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ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʥʦʩʘʭʘʨʠʜʦʚ

ʈʝʘʢʮʠʠ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ

4



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ:

O-ʘʮʠʣʠʨʦʚʘʥʠʝ ʠ ʜʝʟʘʮʠʣʠʨʦʚʘʥʠʝ
5

O-ɼʝʟʘʮʝʪʠʣʠʨʦʚʘʥʠʝʧʨʦʚʦʜʷʪʢʙʝʟʚʦʜʥʦʤʤʝʪʘʥʦʣʝʚ

ʧʨʠʩʫʪʩʪʚʠʠʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦʢʦʣʠʯʝʩʪʚʘʤʝʪʠʣʘʪʘ

ʥʘʪʨʠʷ(ʨʝʘʢʮʠʷɿʝʤʧʣʝʥʘ). ʀʩʧʦʣʴʟʦʚʘʥʠʝʚʦʜʥʦʡ

ʱʝʣʦʯʠʤʦʞʝʪʧʨʠʚʦʜʠʪʴʢʧʨʦʙʣʝʤʘʤ(ʩʤ. ʜʘʣʝʝ).

ʊʠʧʠʯʥʳʝ O-ʘʮʠʣʴʥʳʝʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ:

O-ʙʝʥʟʠʣʠʨʦʚʘʥʠʝ ʠ ʜʝʙʝʥʟʠʣʠʨʦʚʘʥʠʝ
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ʊʠʧʠʯʥʳʝ ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ ʵʬʠʨʥʦʛʦ ʪʠʧʘ7

O-ɸʣʢʠʣʴʥʳʝ ʠ O-ʩʠʣʠʣʴʥʳʝʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʘʮʝʪʘʣʝʡ: 

ʙʝʥʟʠʣʠʜʝʥʠʨʦʚʘʥʠʝ ʠ ʜʝʙʝʥʟʠʣʠʜʝʥʠʨʦʚʘʥʠʝ
8



ʊʠʧʠʯʥʳʝ ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ ʘʮʝʪʘʣʴʥʦʛʦ ʪʠʧʘ9



ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʥʦʩʘʭʘʨʠʜʦʚ

ʈʝʘʢʮʠʠ ʧʦ ʘʥʦʤʝʨʥʦʤʫ ʧʦʣʦʞʝʥʠʶ (C-1 ʠ O-1)
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D-ɻʣʶʢʦʟʘ: ʪʘʫʪʦʤʝʨʥʳʝ ʬʦʨʤʳ (ʘʣʴʜʝʛʠʜ) 11



ʆʢʠʩʣʝʥʥʳʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʬʦʨʤʳ 

ʤʦʥʦʩʘʭʘʨʠʜʦʚ
12



ʆʢʠʩʣʝʥʠʝ ʛʣʶʢʦʟʳ ʜʦ ʛʣʶʢʦʥʦʣʘʢʪʦʥʘ13



ɼʨʫʛʠʝ ʨʝʘʢʮʠʠ ʧʦ 1-OH ʢʘʢ ʘʣʴʜʝʛʠʜʫ

}-CHO + NaBH4 Ÿ -CH2OH (ʘʣʴʜʠʪ)

}-CHO + NaBD4Ÿ -CDH-OD (ʤʝʯʝʥʳʡ ʘʣʴʜʠʪ)

}-CHO + NaBʊ4Ÿ -CʊH-Oʊ (ʤʝʯʝʥʳʡ ʘʣʴʜʠʪ)

}-CHO + NH2R Ÿ -CH=NR 
(ʛʠʜʨʘʟʦʥʳ, ʦʢʩʠʤʳ, ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ)

}ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʪʠʦʘʮʝʪʘʣʝʡ:
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ɸʤʠʥʠʨʦʚʘʥʠʝ: ʩʠʥʪʝʟ ʛʣʠʢʦʟʠʣʘʤʠʥʦʚ15



ɼʝʡʩʪʚʠʝ  ʦʩʥʦʚʘʥʠʡ: ʵʧʠʤʝʨʠʟʘʮʠʷ ʧʦ ʉ-2 16

ʛʣʶʢʦʟʘ ʤʘʥʥʦʟʘʬʨʫʢʪʦʟʘ

8 ʤʄNaOH



ɼʝʡʩʪʚʠʝ ʦʩʥʦʚʘʥʠʡ: b-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ17

R = ʦʣʠʛʦʩʘʭʘʨʠʜ  

ʀʤʝʥʥʦʧʦʵʪʦʤʫO-ʜʝʟʘʮʝʪʠʣʠʨʦʚʘʥʠʝʦʣʠʛʦʩʘʭʘʨʠʜʥʳʭ

ʧʨʦʠʟʚʦʜʥʳʭʧʨʦʚʦʜʷʪʢ ʙʝʟʚʦʜʥʦʤʤʝʪʘʥʦʣʝʚ ʧʨʠʩʫʪʩʪʚʠʠ

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦʢʦʣʠʯʝʩʪʚʘʤʝʪʠʣʘʪʘʥʘʪʨʠʷ(ʨʝʘʢʮʠʷɿʝʤʧʣʝʥʘ).

ʀʩʧʦʣʴʟʦʚʘʥʠʝʱʝʣʦʯʠʧʨʠʚʦʜʠʪʢʜʝʛʨʘʜʘʮʠʠʦʣʠʛʦʩʘʭʘʨʠʜʦʚʩ1-3-

ʩʚʷʟʷʤʠ.

ʇʠʣʠʥʛ(peeling) ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ



ʅʝʦʙʳʯʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 1-ʘʮʝʪʘʪʘ

}-ʉ(1)-OAc  + N2H4ĿAcOH Ÿ  -ʉ(1)-ʆʅ

}-ʉ(1)-OAc  + HBr Ÿ  -ʉ(1)-Br

}-ʉ(1)-OAc  + HCl Ÿ  -ʉ(1)-Cl

}-ʉ(1)-OAc  + RSH + ʢʠʩʣʦʪʘ (ʢʘʪ.) Ÿ  -ʉ(1)-SR

18



Cʠʥʪʝʟ ʛʣʠʢʦʟʠʣʙʨʦʤʠʜʦʚ (ʜʚʘ ʚʘʨʠʘʥʪʘ)19

Br2



Cʠʥʪʝʟ ʪʠʦʛʣʠʢʦʟʠʜʦʚ 20



ʍʠʤʠʯʝʩʢʠʝ  ʩʚʦʡʩʪʚʘ ʤʦʥʦ- ʠ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ

ʃʝʢʮʠʷ  2

ʉʠʥʪʝʟ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ
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ʃʠʪʝʨʘʪʫʨʘ 
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ʉʠʥʪʝʟ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ

ʉʪʨʘʪʝʛʠʷ ʠ ʪʘʢʪʠʢʘ

23



ʂʣʶʯʝʚʳʝ ʟʘʜʘʯʠ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ

}ʅʫʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ ʠʣʠ 

ʛʨʫʧʧʫ ʩʦʝʜʠʥʝʥʠʡ?

}ʉʧʝʡʩʝʨʥʘʷ ʛʨʫʧʧʘ? ʅʘʧʨʠʤʝʨ, OCH2CH2CH2NH2

}ʉʪʨʘʪʝʛʠʷ:

}ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʣʠ ʙʣʦʢ-ʩʠʥʪʝʟ?

}ʀʥʳʝ ʩʪʨʘʪʝʛʠʠ ʩʙʦʨʢʠ ʦʣʠʛʦʩʘʭʘʨʠʜʘ?

}ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ

}ʆʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

24

1-4-ʩʚʷʟʘʥʥʳʡ ʜʠʩʘʭʘʨʠʜ



ʊʠʧʠʯʥʳʝ ʤʦʥʦʩʘʭʘʨʠʜʳ ʫʛʣʝʚʦʜʥʳʭ ʮʝʧʝʡ 

ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ (ɻʇ) ʠ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ (ɻʃ)
25

Chapter 2, Figure  2.4
Essentials of Glycobiology 

Second Edition
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ɿʘʱʠʪʥʳʝ ʛʨʫʧʧʳ

ʉʪʨʘʪʝʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ 

26

ʍʠʤʠʷ ʫʛʣʝʚʦʜʦʚ ïʭʠʤʠʷ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ!



ʉʪʨʘʪʝʛʠʠ/ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

1. ɹʣʦʢʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʛʨʫʧʧ:
}ʧʦʩʪʦʷʥʥʦ (ʧʦʩʪʦʷʥʥʳʝʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ)

}ʚʨʝʤʝʥʥʦ (ʚʨʝʤʝʥʥʳʝʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ)

2. ʄʦʜʫʣʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʥʦʤʝʨʥʦʛʦʮʝʥʪʨʘ.

3. ʄʦʜʫʣʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʥʝʟʘʱʠʱʝʥʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ.

4. ʂʦʥʪʨʦʣʴ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ.

5. ɺʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ.*

27

* ʇʦʜʨʦʙʥʝʝ ʦ ʩʪʨʫʢʪʫʨʝ ʨʘʩʪʚʦʨʦʚ ʩʤ. ʚ ʨʘʟʜʝʣʝ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʩʘʡʪʝ ʫʛʣʝʚʦʜʳ.su

  L.O. Kononov. ñChemical reactivity and solution structure: on the way to a paradigm shift?ò. RSC Adv., 2015, 5, 46718.



ʇʦʩʪʦʷʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ28



O-ɿʘʱʠʪʥʳʝ ʛʨʫʧʧʳ
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O-ɿʘʱʠʪʥʳʝ ʛʨʫʧʧʳ

ʅʘʟʚʘʥʠʝ (ʩʠʤʚʦʣ) ʉʪʨʫʢʪʫʨʘ ɺʚʝʜʝʥʠʝ ʋʜʘʣʝʥʠʝ ʇʨʠʤʝʯʘʥʠʷ

ɸʣʢʠʣʴʥʳʝ

Benzyl (Bn, Bzl) C6H5CH2ï BnCl/NaOH, BnBr/NaH H2/Pd, Na/NH3

ñʇʦʩʪʦʷʥʥʘʷò ʟʘʱʠʪʘ. ɺʳʜʝʨʞʠʚʘʝʪ 

ʢʠʩʣʦʪʳ ʠ ʦʩʥʦʚʘʥʠʷ.

Allyl (All) CH2=CHCH2ï AllBr/NaH Rh (ʠʣʠ Ir)-ʢʘʪʘʣʠʟʘʪʦʨ
ñɺʨʝʤʝʥʥʘʷò ʚ ʧʘʨʝ ʩ ʙʝʥʟʠʣʴʥʦʡ. ʅʝ

ʚʳʜʝʨʞʠʚʘʝʪ ʛʠʜʨʦʛʝʥʦʣʠʟ.

Trityl (Tr) (C6H5)3Cï TrCl/Py AcOH, TFA
ʅʝʚʳʜʝʨʞʠʚʘʝʪ ʛʠʜʨʦʛʝʥʦʣʠʟ (H2/Pd) ʠ 

ʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ.

ɸʣʢʠʣʠʜʝʥʦʚʳʝ

Benzylidene (Bnd) C6H5CH< PhCH(OMe)2/TsOH AcOH/H2O, H2/Pd
ʅʝʚʳʜʝʨʞʠʚʘʝʪ ʛʠʜʨʦʛʝʥʦʣʠʟ(H2/Pd) ʠ 

ʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ.

Isopropylidene (Ip) (CH3)2C< Me2C(OMe)2/TsOH AcOH/H2O, TFA/H2O
ʅʝʚʳʜʝʨʞʠʚʘʝʪ ʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ. 

ʉʪʘʙʠʣʴʥʘ ʢ ʦʩʥʦʚʘʥʠʷʤ.

ɸʮʠʣʴʥʳʝ

Acetyl (Ac) CH3COï Ac2O/Py çʄʘʣʦè MeONa ʚ MeOH ʀʥʦʛʜʘʫʜʘʣʷʶʪ HCl/MeOH.

Benzoyl (Bz) C6H5COï BzCl/Py
çʄʥʦʛʦè MeONa ʚ 

MeOH
ɺʳʜʝʨʞʠʚʘʝʪ ʛʠʜʨʦʛʝʥʦʣʠʟ(H2/Pd).

Chloroacetyl (CA, ClAc) ClCH2COï ClAc-Cl/Py
NH2CSNH2

(ʪʠʦʤʦʯʝʚʠʥʘ), Py/H2O

ñɺʨʝʤʝʥʥʘʷò  ʚ ʧʘʨʝ ʩ ɸʩ. ʅʝ

ʚʳʜʝʨʞʠʚʘʝʪ ʛʠʜʨʦʛʝʥʦʣʠʟ(H2/Pd) .

ɸʥʦʤʝʨʥʳʡʮʝʥʪʨ

Methyl (Me) CH3ï MeOH/H+ H+/H2O
ʊʦʣʴʢʦ ʜʣʷ 1-ʆʅ. ɺʳʜʝʨʞʠʚʘʝʪ ʣʶʙʳʝ 

ʦʩʥʦʚʘʥʠʷ.

Benzyl (Bn) C6H5CH2ï PhCH2OH/H+ H+/H2O, H2/Pd, Na/NH3 ɺʳʜʝʨʞʠʚʘʝʪ ʦʩʥʦʚʘʥʠʷ.

Trimethylsilylethyl 

(TMSEt, TMSE, SE)
(CH3)3SiCH2CH2ï Sug-Br + TMSE-OH TFA, Ac2O/BF3ĿEt2O

ɺʳʜʝʨʞʠʚʘʝʪ AcOH, TsOH ʠ ʦʩʥʦʚʘʥʠʷ.

ɹʳʣʘ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʘ ʚ 1990-ʝ ʛʛ.

p-Methoxyphenyl (MP, 

PMP)
4-(CH3)C6H4ï

Sug-Br + MP-OH

Sug-OAc + MP-OH

(NH4)2Ce(NO3)6 (CAN) / 

MeCNïH2O

ɺʳʜʝʨʞʠʚʘʝʪ ʛʠʜʨʦʛʝʥʦʣʠʟ(H2/Pd). 

ɺʳʜʝʨʞʠʚʘʝʪ ʢʠʩʣʦʪʳ ʠ ʦʩʥʦʚʘʥʠʷ.

ʇʨʦʯʠʝ ʟʘʱʠʪʳ C-1

Thioethyl or thiophenyl CH3CH2Sï, C6H5Sï RSH/BF3ĿEt2O NBS/H2O
ʇʨʠ C-1: ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ Br, ʠʣʠ 

ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ (ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ).
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N-ɿʘʱʠʪʥʳʝ ʛʨʫʧʧʳ
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N-ɿʘʱʠʪʥʳʝ ʛʨʫʧʧʳ

ʅʘʟʚʘʥʠʝ (ʩʠʤʚʦʣ) ʉʪʨʫʢʪʫʨʘ ɺʚʝʜʝʥʠʝ ʋʜʘʣʝʥʠʝ ʇʨʠʤʝʯʘʥʠʷ

Acetyl (Ac) CH3COï
Ac2O/Py ͙ ͙͡ 

Ac2O/MeOH
NaOH͙ ͙͡ NH2NH2

ˤ·͔͙͍͔͒ͪ͗͊ͭ ͍͙ͯͫͦ͡Ύ ͔͙ͯ͒͊ͤ͡Ύ O-Ac. 

˾͔͒ͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͊͘΅͙ͭͤ͊Ύ 

͎ͪͯͨͨ͊ ό͔͙͔͗ͫͭ͟ ͍͙ͯͫͦ͡Ύ ͔͙ͯ͒͊ͤ͡ΎύΦ

Phthaloyl (Phth, Pht)
o-C6H4(CO)2<

1. ͅ ͔͍ͭ͊͡·͚ 

͎͙͙͊ͤ͒ͪ͒/Py, 2. Ac2O

NH2NH2, NH2(CH2)2NH2

͎͔͍͙͔ͤ͊ͪ͊ͤ
˸ͦ͗ͤͦ ͙ͯ͒͊ͭ͡ΈΣ ͔ͤ ͍͊ͭͪͦͤͯ͘ N-Ac.

Tetrachlorophtaloyl 

(TCP)

1. ͭ ͔ͭͪ͊ͻͦͪ͡ͺ͔͍ͭ͊͡·͚

͎͙͙͊ͤ͒ͪ͒/Py, 2. Ac2O

NH2NH2, NH2(CH2)2NH2
ˢ͎͙ͤ͊ͦ͡;ͤ͊Phth͎͔ͪͯͨͨΣ ͤͦ ͯ͒͊͡Ύ͔ͭͫΎ 

͍ ͔͔͋ͦ͡ ͣΎ͎͙͟ͻ ͍͙ͯͫͦ͡ΎͻΦ ˮ͎ͤͦ͒͊ 

͙͊͋͡͡Έͤ͊ ͨͦ͒ ͔͚͍͙͔͒ͫͭͣ ͍͙͚ͦͫͤͦ͊ͤΦ

Dimethylmaleoyl 

(DMM) 1. NaOH/H2O, 

2. HCl (pH 5)
˻;͔ͤΈ ͣΎ͎͙͔͟ ͍͙ͯͫͦ͡Ύ ͔͙ͯ͒͊ͤ͡ΎΦ

Trifluoroacetyl (TFA) CF3COï
(CF3CO)2O/Py ͙ ͙͡ 

CF3CO2Et/Et3N/MeOH

NaOH͙ ͙͡ ͙͙͊ͤͦͤͭ ͍ 

˻ ï˹-ͺ͔ͦͪͣ

̂͒͊͡Ύ͔ͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔͎͡;͔Σ ;͔ͣ 

N-ˢͫΦ ˿͙ͭ͊͋͡Έͤ͊ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͙ͯ͒͊ͤ͡Ύ 

O-Ac ͒ ͔͚͍͙͔ͫͭͣ MeONa ͍  MeOH ͍  

͔͍͋ͦ͒ͤ͘·ͻ͍͙ͯͫͦ͡ΎͻΦ

Trichloroethoxycarbonyl 

(Troc)
Cl3CCH2CH2OCOï TrocCl Zn/AcOH ˤ·͔͙͍͔͒ͪ͗͊ͭ ͍͙ͯͫͦ͡Ύ ͔͙ͯ͒͊ͤ͡Ύ O-Ac. 

Azide (N3) N=N=Nï

ˮ͘ NH2͔͚͍͙͔͒ͫͭͣ 

TfN3, 

͙͙͍͙͔͊͒ͦͤͭͪͦ͊ͤ͘

͙͙͡ ͔ͤͯͦ͟͡ͺ͙͡Έ͔ͤͦ 

͔͊ͣ͘΅͔͙͔ͤ OTf.

H2/Pd, Ph3P/H2O, 

NaBH4/NiCl2, H2S, 

͙ͭͦ͡·ό͙͔ͤ͊ͨͪͣͪΣ 

͙͙͒ͭͦΉ͙͙ͪͭͪͭ ͙ ͙͡

HS(CH2)3SH)

˿͎ͭͪͦͦ ͎͍ͦͦͪΎΣ ͔ͤ ͊͘΅͙ͭͤ͊Ύ ͎ͪͯͨͨ͊Σ ͊ 

͔ͨͪ͒΄͔͍͔͙ͫͭͤͤ͟ NH2Φ ˤ·͔͙͍͔͒ͪ͗͊ͭ 

͙ͫͦͭ͟͡· ͙ ͙ͫ͡Έͤ·͔ ͍͙ͦͫͤͦ͊ͤΎΦ 

˽͙͍͔͔ͪ͒ͤ· ͍͙ͯͫͦ͡Ύ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ 

͒ͦ ͙͎͊ͣͤͦͪͯͨͨ·όζ͔͙͔ͯ͒͊ͤ͡ηύΦ

˨͎͙͔ͪͯ N-͊͘΅͙ͭͤ·͔

͎ͪͯͨͨ·Σ ͙͙ͭͨ;ͤ·͔ ͒͡Ύ 

͔͙͚ͨͨͭ͒ͤͦ ͻ͙͙͙ͣ 

Boc, Cbz(Z), Fmoc

˿ͣΦ ͯͪͫ͟ ͻ͙͙͙ͣ ͔͙͍ͨͨͭ͒ͦΦ
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ʊʠʧʠʯʥʳʝ N-ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ 33



N-ɿʘʱʠʪʥʳʝ ʛʨʫʧʧʳ: ʬʪʘʣʠʤʠʜ ʠ ʘʟʠʜ
34



ɿʘʱʠʪʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ

35



çʋʛʣʝʚʦʜʥʳʝè ʢʠʩʣʦʪʳ: ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ
36

MeONa/MeOH



ɸʥʦʤʝʨʥʳʝ ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ
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ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʩʱʝʧʣʝʥʠʝ SE-ʛʣʠʢʦʟʠʜʘ38



1,6-ɸʥʛʠʜʨʦʮʠʢʣ ʢʘʢ ʘʥʦʤʝʨʥʘʷ ʟʘʱʠʪʥʘʷ ʛʨʫʧʧʘ39



ʉʝʣʝʢʪʠʚʥʦʝ ʚʚʝʜʝʥʠʝ ʟʘʱʠʪʥʳʭ 

ʛʨʫʧʧ

40



ʉʝʣʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ 6-OH ʚ GlcOMe 41



ʉʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʘʣʝʡ ʚ GalOMe 42



ʉʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʘʣʝʡ ʚ ManOMe 43



ʉʝʣʝʢʪʠʚʥʦʝ O-ʘʣʢʠʣʠʨʦʚʘʥʠʝ: ʘʢʪʠʚʘʮʠʷ Sn 44



ʉʝʣʝʢʪʠʚʥʦʝ O-ʘʣʢʠʣʠʨʦʚʘʥʠʝ: ʄʌʂ45

ɺ ʫʩʣʦʚʠʷʭ ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ (ʄʌʂ) 

ʘʣʢʠʣʠʨʫʝʪʩʷʙʦʣʝʝ ʢʠʩʣʘʷ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ



ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʢʨʳʪʠʝ ʘʮʝʪʘʣʷ46

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʛʝʥʪʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 4-OH ʠʣʠ 6-OH



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʩʢʨʳʪʠʝ ʦʨʪʦʵʬʠʨʦʚ47

O-ɸʮʠʣʴʥʳʡʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʨʦʜʫʢʪʝ ʚʩʝʛʜʘ ʘʢʩʠʘʣʝʥ



ʉʝʣʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʟʘʱʠʪʥʳʭ 

ʛʨʫʧʧ

48



ʉʝʣʝʢʪʠʚʥʦʝ ʜʝʙʣʦʢʠʨʦʚʘʥʠʝ 6-OH ʠ 1-OH 49



ʉʝʣʝʢʪʠʚʥʦʝ ʦʪʱʝʧʣʝʥʠʝ/ʨʘʩʢʨʳʪʠʝ ʘʮʝʪʘʣʝʡ50



ʇʨʠʤʝʨʳ ʩʪʨʘʪʝʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

ɻʘʣʘʢʪʦʟʘ

51



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʛʘʣʘʢʪʦʟʳ52



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʛʘʣʘʢʪʦʟʳ53



ʇʨʠʤʝʨʳ ʩʪʨʘʪʝʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

ʄʘʥʥʦʟʘ

54



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʤʘʥʥʦʟʳ55



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʤʘʥʥʦʟʳ56



ʇʨʠʤʝʨʳ ʩʪʨʘʪʝʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

ɻʣʶʢʦʟʘ

57



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʛʣʶʢʦʟʳ58



ʇʨʠʤʝʨʳ ʩʪʨʘʪʝʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

ɼʠʩʘʭʘʨʠʜ ʣʘʢʪʦʟʘ

59



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʣʘʢʪʦʟʳ60



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʣʘʢʪʦʟʳ61



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʣʘʢʪʦʟʳ62



ʇʨʠʤʝʨʳ ʩʪʨʘʪʝʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

ɼʠʩʘʭʘʨʠʜ ʩʘʭʘʨʦʟʘ

63



ʇʨʠʤʝʨʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʩʘʭʘʨʦʟʳ64



ʇʨʠʤʝʨʳ ʩʪʨʘʪʝʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ

One-pot ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ 

ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ

65



One-pot ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ 

ʟʘʱʠʪʳ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ: 

ʛʣʶʢʦʟʘ

66

Essentials of Glycobiology, Third Edition, 2017

Wang, C.-C. et al. Nature 2007, 446, 896-899.



ʈʝʘʢʮʠʠ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ
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ʆʙʱʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʠ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ68



ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ (XIX-XX ʚʚ.) 69

a) ʄʠʭʘʵʣʴ (1879)

b) ʌʠʰʝʨ (1893)

c) ʂʝʥʠʛʩïʂʥʦʨʨ(1901) 



ɻʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ ʧʦ ʌʠʰʝʨʫ

ɻʠʜʨʦʢʩʠʣʳ ʥʝ ʟʘʱʠʱʝʥʳ, ʥʦ 

ʨʝʘʛʠʨʫʝʪ ʪʦʣʴʢʦ 1-ʆʅ.

ʈʝʘʢʮʠʶ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʚ 

ʩʨʝʜʝ ʩʧʠʨʪʘ (ʨʘʩʪʚʦʨʠʪʝʣʴ).

ʂʘʪʘʣʠʟʘʪʦʨʳ ïʩʠʣʴʥʳʝ 

ʢʠʩʣʦʪʳ:

Ç HCl (ʙʝʟʚʦʜʥ.)

Ç ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ (H+)

Ç TsOH ʠʣʠ CSA

Ç TfOH

Ç BF3ĿEt2O

Ç FeCl3

70
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ʄʝʭʘʥʠʟʤ ʩʪʝʨʝʦʢʦʥʪʨʦʣʷ ʧʨʠ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʠ71

1,2-ʪʨʘʥʩ

1,2-ʮʠʩ



ɻʣʠʢʦʟʠʣ-ʜʦʥʦʨʳ ʩ ʥʝʩʦʫʯʘʩʪʚʫʶʱʠʤʠ ʛʨʫʧʧʘʤʠ: 

ʧʨʠʯʠʥʳ ʩʪʝʨʝʦʢʦʥʪʨʦʣʷ
72



ʂʦʥʬʦʨʤʘʮʠʷ ʛʣʠʢʦʟʠʣ-ʢʘʪʠʦʥʘ ʦʧʨʝʜʝʣʷʝʪ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ
73



ʉʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ:

ʢʦʥʪʠʥʫʫʤ SN1ïSN2 ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʠ
74



ʉʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ:

ʚʣʠʷʥʠʝ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠʛʣʠʢʦʟʠʣ-ʘʢʮʝʧʪʦʨʘ
75



ʉʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ:

ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ
76

ɺʃʀʗʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʀ:
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I. V. Myachin and L. O. Kononov, Catalysts 2023, 13, 313.



ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʚʦʨʦʚ78

Å ʋʩʪʘʥʦʚʣʝʥʦ[1ï4], ʯʪʦʚʨʝʘʣʴʥʳʭʨʘʩʪʚʦʨʘʭʨʘʩʪʚʦʨʝʥʥʦʝʚʝʱʝʩʪʚʦʨʘʩʧʨʝʜʝʣʝʥʦʚ

ʦʙʲʝʤʝʨʘʩʪʚʦʨʘʢʨʘʡʥʝʥʝʦʜʥʦʨʦʜʥʦ. ɺʨʘʩʪʚʦʨʘʭʧʨʠʩʫʪʩʪʚʫʶʪʦʙʣʘʩʪʠʩʛʫʱʝʥʠʷ

ʤʦʣʝʢʫʣʨʘʩʪʚʦʨʝʥʥʦʛʦʚʝʱʝʩʪʚʘï ʜʦʤʝʥʨrʘʩʪʚʦʨʘ(ʩʫʧʨʘʤʝʨʳ) ï ʠ ʦʙʣʘʩʪʠ

ʨʘʟʨʝʞʝʥʠʷ [1].

Å ʕʪʠʥʘʥʦ- ʠʤʝʟʦʨʘʟʤʝʨʥʳʝʥʝʦʜʥʦʨʦʜʥʦʩʪʠ(ʨʘʟʤʝʨʳʦʪ~1 ʥʤʜʦ102ï103 ʥʤ)ï

ʨʝʘʣʴʥʳʝʠ ʜʠʩʢʨʝʪʥʳʝʦʙʲʝʢʪʳ. ʀʭʤʦʞʥʦʦʩʘʜʠʪʴʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤʠʣʠ

ʦʪʬʠʣʴʪʨʦʚʘʪʴ; ʦʥʠʜʝʪʝʢʪʠʨʫʶʪʩʷʩʧʦʤʦʱʴʶʉʈʉ/ɼʈʉʠNTA [1ï3].

Å ʉʫʧʨʘʤʝʨʳʤʦʛʫʪʧʨʝʜʩʪʘʚʣʷʪʴʩʦʙʦʡʢʘʢʨʳʭʣʳʝʘʛʨʝʛʘʪʳ,ʚʢʣʶʯʘʶʱʠʝʤʦʣʝʢʫʣʳ

ʨʘʩʪʚʦʨʠʪʝʣʷ(ʚʘʨʠʘʥʪɸ), ʪʘʢʠʙʦʣʝʝʧʣʦʪʥʳʝʢʣʘʩʪʝʨʳ(ʚʘʨʠʘʥʪB).

[1] ʆʙʟʦʨ: M. Sedl§k, Front. Soft Matter 2023, 3, 1225709.

[2] D. Subramanian et al. J. Phys. Chem. B 2014, 118, 5994.

[3] ʆʙʟʦʨ: L.O. Kononov, RSC Adv. 2015, 5, 46718.

[4] ʆʙʟʦʨ: W. Kunz et al. Curr. Opin. Colloid Interface Sci. 2016, 22, 113. 

ʈʳʭʣʳʝ ʩʫʧʨʘʤʝʨʳ ʇʣʦʪʥʳʝ ʩʫʧʨʘʤʝʨʳɺ ʦʜʥʦʤ ʜʦʤʝʥʝ

103ï108 ʤʦʣʝʢʫʣ 

(1013ï1016ʜʦʤʝʥʦʚ/ʣ)

ʀʟʫʯʝʥʦ >100 

ʢʦʤʙʠʥʘʮʠʡ 

ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ïʨʘʩʪʚʦʨʠʪʝʣʴ

ʂʣʘʩʩʠʯʝʩʢʘʷ 

ʘʛʨʝʛʘʮʠʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʦʪʩʫʪʩʪʚʫʝʪ
(ʜʘʥʥʳʝ ʦʩʤʦʤʝʪʨʠʠ)



R1 R2 [R1ïR2] P

{R1}

{R2}

{R1}

{R2}

+
ʂʦʥʪʘʢʪ ʈʝʘʢʮʠʷ

ʉʤʝʰʝʥʠʝ

79ʉʪʨʫʢʪʫʨʘ ʨʘʩʪʚʦʨʘ ïʢʣʶʯ ʢ ʤʦʜʫʣʠʨʦʚʘʥʠʶ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ

ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ

Å ʄʦʣʝʢʫʣʳ ʨʝʘʛʝʥʪʦʚ ɺʅʋʊʈʀ ʩʫʧʨʘʤʝʨʦʚ{R1} ʠ {R2} ʥʝ ʨʝʘʛʠʨʫʶʪ.

Å ʄʦʣʝʢʫʣʳ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʇʆɺɽʈʍʅʆʉʊʀ ʩʫʧʨʘʤʝʨʘ.

Å ɸʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ­ ʉʊɽʈɽʆʉɽʃɽʂʊʀɺʅʆʉʊʔ.

L. O. Kononov, RSC Adv. 2015, 5, 46718 ï 46734.
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I. V. Myachin and L. O. Kononov, Catalysts 2023, 13, 313.
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I. V. Myachin and L. O. Kononov, Catalysts 2023, 13, 313.
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ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʩʧʦʩʦʙʘ ʩʤʝʰʝʥʠʷ

L.O. Kononov et al., Eur. J. Org. Chem. 2022, e202101377; Catalysts 2023, 13, 313.
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X. S. Ye et al., Nat. Commun. 2017, 8,14851. DOI: 10.1038/ncomms14851.
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