemic 

 

 

 

(+)-endo-64q: ≥98% ee 
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(2S,4R,5R)-Methyl 5-(naphthalen-2-yl)-4-(4-nitrophenyl)pyrrolidine-2-carboxylate (endo-64j) 

 

 

Racemic exo + endo 

 

 

 

(+)-endo-64j: 90% ee (+ minor exo-64j) 
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(2S,4R,5R)-Methyl 4-(4-nitrophenyl)-5-(thiophen-2-yl)pyrrolidine-2-carboxylate (endo-64r) 

 

 

Racemic exo + endo 

 

 

 

(+)-endo-64r: 94% ee (+ minor exo-64r) 
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(2S,4R,5R)-Methyl 4-(3-nitrophenyl)-5-phenylpyrrolidine-2-carboxylate (endo-65g) 

 

 

Racemic exo + endo 

 

 

 

(-)-endo-65g: 90% ee 

 

 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S,4R,5R)-Methyl 4-(2-nitrophenyl)-5-phenylpyrrolidine-2-carboxylate (endo-65j) 

 

 

Racemic 

 

 

 

(-)-endo-65j: 85% ee 

 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S,4R,5R)-Methyl 4-(4-(methylsulfonyl)phenyl)-5-phenylpyrrolidine-2-carboxylate (endo-65f) 

 

 

Racemic 

 

 

 

(+)-endo-65f: 92% ee (+ minor exo-65f) 

 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S,4S,5R)-Methyl 5-phenyl-4-(pyridin-2-yl)pyrrolidine-2-carboxylate (endo-66a) 

 

 

Racemic 

 

 

 

endo-66a: 12% ee 

 

 

 

 

 

 



Anexo IV: HPLC chromatograms 
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(2S,4R,5R)-Methyl 5-phenyl-4-(pyridin-4-yl)pyrrolidine-2-carboxylate (endo-67b) 

 

 

Racemic 

 

 

 

(+)-endo-67b: 80% ee 
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