
Supporting Information
A rapid entry to amino acids derived diverse 3,4-dihydropyrazines 

and dihydro[1,2,3]triazolo[1,5-a]pyrazines through 1,3-dipolar 
cycloaddition

Saurav  Bera and Gautam Panda*

Medicinal and Process Chemistry Division, CSIR, Central Drug Research Institute, Lucknow-226031, UP, India

E mail : gautam panda@gmail com gautam panda@cdri res in; Tel : 91 522 2612411 18 Ext 4661 4662 Fax: 91 522 2623405E-mail : gautam.panda@gmail.com , gautam_panda@cdri.res.in; Tel  : 91-522-2612411-18, Ext. 4661, 4662 Fax: 91-522-2623405

1. Contents 1-4

2. Spectra                                                                                                                   5-82

Fig. S-1: 1H Spectra of (S)-2-(tert-butoxycarbonylamino)-3-methylbutyl 4-methylbenzenesulfonate 5a.

Fig. S-2: 13C Spectra of (S)-2-(tert-butoxycarbonylamino)-3-methylbutyl 4-methylbenzenesulfonate 5a.

Fig. S-3: 1H Spectra of (S)-2-(tert-butoxycarbonylamino)-3-phenylpropyl 4-methylbenzenesulfonate 5b.

Fig. S-4: 13C Spectra of (S)-2-(tert-butoxycarbonylamino)-3-phenylpropyl 4-methylbenzenesulfonate 5b.

Fig. S-5: 1H Spectra of (S)-2-(tert-butoxycarbonylamino)propyl 4-methylbenzenesulfonate 5c.

Fig S-6: 13C Spectra of (S)-2-(tert-butoxycarbonylamino)propyl 4-methylbenzenesulfonate 5cFig. S-6: C Spectra of (S)-2-(tert-butoxycarbonylamino)propyl 4-methylbenzenesulfonate 5c.

Fig. S-7: 1H Spectra of (S)-2-(tert-butoxycarbonylamino)-4-methylpentyl 4-methylbenzenesulfonate 5d.

Fig. S-8: 13C Spectra of (S)-2-(tert-butoxycarbonylamino)-4-methylpentyl 4-methylbenzenesulfonate 5d.

Fig. S-9: 1H Spectra of (2S,3R)-2-(tert-butoxycarbonylamino)-3-methylpentyl 4-methylbenzenesulfonate 5e.

Fig. S-10: 13C Spectra of (2S,3R)-2-(tert-butoxycarbonylamino)-3-methylpentyl 4-methylbenzenesulfonate 5e.

Fig. S-11: 1H Spectra of (S)-tert-butyl 1-azido-3-methylbutan-2-ylcarbamate 6a.
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Fig. S-12: 13C Spectra of (S)-tert-butyl 1-azido-3-methylbutan-2-ylcarbamate 6a.

Fig. S-13: 1H Spectra of (S)-tert-butyl 1-azido-3-phenylpropan-2-ylcarbamate 6b.

Fig. S-14: 13C Spectra of (S)-tert-butyl 1-azido-3-phenylpropan-2-ylcarbamate 6b.

Fig. S-15: 1H Spectra of (S)-tert-butyl 1-azidopropan-2-ylcarbamate 6c.

Fig. S-16: 13C Spectra of (S)-tert-butyl 1-azidopropan-2-ylcarbamate 6c.

Fig. S-17: 1H Spectra of (S)-tert-butyl 1-azido-4-methylpentan-2-ylcarbamate 6d.Fig. S 17: H Spectra of (S) tert butyl 1 azido 4 methylpentan 2 ylcarbamate 6d.

Fig. S-18: 13C Spectra of (S)-tert-butyl 1-azido-4-methylpentan-2-ylcarbamate 6d.

Fig. S-19: 1H Spectra of tert-butyl (2S,3R)-1-azido-3-methylpentan-2-ylcarbamate 6e.

Fig S 20: 13C Spectra of tert butyl (2S 3R) 1 azido 3 methylpentan 2 ylcarbamate 6eFig. S-20: 13C Spectra of tert-butyl (2S,3R)-1-azido-3-methylpentan-2-ylcarbamate 6e.

Fig. S-21: 1H Spectra of (S)-tert-butyl 1-azido-4-(methylthio)butan-2-ylcarbamate 6f.

Fig. S-22: 13C Spectra of (S)-tert-butyl 1-azido-4-(methylthio)butan-2-ylcarbamate 6f.

Fig. S-23: 1H Spectra of (S)-tert-butyl allyl(1-azido-3-methylbutan-2-yl)carbamate 7a.

Fig. S-24: 13C Spectra of (S)-tert-butyl allyl(1-azido-3-methylbutan-2-yl)carbamate 7a.

Fig. S-25: 1H Spectra of (S)-tert-butyl allyl(1-azido-3-phenylpropan-2-yl)carbamate 7b.

Fig. S-26: 13C Spectra of (S)-tert-butyl allyl(1-azido-3-phenylpropan-2-yl)carbamate 7b.

Fig. S-27: 1H Spectra of (S)-tert-butyl allyl(1-azidopropan-2-yl)carbamate 7c.

Fig. S-28: 1H Spectra of (S)-tert-butyl allyl(1-azido-4-methylpentan-2-yl)carbamate 7d.

Fi S 29 13C S f (S) b l ll l(1 id 4 h l 2 l) b 7dFig. S-29: 13C Spectra of (S)-tert-butyl allyl(1-azido-4-methylpentan-2-yl)carbamate 7d.

Fig. S-30: 1H Spectra of tert-butyl allyl((2S,3R)-1-azido-3-methylpentan-2-yl)carbamate 7e.

Fig. S-31: 13C Spectra of tert-butyl allyl((2S,3R)-1-azido-3-methylpentan-2-yl)carbamate 7e.

Fig. S-32: 1H Spectra of (S)-tert-butyl 2-isopropyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8a.Fig. S 32: H Spectra of (S) tert butyl 2 isopropyl 5 methyl 3,4 dihydropyrazine 1(2H) carboxylate 8a.

Fig. S-33: 13C Spectra of S)-tert-butyl 2-isopropyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8a.

Fig. S-34: 1H Spectra of (S)-tert-butyl 2-benzyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8b. 2



Fig. S-35: 13C Spectra of (S)-tert-butyl 2-benzyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8b.

Fig. S-36: 1H Spectra of (S)-tert-butyl 2,5-dimethyl-3,4-dihydropyrazine-1(2H)-carboxylate 8c.

Fig S-37: 13C Spectra of (S)-tert-butyl 2 5-dimethyl-3 4-dihydropyrazine-1(2H)-carboxylate 8cFig. S-37: C Spectra of (S)-tert-butyl 2,5-dimethyl-3,4-dihydropyrazine-1(2H)-carboxylate 8c.

Fig. S-38: 1H Spectra of (S)-tert-butyl 2-isobutyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8d.

Fig. S-39: 13C Spectra of (S)-tert-butyl 2-isobutyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8d.

Fig. S-40: 1H Spectra of (S)-tert-butyl 2-sec-butyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8e.

Fig. S-41: 13C Spectra of (S)-tert-butyl 2-sec-butyl-5-methyl-3,4-dihydropyrazine-1(2H)-carboxylate 8e.

Fig. S-42: 1H Spectra of (S)-2-isopropyl-5-methyl-1,2,3,4-tetrahydropyrazine 9a.

Fig. S-43: 13C Spectra of (S)-2-isopropyl-5-methyl-1,2,3,4-tetrahydropyrazine 9a.

Fi S 44 1H S t f (S) 2 i b t l 5 th l 1 2 3 4 t t h d i 9dFig. S-44: 1H Spectra of (S)-2-isobutyl-5-methyl-1,2,3,4-tetrahydropyrazine 9d.

Fig. S-45: 13C Spectra of (S)-2-isobutyl-5-methyl-1,2,3,4-tetrahydropyrazine 9d.

Fig. S-46: 1H Spectra of (S)-2-sec-butyl-5-methyl-1,2,3,4-tetrahydropyrazine 9e.

Fig. S-47: 13C Spectra of (S)-2-sec-butyl-5-methyl-1,2,3,4-tetrahydropyrazine 9e.g p ( ) y y y py

Fig. S-48: 1H Spectra of (S)-tert-butyl 1-azido-3-methylbutan-2-yl(prop-2-ynyl)carbamate 10a.

Fig. S-49: 13C Spectra of (S)-tert-butyl 1-azido-3-methylbutan-2-yl(prop-2-ynyl)carbamate 10a.

Fig. S-50: 1H Spectra of (S)-tert-butyl 1-azido-3-phenylpropan-2-yl(prop-2-ynyl)carbamate 10b.

Fig. S-51: 13C Spectra of (S)-tert-butyl 1-azido-3-phenylpropan-2-yl(prop-2-ynyl)carbamate 10b.

Fig. S-52: 1H Spectra of (S)-tert-butyl 1-azidopropan-2-yl(prop-2-ynyl)carbamate 10c.

Fig. S-53: 13C Spectra of (S)-tert-butyl 1-azidopropan-2-yl(prop-2-ynyl)carbamate 10c.

Fig S-54: DEPT 135 NMR spectra of (S)-tert-butyl 1-azidopropan-2-yl(prop-2-ynyl)carbamate 10cFig. S 54: DEPT 135 NMR spectra of (S) tert butyl 1 azidopropan 2 yl(prop 2 ynyl)carbamate 10c.

Fig. S-55: 1H Spectra of (S)-tert-butyl 1-azido-4-methylpentan-2-yl(prop-2-ynyl)carbamate 10d.

Fig. S-56: 13C Spectra of (S)-tert-butyl 1-azido-4-methylpentan-2-yl(prop-2-ynyl)carbamate 10d.

Fig. S-57: 1H Spectra of tert-butyl (2S,3R)-1-azido-3-methylpentan-2-yl(prop-2-ynyl)carbamate 10e.

Fig. S-58: 13C Spectra of tert-butyl (2S,3R)-1-azido-3-methylpentan-2-yl(prop-2-ynyl)carbamate 10e.

Fig. S-59: 1H Spectra of (S)-tert-butyl 1-azido-4-(methylthio)butan-2-yl(prop-2-ynyl)carbamate 10f.

Fig. S-60: 13C Spectra of (S)-tert-butyl 1-azido-4-(methylthio)butan-2-yl(prop-2-ynyl)carbamate 10f. 3



Fig. S-61: 1H Spectra of (S)-tert-butyl 6-isopropyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11a.

Fig. S-62: 13C Spectra of (S)-tert-butyl 6-isopropyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11a.

Fig S-63: 1H Spectra of (S)-tert-butyl 6-benzyl-6 7-dihydro-[1 2 3]triazolo[1 5-a]pyrazine-5(4H)-carboxylate 11bFig. S-63: H Spectra of (S)-tert-butyl 6-benzyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11b.

Fig. S-64: 13C Spectra of (S)-tert-butyl 6-benzyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11b.

Fig. S-65: 1H Spectra of (S)-tert-butyl 6-methyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11c.

Fig. S-66: 13C Spectra of (S)-tert-butyl 6-methyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11c.

Fig. S-67: 1H Spectra of (S)-tert-butyl 6-isobutyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11d.

Fig. S-68: 13C Spectra of (S)-tert-butyl 6-isobutyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11d.

Fig. S-69: 1H Spectra of (S)-tert-butyl 6-sec-butyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11e.

Fig. S-70: 13C Spectra of (S)-tert-butyl 6-sec-butyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11e.

Fig. S-71: 1H Spectra of (S)-tert-butyl 6-(2-(methylthio)ethyl)-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11f.

Fig. S-72: 13C Spectra of (S)-tert-butyl 6-(2-(methylthio)ethyl)-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 11f.

Fig. S-73: 1H Spectra of (S)-tert-butyl 6-isopropyl-3-(4-methoxyphenyl)-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 12a.

Fig. S-74: 13C Spectra of (S)-tert-butyl 6-isopropyl-3-(4-methoxyphenyl)-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H)-carboxylate 12a.

Fig. S-75: 1H Spectra of (S)-tert-butyl6-methyl-3-phenyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H) carboxylate 12c.

Fig. S-76: 13C Spectra of (S)-tert-butyl6-methyl-3-phenyl-6,7-dihydro-[1,2,3]triazolo[1,5-a]pyrazine-5(4H) carboxylate 12c.

Fig. S-77: 1H Spectra of (S,E)-ethyl 4-((tert-butoxycarbonyl)amino)-5-phenylpent-2-enoate 14b.

Fi S 78 13C S f (S E) h l 4 (( b b l) i ) 5 h l 2 14bFig. S-78: 13C Spectra of (S,E)-ethyl 4-((tert-butoxycarbonyl)amino)-5-phenylpent-2-enoate 14b.

Fig. S-79: 1H Spectra of (S)-tert-butyl 5-hydroxy-1-phenylpentan-2-ylcarbamate 15b.

Fig. S-80: 13C Spectra of (S)-tert-butyl 5-hydroxy-1-phenylpentan-2-ylcarbamate 15b.
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Fig. S-81: 1H Spectra of (R)-tert-butyl6-benzyl-6,7,8,9-tetrahydro-[1,2,3]triazolo[1,5-a][1,4]diazocine-5(4H)-carboxylate 19b.

Fig. S-82: 13C Spectra of (R)-tert-butyl6-benzyl-6,7,8,9-tetrahydro-[1,2,3]triazolo[1,5-a][1,4]diazocine-5(4H)-carboxylate 19b.



FigureS‐1:  1H spectrum(300 MHz, CDCl3) of 5a. 5
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FigureS‐2:  13C spectrum(75 MHz, CDCl3) of 5a. 6
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FigureS‐3:  1H spectrum(300 MHz, CDCl3) of 5b.



FigureS‐4:  13C spectrum(75 MHz, CDCl3) of 5b.
8



FigureS‐5:  1H spectrum(300 MHz, CDCl3) of 5c. 9



Figure S‐6: 13C spectrum (75 MHz, CDCl3) of 5c. 10



BocHN
OTs

BocHN

FigureS‐7:  1H spectrum(300 MHz, CDCl3) of 5d. 11
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FigureS‐8: 13C spectrum (75 MHz, CDCl3) of 5d. 12



FigureS‐9:  1H spectrum(300 MHz, CDCl3) of 5e. 13



FigureS‐10: 13C spectrum (75 MHz, CDCl3) of 5e. 14
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FigureS‐11: 1H spectrum (300 MHz, CDCl3) of 6a. 15
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FigureS‐12: 13C spectrum (50 MHz, CDCl3) of 6a. 16



FigureS‐13: 1H spectrum (300 MHz, CDCl3) of 6b. 17



FigureS‐14: 13C spectrum (75 MHz, CDCl3 ) of 6b. 18



FigureS‐15: 1H spectrum (300 MHz, CDCl3) of 6c.
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FigureS‐16: 13C spectrum (75 MHz, CDCl3 ) of 6c. 20



FigureS‐17: 1H spectrum (300 MHz, CDCl3) of 6d.
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FigureS‐18: 13C spectrum (75 MHz, CDCl3 ) of 6d. 22



FigureS‐19: 1H spectrum (300 MHz, CDCl3) of 6e. 23



FigureS‐20: 13C spectrum (75 MHz, CDCl3 ) of 6e. 24



FigureS‐21: 1H spectrum (300 MHz, CDCl3) of 6f.
25



FigureS‐22: 13C spectrum (75 MHz, CDCl3 ) of 6f. 26



FigureS‐23: 1H spectrum (300 MHz, CDCl3) of 7a. 27



FigureS‐24: 13C spectrum (75 MHz, CDCl3) of 7a.
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FigureS‐25: 1H spectrum (300 MHz, CDCl3 ) of 7b. 29



FigureS‐26: 13C spectrum (75 MHz, CDCl3) of 7b.
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FigureS‐27: 1H spectrum (300 MHz, CDCl3 ) of 7c.
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FigureS‐28: 1H spectrum (300 MHz, CDCl3) of 7d. 32



FigureS‐29: 13C spectrum (75 MHz, CDCl3) of 7d.
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FigureS‐30: 1H spectrum (300 MHz, CDCl3) of 7e. 34



FigureS‐31: 13C spectrum (75 MHz, CDCl3) of 7e. 35



FigureS‐32: 1H spectrum (300 MHz, CDCl3) of 8a.
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FigureS‐33: 13C spectrum (75 MHz, CDCl3) of 8a. 37



FigureS‐34: 1H spectrum (300 MHz, CDCl3) of 8b. 38



FigureS‐35: 13C spectrum (75 MHz, CDCl3) of 8b. 39



FigureS‐36: 1H spectrum (300 MHz, CDCl3) of 8c.
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FigureS‐37: 13C spectrum (75 MHz, CDCl3) of 8c.
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FigureS‐38: DEPT 135 NMR spectra of 8c (75 MHz, CDCl3). 42
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FigureS‐39: 1H spectrum (300 MHz, CDCl3) of 8d.
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FigureS‐40: 13C spectrum (75 MHz, CDCl3) of 8d.
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FigureS‐41: 1H spectrum (300 MHz, CDCl3) of 8e. 45



FigureS‐42: 13C spectrum (75 MHz, CDCl3) of 8e. 46



FigureS‐43: 1H spectrum (300 MHz, CDCl3) of 9a. 47



FigureS‐44: 13C spectrum (75 MHz, CDCl3) of 9a.
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FigureS‐45: 1H spectrum (300 MHz, CDCl3) of 9d. 49



FigureS‐46: 13C spectrum (75 MHz, CDCl3) of 9d. 50



FigureS‐47: 1H spectrum (300 MHz, CDCl3) of 9e. 51



FigureS‐48: 13C spectrum (75 MHz, CDCl3) of 9e.
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FigureS‐49: 1H spectrum (300 MHz, CDCl3) of 10a. 53



FigureS‐50:13C spectrum (75 MHz, CDCl3) of 10a. 54
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FigureS‐51:1H spectrum (300 MHz, CDCl3) of 10b.
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FigureS‐52:13C spectrum (75 MHz, CDCl3) of 10b. 56



FigureS‐ 53: 1H spectrum (300 MHz, CDCl3) of 10c. 57



FigureS‐54:13C spectrum (75 MHz, CDCl3) of 10c. 58



FigureS‐ 55: 1H spectrum (300 MHz, CDCl3) of 10d.
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FigureS‐56:13C spectrum (75 MHz, CDCl3) of 10d. 60



FigureS‐ 57: 1H spectrum (300 MHz, CDCl3) of 10e. 61



FigureS‐58: 13C spectrum (75 MHz, CDCl3) of 10e. 62



FigureS‐ 59: 1H spectrum (300 MHz, CDCl3) of 10f.
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FigureS‐60: 13C spectrum (75 MHz, CDCl3) of 10f. 64



FigureS‐61: 1H spectrum (300 MHz, CDCl3) of 11a. 65



FigureS‐62: 13C spectrum (50 MHz, CDCl3) of 11a. 66



FigureS‐63: 1H spectrum (300 MHz, CDCl3) of 11b. 67



FigureS‐64: 13C spectrum (75 MHz, CDCl3 ) of 11b. 68



FigureS‐65: 1H spectrum (300 MHz, CDCl3) of 11c. 69



FigureS‐66: 13C spectrum (50 MHz, CDCl3) of 11c. 70
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FigureS‐67: 1H spectrum (300 MHz, CDCl3) of 11d. 71



FigureS‐68: 13C spectrum (75 MHz, CDCl3) of 11d. 72



FigureS‐69: 1H spectrum (300 MHz, CDCl3) of 11e. 73



FigureS‐70: 13C spectrum (75 MHz, CDCl3) of 11e. 74
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FigureS‐71: 1H spectrum (300 MHz, CDCl3) of 11f.
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FigureS‐72: 13C spectrum (75 MHz, CDCl3) of 11f.
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FigureS‐73: 1H spectrum (300 MHz, CDCl3) of 12a. 77
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FigureS‐74: 13C spectrum (75 MHz, CDCl3) of 12a. 78



FigureS‐75: 1H spectrum (300 MHz, CDCl3) of 12c. 79



FigureS‐76: 13C spectrum (75 MHz, CDCl3) of 12c. 80



Figure S‐77: 1H spectrum (300 MHz, CDCl3) of 14b. 81



Fi S 78 13C t (75 MH CDCl ) f 14bFigureS‐78: 13C spectrum (75 MHz, CDCl3) of 14b.
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Figure S‐79: 1H spectrum (300 MHz, CDCl3) of 15b. 83



Figure S‐80: 13C spectrum (75 MHz, CDCl3) of 15b. 84



Figure S‐81: 1H spectrum (300 MHz, CDCl3) of 19b. 85



Figure S‐82: 13C spectrum (75 MHz, CDCl3) of 19b. 86


