
セレノ化糖を用いた蛋白質結晶構造解析に関する基
盤研究

言語: Japanese

出版者: 

公開日: 2018-08-30

キーワード (Ja): 

キーワード (En): 

作成者: 島袋, 隼平

メールアドレス: 

所属: 

メタデータ

http://hdl.handle.net/20.500.12099/56218URL



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2016  

 

 

 

( ) 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 
 

 

 

Ac : acetyl 

BDA : benzaldehyde dimethylacetal 

Bn : benzyl 

BOM : benzyloxymethyl 

Bz : benzoyl 

Bzld : benzylidene 

CSA : dl-10-camphorsulfonic acid 

DIEA : N,N-diisopropylethylamine 

DMAP : 4-dimethylaminopyridine 

DMA : N,N-dimethylacetamide 

DMC : 2-chloro-1,3-dimethyl-2-imidazolinium chloride 

DMF : N,N-dimethylformamide 

2,2-DMP : 2,2-dimethoxypropane 

DMP : Dess-Martin periodinane  

Fuc : fucose   

Gal : galactose 

GalN : galactosamine 

GlcN : glucosamine 

HEPES : 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

HPLC : high performance liquid chromatography 

Man : mannose 

MS AW300 : acid washed 4Å molecular sieve  
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NBS : N-bromosuccinimide 

Me : methyl 

PG : protective group 

PMB : p-methoxybenzyl 

Pyr : pyridine 

TBA : tetra-n-butylammonium 

TBME : methyl tert-butyl ether 

TBDPS : tert-butyldiphenylsilyl 

TEA : triethylamine 

TEOA : triethylorthoacetate 

TFA : trifluoroacetic acid 

Tf2O : trifluoromethanesulfonic anhydride 

THF : tetrahydrofuran 

TMOA : trimethylorthoacetate 

Tol : 4-methylbenzoyl 

Tris : tris(hydroxymethyl)aminomethane 
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1 Sok, D.; Doores, K. J.; Briney, B.; Le, K. M.; Saye-Francisco, K. L.; Ramos, A.; Kulp, D. W.; 

Jean-Philippe, J.; Menis, S.; Wickramasinghe, L.; Seaman, M. S.; Schief, W.; Wilson, I. A.; 

Poignard, P.; Burton, D. R. Sci. Transl. Med. 2014, 6, 236. 
2 Stenmark, P.; Dupuy, J.; Imamura, A.; Kiso, M.; Stevens, R. C. PLoS Pathogens 2008, 4, 

e1000129. 
3 Kato, K.; Ishiwa, A. Trop. Med. Health 2015, 43, 41. 
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-

                                                                                                                                                     
Biochemistry 1990, 29, 2670. 

5 Yang, W.; Hendrison, W. A.; Crouch, R. J.; Satow, Y. Science 1990, 249, 1398. 
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Buts 6 X

7,8,9

6 (MeSe)

9NCRD X

(Fig. 2)10

(Fig. 2)  

 

 

Fig. 2 9NCRD  

 

X

                                                   
6 Buts, L.; Loris, R.; Genst, E. D.; Oscarson, S.; Lahmann, M.; Messens, J.; Brosens, E.; Wyns, 

L.;Greve, H. D.; Bouckaert, J. Acta Cryst. 2003, D59, 1012. 
7 Kostlánová, N.; Mitchell, E.P.; Lortat-Jacob, H.; Oscarson, S.; Lahmann, M.; Gilboa-Garber, N.; 

Chambat, G.; Wimmerová, M.; Imberty, A. J. Biol. Chem. 2005, 280, 27839. 
8 Houser, J.; Komarek, J.; Kostlanova, N.; Cioci, G.; Varrot, A.; Kerr, S. C.; Lahmann, M.; Balloy, 

V.; Fahy, J. V.; Chignard, M.; Imberty, A.; Wimmerova, M.; PLoS One 2013, 8, e83077. 
9 Sulák, O.; Cioci, G.; Delia, M.; Lahmann, M.; Varrot, A.; Imberty A.; Wimmerová, M. Structure  

2010, 18, 59. 
10 Suzuki, T.; Makyio, H.; Ando, H.; Komura, N.; Menjo, M.; Yamada, Y.; Imamura, A.; Ishida, H.; 

Wakatsuki, S.; Kato R.; Kiso, M. Bioorg. Med. Chem. 2014, 22, 2090. 
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11 (Fig. 3)

Aspergillus 

oryzae lectin, AOL  

 

 

 

 

 

 

F ig .  3  Leukotr iene  C4  

Dodecyl-β-D-selenomaltoside  

 

 

 
                                                   
11 Saino, H.; Ago, H.; Ukita, Y.; Miyano, M. Acta Crystallogr. 2011, F67, 1666. 
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12 13 14 15,16 17,18

(RSeH) (RSeSeR)

Me (Fig. 4)  

 

 

Fig. 4 

 

                                                   
12 Solter, D.; Knowles, B.B. Proc. Natl Acad. Sci. USA 1978, 75, 5565. 
13 Gringhuis, S. I. ; Kaptein, T. M.; Wevers, B. A.; van der Vlist, M.; Klaver, E. J.; van Die, I.; 

Vriend , L. E. M.; de Jong, M. A.W. P.; Geijtenbeek, T. B.H. Nat. Commun. 2014, 5, 5074. 
14 Li, Y.-L.; Wu, G.-Z.; Zeng, L.; Dawe, G. S.; Sun, L.; Loers, G.; Tilling, T.; Cui, S.-s.; Schachner, 

M.; Xiao, Z.-C. FEBS Lett. 2009, 583, 703. 
15 Kannagi, R. Glycoconj. J. 1997, 14, 577. 
16 Kim, Y. J.; Varki, A. Glycoconj. J. 1997, 14, 569. 
17 Flogel, M.; Lauc, G.; Gornik, I.; Macek, B. Clin. Chem. Lab. Med. 1998, 36, 99. 
18 Gornik, I.; Maravic, G.; Dumic, J.; Flogel, M.; Lauc, G. Clin. Biochem. 1999, 32, 605. 
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19

2

PMB (Fig. 5)  Bn

Pd 20  

 

Fig. 5 

 

α-

2 3 4 α

(Fig. 4) 2 3 4 21,22

23

(Fig. 6)

(RCOSe-) (RSe-)

(RCOSeSeCOR, RSeSeR)

DIEA Cs2CO3  

                                                   
19 Suzuki, T.; Komura, N.; Imamura, A.; Ando, H.; Ishida, H.; Kiso, M. Tetrahedron Lett. 2014, 55, 

1920. 
20 ,  2007. 
21 Ishihara, H.; Sato, S.; Hirabayashi, Y. Bull. Chem. Soc. Jpn. 1977, 50, 3007. 
22 Kawai, Y.; Ando, H.; Ozeki, H.; Koketsu, M.; Ishihara, H. Org. Lett. 2005, 7, 4653. 
23 Ishihara, H.; Matsunami, N.; Yamada, Y. Synthesis 1987, 4, 371. 
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Fig. 6 

2-MeSe-Fuc 2 Gal 3 Me-Fuc 2

Gal3

(Fig. 7)24  

 

Fig. 7 

3-MeSe-Fuc 3 Bundle 25

Methyl 4-benzoyl-3-bromo-3,6-dideoxyguloside 4-MeSe-Fuc 4 3

Methyl 3-benzoyl-4-bromo-4,6-dideoxyglucoside

(Fig 8)  

 

Fig. 8 

                                                   
24  ,  2011. 
25 Bundle, D.; Josephson, S. Can. J. Chem. 1978, 56, 2686. 
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 α- β-  

 

MeSe

19
L-Fuc 5 9

626 6 BOM

719 TMSOTf MS-AW300 (Scheme 1, Table 1)

α ether/CH2Cl2

27  

 

 

Scheme 1 

Table 1 

                                                   
26 Hara, A.; Imamura, A.; Ando, H.; Ishida, H.; Kiso, M.; Molecules 2013, 19, 414. 
27 Ishiwata, A.; Munemura, Y.; Ito, Y. Tetrahedron 2008, 64, 92. 
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Entry1 CPME-CH2Cl2 8α 30%

51%

Entry 2 7

7 5 α-MeSe 8α 48%

β 8β 43% β CPME

Entry 3

CPME α/β 1.5/1

Entry 4 CPME TBME

α/β 3.14/1 α

80%

 

CH2Cl2 anisole TFA PMB

3 1α

1β (Scheme 2)  

 

 

Scheme 2 
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 2-  

 

2-MeSe 2 Methyl 

2-bromo-2,6-dideoxy-L-taloside α-Me-L-fucopyranoside 10 MeCN

2,2-DMP CSA 3,4- 11

11 CBr4 PPh3
28

12 (Scheme 3)  

 

 

Scheme 3 

 

11 13

MeCN KI 14  

 

 
Scheme 4 

 

3,4-

3,4-

                                                   
28 Appel, R. Chem. Ber. 1971, 104, 1030. 
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Ac 11 PMB

80% 3,4-

Ac CH2Cl2 TFA PMB 15

(Scheme 5) 15

16 (Scheme 5)  

 
Scheme 5 

 

11 KI

18 4

TfO 17 TBANO2 19

(Scheme 6)  

 
Scheme 6 

 

SN2 2

6-deoxy-L-taloside
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11 DMP 20 85%

THF/EtOH NaBH4 21

40 11 20%

1 OMe

Entry 2

DIBAL-H 21

95% (Scheme 7, Table 2)  

 

 
Scheme 7 

 

Table 2 

 

 

22 Tol2Se 23 piperidine DIEA DMA

30 24 (92%, 2 steps) in situ 

Tol Me 21( 25, 64%) 80%

 83% 2

(Scheme 8)  
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Scheme 8 
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3-  

 

3-MeSe-Fuc 3 3-

10 3,4 Bzld 29,30

Bzld 2723( 47%) (Scheme 9)  

 

 

Scheme 9 

 

27 TolSeK 29 80 °C

100 °C

(Scheme 10)  

 

Scheme 10 

 

10 MeCN TEOF p-TsOH

H2O PMBCl NaH

                                                   
29 Failla, D. L.; Hullar, T. L.; Siskin, S. B. Chem. Commun. 1966, 716. 
30 Hanessian, S. Carbohydrate Res. 1966, 2, 86. 
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2M- 3-OH 31 ( 82%)

DMP 3-keto 32 73% 3-keto 32 MeOH

0 °C NaBH4 6-deoxy guloside  33 82%

guloside 33 34

TolSeK 29 35

(Scheme 11)  

 

 

Scheme 11 

 

80%

1-OMe 4

31

25 2  23

3,4

E2

(Fig. 9) 13,17

23

(3-H,1-OMe)-

                                                   
31 Hale, K. J.; Hough, L.; Manaviazar, S.; Calabrese, A. Org. Lett. 2014, 16, 4838. 
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Fig. 9 

 

Liakatos 32 Gal 3 4,6 Bn

Bzld (Fig. 10)  

 

 

Fig. 10 

 

 

 

 
                                                   
32 Liakatos, Angela; Kiefel, M. J.; von Itzstein, M.; Org. Lett. 2003, 5, 4365. 
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3-MeSe Fuc 3 1 2

(Fig. 11)  

 

Fig. 11 

L-Fuc 5 Ac 1,2-DCE Et3N MeOH

36 ( 90%, 3 steps) Ac Bn

1,2- 38 2,2-DMP

CSA 1,2 Bn

-40 °C 3 4

MOM 3 DMP NaBH4

guloside 45 (Scheme 12)  
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Scheme 12 

 

guloside 45 46 TolSeK 29 

35 47 75% Tol

Me 3-MeSe-Fuc 3 9%

 (Scheme 13)  
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Scheme 13 
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5   4-  
 

4-MeSe  4 4-bromo-4-deoxyglucoside 2823 2

Ac TolSeK 29 4- 50 87%

2-MeSe 2 50 MeSe 51

 ( 53%) THF/MeOH NaOMe

4-MeSe-Fuc 4 96%  (Scheme 14)  

 

 

 

Scheme 14 
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X  

 

 

 AOL  

 

Aspergillus oryzae lectin (AOL)

AOL

311 34,481Da 33

 (AAL) 26%

 

2  (α-MeSe-Fuc 1α, β-MeSe-Fuc 1β, 2-MeSe-Fuc 2, 3-MeSe-Fuc 3, 

4-MeSe-Fuc 4) AOL X MeSe-Fuc-

SAD MAD

Fig. 12 AOL 6

β AAL34 AFL8

 

 

Fig. 12 Determined structure of AOL complexed with a) α-MeSe-Fuc 1α, b) β-MeSe-Fuc 1β and 

c) 2-MeSe-Fuc 2 

                                                   
33 Ishida, H.; Moritani, T.; Hata, Y.; Kawato, A.; Suginami, K.; Abe, Y.; Imayasu, S. Biosci. 

Biotechnol. Biochem. 2002, 66, 1002. 
34 Fujihashi, M.; Peapus, D. H.; Kamiya, N.; Nagata, Y.; Miki, K. Biochemistry 2003, 42, 11093. 

a) c) b) 
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α-MeSe-Fuc 1α Site 4 HEPES

 

β Fuc 2

3 4

(Fig. 

13)

Fuc 3,4

AOL

 

 

Fig. 13 
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 AOL  

 

- AOL

(SPR) AOL

(CM5)

Table 3  

 

 Kd  

α-Me-Fuc (11) 71±8.6 - 

α-MeSe-Fuc (1α) 85±18  

β-MeSe-Fuc (1β) 121±18  

2-MeSe-Fuc (2) 52±2.5  

3-MeSe-Fuc (3) 501±269  

4-MeSe-Fuc (4) 624±108  

 

 Table 3  

 

(3,4) AOL

(1α,1β,2) 4

3 4

2-MeSe-Fuc 2

Fig. 14 2 3

3
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Fig. 14 
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2 3 SN2

AOL

SPR  
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 X  
 

 
 

X

N

 

35 36

50

37

38

 

X

                                                   
35 Humphrey, S. J.; James, D. E.; Mann, M. Trends Endocrinol. Metabol. 2015, 26, 676. 
36 Allfrey, V. G.; Faulkner, R.; Mirsky, A. E. Proc. Natl Acad. Sci. USA, 1964, 51, 786. 
37 Apweiler, R.; Hermjakob, H.; Sharon, N. Biochim. Biophys. Acta 1999, 1473, 4. 
38 Yamaguchi, T.; Sakae, Y.; Zhang, Y.; Yamamoto, S.; Okamoto, Y.; Kato, K. Angew. Chem. Int. 

Ed. 2014, 53, 10941. 
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(Fig. 15)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15 
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Endo-β-N-acetylglucosaminidase (ENGase, Endo M) (EC 3.2.1.96)39,40

Endo-M Mucor hiemalis N

(GlcNAcβ(1-4)GlcNAc) GlcNAc

GlcNAc

(Fig. 16) Endo-M

 

 

 

Fig. 16 

 

                                                   
39 Kadowaki, S.; Yamamoto, K.; Fujisaki, M.; Izumi, K.; Tochikura, T.; Yokoyama, T.; Agric. Biol. 

Chem. 1990, 54, 97. 
40 Yamamoto, K.; Kadowaki, S.; Watanabe, J.; Kumagai, H.; Biochem. Biophys. Res. Commun. 

1994, 203, 244. 



33 
 

 

 

41 N (High mannose )

NMR 4

3

GlcN 3 4 1 3 4

6

1 Se-Man β(1-4) GlcNAc

Endo-M 42

Se-Man β(1-4) GlcNAc-oxazoline (Fig 17)  

 

Fig. 17 

 
                                                   
41 Yamaguchi, T.; Sakae, Y.; Zhang, Y.; Yamamoto, S.; Okamoto, Y.; Kato, K. Angew. Chem. Int. 

Ed. 2014, 53, 10941. 
42 Fujita, M.; Shoda, S.; Haneda, K.; Inazu, T.; Takegawa, K.; Yamamoto, K. Biochim Biophys Acta 

2001, 1528, 9. 
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Man GlcN SN2 Se-Man β(1-4) GlcNAc-oxa

GlcNAc GlcN C4 GalN

52 3-(dimethylamino)-1-propylamine

43 TBDPS 54

( 86%) 3 6 44 55 (  

66%)  (Scheme 15)  

 

 

 

Scheme 15 

 

 

 

 

 

 

                                                   
43 Andersen, S. M.; Heuckendorff, M.; Jensen, H. H. Org. Lett. 2015, 17, 944. 
44 Ren, B.; Rahm, M.; Zhang, X.; Zhou, Y.; Dong, H. J. Org. Chem. 2014, 79, 8134. 
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Man 56 TolSeK 29 57

45% (Scheme 16)  

 

 

Scheme 16 

 

21 in situ

DMF Cs2CO3 57 Me2NH

GalN

63 % 58 1JCH 

coupling 157.5 Hz Yu β

45(160.5 Hz) α (173.2 Hz)

58 β

58 59 60

H2O

THF/H2O 59 DMC

Et3N 10 TLC

59

                                                   
45 Yu, B.; van Ingen, H.; Vivekanandan, S.; Rademacher, C.; Norris, S. E,; Freedberg, D. I. J. Magn. 
Reson., 2012, 215, 10. 
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95% 60

60 61 (Scheme 

17)  

 

 

 

Scheme 17 
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 Endoglycosidase  

 

61 GlcNAc-pNP 62 Endo M

 (Scheme 18, Table 4)  

 

 

Scheme 18 

Table 4 

 
 

Entry 1 O-Man β (1-4)GlcNAc oxa 41

3:1

HPLC (Fig. 18)

21 (Fig. 19)
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Fig. 18 RP-HPLC analysis of transglycosylation reaction. 

Reaction time: A. 0.5 h, B. 2.0 h, C. 14 h. 

Column: Inertsil ODS-3 (125×2.1 mm), Detection: UV detector (260 nm) 

Eluent A:0.1% TFA aq., Eluent B: MeCN containing 0.1% TFA 

Eluent (Binary gradient 14% of eluent B, 1 mL/min) was employed. 

 

 
                   Fig. 19 ESI-TOF MS of glycosylated compound 

1H-NMR β

(Fig. 20)  

A. 

B. 

C. 
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.  

 

 

 

 

 

 

 

 

 

Fig. 20 NMR spectrum of A) O-type trisaccharide41and B) Se-type trisaccharide. 

 

 

 

 

62

Entry 2

NCOCH3 (6 H) 

A) 

B) 
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30

Entry1 1.5 mU Endo M

Entry3 3.0 mU

2 90%

(Fig. 21)  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 21 RP-HPLC analysis of transglycosylation reaction. 

Reaction time: A) 0.5 h and B) 2.0 h 

Column: Inertsil ODS-3 (125×2.1 mm)  

Detection: UV detector (260 nm) 

Eluent A:0.1% TFA aq. Eluent B: MeCN containing 0.1% TFA 

Eluent (Binary gradient 8% of eluent B, 1 mL/min) was employed. 

 

 

 

 

 

 

 

 

 

A) 

B) 
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61

Endo M 61 69

(Scheme 19) 18 61

HPLC (Fig. 22)

61 Endo M  

 

Scheme 19 

 

 

 

 

 

 

 

 

 

 

 Fig. 22 

Fig. 22 RP-HPLC analysis of transglycosylation reaction. 

              Reaction time: 18 h. 

Column: Inertsil ODS-3 (125×2.1 mm) 

Eluent A:0.1% TFA aq. Eluent B: MeCN containing 0.1% TFA 

Eluent (Binary gradient 8% of eluent B, 1 mL/min) was employed. 
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Se-Manβ(1-4)GlcNAc-oxa

SN2

GlcNAc-pNP
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1828 Wöhler

(

)

X  

X
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1H 77Se 13C NMR Bruker Avance III 500 1H NMR

 (Me4Si) ppm (δ) 77Se

13C NMR ppm (δ)

 (s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet, br = broad)  (HRMS) Bruker Daltonics micrOTOF (ESI-TOF) 

Horiba SEPA-300 

 ( ) Wako Chemicals Inc. 

300 °C 2 MS4Å

MSAW-300 TLC

Merck TLC (silica gel 60F254 on glass) UV  (254 nm)

10 % - 20 % -

 (Fuji Silysia Co., 80 mesh and 

300 mesh) Sephadex (Pharmacia LH-20)  (v/v)
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Methyl 3,4-di-O-acetyl-6-deoxy-2-O-(4-methoxybenzyl)-1-seleno-α-L-galactopyranoside (8α) 

and -β-L-galactopyranoside (8β) 

7 (100 mg, 463 μmol) 6 (50.0 mg, 

90.0 μmol) AW-300 (90 mg) CH2Cl2-TBME (925 μL, 1:2) 1

-78 °C TMSOTf (10.2 μL, 99.6 μmol) 21

TLC (EtOAc/Toluene = 1/8) triethylamine (500 μL)

CHl2Cl2

 (EtOAc/Toluene = 1/30) 8α (27.3 mg, 66%) 8β 

(9.3 mg, 21%) α-isomer (8α); [α]D -165.2 ° (c 1.0, CHCl3); 1H NMR 

(500 MHz, CDCl3) δ 7.27-6.87 (2 d, 4 H, Ar), 5.87 (d, 1 H, J1,2 = 5.5 Hz, H-1), 5.29 (d, 1 H, J3,4 = 

3.0 Hz, H-4), 5.16 (dd, 1 H, J2,3 = 10.5 Hz, H-3), 4.64 (d, 1 H, Jgem = 12.0 Hz, OCH2Ar), 4.49 (d, 1 

H, Jgem = 12.0 Hz, OCH2Ar), 4.37 (m, 1 H, H-5), 3.97 (dd, 1 H, H-2), 3.80 (s, 3 H, OCH3), 2.14-1.98 

(2 s, 6 H, 2 Ac), 1.90 (s, 3 H, SeCH3), 1.15 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) 

δ 170.4, 170.0, 159.4, 129.7, 129.3, 113.8, 80.8, 72.9, 71.8, 71.4, 71.0, 66.2, 55.3, 20.8, 16.0, 1.63; 

77Se NMR (94 MHz, CDCl3) δ 91.3; HRMS (ESI) m/z: found [M+Na]+ 469.0736, C19H26O7Se calcd 

for [M+Na]+ 469.0736. β-isomer (8β); [α]D +3.6 ° (c 0.8, CHCl3); 1H NMR (500 MHz, CDCl3) δ 

7.27-6.86 (2 d, 4 H, Ar), 5.27 (dd, 1 H, J3,4 = 3.0 Hz, J4,5 = 0.5 Hz, H-4), 4.98 (dd, 1 H, J2,3 = 9.5 Hz, 

H-3), 4.75 (d, 1 H, Jgem = 10.5 Hz, OCH2Ar), 4.66 (d, 1 H, J1,2 = 9.5 Hz, H-1), 4.59 (d, 1 H, Jgem = 

10.0 Hz, OCH2Ar), 3.79-3.71 (m, 5 H, CH3, H-2, H-5), 2.17-1.99 (3 s, 9 H, 2 Ac, SeCH3), 1.38 (d, 3 

H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3): δ 170.4, 170.1, 159.6, 130.1, 129.8, 113.9, 79.0, 

76.4, 75.1, 74.7, 74.2, 71.2, 55.4, 29.8, 20.9, 20.9, 16.5, 3.4; 77Se NMR (94 MHz, CDCl3) δ 211.8; 
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HRMS (ESI) m/z: found [M+Na]+ 469.0736, C19H26O7Se calcd for [M+Na]+ 469.0736. 

 

 

Methyl 3,4-di-O-acetyl-6-deoxy-1-seleno-α-L-galactopyranoside (9α) 

8α (30 mg, 70 μmol) anisole (15 mg, 140 μmol) CH2Cl2 (0.92 

mL ) -20 °C Trifluoroacetic acid (0.46 mL) 6

TLC (EtOAc/n-Hexane = 1/1)

 (EtOAc/n-Hexane = 1/2) 9α (21 

mg, 90%) [α]D -273.2 ° (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 

5.71 (d, 1 H, J1,2 = 5.5 Hz, H-1), 5.26 (dd, 1 H, J3,4 = 3.0 Hz, J4,5 = 1.0 Hz, H-4), 4.91 (dd, 1 H, J2,3 = 

10.0 Hz, H-3), 4.34 (m, 1 H, H-5), 4.13 (m, 1 H, H-2), 2.16-2.05 (3 s, 9 H, 2 Ac, SeCH3), 1.18 (d, 3 

H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 171.0, 170.8, 86.9, 73.2, 71.1, 67.9, 67.4, 21.4, 

21.0, 16.3, 4.3; 77Se NMR (94 MHz, CDCl3) δ 75.2; HRMS (ESI) m/z: found [M+Na]+ 349.0161, 

C11H18O6Se calcd for [M+Na]+ 349.0161.  

 

 

Methyl 1-seleno-α-L-galactopyranoside (1α) 

 9α (16.0 mg, 49.0 μmol) MeOH (500 μL) Sodium methoxide (28% in 

MeOH, 2.00 mg, 10.0 μmol) 20 TLC 

(MeOH/Toluene = 1/5) Muromac (H+) 
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 Sephadex LH-20 (H2O/MeOH = 1/4) 1α (10.6 mg, 89%) 

[α]D -327.6 ° (c 0.8, MeOH); 1H NMR (500 MHz, CD3OD) δ 4.51 (dd, 1 H, J1,2 = 9.5 Hz, 

H-1), 3.70-3.61 (m, 3 H, H-2, H-4, H-5), 3.47 (dd, 1 H, J3,4 = 3.5 Hz, H-3), 2.10 (s, 3 H, SeCH3), 

1.28 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CD3OD) δ 85.3, 73.2, 73.2, 69.9, 69.4, 16.6, 

1.4; 77Se NMR (94 MHz, CD3OD) 75.4; HRMS (ESI) m/z: found [M+Na]+ 264.9948, C7H14O4Se 

calcd for [M+Na]+ 264.9950. 

 

 

Methyl 3,4-di-O-acetyl-6-deoxy-1-seleno-β-L-galactopyranoside (9β) 

8β (64 mg, 140 μmol) anisole (31 μL, 290 μmol) CH2Cl2 (1.9 

mL) -40 °C  Trifluoroacetic acid (0.46 mL) 5

TLC (MeOH/CHCl3 = 1/20)

 (EtOAc/n-Hexane = 1/2) 9β (40 mg, 

86%) [α]D -6.6 ° (c 0.8, CHCl3); 1H NMR (500 MHz, CDCl3) δ 5.27 

(d, 1 H, J3,4 = 3.0 Hz, H-4), 4.93 (dd, 1 H, J2,3 = 9.5 Hz, H-3), 4.60 (d, 1 H, J1,2 = 10.0 Hz, H-1), 

3.90-3.83 (m, 2 H, H-2, H-5), 2.47 (d, 1 H, J2,OH = 2.0 Hz, OH), 2.16-2.06 (3 s , 9 H, 2 Ac, SeCH3), 

1.21 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 168.4, 79.3, 78.9, 72.3, 71.8, 68.7, 

65.6, 65.5, 18.7, 18.5, 14.3; 77Se NMR (94 MHz, CDCl3) δ 177.9; HRMS (ESI) m/z: found [M+Na]+ 

349.0161, C11H18O6Se calcd for [M+Na]+ 349.0161. 

 

 

Methyl 1-seleno-β-L-galactopyranoside (1β) 
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 9β (40 mg, 120 μmol) MeOH (4.1 mL) Sodium methoxide (28% in MeOH, 

10 mg, 40 μmol) 30 TLC (MeOH/Toluene = 1/5)

Muromac (H+)

 Sephadex LH-20 (H2O/MeOH = 1/4)

1β (30 mg, quant.) [α]D +21.9 ° (c 0.8, MeOH); 1H NMR 

(500 MHz, CD3OD) δ 4.51 (dd, 1 H, J1,2 = 9.5 Hz, H-1), 3.70-3.61 (m, 3 H, H-2, H-4, H-5), 3.47 (dd, 

1 H, J2,3 = 9.5 Hz, J3,4 = 3.5 Hz, H-3), 2.10 (s, 3 H, SeCH3), 1.28 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C 

NMR (125 MHz, CD3OD) δ 110.0, 105.3, 104.2, 101.3, 99.7, 45.0, 29.7; 77Se NMR (94 MHz, 

CD3OD) δ 190.4; HRMS (ESI) m/z: found [M+Na]+ 264.9948, C7H14O4Se calcd for [M+Na]+ 

264.9950.  

 

 

Methyl 2,6-dideoxy-3,4-O-isopropylidene-2-(4-methylbenzoylseleno)-α-L-galactopyranoside 

(24) 

21 (96.0 mg, 440 μmol) CH2Cl2 (10.0 mL) pyridine (148 μL, 

183 μmol) trifluoromethanesulfonic anhydride (154 μL, 916 μmol)  -20 °C 30

TLC (EtOAc/n-Hexane = 1/1) CH2Cl2

(2M- )  (

) 3

DMA (3.60 mL) 4-methylselenobenzoic anhydride 23 (788 mg, 

2.48 mmol) N,N-diisopropylethylamine (444 μL, 2.48 mmol)  piperidine (244 μL, 2.48 

mmol)  DMA (6.40 mL) 90 °C 75 TLC 
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(EtOAc/n-Hexane = 1/3) (EtOAc) (2M- H2O

) ( )

 (EtOAc/toluene = 1/5) 24 (163 mg, 93%)

[α]D -66.0 ° (c 1.1, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.81-7.24 (2 d, 

4 H, Ar), 4.76 (d, 1 H, J1,2 = 3.5 Hz, H-1), 4.38 (dd, 1 H, J2,3 = 11.0 Hz, J3,4 = 5.0 Hz, H-3), 4.16 (m, 

1 H, H-5), 4.04 (dd, 1 H, J4,5 = 2.0 Hz, H-4), 3.94 (dd, 1 H, H-2), 3.37 (s, 3 H, OCH3), 2.39 (s, 3 H, 

Ar-CH3), 1.63 (s, 3 H, (CH3)2C), 1.41 (d, 3 H, J5,6 = 6.5 Hz, H-6), 1.36 (s, 3 H, (CH3)2C); 13C NMR 

(125 MHz, CDCl3) δ 192.5, 144.6, 136.2, 129.4, 127.5, 109.4, 109.1, 101.3, 75.9, 74.4, 63.1, 55.7, 

44.9, 29.7, 28.1, 26.5, 21.7, 16.7; 77Se NMR (94 MHz, CDCl3) δ 534.0; HRMS (ESI) m/z: found 

[M+Na]+ 423.0681, C18H24O5Se calcd for [M+Na]+ 423.0681. 

 

 

Methyl 2,6-dideoxy-3,4-O-isopropylidene-2-methylseleno-α-L-galactopyranoside (25) 

24 (60 mg, 150 μmol) DMF (2.0 mL) Cs2CO3 

(98 mg, 300 μmol) N-methylhydrazine (12.0 mg, 230 μmol) methyl iodide (19.0 μL, 300 

μmol) 70 TLC (EtOAc/n-Hexane = 1/3)

(EtOAc) ( ) ( )

 (EtOAc/n-Hexane 

= 1/6) 25 (29 mg, 64%) [α]D -141.7 ° (c 1.1, CHCl3); 

1H NMR (500 MHz, CDCl3) δ 4.81 (d, 1 H, J1,2 = 3.0 Hz, H-1), 4.43 (dd, 1 H, J2,3 = 9.5 Hz, J3,4 = 

5.0 Hz, H-3), 4.11 (m, 1 H, H-5), 3.96 (dd, 1 H, J4,5 = 2.5 Hz, H-4), 3.36 (s, 3 H, OCH3), 2.82 (dd, 1 

H, H-2), 2.14 (s, 3 H, SeCH3), 1.52-1.36 (m, 9 H, (CH3)2C, H-6); 13C NMR (125 MHz, CDCl3) δ 
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108.7, 101.6, 75.7, 62.8, 55.6, 43.1, 29.7, 28.6, 26.4, 16.7, 4.6; 77Se NMR (94 MHz, CDCl3) δ 127.2; 

HRMS (ESI) m/z: found [M+Na]+ 319.0419, C11H20O4Se calcd for [M+Na]+ 319.0419.  

 

 

Methyl 2,6-dideoxy-2-methylseleno-α-L-galactopyranoside (2) 

25 (10 mg, 34 μmol) H2O (67 μL) 0 °C Acetic acid (270 μL) 50 °C

50 TLC (MeOH/CHCl3 = 1/10)

 (EtOAc/Toluene = 2/1) 2 

(7.2 mg, 83%) [α]D +21.9 ° (c 0.8, MeOH); 1H NMR (500 MHz, CD3OD) 

δ 4.77 (d, 1 H, J1,2 = 3.5 Hz, H-1), 3.91-3.84 (m, 2 H, H-3, H-5), 3.61 (d, 1 H, J3,4 = 2.5 Hz, H-4), 

3.31 (s, 3 H, OCH3), 2.96 (dd, 1 H, J2,3 = 11.0 Hz, H-2), 2.06 (s, 3 H, SeCH3), 1.21 (d, 3 H, J5,6 = 6.5 

Hz, H-6); 13C NMR (125 MHz, CD3OD) δ 103.3, 73.5, 72.5, 67.7, 55.8, 44.9, 16.9, 4.8; 77Se NMR 

(94 MHz, CD3OD) δ 102.8; HRMS (ESI) m/z: found [M+Na]+ 279.0106, C8H16O4Se calcd for 

[M+Na]+ 279.0106.  

 

 

Methyl 4-O-acetyl-6-deoxy-2-methoxymethyl-α-L-galactopyranoside (31) 

10 (2.44g, 13.7 mmol) MeCN (137 mL) 0 °C triethyl 

orthoformate (3.80 mL, 20.6 mmol) CSA (325 mg, 1.40 mmol) 7

TLC (MeOH/CHCl3 = 10/1) 0 ˚C triethylamine

 DIEA (11.8 mL, 68.5 mmol)  MOMCl (2.10 mL, 27.4 mmol)
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28 TLC (EtOAc/n-Hexane = 1/1) MeOH

2M- 10 TLC 

(EtOAc/n-Hexane = 1/1) (EtOAc)  (2M- H2O

) ( )

 (EtOAc/Toluene = 1/5) 31 (2.97 g, 82%)

[α]D -28.9 ° (c 0.4, CHCl3); 1H NMR (500 MHz, CDCl3) δ 5.27 (dd, 1 H, 

J3,4 = 3.5 Hz, J4,5 = 1.0 Hz, H-4), 4.84 (d, 1 H, J1,2 = 3.5 Hz, H-1), 4.82 (d, 1 H, Jgem = 12.0 Hz, 

OCH2OCH3), 4.73 (d, 1 H, Jgem = 12.0 Hz, OCH2OCH3), 4.12-4.04 (m, 2 H, H-3, H-5), 3.72 (dd, 1 H, 

J2,3 = 10.0 Hz, H-2), 3.43-3.41 (m, 6 H, 2 OCH3), 3.01 (s, 1 H, OH), 2.18 (s, 3 H, Ac), 1.16 (d, 3 H, 

J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 177.2, 99.3, 98.1, 78.3, 73.0, 67.6, 64.5, 55.9, 

55.3, 20.9, 16.2; HRMS (ESI) m/z: found [M+Na]+ 287.1103, C11H20O7 calcd for [M+Na]+ 

287.1101.  

 

 

Methyl 4-O-acetyl-6-deoxy-2-O-methoxymethyl-α-L-xylo-hexopyranosid-3-ulose (32) 

31 (620 mg, 2.35 mmol) NaHCO3 (983 mg, 11.7 mmol)  CH2Cl2 

(23.5 mL) 0 °C Dess-Martin periodinane (1.29 g, 3.05 mmol) 18

TLC (EtOAc/n-Hexane = 2/1) (Et2O) satd aq. 

Na2S2O3 Et2O ( )  (

)  

(Acetone/Toluene = 1/5)  32 (449 mg, 73%) [α]D 

+3.0 ° (c 0.7, CHCl3); 1H NMR (500 MHz, CDCl3) δ 5.11 (d, 1 H, J1,2 = 4.0 Hz, H-1), 5.08 (d, 1 H, 

J4,5 = 1.5 Hz, H-4), 4.74-4.72 (m, 3 H, H-2, 2 OCH2OCH3), 4.28-4.24 (m, 1 H, H-5), 3.43-3.42 (m, 6 
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H, 2 OCH3), 2.19 (s, 3 H, Ac), 1.27 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 

197.8, 169.6, 101.8, 96.5, 78.9, 77.4, 67.7, 56.0, 55.7, 20.7, 15.6; HRMS (ESI) m/z: found [M+Na]+ 

285.0945, C11H18O7 calcd for [M+Na]+ 285.0945.  

 

Methyl 4-O-acetyl-6-deoxy-2-O-methoxymethyl-α-L-gulopyranoside (33) 

32 (50 mg, 0.19 mmol) MeOH (1.9 mL) 0 °C NaBH4 (7.9 

mg, 0.21 mmol) 5 TLC (EtOAc/n-Hexane = 2/1)

(EtOAc) ( ) ( )

(EtOAc/n-Hexane = 3/1)

33 (41 mg, 82%) [α]D -43.7 ° (c 0.4, CHCl3); 1H 

NMR (500 MHz, CDCl3), δ 4.98 (dd, 1 H, J3,4 = 3.5 Hz, J4,5 = 1.0 Hz, H-4), 4.87 (d, 1 H, J1,2 = 3.5 

Hz, H-1), 4.81 (d, 1 H, Jgem = 12.0 Hz, OCH2OCH3), 4.74 (d, 1 H, Jgem = 12.0 Hz, OCH2OCH3), 

4.35-4.30 (m, 2 H, H-3, H-5), 4.00 (m, 1 H, H-3), 3.84 (t, 1 H, J2,3 = 3.5 Hz, H-3), 3.68 (d, 1 H, J3, OH 

= 8.0 Hz, OH), 3.47-3.43 (m, 6 H, 2 OCH3), 2.14 (s, 3 H, Ac), 1.16 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C 

NMR (125 MHz, CDCl3) δ 170.0, 100.1, 95.9, 73.6, 71.0, 68.3, 60.5, 55.9, 55.7, 20.9, 15.7 ; HRMS 

(ESI) m/z: found [M+Na]+ 287.1103, C11H20O7 calcd for [M+Na]+ 287.1101.  

 

 

1,2-O-Diacetyl-6-deoxy-1,2-O-(1-methoxymethylidene)-α-L-galactopyranose (36) 

5 (5.00 g, 30.5 mmol) pyridine-THF 4-DMAP (37.0 

mg, 300 μmol) Ac2O (23.0 mL, 244 mmol) 0 °C 13
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TLC (MeOH/CHCl3 = 1/10) 0 °C MeOH

EtOAc (2M-

) ( ) 24

CH2Cl2 (20.0 mL) Ac2O (23.0 mL, 244 mmol) 25% HBr-HOAc

 (40.0 mL) 16  TLC(EtOAc/n-Hexane = 1/5)

CH2Cl2 ( )

( ) 12

DCE (95.3 mL). triethylamine (8.50 mL, 61.0 mmol) MeOH (1.40 

mL, 33.6 mmol) TBAB (4.93 g, 15.3 mmol) 50 °C 5

TLC (EtOAc/n-Hexane = 1/3) CH2Cl2

(2M- ),  (

) (EtOAc/n-Hexane = 

1/5) 36 (8.65 g, 90%) 1H NMR (500 MHz, CDCl3) δ 

5.80 (d, 1 H, J1,2 = 5.0 Hz, H-1), 5.27-5.25 (m, 1 H, H-4), 5.04 (dd, 1 H, J2,3 = 7.0 Hz, J3,4 = 3.0 Hz, 

H-3), 4.29-4.23 (m, 2 H, H-2, H-5), 3.30 (s, 3 H, OCH3), 2.14 (s, 3 H, Ac), 2.06 (s, 3 H, Ac), 1.20 (d, 

3 H, J5,6 = 6.5 Hz, H-6); HRMS (ESI) m/z: found [M+Na]+ 327.1050, C13H20O8 calcd for [M+Na]+ 

327.1045. 

 

 

6-Deoxy-1,2-O-(1-methoxymethylidene)-α-L-galactopyranose (37) 

 36 (1.00 g, 3.28 mol) MeOH (6.56 mL) Sodium methoxide (28% in MeOH, 

21.0 mg, 400 μmol) 30 TLC (EtOAc/n-Hexane = 1/1)

Muromac (H+) 
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 (MeOH/CHCl3 = 1/20) 37 (720 

mg, 99%) 1H NMR (500 MHz, CDCl3) δ 5.74 (d, 1 H, J1,2 = 5.0 Hz, H-1), 

4.25 (t, 1 H, J2,3 = 5.0 Hz, H-2), 4.04-4.00 (m, 1 H, H-5), 3.88-3.85 (m, 1 H, H-3), 3.78-3.75 (m, 1 H, 

H-4), 3.38 (m, 1 H, OH-3), 3.29 (s, 3 H, OCH3), 2.84 (s, 1 H, OH-4), 1.32 (d, 3 H, J5,6 = 6.5 Hz, 

H-6); HRMS (ESI) m/z: found [M+Na]+ 243.0839, C9H16O6 calcd for [M+Na]+ 243.0842.   

 

 

3,4-Di-O-benzyl-6-deoxy-L-galactopyranose (38) 

37 (700 mg, 3.17 mmol) DMF (16.0 mL) 0 °C NaH 

(1.20 g, 6.99 mmol) 1 BnBr (834 μL, 6.99 mmol)

24 TLC (EtOAc/Toluene = 1/1) 0 °C MeOH

EtOAc 2M- 10

TLC (EtOAc/Toluene = 1/1) (

)  ( ) 3

MeOH (6.30 mL) sodium methoxide (28% in MeOH, 

61.2 mg, 317 μmol) 20 TLC (MeOH/CHCl3 = 1/10)

Muromac (H+) MeOH

 (MeOH/CHCl3 = 1/25)

38 (911 mg, 83%) 1H NMR (500 MHz, CDCl3) δ 7.37-7.23 (m, 10 H, 

Ar), 5.31 (d, 1 H, J1,2 = 3.5 Hz, H-1), 4.93-4.63 (m, 4 H, 2 ArCH2), 4.15 (dd, 1 H, J2,3 = 9.5 Hz, H-2), 

3.74 (dd, 1 H, J3,4 = 2.5 Hz, H-3), 3.68 (d, 1 H, J4,5 = 1.5 Hz, H-4), 3.53 (m, 1 H, H-5), 1.18 (d, 3 H, 

J5,6 = 6.5 Hz, H-6); HRMS (ESI) m/z: found [M+Na]+ 367.1516, C20H24O5 calcd for [M+Na]+ 

367.1516.  
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3,4-Di-O-benzyl-6-deoxy-1,2-O-isopropylidene-α-L-galactopyranose (39) 

38 (1.83 g, 5.31 mmol) 2,2-DMP (26.6 mL)  CSA (12.0 

mg, 500 μmol) . 4 TLC (EtOAc/Toluene = 1/2)

triethylamine 

 (EtOAc/Toluene = 1/5) 39 (1.76 g, 86%) [α]D 

-59.2 ° (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.41-7.26 (m, 10 H, Ar), 5.58 (d, 1 H, J1,2 = 

4.5 Hz, H-1), 4.99-4.65 (m, 4 H, 2 ArCH2), 4.30 (dd, 1 H, J2,3 = 6.5 Hz, H-2), 4.03 (m, 1 H, H-5), 

3.68-3.66 (m, 2 H, H-3, H-4), 1.45 (1 s, 3 H, (CH3)2C), 1.39 (1 s, 3 H, (CH3)2C), 1.25 (d, 3 H, J5,6 = 

6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 138.6, 138.5, 128.5, 128.4, 128.3, 128.2, 127.7, 127.6, 

108.7, 97.5, 81.1, 77.7, 77.6, 75.6, 74.4, 71.7, 70.2, 28.4, 27.3, 16.7; HRMS (ESI) m/z: found 

[M+Na]+ 407.1829, C23H28O5 calcd for [M+Na]+ 407.1829. 

 

  

6-Deoxy-1,2-O-isopropylidene-α-L-galactopyranose (40) 

39 (3.30 g, 8.59 mmol) MeOH (430 mL) 10% Pd on 

activated carbon (3.30 g) H2 24 TLC 

(EtOAc/Toluene = 1/1) CHCl3

 (MeOH/CHCl3 = 1/25)

40 (1.55 g, 89%) [α]D -52.5 ° (c 0.6, CHCl3); 1H NMR (500 MHz, 
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CDCl3) δ 5.57 (d, 1 H, J1,2 = 5.5 Hz, H-1), 4.14-4.07 (m, 2 H, H-2, H-5), 3.88 (m, 1 H, H-3), 3.77 (s, 

1 H, H-4), 2.68-2.23 (2 s, 2 H, OH), 1.52(1 s, 3 H, (CH3)2C), 1.38 (1 s, 3 H, (CH3)2C), 1.33 (d, 3 H, 

J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 108.2, 97.5, 75.7, 71.6, 69.4, 67.6, 27.8, 26.8, 

16.4; HRMS (ESI) m/z: found [M+Na]+ 227.0890, C9H16O5 calcd for [M+Na]+ 227.0890.  

 

  

3-O-tert-Butyldiphenylsilyl-6-deoxy-1,2-O-isopropylidene-α-L-galactopyranose (41) 

40 (2.80 g, 13.7 mmol) DMF (68.0 mL) imidazole (2.30 

g, 34.3 mmol) TBDPSCl (3.60 mL, 13.7 mmol) -40 °C 15

TLC (EtOAc/n-Hexane = 1/5) MeOH

(EtOAc)  ( ) ( )

(Et2O/Toluene = 1/15)

41 (5.20 g, 86%) [α]D -41.5 ° (c 0.4, CHCl3); 1H NMR (500 MHz, 

CDCl3) δ 7.74-7.37 (m, 10 H, Ar), 5.53 (d, 1 H, J1,2 = 5.0 Hz, H-1), 4.04 (t, 1 H, J2,3 = 5.0 Hz, H-2), 

3.89 (dd, 1 H, J3,4 = 4.0 Hz, H-3), 3.83 (m, 1 H, H-5), 3.39 (d, 1 H, H-4), 2.48 (d, 1 H, J4,OH = 2.5 Hz, 

OH), 1.33-1.12 (m, 18 H, (CH3)2C, H-6, tBu); 13C NMR (125 MHz, CDCl3) δ 136.2, 136.0, 135.8, 

133.5, 132.8, 130.2, 130.1, 128.0, 127.8, 107.4, 97.6, 75.6, 74.0, 70.0, 67.4, 27.7, 27.3, 27.1, 19.4, 

16.5; HRMS (ESI) m/z: found [M+Na]+ 465.2068, C25H34O5Si calcd for [M+Na]+ 465.2068. 

 

  

3-O-tert-Butyldiphenylsilyl-6-deoxy-1,2-O-isopropylidene-4-O-methoxymethyl-α-L-galactopyra

nose (42) 
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41 (1.90 g, 4.29 mmol) DCE (21.0 mL) MOMCl (3.30 

mL, 42.9 mmol) DIEA (7.40 mL, 42.9 mmol) 45 °C 3

TLC (EtOAc/n-Hexane = 1/8) MeOH 0 ˚C

(EtOAc/n-Hexane = 1/15)

42 (2.01 g, 96%) [α]D -20.3 ° (c 0.6, CHCl3); 1H NMR (500 MHz, 

CDCl3) δ 7.74-7.35 (m, 10 H, Ar), 5.51 (d, 1 H, J1,2 = 4.5 Hz, H-1), 4.95-4.66 (2 d, 2 H, OCH2), 4.15 

(dd, 1 H, J2,3 = 6.5 Hz, H-2), 3.93 (dd, 1 H, J3,4 = 2.5 Hz, H-3), 3.86 (m, 1 H, H-5), 3.49 (t, 1 H, J4,5 

= 2.5 Hz, H-4), 3.37 (s, 3 H, OCH3), 1.24-1.10 (m, 18 H, tBu, (CH3)C, OCH3, H-6); 13C NMR (125 

MHz, CDCl3) δ 136.4, 136.1, 133.7, 133.3, 130.0, 129.8, 127.8, 127.5, 108.5, 97.6, 97.0, 78.2, 76.0, 

75.3, 69.8, 56.2, 27.9, 27.1, 27.0, 19.4, 16.7; HRMS (ESI) m/z: found [M+Na]+ 509.2330, 

C27H38O6Si calcd for [M+Na]+ 509.2330. 

 

 

6-Deoxy-1,2-O-isopropylidene-4-O-methoxymethyl-α-L-galactopyranose (43) 

42 (2.0 g, 4.1 mmol) THF (21 mL) TBAF (1.0 M in 

THF, 8.2 mL, 8.2 mmol) 8 TLC (EtOAc/Toluene = 1/1

(EtOAc)  ( )  ( )

 (EtOAc/Toluene = 1/1)

43 (1.0 g, 80%) [α]D -57.1 ° (c 0.5, CHCl3); 1H NMR (500 MHz, 

CDCl3) δ 5.56 (d, 1 H, J1,2 = 4.5 Hz, H-1), 4.84-4.63 (2 d, 2 H, OCH2), 4.18 (m, 1 H, H-5), 4.04 (dd, 

1 H, J2,3 = 6.5 Hz, H-2), 3.88-3.85 (m, 1 H, H-3) 3.66 (t, 1 H, J3,4 = J4,5 = 2.5 Hz, H-4), 3.58 (d, 1 H, 

J3,OH = 6.5 Hz, OH), 3.47 (s, 3 H, OCH3), 1.54(1 s, 3 H, (CH3)2C), 1.39 (1 s, 3 H, (CH3)2C), 1.30 (d, 

3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 108.5, 98.4, 97.4, 79.3, 71.0, 68.6, 56.3, 
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28.1, 27.0, 16.4; HRMS (ESI) m/z: found [M+Na]+ 271.1152, C11H20O6 calcd for [M+Na]+ 

271.1152. 

 

  

6-Deoxy-1,2-O-isopropylidene-4-O-methoxymethyl-α-L-xylo-hexopyrano-3-ulose (44) 

43 (840 mg, 3.39 mmol) CH2Cl2 (42.0 mL) NaHCO3 

(1.63 g, 20.3 mmol) Dess-Martin periodinane (2.20 mg, 5.08 mmol) 0 °C

12 TLC (EtOAc/Toluene = 1/8) Et2O

Et2O  (

)  ( )

 (EtOAc/Toluene = 1/20) 44 (728 mg, 87%)

[α]D + 38.7 ° (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 5.75 (d, 1 H, J1,2 = 4.5 Hz, H-1), 

4.79-4.69 (2 d, 2 H, OCH2), 4.60 (m, 1 H, H-5), 4.47 (d, 1 H, H-2), 4.24 (d, 1 H, J4,5 = 6.5 Hz, H-4), 

3.43 (s, 3 H, OCH3), 1.58 (1 s, 3 H, (CH3)2C), 1.40 (1 s, 3 H, (CH3)2C), 1.34 (d, 3 H, J5,6 = 6.5 Hz, 

H-6); 13C NMR (125 MHz, CDCl3) δ 202.7, 111.3, 99.9, 96.8, 79.3, 77.4, 70.5, 56.3, 26.7, 26.4, 

15.4; HRMS (ESI) m/z: found [M+Na]+ 269.0995, C11H18O6 calcd for [M+Na]+ 269.0996.  

 

  

6-Deoxy-1,2-O-isopropylidene-4-O-methoxymethyl-α-L-gulopyranose (45) 

44 (1.00 g, 4.06 mmol) MeOH (40.6 mL) NaBH4 (169 mg, 

4.47 mmol) 0 °C 5 TLC (Et2O/CHCl3 = 1/20)
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(EtOAc)  (

)  ( )

 (Et2O/CHCl3 = 1/20) 45 (485 mg, 48%)

[α]D -20.3 ° (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 5.50 (d, 1 H, J1,2 = 5.0 Hz, H-1), 

4.80-4.65 (2 d, 2 H, OCH2), 4.46 (dd, 1 H, J2,3 = 3.0 Hz, H-2), 4.31 (m, 1 H, H-5), 4.13 (bs, 1 H, OH) 

3.79 (dd, 1 H, J3,4 = 6.5 Hz, H-3), 3.56 (t, 1 H, J4,5 = 6.0 Hz, H-4), 3.47 (s, 3 H, OCH3), 1.57 (1 s, 6 

H, (CH3)2C), 1.38 (1 s, 6 H, (CH3)2C), 1.22 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, 

CDCl3) δ 110.0, 98.4, 97.7, 83.1, 74.6, 71.2, 66.6, 56.0, 26.1, 25.3, 15.1; HRMS (ESI) m/z: found 

[M+Na]+ 271.1153, C11H20O6 calcd for [M+Na]+ 271.1152. 

 

 

3,6-Dideoxy-1,2-O-isopropylidene-4-O-methoxymethyl-3-(4-methylbenzoylseleno)-α-L-galactop

yranose (47) 

45 (75.0 mg, 302 μmol) CH2Cl2 (1.50 mL) pyridine (260 μL, 

1.03 mmol) trifluoromethanesulfonic anhydride (92.0 μL, 1.03 mmol) -20 °C 150

TLC (EtOAc/n-Hexane = 1/4) (CH2Cl2)

(2M- ) (

) 3 DMF 

(500 μL) potassium 4-methylselenobenzoate 29 (215 mg, 906 μmol) 3

TLC (EtOAc/Toluene = 1/10) (EtOAc)  (2M-

) ( )

 (EtOAc/toluene = 

1/50) 47 (97.0 mg, 75%) [α]D -10.0 ° (c 0.5, 
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CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.82-7.24 (2 d, 4 H, Ar), 5.56 (d, 1 H, J1,2 = 4.5 Hz, H-1), 

4.75-4.61 (2 d, 2 H, OCH2), 4.42-4.33 (m, 3 H, H-2, H-4, H-5), 4.08 (t, 1 H, J2,3 = J3,4 = 4.0 Hz, H-3), 

3.40 (s, 3 H, OCH3), 2.40 (s, 3 H, ArCH3), 1.56 (1 s, 3 H, (CH3)2C), 1.35 (1 s, 3 H, (CH3)2C), 1.29 (d, 

3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 193.7, 145.0, 136.2, 129.6, 127.5, 108.8, 

97.8, 97.3, 74.5, 74.4, 67.7, 56.5, 44.1, 27.2, 26.5, 21.9, 16.6; 77Se NMR (94 MHz, CDCl3) δ 539.5; 

HRMS (ESI) m/z: found [M+Na]+ 453.0787, C19H26O6Se calcd for [M+Na]+ 453.0787.  

 

 

3,6-Dideoxy-1,2-O-isopropylidene-4-O-methoxymethyl-3-methyseleno-α-L-galactopyranose 

(48) 

 47 (200 mg, 470 μmol) DMF (3.2 mL)

Cs2CO3 (300 mg, 930 μmol) N-methylhydrazine (32 mg, 700 μmol) methyl iodide (58 μL, 

930 μmol) 2 TLC (EtOAc/n-Hexane = 1/4)

(EtOAc) ( ) (

)

(EtOAc/n-Hexane = 1/6) 48 (67 mg, 45%) [α]D 

-10.3 ° (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 5.53 (d, 1 H, J1,2 = 4.5 Hz, H-1), 4.86-4.67 (2 

d, 2 H, OCH2), 4.36 (dd, 1 H, J2,3 = 7.0 Hz, H-2), 4.18 (m, 1 H, H-5), 3.88 (t, 1 H, J3,4 = 3.5 Hz, H-4), 

3.44 (s, 3 H, OCH3), 3.12 (dd, 1 H, H-3), 2.15 (s, 3 H, SeCH3), 1.53 (1 s, 3 H, (CH3)2C), 1.38 (1 s, 3 

H, (CH3)2C), 1.28 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 108.2, 97.9, 92.3, 76.5, 

76.0, 69.2, 56.6, 43.8, 28.0, 26.8, 16.9, 5.4; 77Se NMR (94 MHz, CDCl3) δ 138.7; HRMS (ESI) m/z: 

found [M+Na]+ 349.0525, C12H22O5Se calcd for [M+Na]+ 349.0525.  
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Methyl 3,6-dideoxy-3-methylseleno-α-L-galactopyranoside (3) 

48 (30 mg, 90 μmol) H2O (2.8 mL) Trifluoroacetic acid (11 mL)

19.5 TLC (MeOH/CHCl3 = 1/10) triethylamine

24

MeOH (550 μL) 95% sulfonic acid (16 μL)

5 TLC(MeOH/CHCl3 = 1/100) 1M 

.

 (MeOH/CHCl3 = 1/300) 3 (3.2 mg, 9%)

[α]D -32.5 ° (c 0.1, CHCl3); 1H NMR (500 MHz, CDCl3) δ 4.77 (d, 1 H, J1,2 = 4.0 Hz, H-1), 3.97 (m, 

1 H, H-5), 3.85 (m, 1 H, H-2), 3.76 (s, 1 H, H-4), 3.46 (s, 3 H, OCH3), 3.24 (dd, 1 H, J2,3 = 11.5 Hz, 

J3,4 = 2.5 Hz, H-3 ), 2.42-2.14 (2 d, 2 H, OH), 2.07 (s, 3 H, SeCH3), 1.31 (d, 3 H, J5,6 = 6.5 Hz, H-6); 

13C NMR (500 MHz, CDCl3) δ 99.1, 71.0, 67.7, 66.2, 55.3, 48.6, 16.7, 3.3; 77Se NMR (94 MHz, 

CDCl3) δ HRMS (ESI) m/z: found [M+Na]+ 279.0106, C8H16O4Se calcd for [M+Na]+ 279.0106. 

 

 

Methyl 2-O-acetyl-3-O-benzoyl-4-bromo-4,6-dideoxy-α-L-galactopyranoside (49) 

28 (490 mg, 1.40 mmol) pyridine-THF (4.80 mL, 1:1)

4-DMAP (1.20 mg, 10.0 μmol) Ac2O (286 μL, 2.84 mmol) 3

TLC(EtOAc/n-Hexane = 1/5) 0 °C

EtOAc  (2M-
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)  ( )

 (EtOAc/Toluene = 1/5) 49 (523 mg, 

95%) [α]D -53.4 ° (c 2.2, CHCl3); 1H NMR (500 MHz, CHCl3) δ 

7.82-7.24 (m, 5 H, Ar), 5.83 (dd, 1 H, J2,3 = 10.0 Hz, J3,4 = 10.5 Hz, H-3), 5.00 (dd, 1 H, J1,2 = 3.5 

Hz, H-2), 4.95 (d, 1 H, H-1), 4.13 (m, 1 H, H-5), 3.76 (t, 1 H, J4,5 = 10.5 Hz, H-4), 3.45 (s, 3 H, 

OCH3), 1.96 (s, 3 H, Ac), 1.46 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, CDCl3) δ 170.3, 

165.2, 133.3, 129.8, 129.4, 128.4, 97.0, 72.0, 72.0, 55.4, 52.7, 20.7, 19.1; 77Se NMR (94 MHz, 

CDCl3) δ 464.1; HRMS (ESI) m/z: found [M+Na]+ 367.0152, C14H17BrO5 calcd for [M+Na]+ 

367.0152. 

 

 

Methyl 2-O-acetyl-3-O-benzoyl-4,6-dideoxy-4-(4-methylbenzoylseleno)-α-L-galactopyranoside 

(50) 

49 (60 mg, 0.16 mmol) DMF (1.6 mL) 

potassium p-methylselenobenzoate 29 (110 mg, 470 μmol) 60 °C 7

TLC (EtOAc/n-Hexane = 1/10)

EtOAc ( ) ( )

 (EtOAc/n-Hexane = 1/10)

50 (58 mg, 87%) [α]D -92.3 ° (c 2.2, CHCl3); 1H NMR (500 

MHz, CHCl3) δ 7.95-7.21 (m, 9 H, Ar), 5.79 (dd, 1 H, J2,3 = 11.0 Hz, J3,4 = 4.5 Hz, H-3), 5.11 (dd, 1 

H, J1,2 = 4.0 Hz, H-2) 4.94 (d, 1 H, H-1), 4.53 (dd, 1 H, J4,5 = 1.0 Hz, H-4), 4.49 (m, 1 H, H-5), 3.43 

(s, 3 H, OCH3), 2.38 (s, 3 H, ArCH3), 2.01 (s, 3 H, Ac), 1.33 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR 

(125 MHz, CDCl3) δ 170.5, 165.3, 144.7, 136.1, 132.8, 129.7, 129.6, 129.3, 128.3, 128.2, 127.3, 
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97.5, 71.0, 69.4, 65.0, 55.4, 52.3, 21.7, 20.8, 19.2; 77Se NMR (94 MHz, CDCl3) δ 465.9; HRMS 

(ESI) m/z: found [M+Na]+ 529.0737, C24H26O7Se calcd for [M+Na]+ 529.0736.  

 

 

Methyl 3-O-benzoyl-4,6-dideoxy-4-methylseleno-α-L-galactopyranoside (51) 

 50 (80.0 mg, 186 μmol) DMF (3.70 mL)

Cs2CO3 (121 mg, 372 μmol) N-methylhydrazine (14.6 μL, 279 μmol) methyl iodide (23.3 

μL, 372 μmol) 1 TLC (EtOAc/Toluene = 1/1)

(EtOAc)  ( ) (

)  

(EtOAc/n-Hexane = 1/16) 51 (39.6 mg, 53%) [α]D 

-56.7 ° (c 3.1, CHCl3); 8.07-7.45 (m, 5 H, Ar), 5.54-5.46 (m, 2 H, H-2, H-3), 4.91 (d, 1 H, J1,2 = 3.5 

Hz, H-1), 4.27 (m, 1 H, H-5), 3.45 (dd, 1 H, J3,4 = 4.0 Hz, J4,5 = 2.0 Hz, H-4), 3.40 (s, 3 H, OCH3), 

2.03 (s, 3 H, Ac), 1.89 (s, 3 H, SeCH3) 1.26 (d, 3 H, J5,6 = 6.5 Hz, H-6); 13C NMR (125 MHz, 

CDCl3) δ 170.4, 165.8, 133.4, 129.7, 129.5, 128.6, 97.5, 72.0, 69.9, 65.3, 55.3, 51.5, 20.9, 19.6, 6.0; 

77Se NMR (94 MHz, CDCl3) δ 37.6; HRMS (ESI) m/z: found [M+Na]+ 425.0474, C17H22O6Se calcd 

for [M+Na]+ 425.0474. 

  

 

Methyl 4,6-dideoxy-4-methylseleno-α-L-galactopyranoside (4) 

 51 (17.6 mg, 40.0 μmol) MeOH (200 μL) Sodium methoxide (28% in 
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MeOH, 2.00 mg, 10.0 μmol) 10 TLC (EtOAc/n-Hexane 

= 1/1) Muromac (H+) 

 (MeOH/Toluene = 1/8)

 Sephadex LH-20 (H2O/MeOH = 1/4) 4 (10.2 mg, 96%) 

[α]D -47.2 ° (c 1.1, CHCl3); 1H NMR (500 MHz, CDCl3) δ 4.72 (d, 1 H, 

J1,2 = 4.0 Hz, H-1), 4.10 (m, 1 H, H-5), 3.81 (dd, 1 H, J2,3 = 10.0 Hz, H-2), 3.48 (dd 1 H, J3,4 = 3.0 

Hz, H-3), 3.11 (dd, 1 H, J4,5 = 1.5 Hz, H-4), 2.07 (s, 3 H, SeCH3), 1.26 (d, 3 H, J5,6 = 6.5 Hz, H-6); 

13C NMR (125 MHz, CDCl3) δ 99.4, 72.1, 71.1, 65.9, 57.8, 55.4, 19.6, 7.1; 77Se NMR (94 MHz, 

CDCl3) δ 3.7; HRMS (ESI) m/z: found [M+Na]+ 279.0106, C8H16O4Se calcd for [M+Na]+ 279.0106. 

  

 

4-Methylbenzoyl 2,3,4,6-tetra-O-acetyl-1-seleno-β-D-mannopyranoside (57) 

56 (4.3 g, 11 mmol) DMF (17.5 mL) potassium 

p-methylselenobenzoate 29 (5.0 g, 21 mmol) 3 TLC 

(EtOAc/Toluene = 1/5) CH2Cl2

EtOAc  (2M- ), 

 ( )

 (EtOAc/ Toluene = 1/10) 36 (2.5 g, 45%) [α]D  

5.2 ° (c 1.1, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.73 (d, 2 H, Ar), 7.26 (d, 2 H, Ar), 5.75 (d, 1 H, 

J1,2 = 1.5 Hz, H-1), 5.64 (dd, 1 H, J2,3 = 4.0 Hz, H-2), 5.32 (t, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4), 5.22 

(dd, 1 H, H-3), 4.30 (dd, 1 H, J5,6 = 5.5 Hz, Jgem = 12.5 Hz, H-6), 4.14 (dd, 1 H, J5,6’ = 2.0 Hz, H-6’), 

2.14-1.99 (m, 15 H, ArCH3, 4 Ac); 13C NMR (125 MHz, CDCl3) δ 190.6, 170.8, 170.1, 170.0, 169.8, 

145.7, 135.5, 129.8, 127.7, 78.9, 78.1, 72.0, 72.0, 65.6, 62.6, 21.9, 20.9, 20.8, 20.8, 20.7; 77Se NMR 
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(94 MHz, CDCl3) δ 636.5; HRMS (ESI) m/z: found [M+Na]+ 553.0583, C22H26O10Se calcd for 

[M+Na]+ 553.0583. 

 

 

tert-Butyldiphenylsilyl 2-acetamido-3,4,6-O-tri-acetyl-2-deoxy-β-D-galactopyranoside (53) 

52 (15 g, 69.6 mmol) MeOH(232 mL) Sodium methoxide (28% in MeOH, 14.8 

g, 76.6 mmol) 52 NaCl Ac2O (7.7 mL, 

76.6 mmol) 1 TLC (NH3 aq./MeOH/CHCl3 = 1/4/5)

pyridine (232 mL)

Ac2O (56.1 mL, 557 mmol) 4-DMAP (85 mg, 0.7 mmol) 0 °C

13 TLC (MeOH/CHCl3 = 1/10)

MeOH EtOAc (2M-

)  ( ) 

4 THF (304 mL)

3-(dimethylamino)-1-propylamine (21.6 mL, 304 mmol) 2

TLC (MeOH/CHCl3 = 1/10) CH2Cl2 (2M-

)  ( ) 16

DMF (76.6 mL)

TBDPSCl (15.1 mL, 58.2 mmol) imidazole (3.96 g, 58.2 mmol) 60 °C 10

TLC (MeOH/CHCl3 = 1/10) 0 °C MeOH

EtOAc (2M-

)  ( ) 

 (MeOH/CHCl3 = 1/100) 53 (24.3 g, 60%, 5 steps) 
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[α]D  -3.1 ° (c 0.4, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.70-7.65 (m, 4 H, Ar), 

7.47-7.35 (m, 6 H, Ar), 5.23 (dd, 1 H, J3,4 = 3.0 Hz, J4,5 = 1.0 Hz, H-4), 5.05 (d, 1 H, J2,NH = 9.5 Hz, 

NH), 4.85 (dd, 1 H, J2,3 = 11.0 Hz, H-3), 4.53 (d, 1 H, J1,2 = 8.0 Hz, H-1), 4.38-4.32 (m, 1 H, H-2), 

4.03-4.02 (m, 2 H, H-6, H-6’), 3.62 (td, 1 H, J5,6 = 3.0 Hz, J5,6’ = 6.5 Hz, H-5), 2.16 (s, 3 H, Ac), 

1.97 (s, 3 H, Ac), 1.95 (s, 3 H, Ac), 1.81 (s, 3 H, Ac), 1.08 (s, 9 H, tBu); 13C NMR (125 MHz, 

CDCl3) δ 170.8, 170.4, 170.4, 169.8, 136.0, 135.8, 132.9, 132.8, 130.0, 130.0, 127.5, 113.8, 96.6, 

70.7, 70.6, 66.7, 61.6, 52.4, 26.7, 23.4, 20.8, 20.7, 20.6, 19.7, 19.1.; HRMS (ESI) m/z: found 

[M+Na]+ 608.2286, C30H39NO9Si calcd for [M+Na]+ 608.2286. 

  

 

tert-Butyldiphenylsilyl 2-acetamido-2-deoxy-β-D-galactopyranoside (54) 

53 (24.4 g, 41.6 mmol) MeOH (139 mL) K2CO3 (2.73 g, 20.8 mmol)

16 TLC (MeOH/CHCl3 = 1/10)

CH2Cl2

 (MeOH/CHCl3 = 1/100 1/10) 54 

(16.4 g, 86%) [α]D  -1.9 ° (c 0.8, CHCl3); 1H NMR (500 MHz, 

CDCl3) δ 7.68 (dd, 4 H, Ar), 7.45-7.34 (m, 6 H, Ar), 5.91 (d, 1 H, J2,NH = 7.0 Hz, NH), 5.30 (br s, 1 

H, OH), 4.51 (d, 1 H, J1,2 = 8.0 Hz, H-1), 3.93 (br q, 1 H, H-2), 3.83-3.63 (m, 4 H, H-4, H-6, H-6’, 

OH), 3.62 (dd, 1 H, J2,3 = 10.5 Hz, J3,4 = 3.0 Hz, H-3), 3.21 (br t, 1 H, J5,6 = J5,6’ = 6.0 Hz, H-5), 2.35 

(br s, 1 H, OH), 1.87 (s, 3 H, Ac), 1.07 (s, 9 H, tBu); 13C NMR (125 MHz, CDCl3) δ 172.9, 136.1, 

135.8, 133.2, 133.0, 130.3, 130.2, 128.0, 127.7, 96.2, 74.8, 72.8, 68.3, 61.9, 56.4, 26.9, 26.9, 23.4, 

19.2; HRMS (ESI) m/z: found [M+Na]+ 482.1969, C24H33NO6Si calcd for [M+Na]+ 482.1969.  
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tert-Butyldiphenylsilyl 2-acetamido-3,6-diacetyl-2-deoxy-β-D-galactopyranoside (55) 

 54 (1.83 g, 3.98 mmol) MeCN (26.5 mL) TBAOAc 

(720 mg, 2.39 mmol) Ac2O (842 μL, 8.36 mmol) 40 °C 16

TLC (MeOH/CHCl3 = 1/10) MeOH 1

 

(EtOAc/ Toluene = 1/1) 55 (1.43 mg, 66%) [α]D 

-46.7 ° (c 0.7, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.66 (dd, 4 H, Ar), 7.47-7.35 (m, 6 H, Ar), 

5.04 (d, 1 H, J2,NH = 9.5 Hz, NH), 4.80 (dd, 1 H, J2,3 = 11.0 Hz, J3,4 = 3.0 Hz, H-3), 4.54 (d, 1 H, J1,2 

= 8.0 Hz, H-1), 4.35 (br q, 1 H, H-2), 4.23-4.16 (m, 2 H, H-6, H-6’), 3.87 (s, 1 H, H-4), 3.48 (br t, 1 

H, J5,6 = J5,6’ = 7.0 Hz, H-5), 2.08-1.82 (3 s, 9 H, 3 Ac), 1.07 (s, 9 H, tBu); 13C NMR (125 MHz, 

CDCl3) δ 171.0, 170.8, 170.0, 136.1, 135.9, 133.1, 133.0, 130.1, 130.0, 127.9, 127.8, 127.6, 96.6, 

73.0, 72.2, 67.0, 62.7, 60.5, 53.5, 52.5, 26.8, 23.5, 21.0, 20.8, 19.2; HRMS (ESI) m/z: found 

[M+Na]+ 566.2181, C28H37NO8Si calcd for [M+Na]+ 566.2181. 

  

 

tert-Butyldiphenylsilyl 

[2,3,4,6-tetra-O-acetyl-1-seleno-β-D-mannopyranosyl-(1-4)]-2-acetamido-3,6-diacetyl-2-deoxy-β

-D-glucopyranoside (58) 

55 (3.1 g, 5.7 mmol) CH2Cl2 (114 mL) pyridine (2.76 mL, 
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34.2 mmol) trifluoromethanesulfonic anhydride 1.0 mL, 11.4 mmol) -15 °C 150

TLC (MeOH/CHCl3 = 1/10) (CH2Cl2)  (2M-

)  ( )

3 DMF (57 

mL) 57 (3.0 g, 5.66 mmol) 2 M Me2NH in THF (3.14 mL, 6.27 mmol) 

 Cs2CO3 (2.04 g, 6.27 mmol)  DMF (6.4 mL) 24

TLC (MeOH/CHCl3 = 1/10, EtOAc/Hexane = 1/1) CH2Cl2

EtOAc  (2M-

)  ( )

 (EtOAc/Hexane = 1/1) 43 (3.36 g, 63%) 

[α]D -61.0 ° (c 0.3, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.67 (dd, 4 H, 

Ar), 7.45-7.33 (m, 6 H, Ar), 5.62 (d, 1 H, J2,NH = 9.5 Hz, NH), 5.38 (d, 1 H, J2,3 = 3.0 Hz, H-2a), 5.18 

(t, 1 H, J3,4 = J4,5 = 10.0 Hz, H-4a), 5.10 (s, 1 H, H-1a), 5.02 (dd, 1 H, J3,4 =10.0 Hz, H-3a), 4.94 (t, 1 

H, J2,3 = J3,4 = 10.5 Hz, H-3b), 4.55 (d, 1 H, J1,2 = 8.0 Hz, H-1b), 4.49 (dd, 1 H, J5,6 =1.5 Hz, Jgem = 

11.5 Hz, H-6b), 4.29 (dd, 1 H, J5,6’ = 5.5 Hz, H-6b’), 4.16-4.07 (m, 2 H, H-2b, H-6a), 3.98 (dd, 1 H, 

J5,6’ = 3.0 Hz, Jgem = 12.5 Hz, H-6a’), 3.59 (ddd, 1 H, H-5a), 3.49 (ddd, 1 H, J4,5 = 11.0 Hz, H-5b), 

3.11 (t, 1 H, H-4b), 2.18-1.86 (m, 21 H, 7 Ac), 1.05 (s, 9 H, tBu); 13C NMR (125 MHz, CDCl3) δ 

171.3, 170.5, 170.4, 170.0, 169.8, 169.6, 162.5, 135.9, 135.7, 132.9, 132.7, 129.9, 129.9, 127.6, 

127.4, 127.4, 95.8, 77.5, 74.6, 73.6, 71.6, 71.5, 71.1, 66.0, 64.4, 63.1, 57.2, 41.1, 36.4, 31.4, 26.7, 

26.6, 23.2, 20.7, 20.6, 20.6, 20.6, 20.5, 19.0; 77Se NMR (94 MHz, CDCl3) δ 318.00; HRMS (ESI) 

m/z: found [M+Na]+ 960.2343, C42H55NO16SeSi calcd for [M+Na]+ 960.2348. 
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[2,3,4,6-tetra-O-acetyl-1-seleno-β-D-mannopyranosyl-(1-4)]-2-acetamido-3,6-diacetyl-2-deoxy-β

-D-glucopyranose (59) 

58 (520 mg, 0.557 mmol) THF (5.6 mL) TBAF (1.0 M 

in THF, 1.67 mL, 1.67 mmol) 10 TLC  (MeOH/CHCl3 

= 1/10) (MeOH/CHCl3 

= 1/30 10/1) 59 (379 mg, 97%) α-isomer; 1H 

NMR (500 MHz, CDCl3) δ 5.87 (d, 1 H, JNH,2 = 10.0 Hz, NH), 5.43 (d, 1 H, J2,3 = 3.5 Hz, H-2a), 

5.34-5.29 (m, 2 H, H-1b , H-3b), 5.24 (t, 1 H, J3,4 = J4,5 10.0 Hz, H-4a), 5.20 (s, 1 H, H-1a), 5.10 (dd, 

1 H, H-3a), 4.52-4.51 (m, 2 H, H-6b, H-6b’), 4.36 (dt, 1 H, J4,5 = 11.5 Hz, J5,6 = J5,6’ = 3.0 Hz, H-5b), 

4.27 (td, 1 H, J1,2 = 3.5 Hz, J2,3 = 10.0 Hz, H-2b), 4.23-4.15 (m, 2 H, H-6a, H-6a’), 3.711 (ddd, 1 H, 

J4,5 = J5,6 =10.0 Hz, J5,6’ =3.5 Hz,H-5a), 3.12 (t, 1 H, H-4b), 2.21-2.01 (m, 21 H, 7 Ac); 77Se NMR 

(94 MHz, CDCl3) δ 328.9, 328.6; HRMS (ESI) m/z: found [M+Na]+ 722.1170, C26H37NO16Se calcd 

for [M+Na]+ 722.1170. 

 

 

2-Methyl-[2,3,4,6-tetra-O-acetyl-1-seleno-β-D-mannopyranosyl-(1-4)-2-acetamido-3,6-diacetyl-

2-deoxy-β-D-glucopyrano]-[2,1-d]-oxazoline (60) 

59 (300 mg, 0.43 mmol) H2O-THF (43 mL, 1:1) 0 °C Et3N (2.70 mL, 

19.3 mmol) DMC (1.09 g, 6.44 mmol) 50 TLC (MeOH/CHCl3 
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=1/10) (CH2Cl2)  ( )  (

)  

(MeOH/CHCl3 =1/800)  Sephadex LH-20 (MeOH/CHCl3 = 

1/1) 60 (278 mg, 95%) [α]D -56.5 ° (c 0.3, CHCl3); 

1H NMR (500 MHz, CDCl3) δ 5.98 (d, 1 H, J1,2 = 7.5 Hz, H-1b), 5.68 (dd, 1 H, J2,3 = 2.0 Hz, J3,4 = 

3.5 Hz, H-3b), 5.54 (dd, 1 H, J1,2 = 0.5 Hz, J2,3 = 3.5 Hz, H-2a), 5.39 (d, 1 H, H-1a), 5.25 (t, 1 H, J3,4 

= J4,5 = 10.0 Hz, H-4a), 5.12 (dd, 1 H, H-3a), 4.29-4.29 (m, 2 H, H-6b, H-6b’), 4.23 (dd, 1 H, J5,6’ = 

6.0 Hz, Jgem = 12.5 Hz, H-6a’), 4.17-4.13 (m, 2 H, H-2b, H-6a’), 3.79 (ddd, 1 H, J5,6 = 2.5 Hz, J5,6’ = 

5.5 Hz, H-5a), 3.67 (dt, 1H, J4,5 = 10.0 Hz, H-5b), 3.22 (br d, 1 H, H-4a), 2.17-1.97 (m, 21 H, 7 CH3); 

13C NMR (125 MHz, CDCl3) δ 170.7, 170.2, 170.1, 169.8, 169.7, 167.3, 99.7, 72.9, 71.9, 71.3, 69.3, 

65.9, 64.5, 64.4, 62.9, 36.6, 21.2, 20.9, 20.9, 20.8, 20.7, 20.7, 14.1; 77Se NMR (94 MHz, CDCl3) δ 

409.1; HRMS (ESI) m/z: found [M+Na]+ 704.1064, C26H35NO15Se calcd for [M+Na]+ 704.1064. 

 

 

2-Methyl-[1-seleno-β-D-mannopyranosyl-(1-4)-2-acetamido-2-deoxy-β-D-glucopyrano]-[2,1-d]-o

xazoline (61) 

 60 (150 mg, 220 μmol) 2 M NH3 in EtOH (2.2 mL) 10

TLC (NH3 aq./MeOH/CHCl3 = 1/4/5)

 (NH3 aq./MeOH/CHCl3 = 0.1/2/10) 61 (93.7 mg, 

99%) [α]D -17.9 ° (c 0.1, MeOH); 1H NMR (500 MHz, D2O) δ 6.12 (d, 1 H, 

J1,2 = 7.5 Hz, H-1b), 5.19 (s, 1 H, H-1a), 4.64 (dd, 1 H, J2,3 = 2.0 Hz, J3.4 = 3.5 Hz, H-3b), 4.20-4.18 

(m, 1 H, H-2b), 4.09 (d, 1 H, J2,3 = 3.5 Hz, H-2a), 3.91-3.87 (m, 2 H, H-6a, H-6b), 3.72-3.61 (m, 4 H, 
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H-3a, H-5b, H-6a’, H-6b’), 3.57 (t, 1 H, J3.4 = J4,5 = 10.0 Hz, H-4a), 3.37 (ddd, 1 H, J5,6 = 2.0 Hz, J5,6’ 

= 6.5 Hz, H-5a), 3.12 (d, 1 H, J4,5 = 10.5 Hz, H-4b), 2.10 (s, 3 H, Ac); 13C NMR (125 MHz, D2O) δ 

168.7, 100.1, 81.5, 81.4, 73.7, 73.0, 72.6, 71.7, 66.7, 65.1, 62.4, 61.2, 38.4, 12.9; 77Se NMR (94 

MHz, D2O) δ 400.9.; HRMS (ESI) m/z: found [M+Na]+ 452.0430, C14H23NO9Se calcd for [M+Na]+ 

452.0430. 
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X  

 

X AOL

AOL AOL 1α 20 °C in 2% 

v/v PEG-400, 2.0 M ammonium sulfate, 0.1 M HEPES-Na (pH 7.5) 1β 20 °C in 1.0 M 

mono-ammonium dihydrogen phosphate 0.1 M tri-sodium citrate dihydrate (pH 5.6)  2

20 °C in 12% w/v PEG3350 1% w/v tryptone 0.05 M HEPES-Na (pH 7.0)

SAD 0.9790 Å BL-1A beamline (

)  
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SPR Biacore T200 (GE Healthcare) AOL

CM5 EDC/NHS solution (1-ethyl-3-(3-(dimethylamino)propyl) 

carbodiimide, N-hydroxysuccinimide) AOL  2.4 μL{5 mg/mL AOL in 

10 mM HBS-N buffer (10 mM HEPES, 150 mM NaCl, pH 6.5)} 10 μL/min

CM5 1 M ethanolamine

AOL 1.95, 3.91, 

7.81, 15.6, 31.3, 62.5, 125, 250, 500, 1000 μM running buffer (10 mM HEPES, 150 mM 

NaCl, pH 7.4) 30 μL/min 2

AOL 20

AOL Biacore T-200 

evaluation software (GE Healthcare)

Fig. S1  
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Fig. S1 The SPR sensorgrams for the protein-carbohydrate interactions between AOL and fucose 

derivatives. 
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