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AFC  azaðFriedel ðCrafts   ▪◙ ⱨꜞכ♦ꜟ ◒ꜝⱨ♠ 

Anal   elemental analysis    

API   active pharmaceutical    

  ingredient  

ATR  attenuated total reflection   

b-MeTrp   b-methyltryptophan   ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi 

CDI   N,Nõ-carbonyldiimidazole   N, Nõ◌ꜟⱲ♬ꜟ☺▬Ⱶ♄♂כꜟ 

CEC  cation exchange resin   ▬○fi ◒꜡ⱴ♩◓ꜝⱨ▫כ 

  chromatography  

CIDT   crystallization -induced    

  diastereomer transformation  

COD  1,5-cyclooctadiene  1,5 ◦◒꜡○◒♃☺▼fi 

DCC  N,N'-dicyclohexyl carbodiimide  N, Nõ☺◦◒꜡Ⱬ◐◦ꜟ 

      ◌ꜟⱲ☺▬Ⱶ♪ 

DIPAMP  1,2-bis[ (2-methoxy -phenyl) - 1,2 ⱦ☻ 2 ⱷ♩◐◦ⱨ▼♬ꜟ  

  phenylphosphin o]ethane  ⱨ▼♬ꜟⱱ☻ⱨ▫ⱡ ◄♃fi 

DMF   N,N-dimethylformamide   N, Nõ☺ⱷ♅ꜟⱱꜟⱶ▪Ⱶ♪ 

DMSO  dimethysulfoxide    ☺ⱷ♅ꜟ☻ꜟⱱ◐◦♪ 

dr   diastereomer ratio   ☺▪☻♥꜠○ⱴכ  

DS  drug substance     

DSC  differential scanning calorimetry   

DSC  N,Nõ-disuccinimidyl carbonate  N, Nõ☺☻◒◦fi▬Ⱶ☺ꜟ 

 ♩כ♫Ⱳכ◌      

EDC  1-[3-(dimethylamino)propyl] -3- 1 3 ☺ⱷ♅ꜟ▪Ⱶⱡ  

  ethylcarbodiimide   ⱪ꜡Ⱨꜟ 3 ◄♅ꜟ◌ꜟⱲ 

      ☺▬Ⱶ♪ 

ee  enantiomeric excess   ◄♫fi♅○ⱴכ  

ESI   electro spray ionization   ◄꜠◒♩꜡☻ⱪ꜠כ▬○fi  

FAB   fast atom bombardment    

Fmoc  9-fluorenylmethyloxycarbonyl  9 ⱨꜟ○꜠♬ꜟⱷ♅ꜟ○◐◦ 

      ◌ꜟⱲ♬ꜟ 

FT  Fourier transform   ⱨכꜞ◄  

GMP  good manufacturing practice  ┘ ─  
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      ┘ ─  

GnRH   Gonadotropin releasing   ⱱꜟ⸗fi ⱱꜟ⸗fi 

  hormone    

GPC  gel permeation chromatography  ◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫כ 

HIV   human immunodeficiency virus  ⱥ♩ ►▫ꜟ☻ 

HOBt   1-hydroxybenzotriazole   1 ⱥ♪꜡◐◦ⱬfi♂♩ꜞ▪♂כꜟ 

HPLC   high -performance liquid   ◒꜡ⱴ♩◓ꜝⱨ▫כ 

  chromatography  

ICH   International Conference on  EU  

  Harmonization of Technical  

  Requirements for Registration  

  of Pharmaceuticals for  

  Human  Use 

IR   infrared      

LCAP   liquid chromatography  peak  ◒꜡ⱴ♩◓ꜝⱨ▫כⱧכ◒  

  area percent     

LC-MS  liquid chromatography -  ◒꜡ⱴ♩◓ꜝⱨ▫כ  

  mass spectrometry  

L-Dopa  L-3,4-dihydroxyphenylalanine  L 3,4 ☺ⱥ♪꜡◐◦ⱨ▼♬ꜟ 

      ▪ꜝ♬fi 

MCH   melanin -concentrating hormone  ⱷꜝ♬fi ⱱꜟ⸗fi 

MCHR1   melanin -concentrating hormone  ⱷꜝ♬fi ⱱꜟ⸗fi 1 

  receptor 1  

MEK   methyl ethyl ketone   ⱷ♅ꜟ◄♅ꜟ◔♩fi 

MIBK   methyl isobutyl ketone   ⱷ♅ꜟ▬♁Ⱪ♅ꜟ◔♩fi 

Mp  melting point     

MS  mass spectrometry    

Ms  methanesulfonyl    ⱷ♃fi☻ꜟⱱ♬ꜟ 

NMR   nuclear magnetic resonance   

RP-HPLC  reversed phase-HPLC   ◒꜡ⱴ♩◓ꜝⱨ▫כ 

TH F  tetrahydrofuran    ♥♩ꜝⱥ♪꜡ⱨꜝfi 

TMS  tetramethylsilane   ♥♩ꜝⱷ♅ꜟ◦ꜝfi 

TRH   thyrotropin releasing hormone  ⱱꜟ⸗fi ⱱꜟ⸗fi 

Trp   tryptophan    ♩ꜞⱪ♩ⱨ□fi 

UV   ultraviolet     
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1   

1  Ɑⱪ♅♪╩ ⇔√ Ɑⱪ♅♪Ⱶⱷ♥▫◒☻  

╛ √⇔⌐♩♇◕כ♃╩ ─ ≢│⁸Ɑⱪ♅♪╩ ≤∆╢

⅜ ↄ ↕╣≡⅔╡⁸ ⌐ ∆╢Ɑⱪ♅♪╛⁸∕─ ─ ⌐ ⅜ ↕╣√Ɑ

ⱪ♅♪ ⌐ ⇔≡ ↄ─ ╩ ╘≡⅝√ 1-3⁹ ⅎ┌⁸ ♥ꜞⱤꜝ♅♪

╖ ⅎⱥ♩ ⱱꜟ⸗fi 1-34 4 ╛ ⅜╪ ⱪ꜡꜠ꜞfiכꜙꜞ

ⱱꜟ⸗fi ⱱꜟ⸗fi GnRH ▪♫꜡◓ 5│∕─╟℮⌂ ─ ⌂ ≤⇔≡ ╠

╣╢ Figure  1-1 ⁹ 

 

Figure 1-1 Ɑⱪ♅♪  

 

↓─╟℮⌂ ─ ⌂ ≤⇔≡│⁸Ɑⱪ♅♪ ⌐ ╦∫≡⁸Ɑⱪ♅♪ ─

╩ ╠⇔⁸ ▪Ⱶⱡ ╛∕─ ─ ╩ ∆╢ ⇔≡⁸╟╡ ─

┼≤ ↕╣√Ɑⱪ♅♪Ⱶⱷ♥▫◒☻⅜ ™╠╣╢↓≤⅜ ™⁹Ɑⱪ♅♪Ⱶⱷ♥▫

◒☻№╢™│Ɑⱪ♅♪ ≤™∫√ │⁸ ≤⌂╢Ɑⱪ♅♪─ ╛

╩ ꜠ⱬꜟ≢ ∆╢ ╩ ⇔≡ ↕╣╢ 6,7⁹Ɑⱪ♅♪Ⱶⱷ♥▫◒☻│⁸♃

fiⱤ◒ ⌐ ∆╢ ™ ⁸ ─ ™ ⁸ ╛ ⌐⅔↑╢

™ ⁸ ≤⌂╢Ɑⱪ♅♪⌐ ⇔≡╟╡ ╕⇔™ ╩ ≢⅝╢ 8⁹

Ɑⱪ♅♪ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ ≤⇔≡⁸HIV ⱪ꜡♥▪כ

♀ ◘◐♫ⱦꜟ 9⁸ꜞ♩♫ⱦꜟ 10⁸▬fi☺♫ⱦꜟ 11╩ Figure  1-2⌐ ∆⁹╕√ Figure  

1-3 ⌐│ ⌐╟∫≡ ↕╣√Ɑⱪ♅♪Ⱶⱷ♥▫◒☻

─ A⁸B ╩ ∆ 12-14⁹ 
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Figure  1-2 Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ HIV  

 

 

Figure  1-3 Ɑⱪ♅♪Ⱶⱷ♥▫◒☻  



 

8 

≤ ⌐ ⇔≡ ⌂ ╩ ∆╢√╘⁸Ɑⱪ♅♪Ⱶⱷ♥▫◒☻

│↕╠⌐ ↕╣⁸ ⌐│▪Ⱶⱡ ╩ⱨכ♅⸗─ ↄ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ

♥▫◒☻⌐ ↕╣╢↓≤⅜№╢⁹ ⅎ┌⁸ⱷꜝ♬fi ⱱꜟ⸗fi 1 MCHR1

─ ≢│⁸⅛≈≡ ╩ ╘√Ɑⱪ♅♪⅛╠⁸▪Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅

♪Ⱶⱷ♥▫◒☻⌐ ─ ⅜ ╡ ╦∫√⁹ⱷꜝ♬fi ⱱꜟ⸗fi MCH │ 19

─ Ɑⱪ♅♪≢№╡⁸∕─ 1│ ─ ─♩♇◕כ♃⌂ ≈≤⇔≡ ╩

╘≡™╢ Figure 1 -4 15⁹ 

Figure 1 -4ⱷꜝ♬fi ⱱꜟ⸗fi MCH ≤Ɑⱪ♅♪MCHR1  

 

Ɑⱪ♅♪⌐≈™≡│⁸ ╩ ∆╢ ╠⌐╟∫≡ ⌐ ⅜ ╘╠

╣≡⅝√⅜ Figure  1-4 16⁸2 ─▪Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ♥▫◒☻

T-22629617⁸SNAP-794118 ♪כꜞ⅜ ≤⇔≡ ↕╣≡ ⁸↓╣╠─

⅜ MCHR1 ─ ─ ⌐ ╡ √ Figure  1-5 ⁹T-226296│

⅜ ∆╢ ꜝ▬Ⱪꜝꜞכ╩ ◓fi♬כꜞ◒☻√™ ⅛╠ ↕╣⁸

∕─ C│ ⅛≈ ⌂ MCHR1 ≤⇔≡ ↕╣≡™╢ Figure  

1-5 19⁹ 2 ≢│⁸ ⇔√ ₁─Ɑⱪ♅♪Ⱶⱷ♥▫◒☻╩ ≤⇔≡ ∆╢ ≢

⌂ ╩ ℮ⱪ꜡☿☻ ⌐≈™≡⁸∕─ ╩ ∂╢⁹ 
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Figure  1-5 ▪Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ MCHR1  

 

2  ─ⱪ꜡☿☻  

⌐ │⁸ ╙─ ╩☺כ♥☻ ≡ ⅜ ╘╠╣⁸ ⌐

⅛╠ ─ ╩ ⇔√ ⁸╟℮╛ↄ ─ ⌐ ↑╠╣╢ 20⁹∕─ ⌐⅔

™≡ⱪ꜡☿☻ │⁸ ⅛╠ ⌐ ╢╕≢─ ⌐ ™ ╩ ⅎ╢ ⌂

╩ ∫≡™╢ Figure  1-6 21⁹ⱪ꜡☿☻ ⌐ ╘╠╣╢ ⌂ │⁸ ─

⁸│≡™⅔⌐☺כ♥☻ ⁸ ⁸ ⁸

⁸ ⁸ ⌐ ⌂ ◐꜡◓ꜝⱶ ─ API ╕

√│ DS≤ ↕╣╢ ╩ ⇔≡♃▬ⱶꜞכ⌐ ∆╢↓≤≢№╢⁹ ⌐≈™≡│

⌐⁸₈ ⁸ ─ ⁸ ┘ ─ ⌐ ∆╢ ₉

─ ⌐ ≠⅝⁸₈ ┘ ─ ┘ ─ GMP ₉⌐

∆╢ ╩ ⇔≡ ⅔╟┘ ╩ ℮ ⅜№╢ 22⁹ ⁸≥╢⌂⌐☺כ♥☻─

╛ ⁸╟╡ ─ ╩ ↑╢ ⅜ ↕╣⁸
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─ │ ◐꜡◓ꜝⱶ ◐꜡◓ꜝⱶ⌐ ∆╢↓≤⅜ ™⁹∕─√╘ⱪ

꜡☿☻ │⁸ ─↓⁸╠⅛☺כ♥☻─ ─ ╩ ⅎ╢ ╩

∆═ↄ ╩ ╘╢⁹ ╡╟⁸≥╢⌂⌐☺כ♥☻─ ↄ─ ╩ ⌐⇔√

⅜ ↕╣╢⁹ ≢│ ≤⇔≡ ⅜☻כ◔╢╣╠╘ ↄ ↑╠

╣⁸ ─ │ ◐꜡◓ꜝⱶ ♩fi⌐╕≢ ∆╢↓≤⅜№╢⁹╕√↓─

╟™╟™⁸│≢☺כ♥☻ ─ ╩ ⅎ≡ ⌐ ⅜ ↕╣╢ 23⁹

⌐│⁸ ─ ╩ №╢™│ ↕∑⌂⅜╠⁸╟╡ ⅝⌂Ᵽ♇♅◘▬☼⁸╟

╡ ™Ᵽ♇♅ ─ ⌐ ⅎ℮╢ ─ ™ ─ ⌐ ↑≡ ⅜ ╘╠╣

╢⁹ ⅎ┌◔Ⱶ◌ꜟ◄fi☺♬▪≤─ ⌐╟╡⁸ ─╖⌂╠∏⁸ ⁸ ⁸ ≤

™∫√ ≡─ ⌐≈™≡⁸ ⅛╠╙ ⅜ ⅎ╠╣╢⁹↓╣╠ ─

≢ ╡ ╕╣╢ ╛ ◘▬♩┼─ ≤™∫√ ⌐≈™≡╙⁸ⱪ꜡☿

☻ ─ ⌂ ≤⌂╢⁹╕√ ┼─ ≤⌂╢ ─ ⌐ ↑≡⁸

─♃כ♦ ╛ ♪◐ꜙⱷfi♩─ ╩ ℮↓≤⅜ⱪ꜡☿☻ ⌐

╘╠╣╢ 24⁹ 

 

Figure  1-6 ─ ≤ⱪ꜡☿☻  

1 2

1 2

3 73 52 3

3
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↓─╟℮⌐ⱪ꜡☿☻ │⁸ ₁─ ≢☺כ♥☻ ╘╠╣╢ ╩ √∆↓≤⌐╟╡

─ ╩ ⅎ≡™╢⅜⁸∕─ ⌂ │⁸ ─

╩ ∆╢↓≤⌐№╢⁹ⱪ꜡☿☻ │⁸ ⌐ ⅎ≡⁸∕─

⌐≈™≡╙ ⅛╠ ↄ─ ╩ ⅝ ←⁹⇔⅛⇔⌂⅜╠⁸

⌐⅔↑╢ ─ ♪כꜞ│ ─ ♪כꜞ│™╢№ ⅛╠↕╠⌐

⌂ ┼─ ⌐ ⅜ ⅛╣≡™╢√╘⁸ⱪ꜡☿☻ ⅜ ∆╢

≤│ ∑∏⁸∕─ ⌐≈™≡│ ∏≤ ⅜ ≤⌂╢↓≤⅜ ™ 25⁹ ⅎ┌⁸

⇔⅛ ≢⅝⌂™ ╛ ⁸ ⅜ ™ ╛ ⁸ ╛ ─ ⁸

─ ™ ╛ ─ ™ ─ ⱪ♇▪ꜟכ◔☻⁸ ⌂ ⌐

≈™≡│⁸ ⌐ ⌂ ≤∆╢√╘ ⌂ ╩ ∆⁹╕√ ⅔╟┘

≤╙⌐ ⌂ ╩ ∆╢ ╩ ∆╢↓≤≢⁸ ─ ™

╩ ⇔⁸ ⇔√ ─ ╩ ⌐ ⌐ ≢⅝╢╟℮⌐∆╢ 26⁹ ⌂

╛ ⁸ ™ ⁸ ⌂ ⁸ ╩ ∆╢ ⅜ ╕╣╢ │⁸

─ ⅛╠╙ ╩ ⅎ╢ 27⁹↕╠⌐ ┼─ ╩ ∆╢↓≤╙ ≢№╡⁸◓ꜞ

─כꜞ♩☻fi◔Ⱶכ ⅛╠ ─ ⌂™ ╩ ∆╢↓≤⅜ ╘╠╣╢ 28⁹

─ ⌐ ⇔⌂™ ╩ ∆╢↓≤│ ∆╢╕≢╙⌂™ 29⁹ 

1 ≢ ╡ →√Ɑⱪ♅♪ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻│⁸Ɑⱪ♅♪≤ √

╛ ╩ ∆╢⅜ ⁸∕─ⱪ꜡☿☻ ─ ⌐⅔™≡Ɑⱪ♅♪≤

⌂ ─ ╩ ∆╢↓≤⅜ ™⁹ ⁸↕╠⌐ ↕╣√▪Ⱶⱡ ╩ ⇔

⌂™Ɑⱪ♅♪Ⱶⱷ♥▫◒☻│⁸ ⅜▪Ⱶⱡ ─ ≢ ↕╣≡™╢↓≤⅛

╠⁸↕╠⌐ ⌐ ┬ ╩∕─ⱪ꜡☿☻ ⌐╙√╠∆⁹ 3 ⅔

╟┘ 4 ≢│⁸Ɑⱪ♅♪ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ ⌂ⱪ꜡☿☻

≤⇔≡⁸ ▪Ⱶⱡ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻─◐ꜝꜞ♥▫כ ⌐

≈™≡⁸╕√ ⌐ ⌂ ─ ⌐≈™≡ ∂╢⁹∕⇔≡ 5 ≢│⁸▪

Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ⱪ꜡☿☻ ≢ ╡ ╕╣╢ ─

≤⇔≡⁸ ─ ™ ⌂ ─ ─ ⌐≈™≡ ═╢⁹ 
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3 כ▫♥ꜞꜝ◐   

▪Ⱶⱡ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ⱪ꜡☿☻  

Ɑⱪ♅♪Ⱶⱷ♥▫◒☻─ⱪ꜡☿☻ ≢│⁸ ⱪ꜡☿☻─ ─ ≤⇔≡⁸

⌂ ≢ ™ ╩ ∆╢⁸ ⌂Ɑⱪ♅♪ ─ ⌐≈™≡ ╡ ╕

╣╢↓≤⅜ ™ 30, 31⁹↓╣⌐ ⅎ≡⁸Ɑⱪ♅♪Ⱶⱷ♥▫◒☻─◐ꜝꜞ♥▫כ╩≥─╟℮⌐

⇔≡ ∆╢⅛≤™℮ ⅜⁸ ⌂ ≤⌂╢⁹Ɑⱪ♅♪Ⱶⱷ♥▫◒☻╩ ∆╢◐

ꜝꜟⱨꜝ◓ⱷfi♩⅜ ≡ ▪Ⱶⱡ ≢№╢ ⁸∕─◐ꜝꜟ ⌐│ ▪Ⱶⱡ ╩

™╣┌╟™⅜⁸Ɑⱪ♅♪Ⱶⱷ♥▫◒☻─◔Ⱶ☻♩ꜞ⁸│≢כ ▪Ⱶⱡ ─

bioisostere ≤⇔≡ ▪Ⱶⱡ ╩ ∆╢↓≤⅜ ™⁹ ⌂◐ꜝꜟ

♥◒ⱡ꜡☺כ╩ ⇔≡⁸ ▪Ⱶⱡ ─ ⌂ ╩ ∆╢ │⁸ⱪ꜡☿

☻ ─╖⌂╠∏ ─ ≈─ ⌂ ╩ ⇔≡™╢ 32,33⁹↓╣╕≢⁸

34⁸◐ꜝꜟ ╩ ™√◄♫fi♅○ 35⁸ 36

─ ₁─▪ⱪ꜡⁸╡╟⌐♅כ◐ꜝꜟⱦꜟ♦▫fi◓Ⱪ꜡♇◒≤⇔≡ ⌂ ▪Ⱶ

ⱡ ╩ ∆╢ ╖⅜ ╦╣≡⅝√⁹ ⅎ┌ D ♩ꜞⱪ♩ⱨ□fi ─ D ▪Ⱶⱡ │⁸5

⌐ ╩ ∆╢ DL ⱥ♄fi♩▬fi⅛╠⁸D ⱥ♄fi♩▬♫⁸♀כD ◌ꜟⱣ⸗▬ꜝכ

♀╩ ™√ 2 ─ ⌐╟╡◄♫fi♅○ ⌐ ↕╣╢ Scheme 1-1 37,38⁹ 

 

Scheme 1-1ⱥ♄fi♩▬fi─ ╩ ∆╢ D ▪Ⱶⱡ ─◄♫fi♅○  
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╕√ɗ ⌐ ₁─ ╩ ∆╢ ⌂ ɖ ▪Ⱶⱡ │⁸ɖ ⱥ♪꜡◐◦

◌ꜟⱲ♬ꜟ◄♫Ⱶ♪╕√│ɖ ▪ꜟ◖◐◦◌ꜟⱲ♬ꜟ◄♫Ⱶ♪─ ⌐╟╡ ↕

╣╢ Scheme 1-2 ⁹↓─ │⁸ ≢№╡Ɽכ◐fi♁fi ─ ⌐╙ ™╠

╣╢ L-Dopa ─ ┼─ ⅜ ⇔≡ ⁸ ↄ ↕╣╢╟℮⌐⌂∫√

Scheme 1-3 39⁹ 

 

Scheme 1-2 ◄♫Ⱶ♪─ ╩ ∆╢▪Ⱶⱡ ─◄♫fi♅○  

 

Scheme 1-3 ◄♫Ⱶ♪─ ╩ ⇔√ L-Dopa─  

 

2 ≢ ╡ →╢⁸ɗ ≢ ⇔√ D ▪Ⱶⱡ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻

A Figure  1-3 ≢│⁸ ▪Ⱶⱡ ≢№╢ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi
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b-MeTrp ⅜∕─ ⌐ ↕╣≡™╢⁹↓─ ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi

─ ⌂ │ ╠╣≡⅔╠∏⁸ A ─ⱪ꜡☿☻ ≢│⁸ɗ ⱷ♅ꜟ♩ꜞ

ⱪ♩ⱨ□fi─◐ꜝꜞ♥▫כ╩≥─╟℮⌐⇔≡ ⁸ ∆╢⅛≤™℮ ⅜⁸ ⌂ ≤

⌂∫√⁹ ─ⱪ♇▪ꜟכ◔☻⁸│ ≢ ⅜ ⌂◐ꜝꜟ♥◒ⱡ꜡☺⁸כ

⅔╟┘☺▪☻♥꜠○ⱴכ ⌐╟╢ ╩ ╗ ⌂ ♩כꜟ

⌐ ⇔≡⁸ ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi─ ─ ╩ ∫√⁹╕

√ │⁸ ─ ≢ √ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi╩ ™≡⁸ ⌂

A ╩ ≢ ╢ ⌐≈™≡╙ ╩ ∫√⁹ ≢│⁸ ☻꜡─כ▫♥ꜞꜝ◐√⇔

╩ ⌐ ⅎ╢ ─ ⅜ ≤⌂∫√⁹ 

 

4  ⌐ ⌂ ─  

▪⸗ꜟⱨ□☻≤⇔≡ ↕╣╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ⱪ꜡☿☻  

Ɑⱪ♅♪Ⱶⱷ♥▫◒☻─ⱪ꜡☿☻ ≢│⁸ ⌐⅔↑╢ ⌐ ⅎ≡⁸

⌐⅔↑╢ ⌐ ╩ ∆╢↓≤⅜ ™⁹Ɑⱪ♅♪Ⱶⱷ♥▫◒☻╩ ∆╢⌐│⁸

─ ╩ ∆╢∞↑≢⌂ↄ⁸ ─▪Ⱶⱡ ⌐ ╩ ↑√ ⌂

╠┘⌐ ≢ ∂╢ ─ ╩ ⇔⌂ↄ≡│⌂╠⌂™⅜⁸ ⅜ כ◔⌂

☻⅜╟ↄ ↑╠╣╢⅛╠≢№╢⁹ 

⌐ ─ ⌐│⁸ ₁ ∆╢ ─ ≢╙ ⌐ ╩ ∆╢↓

≤⅜ ™⁹ │◒꜡ⱴ♩◓ꜝⱨ▫כ ─ ─ ≤ ⅜ⱪ♇▪ꜟכ◔☻⁸≡⇔

≢№╡⁸ ─ ⅜ ⌂ↄ⁸ ⌐⁸ ╕╣╢ ⌐ ⇔≡ ™ ╩

≢⅝╢√╘⁸ ⌐⅔↑╢ ⌂ ≤⌂∫≡™╢⁹╕√ ╩

∆╢↓≤│⁸ ™≡│ ⌂ ─ ⌐ ⅜╢↓≤⅜№╢⁹ ⅎ┌⁸

╛ ─ ⌐ ↕╣╢ ⱱꜟ⸗fi ⱱꜟ⸗fi TRH כ◔─



 

15 

☻≢│⁸ ≡─ Z-pGlu -ONB, Z -pGlu -His -OH, Z-pGlu -His -Pro-NH 2 ╩

∆╢↓≤≢⁸ ⌂ TRH ─ ⅜ ↕╣√ Scheme 1-4 40⁹ 

 

Scheme 1-4 ≡─ ╩ ∆╢↓≤≢ ↕╣√ TRH ─  

 

⌂↓≤⌐⁸Ɑⱪ♅♪Ⱶⱷ♥▫◒☻│ ⌐ ⅜№╢↓≤⅜ ₁№╡⁸ ╩

∆╢ ─Ɑⱪ♅♪≤ ⌐⇔≡⁸▪⸗ꜟⱨ□☻ ╕√│ ⌐ ╡ ™

⌐ↄ™ ─ ≤⇔≡ │≢☻כ◔⌂℮╟─↓⁹╢№⅜≥↓╢╣╠ ─

⌐ ╩ ≢⅝∏⁸◒꜡ⱴ♩ ⅜ ⅛≈ ⌂ ≤⇔≡ ™╠╣╢⁹

⌐ ⌂◒꜡ⱴ♩◓ꜝⱨ▫כ─ ⌐≈™≡│⁸ ⌐ ─ ⌐╟∫

≡ ↕╣╢⁹ ⌂Ɑⱪ♅♪ │ ≢№╡⁸∕╣╝ⅎ ⌂™ ≢

↕╣╢⁹ ⅎ┌⁸ 1 ≢ ⇔√♥ꜞⱤꜝ♅♪│ 20ɡg ⱪ꜡꜠ꜞfiכꜙꜞ⁸

│ 3.75 mg 4 ≤™℮ ╘≡ ─ ≤⌂∫≡™╢⁹∕─ ⁸↓╣╠
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─ │ ⌂ↄ⁸ ↄ─ ─◒꜡ⱴ♩◓ꜝⱨ▫כ⅜∕─

⌐ ≤⌂╢⁹↓╣≤│ ⌐⁸Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ⅜⁸ ⅎ┌

─╟℮⌂ ─ ⌐ ™╠╣╢ ⁸ ⅝⌂ ≤⌂╢↓≤⅜ ™⁹

⁸ ⌂ ⌐ ≢⅝╢◒꜡ⱴ♩◓ꜝⱨ▫כ─ │ ↕╣⁸↓─╟℮⌂

─ⱪ꜡☿☻ ≢│⁸◒꜡ⱴ♩◓ꜝⱨ▫כ╩ ⱪ♇▪ꜟכ◔☻≡╘ ⌂ ─

⌐ ⅜ ≡╠╣╢⁹ 

3 ≢ ╡ →╢⁸Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ B Figure  1-3 │⁸ⱨꜞכ

─╖⌂╠∏⁸ ₁─ ≤─ ≢↕ⅎ╙ ∑∏⁸▪⸗ꜟⱨ□☻ ≤⇔≡ ⅜

╘╠╣√⁹ ─ ≢│⁸◦ꜞ◌◕ꜟ◌ꜝⱶ◒꜡ⱴ♩◓ꜝⱨ▫כ⅔╟┘▪ꜟⱵ♫

◌ꜝⱶ◒꜡ⱴ♩◓ꜝⱨ▫כ⌐╟╡ ─ ⅜ ╦╣√⁹↓╣╠│ ↕╣╢↓≤⌐

⌂╢ ─ ─ ⅜№╡⁸ ⌐│ ↕⌂™⁹╕√ ╩ ∆╢≤⁸

⌂ ─ │ ≤⌂╢↓≤⅜ ↕╣√⁹∕─√╘

B ─ⱪ꜡☿☻ ≢│⁸▪⸗ꜟⱨ□☻ ╩≥─╟℮⌐⇔≡ ⌐ ∆╢⅛≤™

℮ ⅜⁸ ⌂ ≤⌂∫√⁹ ⱪ♇▪ꜟכ◔☻⁸│ ⌂ ▬○fi ◒꜡ⱴ♩◓ꜝ

ⱨ▫כ⌐╟╢▪⸗ꜟⱨ□☻ ─ ╩ ⌐⁸▪⸗ꜟⱨ□☻ ─

─ ╩ ∫√⁹╕√↕╠⌐ ─כꜞ♩☻fi◔Ⱶכꜞ◓⁸│ ⅛╠ 28⁸ ⌐

⅝⌂ ╩ ⅎ╢ ─ ╩ ⌂ ╩ ™√ ⌐ ⇔⁸

⌂fiכꜞ◓╡╟ ≤⇔≡◒꜡ⱴ♩◓ꜝⱨ▫כ╩ ™⌂™◒꜡ⱴ♩ⱨꜞכⱪ꜡☿

☻─ ╩ ∫√⁹ 

 

5  ─  

▪Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ⱪ꜡☿☻  

2 ≢ ═√╟℮⌐⁸▪Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ♥▫◒☻─ⱪ꜡☿☻ ⌐

│⁸╟╡ ⌂ ⅜ ╕╣╢⁹∆⌂╦∟ ─ ≤ ∂ↄ⁸



 

17 

─ ™ ⌂ ╛ ◦fi♩fi─ ⌐≈™≡╙⁸∕─ⱪ꜡☿☻

≢ ╡ ╕╣╢↓≤⌐⌂╢⁹ ⅎ┌ 1,5 ▪◙Ɑfi♃☺◄♬►ⱶ ⱦ♫Ⱶ☺♬►ⱶ

│ ≤⇔≡ ╠╣≡™╢⅜ Figure  1-7 41⁸↓─╟℮⌂ ╩ ™√

│▪◌♦Ⱶ▪∞↑≢⌂ↄ ⅛╠╙ ↄ ╩ ╘≡™╢⁹ ⅎ┌⁸

╛ꜞ►ⱴ♅ ─ ≤⇔≡ ™╠╣╢◄♩ꜞ◖◐◦Ⱪ─ ≢│⁸

2 ◒꜡꜡ⱦ♫Ⱶ☺♬►ⱶ ╩ ™√Ⱨꜞ☺fi ⅜ ↕╣√ Scheme 1-5 42⁹ 

 

Figure  1-7 ⱦ♫Ⱶ☺♬►ⱶ  

 

 

Scheme 1-5 2 ◒꜡꜡ⱦ♫Ⱶ☺♬►ⱶ ╩ ⇔√◄♩ꜞ◖◐◦Ⱪ─  
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4 ≢ ╡ →╢⁸▪Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ C Figure  

1-5 │⁸ ─ ≢│ ─ 2 ▬Ⱶ♬○ⱷ♅ꜟⱦ♫Ⱶ☺♬►ⱶⱦ☻♥♩ꜝⱨꜟ

○꜡ⱱ► ╩ ™√◐ⱡꜞfi ╩ ⇔≡ ↕╣√⁹2 ▬Ⱶ♬○ⱷ♅ꜟⱦ♫

Ⱶ☺♬►ⱶ │⁸ ₁─◌►fi♃כ▪♬○fi─╙─⅜ ╠╣≡™╢⅜⁸ ╩ ∆╢ ⁸

─ ⅛╠│ ╣╙ ╠⅛─ ╩ ⅎ≡™√⁹∕─√╘⁸ C─ⱪ꜡☿

☻ ≢│⁸ ⌐ ⇔√ ⇔™♃▬ⱪ─ 2 ▬Ⱶ♬○ⱷ♅ꜟⱦ♫Ⱶ☺♬►ⱶ ─

⅜ ⌂ ≤⌂∫√⁹ │⁸ ╩ ↕∏ ≢ ⌐ ╡ ⅎ╢ ⌂ 2

▬Ⱶ♬○ⱷ♅ꜟⱦ♫Ⱶ☺♬►ⱶ ╩ ⇔⁸∕─ ─ ╩ ∫√⁹╕√

│⁸ ╩◐ⱡꜞfi ⌐ ⇔≡ C ─ ⁸7 ▪◦ꜟ▪Ⱶ

ⱡ 3 ⱱꜟⱵꜟ◐ⱡꜞfi╩ ∆╢ ⌐≈™≡ ╩ ∫√⁹ 

⁸ 2 ≢│⁸ 3 ≢ ╡ →√ ▪Ⱶⱡ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥

▫◒☻ A─ⱪ꜡☿☻ כ▫♥ꜞꜝ◐⁸≡™≈ ─ ╩ ⌐ ∂╢⁹

╕√ 3 ≢│⁸ 4 ≢ ╡ →√▪⸗ꜟⱨ□☻≤⇔≡ ↕╣╢Ɑⱪ♅♪Ⱶⱷ♥▫◒

☻ B ─ⱪ꜡☿☻ ⌐≈™≡⁸ ⌐ ⌂ ─ ╩ ⌐

═╢⁹∕⇔≡ 4 ≢│⁸ 5 ≢ ╡ →√▪Ⱶⱡ ╩ ⇔⌂™Ɑⱪ♅♪Ⱶⱷ♥▫

◒☻ C─ⱪ꜡☿☻ ⌐≈™≡⁸∕─ ≢ ╡ ╪∞ 2 ▬

Ⱶ♬○ⱷ♅ꜟⱦ♫Ⱶ☺♬►ⱶ ─ ⅔╟┘ ╩ ⇔√ 7 ▪◦ꜟ▪Ⱶⱡ 3

ⱱꜟⱵꜟ◐ⱡꜞfi ─ ⌐≈™≡ ∂╢⁹ 
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2  ▪Ⱶⱡ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ⱪ꜡☿☻  

1   

⌐ ⌂ ⌐◖fiⱱⱷכ◦ꜛfi⅜ ⌐ ↕╣√▪Ⱶⱡ ╩ ╖ ╗

│⁸∕─ ╩ ⌐ ⇔√╡⁸꜠☿ⱪ♃כ─ ╩ ⇔√╡∆╢▪ⱪ꜡כ♅

≤⇔≡ ↄ ╠╣≡™╢ 1-3⁹↓─╟℮⌂ ⌐⅔™≡⁸ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi

b-MeTrp │Ɑⱪ♅♪╩ ≤∆╢ ─ ≢ ⌐ ╩ ╘≡™╢ 4-7⁹

ⅎ┌ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi│⁸ ─ 18⁸L-054,5229⁸

L-779,976 ≢⁸ ▪Ⱶⱡ ─ bioisostere ≤⇔≡ ™╠╣≡

⅝√ Figure  2-1 10⁹ 

 

Figure 2 -1 ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi≤ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi ╩ ∆╢Ɑⱪ♅

♪Ⱶⱷ♥▫◒☻ ─  
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ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi─ │⁸Snyder ╠⌐╟╢ ⌂ 11⁸ ↄ─

╖⅜ ╦╣≡⅝√ 12,13⁹ ⅎ┌ ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi│⁸☺▪☻♥꜠○ⱴ

כ ⌐╟╢ ⌂ 14,15⁸ ⌐╟╢ 16 ⌐╟╡

↕╣≡⅝√⁹◄♫fi♅○ ─ ╙ ≈⅛ ↕╣≡™╢⅜ 17-20⁸↓╣╠─ │⁸

─ ⅛╠│⁸ ↄ─ ⅜ ⁸ ⌂◐ꜝꜟ ─ ⅜ ⁸ ─

⅜ ≤™∫√ ╩ ⅎ╢⁹ 

ɖ ▪Ⱶⱡ ─ ⌐│⁸ ╩ⱬכ☻⌐⇔√

─ ╩ ≢⅝╢ 21⁹ ⁸ 1 3 ≢ ═√╟℮⌐⁸ ⌐ ≢⅝╢ɖ ⱥ♪

꜡◐◦◌ꜟⱲ♬ꜟ◄♫Ⱶ♪╕√│ɖ ▪ꜟ◖◐◦◌ꜟⱲ♬ꜟ◄♫Ⱶ♪─ │⁸

ɖ ▪Ⱶⱡ ─ ⌐⇔┌⇔┌ ↕╣╢⁹⇔⅛⇔⌂⅜╠ │⁸≥─╟℮⌂

─ ɖ ▪Ⱶⱡ ⌐╙ ⌐ ≢⅝╢╦↑≢│⌂™⁹ ⅎ┌ɗ ≢ ⇔√

▪Ⱶⱡ ╩◄♫fi♅○ ⌐ ∆╢⌐│⁸ɖ ≤ɗ ─ ╡ ℮ ≈─ ─◐ꜝꜞ

╩כ▫♥ ⌐ ∆╢ ⅜№╡⁸∕─√╘⌐│ ɗ,ɗ ɖ ◄♫Ⱶ♪─

⌐⅔™≡⁸ ─ ≤™℮ ⌂ ─ ⅜ ∂╢

Scheme 1-2 22⁹ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi─ ⁸ɗ,ɗ ɖ ◄♫Ⱶ♪

─ ╩ ⌐ ∆╢↓≤⅜ ≢№╡⁸ ─ ⌐⁸

╩◒꜡ⱴ♩ ⌐╟╡ ∆╢ ⅜№∫√ 23⁹ 

≢ ↕╣√ ─ ⱪ꜡◓ꜝⱶ─ ≤⇔≡⁸ ◐

꜡◓ꜝⱶ─ 1╩ ∆═ↄ⁸∕─ ⌂ ╩ ∆╢ ⅜№∫√⁹Ɑ

ⱪ♅♪Ⱶⱷ♥▫◒☻ 1─ⱪ꜡☿☻ ⌐⅔↑╢ ─ │⁸ ɗ ⱷ♅ꜟ♩

ꜞⱪ♩ⱨ□fi◄☻♥ꜟ 2─ ⌐№∫√⁹ ─ⱪ♇▪ꜟכ◔☻⁸│ ≢

⅜ ⌂ ╩ ≤∆╢ 2 ─◐ꜝꜟ ⱪ꜡☿☻⁸

crystallization-induced diastereomer transformation, CIDT ⅔╟┘☺▪☻♥꜠○ⱴכ

⌐╟╢ ╩ ╗ ⌂ ⌐♩כꜟ ⇔≡ ╩ ∫√⁹↓↓≢ ℮

≤│⁸ ⌂ ⌂╠┘⌐ ≢ ⌐ ∆╢◄Ⱨⱴכ ─Ɫ▬Ⱪꜞ♇
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♪ⱪ꜡☿☻╩ ∆ 24,25⁹╕√ │⁸ ─ ≢ √ (2R,3S)-2╩ ™

≡⁸ ⌂ 1╩ ≢ ╢ ⌐≈™≡╙ ╩ ∫√⁹ ≢│⁸

►꜠▪─ ⅔╟┘ ╩☻꜡─כ▫♥ꜞꜝ◐√⇔ ⌐ ⅎ√Ɑⱪ♅♪

◌♇ⱪꜞfi◓ ─ ⅜ ≤⌂∫√⁹ 

 

2   

⇔√╟℮⌐⁸ ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi ─◖fi☿ⱪ♩│⁸2 ─◐

ꜝꜟ ⱪ꜡☿☻⌐ ≠ↄ Scheme 2-1 ⁹ ≈│⁸ ⌐╟╢ꜝ☿Ⱶ ♩꜠○

ɖ ♬♩꜡◄☻♥ꜟ rac-threo -3 ─☺▪☻♥꜠○ ≢№╢⁹ɖ ♬♩꜡◄☻♥

ꜟ─ɖ ─ ™ ╩ ∆╢↓≤⌐╟╡⁸ ≢─ ≤ ≢─◄Ⱨⱴכ

╩ ⌐ ↕∑╢↓≤╩ ╪∞⁹╙℮ ≈│ ╩ ⌐ ™√♩꜠○

ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi◄☻♥ꜟ rac-threo -2 ─☺▪☻♥꜠○ⱴכ ⌐╟╢

≢№╢⁹ ╠╣√ (2R,3S)-2 │⁸ ─ ╩ ≡

1┼≤ ↕╣╢ 8⁹ 

 

Scheme 2-1 1─  
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3  ⌐╟╢ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi─☺▪☻♥꜠○  

─ ≤⌂╢ɖ ♬♩꜡◄☻♥ꜟ─☺▪☻♥꜠○ⱴכ rac-threo -3

≤ rac-erythro -3 │⁸Snyder ─ògramine chemistryó╩ ⇔≡ ⇔√ Scheme 2-2 ⁹

─ │⁸▬fi♪⁸ꜟכ▪☿♩▪ꜟ♦ⱥ♪⁸▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi─ 3 ⌐╟╢ one-pot 

azaðFriedel ðCrafts AFC ≢№╢⁹Snyder ╠─ ⌐╟╢≤⁸ AFC ⌐╟

╡ 39%─ ≢ 4⅜ ╠╣╢ 11⁹ ⇔√ ─ ╩ ⇔√≤↓╤⁸∕─

│ 60 oC≢ 2◔ ≤ ™↓≤⅜ ⇔√⁹↓─ ™ ╩

⇔≡⁸AFC ╩ 0 10 oC≢ ℮≤≤╙⌐⁸4─ ╩ ╘√ ─

╩ 0 10 oC≢ ≢⅝╢╟℮ ⇔√ 26⁹ ⌐│⁸ ╩ ™√ ⁸

⅛╠─ ╩ ╖ ╦∑√ ╩ ⇔√⁹∕─ ⁸4─ │ 67%

╕≢ ⇔√⁹ ╩ ⇔√ ⅔╟┘ ≤⇔√↓≤≢⁸

─ ™ ≢№╢⌐╙ ╦╠∏⁸ ⌐⅔™≡╙⁸ ╛ ─ ⌐ ⇔≡

╩ ∂╢↓≤⅜⌂⅛∫√⁹ 

 

Scheme 2-2 ╩ ∆╢ rac-threo -2─☺▪☻♥꜠○  
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ↄ │ 4≤♬♩꜡ ◄♅ꜟ≤─ ≢№╢⁹ │

╩♩ꜟ◄fi ≢ ∆╢↓≤≢ ⌐ ⇔⁸rac-threo -3 ≤ rac-erythro -3 6 4 ─

☺▪☻♥꜠○ⱴכ ╩ ⅎ√ 12⁹rac-threo -3─ⱷ♅ꜟ◄☻♥ꜟ │⁸◒꜡꜡ⱱꜟⱶ≤

Ⱬ◐◘fi 3 2 ─ ⅛╠ ∆╢↓≤⌐╟╡⁸50%╩ ╢ ≢ ─☺▪

☻♥꜠○ⱴכ≤⇔≡ ╠╣╢≤ ↕╣≡™╢↓≤⅛╠ 12⁸rac-threo -3╩ ⌐╟

╡☺▪☻♥꜠○ ⌐ ╢↓≤│ ≤ ⇔√⁹ⱷ♅ꜟ◄☻♥ꜟ≢│⌂ↄ◄♅ꜟ◄☻

♥ꜟ╩ ⇔√ │∕─ ─ ⌐№╢⁹◄♅ꜟ◄☻♥ꜟ─╟╡ ™ │⁸

⌐ ⌐ ↄ ⅜№╢≤ ⅎ√ ⱷ♅ꜟ◄☻♥ꜟ─ 94ð95 oC⁸◄♅ꜟ◄☻♥

ꜟ─ 117ð119 oC⁸ⱷ♅ꜟ◄☻♥ꜟ─ ⌐│◄Ⱨⱴכ⅜ ∆╢ ⅜╖╠╣√ ⁹ 

─ ╩ ∆╢⌐ √╡⁸╕∏│ 3─◄Ⱨⱴכ ≤ ⌐≈™≡ ⌐

⇔√⁹◄Ⱨⱴכ ─ ≢│⁸ ⅔╟┘ ─ ⅜◄Ⱨⱴכ ⌐ ⅎ╢

╩ ⇔√⁹◄♃ⱡכꜟ╩ ⌐ ™≡⁸ ⸗ꜟ─▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi─ ╕√│

⁸rac-threo -3 ─ ₁⌂ ⌐⅔↑╢◄Ⱨⱴכ ╩ ⇔√ ╩ Figure 2 -2

⌐ ∆⁹▪Ⱶfi⅜ ⇔⌂™ ⌐⅔™≡│⁸50 oC≢│ ↄ◄Ⱨⱴכ ⅜ ⇔≡ 3

⌐ rac-threo -3 rac-erythro -3 6 4 ⌐ ⇔√⁹ 25 oC≢│⁸3

≢│ ⌐ ∑∏⁸rac-threo -3≤ rac-erythro -3─ 9 1 ╩ ⅎ√⁹╕√ 0 oC≢

│◄Ⱨⱴכ ⅜╒≤╪≥ ↕╣⌂⅛∫√⁹↓─ │⁸▪Ⱶfi⅜ ⇔⌂™ ≢│◄Ⱨ

ⱴכ │ ⅝ↄ ⌐ ⇔⁸ ≢│ ⌐ ⌂◄Ⱨⱴכ ⅜ ╠

╣⌂™ ⅜№╢↓≤╩ ⇔≡™╢⁹↓╣≤│ ∫≡ ⌐⁸▪Ⱶfi⅜ ∆╢

⌐⅔™≡│⁸25 oC≢│ 0.1 ⌐ ⌐ ⇔⁸0 oC≢╙ 0.5 ⌐ ⌐

⇔√⁹ ≢─ │ ─ ⌐ ∆╢↓≤⅛╠⁸ ≢ ⌂◄Ⱨⱴכ

⅜ ╠╣√↓≤│⁸ ⌂ ─ ╩ ╘╢↓≤⌐ ⅜╢⁹

─ ≢│⁸◒꜡꜡ⱱꜟⱶ⅔╟┘Ⱬ◐◘fi⅜ ™ ╩ ∆╢↓≤╩ ⇔≡⁸

↓╣╠─ ╩ ⌐ ⇔√⁹∕─ ⁸◄♃ⱡכꜟ≤Ⱬⱪ♃fi 1 2 ─

╩ ⇔≡ 0 oC≢ rac-threo -3╩ ∆╢≤⁸ ™ ≢ rac-threo -3⅜ ╠╣

╢↓≤╩ ⇔√⁹ 
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Figure  2-2 ⅔╟┘ ─ ⅜◄Ⱨⱴכ ⌐ ⅎ╢  

 

◄Ⱨⱴכ ≤ ⁸∕╣∙╣ ⇔≡ ∫√ ╩ ⌐⁸↓╣╠╩ ⇔√ⱪ꜡

☿☻≤⇔≡⁸ ─ ╩ ⇔√ Table 2-1 ⁹╕∏ ⸗ꜟ─▬♁ⱪ꜡Ⱨ

ꜟ▪Ⱶfi─ ⁸ ╩ ╖√ run 1 ⁹rac-threo -3≤ rac-erythro -3─

6 4 ─◄♃ⱡכꜟ≤Ⱬⱪ♃fi 1 2 ─ ⌐⁸25 oC≢ ⸗ꜟ─▬♁ⱪ꜡

Ⱨꜟ▪Ⱶfi╩ ⇔√ ⁸0 oC ⌐ ⇔√≤↓╤⁸ ─☺▪☻♥꜠○ⱴכrac-threo -3

⅜ ⌐ ™☺▪☻♥꜠○ⱴכ >99 1 ≢ ╠╣√⁹⇔⅛⇔⌂⅜╠ │ 50%⌐ ╕

∫√⁹ ─ ≤⇔≡│⁸ ⸗ꜟ─▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi╩ ∆╢↓≤≢

┼─ rac-threo -3 ─ ⅜ ⇔√⁸№╢™│ ─╟╡ ™ ⅎ┌

rac-threo -3≤▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi─ ⅜ ≢ ∂√ ⅜ ⅎ╠╣╢⁹

─▪Ⱶfi ≢╙◄Ⱨⱴכ ╩ ↕∑╢ ⅜ ╠╣╢≤─ ─ ⁸0.1 ─ 1 ⁸
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2 ⁸3 ▪Ⱶfi⌐≈™≡☻◒ꜞכ♬fi◓╩ ∫√ run s 2-4 ⁹∕─ ⁸ ≡─ ─

▪Ⱶfi⌐≈™≡⁸◄♃ⱡכꜟ≤Ⱬⱪ♃fi 1 2 ─ 0 oC≢ ⌂

⌐ ⇔√⁹ ⌐▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi≤♩ꜞ◄♅ꜟ▪Ⱶfi⅜ ≢№╡⁸ ─☺▪☻

♥꜠○ⱴכ≤⇔≡ rac-threo -3╩ ™ 94% ≢ ⅎ√ run s 2, 4 ⁹☺◄♅ꜟ▪Ⱶ

fi─ ⁸ │ ↕╣√⅜☺▪☻♥꜠○ⱴכ ⅜ ⇔√ run 3 ⁹↓─ │⁸

─☺▪☻♥꜠○ⱴכ rac-threo -3 rac-erythro -3 Et 2NH 1 1 2

⅜ ─☺▪☻♥꜠○ⱴכ ⌐ ⇔√↓≤≢ ↕╣╢⁹↓─╟℮⌐ ─

╩ ∂≡⁸rac-threo -3─ ⌐│ ─▪Ⱶfi ⅜ ≢№╢↓

≤╩ ⇔√⁹ 

 

Table 2-1 ─ a 

 

run amine (equiv)  diastereomer ratio b  

(rac-threo -3 : rac-erythro -3) 

yield ( %) 

1 i -PrNH 2 (1.0) >99 : 1 50 

2 i -PrNH 2 (0.1) >99 : 1 94 

3 Et 2NH (0.1)  95 : 5 98 

4 Et 3N (0.1) >99 : 1 94 

a☺▪☻♥꜠○ⱴכ rac-threo -3 rac-erythro -3 6 4 ╩ ⇔√ 

0 oC⁸1  b☺▪☻♥꜠○ⱴכ │ HPLC ≢ ⇔√ 

 

↓╣╠─▪Ⱶfi─ ≢│⁸ ─ ⅛╠▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi⅜ ⱪ꜡☿☻⌐ ╙

⇔≡™╢≤ ⅎ╠╣√⁹▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi│ ─ ≢ ≤⇔≡ ↕╣≡ 4─

⌐ ╖ ╕╣╢⅜⁸4 ≤♬♩꜡ ◄♅ꜟ≤─ ⌐⅔™≡ 4

⅛╠ ⇔⁸ ≤⇔≡ ↕╣╢⁹rac-threo -3─ ⌐│⁸↓─ ∆╢▬♁
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ⱪ꜡Ⱨꜟ▪Ⱶfi╩ ⌐ ≢⅝╢ ⅜№∫√⁹∕↓≢ ⇔≡™√

─ ╩ ⇔⁸ ╩ ∆╢ ⌐ ╡ ⅎ√⁹∕─ ⁸

⇔√ ╡▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi⅜ ⇔⁸▪Ⱶfi╩╦↨╦↨ ⇔⌂ↄ≤╙ ▬

♁ⱪ꜡Ⱨꜟ▪Ⱶfi⅜ ⌐ ╩ ⇔⁸ ⌐ ™☺▪☻♥꜠○ⱴכ >99

1 ╩ ∆╢ rac-threo -3 ╩ ™ 89% ≢ ⅎ√⁹▬♁ⱪ꜡Ⱨꜟ▪Ⱶfi─ │⁸

─ ⌐╟╢♩ꜟ◄fi⅛╠◄♃ⱡכꜟ┼─ ⌐╟╡⁸ ╟

ↄ 0.1 ─꜠ⱬꜟ⌐◖fi♩꜡⁹√╣↕ꜟכ 

─ │ rac-threo -3─♬♩꜡ ─ ⌐╟╢ rac-threo -2─ ≢№╢⁹

─ │∕─ ⅛╠⇔≡◄Ⱨⱴכ ⇔╛∆™ ╩ ∆╢⅜⁸↓─ ⅜ ─ ≢

⌐ ↄ↓≤⅜№╢⁹ ⁸rac-threo -3╩ THF ⌐ ⇔≡ Pd ⌐ ⇔

√≤↓╤⁸ │╙≤╟╡⁸ ≢╙◄Ⱨⱴכ ⅜ ∆╢ ⅜ ∂√

│ ≢ 60% ⌐ ╕∫√ ⁹rac-threo -3 ─◄Ⱨⱴכ │ ≢ ≢⅝╢≤

─ ─ ⁸THF ≤ ─ ⁸ ≢ ╩ ™≡♬♩꜡ ─ ╩ ╖√⁹∕

─ ⁸ ⇔√ ╡◄Ⱨⱴכ ╩ ╦∏⌐ ─ ⅜ ⇔⁸ ⌐ ™☺▪☻♥꜠

○ⱴכ >99 1 ╩ ∆╢ rac-threo -2╩ ™ 89% ≢ ╢↓≤⌐ ⇔√⁹ 

 

4  ☺▪☻♥꜠○ⱴכ ⌐╟╢ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi─  

rac-threo -2─☺▪☻♥꜠○ ╩ ≢⅝√↓≤⅛╠⁸ ⌐ rac-threo -2─

╩ ⇔√⁹╕∏ ₁─ fi◓⇔≡⁸rac-threo♬כꜞ◒☻╩ -2⌐ ∆╢

─ ╩ ⇔√⁹∕─ ⁸ 27╛ 28─ ⌐ ↕╣╢ ⌂

(R)-5⅜ rac-threo -2⌐ ⇔≡ ╙ ™ ╩ ∆╢↓≤╩ ⇔√⁹ ™

↓≤⌐⁸(2R,3S)-2 ≤(R)-5 ─☺▪☻♥꜠○ⱴכ │ ◄♅ꜟ ≢│ ⇔√⅜⁸

◄♅ꜟ ≢│ ⇔⌂⅛∫√⁹ ╠╣√ ╩ ⇔√ ⁸ ◄

♅ꜟ⅛╠ ⇔√☺▪☻♥꜠○ⱴכ │ (2R,3S)-2Å(R)-5ÅH2O≤ ⇔√⁹
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│ ─ ≢ ⌐ (2R,3S)-2Å(R)-5┼≤ ↕╣√ Scheme 2-3 ⁹

╕√ ⌐ (2R,3S)-2Å(R)-5 ╩ ⌐ ∆≤ (2R,3S)-2Å(R)-5ÅH2O ┼≤ ↕╣√⁹

(2R,3S)-2Å(R)-5ÅH2O ─ │(2R,3S)-2Å(R)-5 ─ ≤ ─ X Ɽ♃כfi╩

⇔⁸ DSC ≢│ 100 oC ⌐ ─ ≤ ↕╣╢ Ⱨכ

◒╩ ⇔√⁹ 

 

Scheme 2-3 (2R,3S)-2≤(R)-5≤─☺▪☻♥꜠○ⱴכ ─  

 

(2R,3S)-2 ≤(R)-5 ≤─☺▪☻♥꜠○ⱴכ ─ ⌐│ ─ ⅜ ⌂↓≤⅜

╠⅛≤⌂∫√√╘⁸ ╩ ™≡ ─ ╩ ∫√ Table 2-2 ⁹

rac-threo -2 ⌐ ⇔≡ ─(R)-5 ╩ ™╢≤⁸ ▪☿♩♬♩ꜞꜟ⅛╠⁸ ─

37% ⁸ ™ 99% ee ≢ ─☺▪☻♥꜠○ⱴכ ⅜ ╠╣√ run 1 ⁹

(R)-5 ─ ╩ 0.5 ⌐ ╠∆≤⁸ ⅜ 28%╕≢ ⇔√╙── │

╦╠⌂⅛∫√ run 2 ⁹ ╩ 0.5 ╕≢ ≢⅝╢↓≤│ ⅔╟┘

≤╙⌐ ╕⇔ↄ⁸(R)-5─ ╩ 0.5 ⌐ ∫≡⁸ ╩◓fi♬כꜞ◒☻─

∫√ 29⁹ ◔♩fi ▪☿♩fi⁸2 Ⱪ♃ⱡfi MEK ⁸4 ⱷ♅ꜟⱭfi♃fi 2 ○

fi MIBK ⅜ ─ ╩ ⇔√─⌐ ⇔ run s 3-5 ⁸ ◄☻♥ꜟ
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ⱷ♅ꜟ⁸ ◄♅ꜟ⁸ ⱪ꜡Ⱨꜟ⁸ Ⱪ♅ꜟ │ ─ ╩ ⇔√ run s 6-9 ⁹

⌐ 1% Ⱪ♅ꜟ╩ ™√ ⁸ ╙ ™ resolvability S = 0.85, │ Table 

2-2─ ≢☺▪☻♥꜠○ⱴכ ⅜ ╠╣√ run 9 ⁹Γresolvability ( S)Δ│⁸ ₁

─ ⌐⅔™≡⁸∕─ ╩ ∆ ≤⇔≡ ↄ ↕╣≡™╢ 30⁹╕√(R)-5

─ ╩ 1 ⌐ ⇔√≤↓╤⁸resolvability ⌐ │ ╠╣∏⁸(R)-5─ ╩ 0.5

≤∆╢↓≤─ ⅜ ↕╣√ run 10 ⁹ 

 

Table 2-2 rac-threo -2─ ─  

 

run (R)-5 (equiv )a solvent b yield  (%)c enantiomeric excess  

(% ee)d 

resolvability  (S)e 

1 1.0 MeCN  37 99 0.73 

2 0.5 MeCN  28 99 0.55 

3 0.5 acetone 21 95 0.40 

4 0.5 MEK  17 90 0.31 

5 0.5 MIBK  15 83 0.26 

6 0.5 MeOAc 39 83 0.65 

7 0.5 EtOAc  41 91 0.75 

8 0.5 PrOAc 39 90 0.70 

9 0.5 BuOAc 46 92 0.85 

10 1.0 BuOAc 46 92 0.85 

arac-threo -2  b ╩1% ╗ c ─(2R,3S)-2Å(R)-5─ rac-threo -2

d │◐ꜝꜟ HPLC ≢ ⇔√ eS = yield (%)  × 2 × enantiomeric excess  (% 

ee) × 10-4 

 

─ ⌐≈™≡│⁸(2R,3S)-2 ─ⱷ♃fi☻ꜟⱱfi ─ ⅜ ⌂↓≤

╩ ⇔√ Scheme 2-4 ⁹ ─ ☺▪☻♥꜠○ⱴכ ⁸☺▪☻♥꜠
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○ⱴכ ─ ⁸ⱷ♃fi☻ꜟⱱfi ─ ⌐╟╡⁸ ⌐ ™ >99% 

ee ╩ ∆╢(2R,3S)-2ÅMeSO3H ⅜ 39%≢ ╠╣√⁹ ™ ╩ ≢⅝√↓≤

⅛╠⁸☺▪☻♥꜠○ⱴכ ─ ⌐ ╕╣╢◄♫fi♅○ⱴכ(2S,3R)-2 ─

╙ ™ ≤⌂∫√⁹╕√ ╩ 0.5 ⇔⅛ ⇔⌂™√╘⁸ ⌐ ∆╢

│ ⌂™ ≢№∫√ <4% ⁹∕↓≢ 1 ─☺▪☻♥꜠○ⱴכ ⌐╟

╡⁸ ─(2R,3S)-2 ⌐ ⅎ≡◄♫fi♅○ⱴכ(2S,3R)-2 ╩ ⌐ ╢↓≤⅜ ≤ ⅎ⁸

☺▪☻♥꜠○ⱴכ ─ ⌐ ⱷ♃fi☻ꜟⱱfi ╩ ∆╢↓≤╩ ╖√⁹∕

─ ⁸ ⌐ ™ >99% ee ╩ ∆╢(2S,3R)-2ÅMeSO3H ⅜ 40%≢

╠╣√⁹☺▪☻♥꜠○ⱴכ ─ ⅜ ≢№╢↓≤╩ ∆╢≤⁸ ─ ⅜

≤╙ ⅎ╢⁹ ⌐↓╣╠ ─ⱪ꜡☿☻╩ ╖ ╦∑╢↓≤⌐╟╡⁸╦∏⅛ 0.5

─ (R)-5 ╩ ™╢∞↑≢⁸ ─ꜞ◘▬◒ꜟⱪ꜡☿☻╩ ∏⁸>99% ee ─

(2R,3S)-2≤(2S,3R)-2≤╩ ⌐ 79%≢ ╢ ╩ ≢⅝√⁹ 

 

Scheme 2-4 0.5 ─ ⌐╟╡ ◄♫fi♅○ⱴכ╩ ⌐ ∆╢  

 

 



 

34 

5  ►꜠▪ ≤Ɑⱪ♅♪◌♇ⱪꜞfi◓ ─  

4 ≢ ⇔√ ™ ╩ ∆╢ (2S,3R)-2ÅMeSO3H │⁸ ►

꜠▪ ⁸Ɑⱪ♅♪◌♇ⱪꜞfi◓ ╩ ≡ 1┼≤ ↕╣╢ Scheme 

2-5 ⁹ ►꜠▪ ⌐≈™≡│⁸ ↄ─ ⅜ ↕╣≡™╢ 31-33⁹ ⅎ┌ N

►꜠▬♪♩ꜞⱪ♩ⱨ□fi◄☻♥ꜟ│⁸N, Nõ◌ꜟⱲ♬ꜟ☺▬Ⱶ♄♂כꜟ CDI ─ ≈

─▬Ⱶ♄♂ꜞꜟ ╩♩ꜞⱪ♩ⱨ□fi◄☻♥ꜟ≤ ≢ ⌐ ∆╢ ⁸╕

√│ N, Nõ☺☻◒◦fi▬Ⱶ☺ꜟ◌כⱲ♫כ♩ DSC ╩ ™√ ─ ⌐╟╡ ≢

⅝╢ 34,35⁹ DSC ╩ ™√ │ N ►꜠▬♪ ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi ┼─

⅜ ╠╣≡™╢⅜ 8⁸ │ ⅜ ⌂ CDI ╩ ™≡⁸(2S,3R)-2ÅMeSO3H

≤ 4 ⱨ▼♬ꜟⱧⱭꜞ☺fi 7≤─►꜠▪ ╩ ╖√ 36⁹ ╩▪☿♩♬

♩ꜞꜟ ≢ ℮≤⁸2 10≤ ►꜠▪ 11⅜ ∆╢ ⅜ ∂√ Figure  

2-3 ⁹ ╩ DMF ⌐ ∆╢≤⁸10│ ∂⌂ↄ⌂╡ ⌂ │ 11∞↑≤⌂∫√⁹

╩ HPLC ∆╢≤⁸(2R,3S)-2│ ⌐▬Ⱶ♄♂ꜞ♪ 6⌐ ↕╣≡⅔

╡⁸11─ │ ─ 7╩ ⇔√ ⌐ ↓∫≡™╢↓≤⅜ ⇔√⁹↓─

╩ ⌐⁸ 7 ╩ ⅎ╢ ⌐ ╩ ∆╢↓≤≢ 6 ⅛╠(2R,3S)-2 ⅜ ∆╢↓≤╩

⅞⁸ ™≡│ 11─ ╩ ∆╢↓≤╩ ⇔√⁹╕∏ 2.2 ─♩ꜞ◄♅ꜟ▪Ⱶfi╩

∆╢≤⁸11─ │ 7% ≢№∫√⁹♩ꜞ◄♅ꜟ▪Ⱶfi─ ╩ 4.4 ⌐ ∆

╢≤⁸11─ │ 3%⌐╕≢ ↕╣√⁹ ↄ◄☻♥ꜟ ─ ╕≢╩ one-pot

≢ ™⁸ ∂√◌ꜟⱲfi 8 ╩ ∆╢≤⁸ ↕╣√ ─ 11 │╒╓ ≡ ↕╣√⁹

∕─ ⁸>99%─ HPLC ⅔╟┘>99.9% ee─ ╩ ∆╢ 8╩ 88%

─ ≢ ╢↓≤⅜≢⅝√⁹ 
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Scheme 2-5 (2R,3S)-2⅛╠ 1┼─  

 

 

Figure  2-3►꜠▪ ≢ ↕╣√  
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N ►꜠▬♪ ɖ ▪Ⱶⱡ ≤▪Ⱶfi≤─ ⌐│⁸1 3 ☺ⱷ♅ꜟ▪Ⱶⱡ ⱪ꜡

Ⱨꜟ 3 ◄♅ꜟ◌ꜟⱲ☺▬Ⱶ♪ EDC ─◌ꜟⱲ☺▬Ⱶ♪⅜ ∆╢ ⌂Ɑⱪ

♅♪◌♇ⱪꜞfi◓ ⅜ ⌂↓≤⅜ ╠╣≡™╢ 8,33-35⁹◌ꜟⱲfi 8 ≤▪Ⱶfi 9

≤─ ⌐│⁸DMF EDCÅHCl ╩ ™╢ ╩ ⇔√⁹ 9⅛╠ ∂╢

─ ⌐│♩ꜞ◄♅ꜟ▪Ⱶfi╩ ⇔√⁹ ⌐Ɑⱪ♅♪◌♇ⱪꜞfi◓ ╩

∆╢ ≢ ↕╣╢ 1 ⱥ♪꜡◐◦ⱬfi♂♩ꜞ▪♂כꜟ HOBt 37,38╩ ∑∏≤╙⁸

─ │ ≢ 1 ⌐ ⇔⁸ ≤∆╢ 1╩ ⅎ√⁹ ⌂ │ 1─◄

Ⱨⱴכ(1S,2S)-1 ─╖≢№∫√⁹HOBt │ꜝ☿Ⱶ ╩ ∆╢↓≤⅜ ╠╣≡™╢⅜ 37⁸

HOBt ╩ ⇔≡╙⁸╕√ ≢ ╩ ∫≡╙⁸◄Ⱨⱴכ │ ↕╣⌂⅛∫√⁹∕↓

≢⁸♩ꜞ◄♅ꜟ▪Ⱶfi⅜◄Ⱨⱴכ ─ ≤⌂∫≡™╢ ╩ ⇔≡ 39⁸♩ꜞ◄♅ꜟ

▪Ⱶfi─ ╩ ⇔√⁹ 9⌐ ⇔≡ 2 ─♩ꜞ◄♅ꜟ▪Ⱶfi╩ ∆╢

≤⁸2.6%─◄Ⱨⱴכ⅜ ⇔√⁹♩ꜞ◄♅ꜟ▪Ⱶfi─ ╩ 1 ╕≢ ╠∆≤⁸◄Ⱨ

ⱴכ─ ╩ 0.8%⌐╕≢ ∆╢↓≤⅜≢⅝√⁹ ─ ⌐│ ⌂ↄ≤╙ 1 ─

♩ꜞ◄♅ꜟ▪Ⱶfi⅜ ≢№∫√⁹ ⌐ ♫♩ꜞ►ⱶ ╩ ⇔≡ 1╩

∆╢≤⁸ ≢─ ╩ ⇔≡ 0.8%─◄Ⱨⱴכ╩ ∆╢ ⅜ ╠╣√⁹

◄Ⱨⱴכ─ ╩↕╠⌐ ∆═ↄ⁸1 ─ ─ ╩ ∫√⁹∕─ ⁸▪☿♩

fi≤ 6 4 ─ ╩ ™╢≤◄Ⱨⱴכ⅜ ⌐ ↕╣⁸>99%─ HPLC

⅔╟┘>99.9% ee─ ╩ ∆╢ 1╩ 87%─ ≢ ╠╣╢╟℮⌐⌂∫√⁹

⇔√ │Ɽ▬꜡♇♩ⱪꜝfi♩≢─ ⌐ ≢№╡⁸ ⱪ꜡☿☻╩ ∆

╢↓≤⌐╟╡⁸ ─ ╩ ∆╢ 1╩◐꜡◓ꜝⱶ☻◔כꜟ≢ ∆╢↓≤

⅜ ≤⌂∫√⁹ 

 

6   

2 ≢│⁸Ɑⱪ♅♪Ⱶⱷ♥▫◒☻─▪Ⱶⱡ ─ ≤⇔≡╟ↄ ™╠

╣╢⁸ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi(2R,3S)-2⅔╟┘(2S,3R)-2─ ─ ╩
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∫√⁹ɖ ♬♩꜡◄☻♥ꜟ 3─▪Ⱶfi ⌐╟╢ ⁸ ↄ◄Ⱨⱴכ ╩ ╦∏

⌐ ∆╢♬♩꜡ ─ ⌐╟╡⁸>99% dr ─ ╩ ∆╢ rac-threo -2╩☺▪☻♥꜠○

⌐ ∆╢ ╩ ⇔√⁹ ─ ⁸ (R)-5╩ 0.5 ─╖ ™╢☺▪☻

♥꜠○ⱴכ ⁸ ↄⱷ♃fi☻ꜟⱱfi ─ ⌐╟╡⁸>99% ee ─ ╩ ∆╢

(2R,3S)-2ÅMeSO3H ⅔╟┘(2S,3R)-2ÅMeSO3H ╩ ⌐ ╢ ╩ ⇔√⁹╕√⁸

(2R,3S)-2 ─ 1 ┼─ ⌂ ─ ╩ ∫√⁹ ►꜠▪ 8

─ ≢│⁸▬Ⱶ♄♂ꜞ♪ 6 ⅛╠(2R,3S)-2 ─ ╩ ∆╢↓≤≢ ►꜠▪

11─ ╩ ≢⅝╢ ╩ ⇔√⁹ ≤⌂╢Ɑⱪ♅♪◌♇ⱪꜞfi◓ ≢│

╩ ⇔≡◄Ⱨⱴכ ╩ ⌐ ⅎ⁸ ⌂ 1╩◐꜡◓ꜝⱶ

≢ꜟכ◔☻ ≢⅝╢ ╩ ⇔√⁹ 

 

7  ─  

⌐ ⇔√ ⅔╟┘ │⁸ ⌐ ─⌂™ ╡⁸ ⁸ ─ ⅔╟

┘ ╩ ∑∏⌐ ⇔√⁹ │ Büchi  Melting Point B-540╩ ™≡ ⇔⁸

≢№╢⁹IR ☻Ɑ◒♩ꜟ│ Horiba FT -210 spectrometer KBr ꜟכꜛ☺♯│√╕

╕√│ Thermo Electron Nicolet 4700  spectrometer ATR ╩ ™≡ ⇔√⁹NMR

☻Ɑ◒♩ꜟ│ Bruker DPX -300 spectrometer ╩ ™≡ ⇔√⁹♥♩ꜝⱷ♅ꜟ◦ꜝfi╩

≤⇔≡ ⇔⁸◔Ⱶ◌ꜟ◦ⱨ♩│ ppm⁸◌♇ⱪꜞfi◓ J │ Hz ≢

⇔√⁹ │ JASCO DIP -370 polarimeter ╩ ™≡ ⇔√⁹ ⅔╟┘

│ ☿fi♃כ ⌐≡ ⇔√⁹HPLC

⌐│ Hitachi L -7000╩ ⇔⁸ ⌐ ─⌂™ ╡⁸UV ╩ ™≡ UV 254 nm

≢ ⇔√⁹HPLC ≢ ⇔√ ─ │⁸ Ⱨכ◒ ⌐ ∆╢Ⱨכ◒

≢ ⇔√⁹ ⇔√ ≡─ │⁸1H NMR ☻Ɑ◒♩ꜟ⅔╟┘ HPLC ⌐╟╡ 95%

─ ╩ ∆╢≤ ⇔√⁹ 
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N-[1-(1H-indol -3-yl)ethyl]propan -2-amine (4)  ─  

▬fi♪כꜟ(200 g, 1.71 mol)≤ (800 mL)─♩ꜟ◄fi(200 mL) ⌐▬♁ⱪ꜡Ⱨꜟ

▪Ⱶfi(111 g, 1.88 mol)≤ 90%▪☿♩▪ꜟ♦ⱥ♪ (87.6 g, 1.79 mol)╩ 0 10 oC≢

⇔⁸0 5 oC≢ 23 ⇔√⁹ ⌐ (2.0 L)⅔╟┘ ◄♅ꜟ(280 mL)

╩ ⇔≡ ⇔√⁹ ⌐ 30% ♫♩ꜞ►ⱶ (1.85 L)╩ 0 10oC≢ ⇔⁸

0 5 oC≢ 1 ⇔√⁹ ╩╤ ⇔⁸ (1.0 L)≢ ⇔⁸ ⇔≡

─ 4 (230 g, 1.14 mol)╩ √⁹ 67% 

Mp 115ð117 oC; IR (ATR) n 1451, 1097, 791, 732, 686 cm-1; MS (ESI) m/z 201 (MH) -; 

1H NMR (300 MHz, CDCl 3) d 8.25 (br s, 1H), 7.74 (d, J=7.8 Hz, 1H), 7.38 (d, J=8.0 Hz, 

1H), 7.25ð7.15 (m, 2H), 7.11 (d, J=2.4 Hz, 1H), 4.30 (q, J=2.4 Hz, 1H), 2.97ð2.84 (m, 

1H), 1.55 (d, J=6.6 Hz, 1H), 1.44 (br s, 1H), 1.11 (t, J=5.3 Hz, 6H); 13C NMR  (75 MHz, 

CDCl 3) d 136.7, 126.3, 122.0, 121.0, 120.9, 119.3, 119.2, 111.4, 47.5, 45.9, 23.8, 23.3, 

23.0. Anal.  Calcd for C 13H18N2: C, 77.18; H, 8.97; N, 13.85. Found: C, 77.06; H, 9.24; N, 

13.83. 

ethyl threo -3-(1H-indol -3-yl) -2-nitrobutanoate ( rac-threo -3) ─  

4 (55.0 g, 272 mmol)─♩ꜟ◄fi(220 mL) ⌐♬♩꜡ ◄♅ꜟ(38.0 g, 289 

mmol)╩ ⇔⁸95 oC≢ 1 ⇔√⁹ ╩ ⌐ ⇔≡ ⇔√⁹

⌐◄♃ⱡכꜟ(110 mL)╩ ⇔≡ ⇔√⁹ ╩ ╡ ⇔√⁹ ⌐

◄♃ⱡכꜟ(110 mL)╩ ⇔⁸60 oC⌐ ⇔≡ ⇔√⁹ ╩ ⌐ ⇔≡Ⱬⱪ♃

fi(220 mL)╩ ⇔⁸0 oC≢ 1 ⇔√⁹ ╩╤ ⇔⁸ ⇔√◄♃ⱡכꜟ≤Ⱬ

ⱪ♃fi─ 1 4 (220 mL)≢ ⇔⁸ ⇔≡ ─ rac-threo -3 (66.9 g, 242 

mmol , >99% dr ) ╩ √⁹ 89% 

Mp 117ð119 oC; IR (ATR) n 3368, 1727, 1548, 1542, 742 cm-1; MS (ESI) m/z 277 

(MH)+; 1H NMR (300 MHz, CDCl 3) d 8.20 (br s, 1H), 7.66 (d, J=8.0 Hz, 1H), 7.39 (d, 



 

39 

J=8.0 Hz, 1H), 7.27ð7.15 (m, 2H), 7.10 (d, J=2.5 Hz, 1H), 5.47(d, J=9.1 Hz, 1H), 4.26ð

4.19 (m, 1H), 4.06ð3.95 (m, 2H), 1.58 (d, J=7.0 Hz, 3H), 0.98 (t, J=7.1 Hz, 3H); 13C NMR 

(75 MHz, CDCl 3) d 163.8, 136.2, 125.9, 122.6, 122.4, 120.0, 118.8, 113.9, 111.5, 92.9, 

62.7, 33.2, 17.8, 13.5. Anal.  Calcd for C 14H16N2O4: C, 60.86; H, 5.84; N, 10.14. Found: C, 

60.93; H, 5.98; N, 10.27.   

☺▪☻♥꜠○ⱴכ │ HPLC ≢ ⇔√⁹◌ꜝⱶ Inertsil ODS -3 (4.6×150 mm)⁸

0.05 M ꜞfi ◌ꜞ►ⱶ ▪☿♩♬♩ꜞꜟ 50 50⁸ 1.0 mL/

⁸ 25 oC⁸ UV 254 nm  

ethyl threo -2-amino -3-(1H-indol -3-yl)butanoate ( rac-threo -2) ─  

(10 mL)─ THF (5 mL) ⌐ (9.48 g, 145 mgatom )⁸rac-threo -3 (2.00 g, 

7.24 mmol, >99% dr )≤ (5 mL)─ THF (10 mL) ╩ 0 10 oC≢ ⇔⁸ ⌐

⇔≡ 18 ⇔√⁹ ╩╤ ⇔≡ THF (10 mL) ≢ ⇔√⁹╤ ╩ ╦∑

≡ ⇔√⁹ ⌐ ◄♅ꜟ(20 mL)≤ 5% ♫♩ꜞ►ⱶ (80 mL)╩

⇔≡ ⇔√⁹ ╩ ◄♅ꜟ(10 mL)≢ ⇔⁸ ╩ ╦∑≡ ⇔√⁹

⌐ ◄♅ꜟ(2 mL)╩ ⅎ≡ ⇔⁸Ⱬⱪ♃fi(6 mL)╩ ≢ ⇔√⁹0 oC≢ 1

⇔√ ⁸ ╩╤ ⇔⁸ ⇔√ ◄♅ꜟ≤Ⱬⱪ♃fi─ 1 3 (3 mL)≢

⇔⁸ ⇔≡ ─ rac-threo -2 (1.59 g, 6.46 mmol, >99% dr )╩ √⁹ 89% 

Mp  82ð83 oC; IR (ATR) n 1736, 1217, 1157, 1115, 744 cm-1; MS (ESI) m/z 247 (MH)+; 

1H NMR (300 MHz, CDCl 3) d 8.33 (br s, 1H), 7.47 (d, J=7.8 Hz, 1H), 7.37 (d, J=7.9 Hz, 

1H), 7.25ð7.13 (m, 2H), 7.06 (d, J=2.1 Hz, 1H), 4.25ð4.17 (m, 2H), 3.94 (d, J=4.1 Hz, 

1H), 3.72ð3.67 (m, 1H), 1 .40 (br s, 1H), 1.36 (d, J=7.1 Hz, 3H), 1.27 (t, J=7.1 Hz, 3H); 

13C NMR (75 MHz, CDCl 3) d 163.8, 136.2, 125.9, 122.6, 122.4, 112.0, 118.8, 113.9, 111.5, 

92.9, 62.7, 33.2, 17.8, 13.5. Anal.  Calcd for C 14H 18N2O2: C, 68.27; H, 7.37; N, 11.37. 

Found: C, 68.19;  H, 7.40; N, 11.60.   
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☺▪☻♥꜠○ⱴכ │◐ꜝꜟ HPLC ≢ ⇔√⁹◌ꜝⱶ Chiralcel OJ -R (4.6×150 mm)⁸

0.05 M ꜞfi ◌ꜞ►ⱶ (pH 7.0) ▪☿♩♬♩ꜞꜟ 70 30⁸

0.5 mL/ ⁸ 15 oC⁸ UV 254 nm  

(R)-2-(4-hydroxyphenoxy)prop anic acid - ethyl (2 R,3S)-2-amino -3-(1H-indol -3-yl) - 

butanoate (1:1) hydrate ((2 R,3S)-2Å(R)-5ÅH2O) ─  

(R)-5 (1.85 g, 10.2 mmol)≤ (0.5 mL)─ Ⱪ♅ꜟ(50 mL) ⌐ rac-threo -2 (5.00 g, 

20.3 mmol)╩ ⇔⁸ ≢ 4 ⇔√⁹ ╩╤ ⇔⁸ Ⱪ♅ꜟ(10 mL)≢

⇔⁸ ⇔≡ ─(2R,3S)-2Å(R)-5ÅH2O (4.20 g, 9.41 mmol, 92% ee)╩ √⁹

46% 

Mp  133ð134 oC; IR (ATR) n 1747, 1590, 1476, 1209, 749 cm-1; MS (ESI) m/z 247 

(MH)+; [a]20D +11.1 (c 1.02, MeOH); 1H NMR (300 MHz, DMSO -d6) d 10.85 (s, 1H), 7.51 

(d, J=7.8 Hz, 1H), 7.33 (d, J=8.0 Hz, 1H), 7.14 (d, J=2.3 Hz, 1H ), 7.06ð6.94 (m, 1H ), 

6.70ð6.62 (m, 1H), 4.57 (q, J=6.7 Hz, 1H ), 3.98ð3.90 (m, 2H), 3.63 (d, J=6.8 Hz, 1H ), 

3.39ð3.30 (m, 1H), 1.42 (d, J=6.8 Hz, 3H), 1.29 (d, J=7.1 Hz, 3H), 1.00 (t, J=7.1 Hz, 3H); 

13C NMR (75 MHz, DMSO -d6) d 174.4, 174.3, 151.9, 151.0, 136.8, 126.8, 123.1, 121.4, 

118.9, 118.7, 116.6, 116.4, 116.1, 111.9, 73.3, 60.5, 59.4, 35.0, 19.0, 16.4, 14.3. Anal.  

Calcd for C 23H28N2O6הH2O: C, 61.87; H, 6.77; N, 6.27. Found: C, 61.74; H, 6.77; N, 

6.20.  

│◐ꜝꜟ HPLC ≢ ⇔√⁹◌ꜝⱶ Chiralcel OJ -RH (4.6×150 mm)⁸

0.05 M ꜞfi ◌ꜞ►ⱶ (pH 6.5) ▪☿♩♬♩ꜞꜟ 75 25⁸

0.5 mL/ ⁸ 15 oC⁸ UV 254 nm  

│◄☻♥ꜟ ╩ ⇔√◘fiⱪꜟ≤ ─ɗ ⱷ♅ꜟ♩ꜞⱪ♩ⱨ□fi≤

╩◐ꜝꜟ HPLC ≢ ⇔≡ ⇔√ 40⁹◌ꜝⱶ Chirobiotic R (4.6 ×250 mm)⁸

ⱷ♃ⱡכꜟ 70 30⁸ 0.75 mL/ ⁸ 15 oC⁸ UV 254 nm  



 

41 

ethyl (2 R,3S)-2-amino -3-(1H-indol -3-yl)butanoate methanesulfonate 

((2R,3S)-2ÅMeSO3H) ─  

♩ꜟ◄fi (5.0 mL) ≤ 1 M ♫♩ꜞ►ⱶ (5.0 mL) ─ ⌐

(2R,3S)-2Å(R)-5ÅH2O (1.00 g, 2.24 mmol, 92% ee)╩ ⇔≡ ⇔√⁹ ⇔≡

╩ (5.0 mL)≢ ⇔⁸ ⇔√⁹ ⌐ Ⱪ♅ꜟ(5.0 mL)≤◄♃ⱡכꜟ(0.5 mL)

╩ ⇔≡ ⇔⁸ⱷ♃fi☻ꜟⱱfi (215 mg, 2.68 mmol)╩ ≢ ⇔√⁹ ≢ 2

⇔√ ⁸ ╩╤ ⇔⁸ Ⱪ♅ꜟ≤◄♃ⱡכꜟ─ 10 1 (1.0 mL)≢

⇔⁸ ⇔≡ ─(2R,3S)-2ÅMeSO3H (648 mg, 1.89 mmol, >99% ee)╩ √⁹

84% 

Mp 129ð130 oC; IR (KBr) n 3298, 1743, 1520, 1205, 1184 cm-1; MS (FAB) m/z 247 

(MH)+; [a]20D +6.1 (c 0.97, MeOH); 1H NMR (300 MHz, DMSO -d6) d 11.08 (s, 1H), 8.32 

(s, 1H), 7.51 (d, J=7.8 Hz, 1H), 7.39 (d, J=8.0 Hz, 1H), 7.22 (d, J=2.3 Hz, 1H), 7.10 (t, 

J=7.5 Hz, 1H), 7.01 (t, J=7.4 Hz, 1H), 4.16 (d, J=6.5 Hz, 1H ), 4.04ð3.92 (m, 2H ), 3.67ð

3.58 (m, 1H), 2.34 (s, 3H), 1.45 (d, J=7.2 Hz, 3H), 0.96 (d, J=7.1 Hz, 3H); 13C NMR (75 

MHz, DMSO -d6) d 169.8, 137.2, 126.8, 124.5, 122.1, 119.4, 119.1, 113.5, 112.5, 62.4, 

58.1, 40.6, 33.1, 17.3, 14.4. Anal.  Calcd for C 15H22N2O5S: C, 52.62; H, 6.48; N, 8.18; S, 

9.36. Found: C, 52.44; H, 6.44; N, 8.04; S, 9.33.  

ethyl (2 S,3R)-2-amino -3-(1H-indol -3-yl)butanoate methanesulfonate 

((2S,3R)-2ÅMeSO3H) ─  

(R)-5 (1.85 g, 10.2 mmol)≤ (0.5 mL)─ Ⱪ♅ꜟ(50 mL) ⌐ rac-threo -2 (5.00 g, 

20.3 mmol) ╩ ⇔⁸ ≢ 4 ⇔√⁹ ⇔√ ╩╤ ⇔⁸ Ⱪ♅ꜟ(10 mL)

≢ ⇔√⁹ ╦∑√╤ ⌐◄♃ⱡכꜟ(5.0 mL)≤ⱷ♃fi☻ꜟⱱfi (980 mg, 12.2 

mmol)╩ ≢ ⇔√⁹ ≢ 2 ⇔√ ⁸ ╩╤ ⇔⁸ Ⱪ♅ꜟ≤
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◄♃ⱡכꜟ─ 10 1 (11 mL)≢ ⇔⁸ ⇔≡ ─(2S,3R)-2ÅMeSO3H 

(2.76 g, 8.06 mmol, >99% ee)╩ √⁹ 40% 

Mp  129ð130 oC; IR (ATR) n 1742, 1517, 1163, 1044, 743 cm-1; MS (ESI) m/z 247 

(MH)+; [a]20D ð6.5 (c 1.03, MeOH); 1H NMR (300 MHz, DMSO -d6) d 11.08 (s, 1H), 8.27 

(s, 1H), 7.50 (d, J=7.8 Hz, 1H), 7.38 (d, J=8.0 Hz, 1H), 7.21 (d, J=2.4 Hz, 1H), 7.09 (t, 

J=7.1 Hz, 1H), 7.00 (t, J=7.1 Hz, 1H), 4.15 (d, J=6.5 Hz,  1H), 4.04ð3.93 (m, 2H), 3.66ð

3.57 (m, 1H), 2.34 (s, 3H), 1.44 (d, J=7.2 Hz, 3H), 0.95 ( d, J=7.1 Hz, 3H); 13C NMR 

(DMSO-d6) d 169.5, 136.9, 126.5, 124.2, 121.7, 119.1, 118.7, 113.2, 112.2, 62.0, 57.7, 

40.3, 32.8, 17.0, 14.0. Anal.  Calcd for C 15H22N2O5S: C, 52.62; H, 6.48; N, 8.18; S, 9.36. 

Found: C, 52.59; H, 6.44; N, 8.23; S, 9.43.  

(2R,3S)-3-(1H-indol -3-yl) -2-[(4-phenylpiperidine -1-carbonyl)amino] -but anoic acid (8) 

─  

CDI (2.09 g, 12.9 mmol) ─ DMF (12 mL) ⌐(2R,3S)-2ÅMeSO3H (4.00 g, 11.7 

mmol)─ DMF  (12 mL) ╩ 0 oC≢ ⇔⁸0 oC≢ 1 ⇔√⁹♩ꜞ◄♅ꜟ▪Ⱶfi

(5.21 g, 51.5 mmol)≤ 4 ⱨ▼♬ꜟⱧⱭꜞ☺fi (2.55 g, 12.9 mmol)╩ 0 10 oC≢

⇔⁸ ≢ 2.5 ⇔√⁹ ⌐ (24 mL)≤ ◄♅ꜟ(24 mL)╩

⇔≡ ⇔√⁹ ╩ ◄♅ꜟ(24 mL)≢ ⇔√⁹ ╩ ╦∑≡ 1 M (24 mL)

≢ 2 ⁸ (24 mL)≢ 2 ⇔⁸ ⇔√⁹ ⌐◄♃ⱡכꜟ(24 mL)╩ ⇔≡

⇔√⁹ ⌐◄♃ⱡכꜟ(40 mL)╩ ⅎ≡ ⇔⁸4 M ♫♩ꜞ►ⱶ (8 

mL)╩ ⇔≡ ≢ 4 ⇔√⁹4 M (12 mL)╩ ⇔≡ 0 oC≢ 1.5

⇔√ ⁸ ╩╤ ⇔⁸ ⇔√◄♃ⱡכꜟ≤ ─ 2 1 (12 mL)≢ ⇔⁸

⇔≡ ─ 8 (4.17 g, 10.3 mmol, >99.9% ee)╩ √⁹ 88% 

Mp 162ð167 oC (decomp.); IR (KBr) n 1736, 1581, 1512, 1194, 754 cm-1; MS (FAB) 

m/z 406 (M H)+; [a]20D +42.0 (c 1.04, MeOH ); 1H NMR (300 MHz, DMSO -d6) d 12.23 (br s, 
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1H), 10.82 (s, 1H), 7.56 (d, J=7.7 Hz, 1H ), 7.35ð7.27 (m, 3H ), 7.20ð7.16 (m, 4H ), 7.08ð

7.03 (m, 2H), 6.29 (d, J=8.5 Hz, 1H), 4.50 (dd, J=8.2, 7.3 Hz, 1H), 4.11 (t, J=14.3 Hz, 

2H), 3.59 (t, J=7.1 Hz, 1H ), 2.79ð2.62 (m, 3H), 1.69 (d, J=12.1 Hz, 2H ), 1.49ð1.34 (m, 

5H); 13C NMR (75 MHz, DMSO -d6) d 174.9, 158.2, 146.8, 137.0, 129.3, 127.5, 127.4, 

127.0, 123.2, 121.6, 119.4, 119.1, 117.2, 112.3, 59.6, 45.3, 45.2, 42.7, 33.7, 33.6, 33.1, 

18.3. Anal. Calcd for C 24H27N3O3Å0.1H2O: C, 70.77; H, 6.73; N, 10.32. Found: C, 70.75; 

H, 6.85; N, 10.27.   

│◐ꜝꜟ HPLC ≢ ⇔√⁹◌ꜝⱶ Chiralcel OJ -RH (4.6×150 mm)⁸

(pH 2.5) ⱷ♃ⱡכꜟ 25 75⁸ 1.0 mL/ ⁸ 25 oC⁸

UV 254 nm  

N-[(1R,2S)-1-({5-[(dimethylamino)methyl ]-2-ethoxyphenyl}amino -carbonyl) -2-(1H- 

indol -3-yl)propyl] -4-phenyl -1-piperidinecarboxamide (1) ─  

8 (700 g, 1.73 mol)≤ 9 (462 g, 1.73 mol)─ DMF (3.45 L) ⌐♩ꜞ◄♅ꜟ▪Ⱶfi(175 

g, 1.73 mol)≤ EDCÅHCl (397 g, 2.07 mol)╩ ≢ ⇔≡ 1 ⇔√⁹

⌐ 2 M ♫♩ꜞ►ⱶ (1.73 L)≤ 5% ♫♩ꜞ►ⱶ (1.73 L)╩

⇔√⁹ ≢ 1.5 ⇔√ ⁸ ╩╤ ⇔⁸ (6.9 L)≢ ⇔⁸ ⇔≡

─crude-1 (1004 g, 1.73 mol)╩ √⁹ (1.0 L)≤▪☿♩fi(9.0 L)─ ⌐crude-1 

(1004 g, 1.73 mol)╩ ⇔≡ ⇔√⁹ ╩╤ ⇔≡▪☿♩fi≤ ─ 10 1 (3.3 

L)≢ ⇔√⁹ ╦∑√╤ ⌐ (6.7 L)╩ ≢ ⇔√⁹ ≢ 4 ⇔√ ⁸

╩╤ ⇔⁸▪☿♩fi≤ ─ 1 1 (4.0 L)≢ ⇔⁸ ⇔≡ ─ 1 (880 

g, 1.51 mol, >99.9% ee)╩ √⁹ 87% 

Mp 164ð165 oC; IR (KBr) n 3361, 1666, 1219, 733 cm-1; MS (FAB) m/z 582 (MH)+; 

[a]20D +4.0 (c 1.01, MeOH); 1H NMR (300 MHz, CDCl 3) d 8.50 (br s, 1H), 8.25 (d, J=1.9 

Hz, 1H), 8.05 (s, 1H), 7.79 (d, J=7.6 Hz, 1H), 7.37ð7.06 (m, 8H), 6.96 (dd, J=8.3, 2.0 Hz, 
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1H), 6.73 (d, J=8.3 Hz, 1H), 5.43 (d, J=7.6 Hz, 1H), 4.94 (t, J=7.4 Hz, 1H), 4.17 (d, 

J=13.2 Hz, 1H), 4.04 (d, J=13.3 Hz, 1H), 3.98 ð3.82 (m, 2H), 3.75ð3.66 (m, 1H), 3.36 (s, 

2H), 2.95ð2.79 (m, 2H), 2.71ð2.61 (m, 1H), 2.46ð2.31 (m, 1H), 2.24 (s, 6H), 1.84 (d, 

J=12.0 Hz, 2H), 1.73ð1.51 (m, 5H), 1.26 (t, J=7.0 Hz, 3H); 13C NMR  (75 MHz, CDCl 3) d 

170.5, 157.6, 146.8, 145.9, 136.9, 131.6, 128.9, 127.4, 127.2, 127.0, 126.8, 124.7, 122.4, 

121.1, 119.9, 119.7, 117.2, 111.7, 111.1, 64.6, 64.3, 60.7, 45.6, 45.2, 45.1, 43.0, 35.2, 33.4, 

33.3, 18.2, 15.1. Anal. Calcd for C 35H43N5O3: C, 72.26; H, 7.45; N, 12.04. Found: C, 

71.97; H, 7.39; N, 11.95.   

│◐ꜝꜟ HPLC ≢ ⇔√⁹◌ꜝⱶ Chiralcel OD -RH (4.6×150 mm)⁸

0.5%─♩ꜞ◄♅ꜟ▪Ⱶfi╩ ∆╢ 0.05 M ꜞfi ◌ꜞ►ⱶ (pH 

7.0) ▪☿♩♬♩ꜞꜟ 50 50⁸ 0.5 mL/ ⁸ 20 oC⁸ UV 254 nm  
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3  ▪⸗ꜟⱨ□☻≤⇔≡ ↕╣╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ ─ⱪ꜡☿☻  

1   

⁸♪ꜝ♇◓♦ꜞⱣꜞכ◦☻♥ⱶ─ ╩ ⌐⁸ ─ ╩▪⸗ꜟⱨ□

☻ ≤⇔≡ ⅜☻כ◔╢∆ ⇔≡™╢ 1⁹↓─╟℮⌂ ⌐ ⅎ≡⁸

⅜ ⌂ ⌐≈™≡╙▪⸗ꜟⱨ□☻≤⇔≡ ↕╣╢↓≤⅜№╢⁹ 1 1 ≢

═√╟℮⌐⁸Ɑⱪ♅♪ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ │⁸∕─ ≢№

╢▪Ⱶⱡ ╩ ∆╢↓≤⌐╟╡⁸ ─Ɑⱪ♅♪⌐ ═≡╟╡ ╕⇔™ ╩

≢⅝╢╟℮♦◙▬fi↕╣╢⁹⇔⅛⇔ ⌂↓≤⌐⁸∕─╟℮⌂♦◙▬fi⅜ⱪ꜡☿☻ ─

⅛╠│ ╕⇔ↄ⌂™ ⌐ ⅜∫≡⇔╕℮↓≤⅜ ₁№╢⁹ ⅎ┌Ɑⱪ♅♪

Ⱶⱷ♥▫◒☻│⁸▪⸗ꜟⱨ□☻╕√│ ⌐ ╡ ™⌐ↄ™ ─ ≤⇔≡ ╠╣

╢↓≤⅜№╢⁹ ─ ⅔╟┘∕─ ⅜ ╕√│ ≤⇔≡

╠╣⌂™ ⁸▪⸗ꜟⱨ□☻≤⇔≡ ╩ ╘↨╢╩ ⌂™⁹↓─╟℮⌂ ⁸

─ ≢ ⌐ ™╠╣╢ ≢│⌂ↄ⁸∕╣ ─ ≢

⌂ ╩ ∆╢ ⅜ ∂⁸∕╣╝ⅎ▪⸗ꜟⱨ□☻─ ⅜ⱪ꜡☿☻

⌐⅔↑╢ ⌂ ≤⌂╢⁹ 

1 4 ≢ ═√╟℮⌐⁸▪⸗ꜟⱨ□☻ ─ ⌐│◒꜡ⱴ♩◓ꜝⱨ▫כ⅜

™╠╣╢↓≤⅜№╢⁹ ⌐ ⱪ꜡☿☻⌐◒꜡ⱴ♩ ╩ ╖ ╗ ⌐│⁸

⌂ ╩♪כ⸗ ∆╢╟℮ ↕╣≡™╢⁹ ⅎ┌ ◒꜡ⱴ♩◓ꜝⱨ▫כ

RP-HPLC ⌐≈™≡│⁸ ─ ⌐╟╡ ⌐ ↕╣√ ⅜ ↕╣≡

™╢⅜⁸◌ꜝⱶ┼─♅ꜗכ☺ ╩ ∆╢↓≤⌐ ⅜№╢ ─ ⅛╠⁸ ⌂

⌐ ╕∫≡™╢ 2-4⁹ RP-HPLC │⁸ ─ ╩ ⌐ ∆╢ ≢ ╦╣╢

↓≤⅜ ™⁹▬○fi ◒꜡ⱴ♩◓ꜝⱨ▫⁸│כ ⁸ ⁸╕√│ ─

╩ ∆╢ ⌐ ⇔≡ ↄ ≢№╢⁹ ▬○fi ─ ⅜

⌂ↄ⁸ ⅜ ≢№╢ ─ ╩ ⇔⁸Ɑⱪ♅♪─ ⌐ ↄ ™╠╣≡

™╢⁹◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫כ GPC ╙╕√ ─ ⅜ ≢№╡⁸ ⌂╢
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◘▬☼─Ɑⱪ♅♪ ╩ Ɑⱪ♅♪ ⅛╠ ∆╢ ⌐╟ↄ ™╠╣≡™╢⁹

─ ⌂ ≤⇔≡│⁸ ⅜Ɑⱪ♅♪─◒꜡ⱴ♩ ⌐╟ↄ ™╠╣

╢⁹ ⅎ┌⁸♦◌Ɑⱪ♅♪≢№╢ꜞꜙכⱪ꜡꜠ꜞfi Figure  1-1 │ ⅜ ⇔™

≤⇔≡ ╠╣╢⅜⁸ ─ ⌂ ╩ ™√ ₁─ ♩ⱴ꜡◒─♪כ⸗

◓ꜝⱨ▫כ╩ ╖ ∑≡ ↕╣⁸ ─ ⌂ ╩ ⅎ≡⁸ ⌂ ≤⇔≡

↕╣≡™╢ 5⁹ 

Scheme 3-1 1─  

 

♥♩ꜝⱭⱪ♅♪ ╩ ∆╢Ɑⱪ♅♪Ⱶⱷ♥▫◒☻ 1│⁸ ™●ꜝ

☻ 103 105 oC ╩ ∆╢ ⌂▪⸗ꜟⱨ□☻≤⇔≡ ╠╣√ 6,7⁹ ─

≢│⁸ ╩ ™√ ◄☻♥ꜟ ⌐╟╡◐ꜝꜟ⌂♥♩ꜝⱥ♪꜡◐ⱡꜞfi
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(S)-2╩ ╢ ⅜ ↕╣√ Scheme 3-1 ⁹ (S)-2│⁸N Fmoc D ♩ꜞ

ⱪ♩ⱨ□fi≤─Ɑⱪ♅♪◌♇ⱪꜞfi◓ ⁸ Fmoc ⌐╟╡ syn-3a ┼≤

↕╣⁸ ↄ◌ꜟⱲfi 4≤─Ɑⱪ♅♪◌♇ⱪꜞfi◓ ⌐╟╡⁸ ◓ꜝⱶ☻◔כꜟ≢ 1

⅜ ↕╣√⁹▪⸗ꜟⱨ□☻ 1─ ⌐│⁸ ◓ꜝⱶ☻◔כꜟ⌐ ⇔√◦ꜞ◌◕ꜟ◌ꜝⱶ

◒꜡ⱴ♩◓ꜝⱨ▫כ⅔╟┘▪ꜟⱵ♫◌ꜝⱶ◒꜡ⱴ♩◓ꜝⱨ▫כ⅜ ↕╣√⁹ 

≢ ↕╣√ ─ ⱪ꜡◓ꜝⱶ─ ≤⇔≡⁸ ◐

꜡◓ꜝⱶ─ 1╩ ∆═ↄ⁸∕─ ╩ ∆╢ ⅜№∫√⁹Ɑⱪ♅

♪Ⱶⱷ♥▫◒☻ 1─ⱪ꜡☿☻ ⌐⅔↑╢ ─ │⁸▪⸗ꜟⱨ□☻≢№╢ 1─

⌐№∫√⁹↓╣⌐ ⅎ⁸ syn-3a ─ ⌐≈™≡╙ ⌂ ≢№∫

√⁹ 1 ≤ ⌐⇔≡ syn-3a ╙ ∑∏⁸▪⸗ꜟⱨ□☻≤⇔≡⇔⅛ ╠╣⌂

⅛∫√√╘≢№╢⁹ (S)-2╟╡ ─ 2 ⌐ ⇔≡ ⌂ ╩ ∫√≤↓╤⁸

syn-3a─ ≢│⁸Fmoc ⌐ ∆╢ ╩ ╘≡ ↄ─ ⅜ ∂╢↓≤⅜

⇔√⁹↓╣≤│ ⌐⁸1 ─ ≢│ ⌐ ⅜ ⇔√⁹↓─

─ ╩ ⌐⁸ ⌂ ╡ ⌂ syn-3a ╩ ™≡⁸ ↕╣√ ≢

╩ ℮↓≤⅜≢⅝╣┌⁸▪⸗ꜟⱨ□☻ 1─◒꜡ⱴ♩ │ ≢⅝╢ ⅜№╢≤

ⅎ√⁹∕↓≢╕∏⁸ ⌂▪⸗ꜟⱨ□☻ syn-3a ╩ ╢√╘⌐⁸ ╩ ⇔≡

∞↑◒꜡ⱴ♩ ╩ ℮⁸◦fi◓ꜟ◒꜡ⱴ♩ⱪ꜡☿☻─ ╩ ╖√⁹ ⌐│⁸

⌐ ∆ ─ ⌐╟╡ⱪ꜡☿☻ ╩ ∫√⁹1 ⌂ ╩ ™√☻

ⱪ♇▪ꜟכ◔ ⌂◒꜡ⱴ♩◓ꜝⱨ▫כ⌐╟╡ syn-3a╩ ⌂ ╡ ⌐ ∆╢⁹2

─ ╩ ⇔≡ ─ ╩ ⌐ ∆╢⁹3 ─

╖─ ⌐╟╡ ⌂▪⸗ꜟⱨ□☻ 1╩ ╢⁹╕√↕╠⌐ │⁸ ─

≤⇔≡⁸ ≢№╢ syn-3a ─ ⌐ ╩ ™√ ╩ ∆╢↓

≤≢⁸ ╩ ⇔≡◒꜡ⱴ♩ ╩ ╦⌂™⁸◒꜡ⱴ♩ⱨꜞכⱪ꜡☿☻─ ╩

∫√⁹ 
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2  ◐ꜝꜟ⌂♥♩ꜝⱥ♪꜡◐ⱡꜞfi ─  

╩ ™√ ◄☻♥ꜟ ╩ ∆╢ ─ ≢│⁸◐ꜝꜟ⌂♥

♩ꜝⱥ♪꜡◐ⱡꜞfi (S)-2╩ ∆╢─⌐ 13 ╩ ⇔√ Scheme 3-1 ⁹∕↓≢⁸

╟╡ ⌂ ╩ ∆╢ ≢⁸ ₁─ ≡™≈⌐♩כꜟ ╩ ∫√⁹∕

─ ⁸4 ─ ≢ rac-2 ╩ ⇔⁸☺▪☻♥꜠○ⱴכ ⌐╟╢

≢(S)-2╩ ╢ ╩ ⇔√ Scheme 3-2 ⁹ 

Scheme 3-2◐ꜝꜟ⌂♥♩ꜝⱥ♪꜡◐ⱡꜞfi (S)-2─  

 

rac-2─ │ ─╟℮⌐⇔≡ ∫√⁹╕∏⁸ ─ ≤⇔≡ ↕╣╢

⌂ ⱬfi☼▪ꜟ♦ⱥ♪5≤ⱴ꜡fi ☺◄♅ꜟ≤─Knoevenagel ⌐╟╡

6╩ √ 8,9⁹ɖ,ɗ ☺◄☻♥ꜟ 6│ ≢№∫√√╘⁸ ─╖ ∫≡

⌐ ⇔√⁹ ™≢⁸ ⱱ► ♫♩ꜞ►ⱶ╩ ™≡◄♩◐◦◌ꜟⱲ♬ꜟ ≤

≤╩ ⌐ ⇔⁸2 77%≢ ꜟכ○☺ 7╩ √ 10,11⁹∕─ ⁸

ⱥ♪꜡◐◦ ╩ⱷ♃fi☻ꜟⱱ♬ꜟ ⇔⁸☺ⱷ◦ꜝכ♩ 8╩ 89%≢ ⇔√⁹ ⌐






























































































