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Ac  : acetyl 

AW-300  : acid washed 4Å molecular sieves  

BDA  : benzaldehyde dimethylacetal 

Bn  : benzyl 

Bz  : benzoyl 

Bzld  : benzylidene 

Cp  : cyclopentadienyl 

CSA  : DL-10-camphorsulfonic acid 

DAST  : N,N-diethylaminosulfur trifluoride 

DIEA  : N,N-diisopropylethylamine 

DMAP  : 4-dimethylaminopyridine 

DMF  : N,N-dimethylformamide 

Gal  : galactose 

Glc  : glucose 

Imdt  : trichloroacetoimidoyloxy 

Me  : methyl 

MPM  : 4-methoxyphenylmethyl  

MS3Å  : 3 Å molecular sieves  

MS4Å  : 4 Å molecular sieves  

NIS  : N-iodosuccinimide 

Ph  : phenyl 

Pyr  : pyridine 

SE  : 2-(trimethylsilyl)ethyl 
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TBAF  : tetra-n-butylanmonium fluroide 

TEA  : triethylamine 

Tf  : trifluoromethanesulfonyl 

TFAc  : trifluoroacetyl 

THF  : tetrahydrofuran 

TMS  : trimethylsilyl 

Tol  : p-methylbenzoyl 

Ts  : p-toluenesulfonyl 
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Siglec71

Tetanus Toxin2 Botulinus Toxin3 4 -

X

 

X

 (Multi-wavelength Anomalous Diffraction method : MAD  

(Figure 1))5 1990

 (Multiple Isomorphous Replacement method: MIR )

X

 

MAD

                                                        
1 H. Attrill, A. Imamura, R. S. Sharma, M. Kiso, P. R. Crocker, D. M. F. van Aalten, J. Biol. Chem. 
2006, 281, 32774-32783. 
2 C. Fotinou, P. Emsley, I. Black, H. Ando, H. Ishida, M. Kiso, K. A. Sinha, N. F. Fairweather, N. W. 
Isaacs, J. Biol. Chem. 2001, 276, 32274-32281. 
3 P. Stenmark, J. Dupuy, A. Imamura, M. Kiso, R. C. Stevens, PLoS Pathogens 2008, 4, e1000129. 
4 U. Neu, H. Hengel, B. S. Blaum, R. M. Schowalter, D. Macejak, M. Gilbert, W. W. Wakarchuk, A. 
Imamura, H. Ando, M. Kiso, N. Arnberg, R. L. Garcea, T. Peters, C. B. Buck, T. Stehle, PLoS 
Pathogens 2012, 8, e1002738. 
5 W. Yang, W. A. Hendrikson, R. J. Crouch, Y. Satow, Science 1990, 249, 1398-1405. 
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Figure 1 MAD  

Huang 6 DNA 2’

MAD DNA MAD

 

Buts 7 E. coli F-17G 

adhesin 8

Leukotriene C4 synthase  (Figure 2)  

 

                                                        
6 a) Q. Du, N. Carrsco, M. Teplova, C. J. Wilds, M. Egli, Z. Huang, J. Am. Chem. Soc. 2002, 124, 24. 
b) N. Carrasco, Z. Huang, J. Am. Chem. Soc. 2004, 126, 448. c) J. Salon, G. Chen, Y. Portilla, M. W. 
Germann, Z. Huang, Org. Lett. 2005, 7, 5645. d) J. Salon, J. Sheng, J. JIang, G. Chen, J. 
Caton-Williams, Z. Huang, J. Am. Chem. Soc. 2007, 129, 4862. 
7 L. Buts, R. Loris, E. De Genst, S. Oscarson, M. Lahmann, J. Messens, E. Brosens, L. Wyns, H. De 
Greve, J. Bouckaert, Acta. Cryst. 2003, D59, 1012-1015. 
8 H. Saino, H. Ago,Y. Ukita, M. Miyano, Acta Cryst. 2011, F67, 1666-1673. 
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 (Figure 3) 10  

 

Figure 3 -9  

-9 353 40 kDa 1998

-9 11

(1→4)
                                                        
9 a) Y. Kawai, H. Ando, H. Ozeki, M. Koketsu, H. Ishihara, Org. Lett. 2005, 7, 4653-4656. b) M. 
Nanami, H. Ando, Y. Kawai, M. Koketsu, H. Ishihara, Tetrahedron Lett. 2007, 48, 1113-1116. 
10 M. Nagae, N. Nishi, S. Nakamura-Tsuruta, J. Hirabayashi, S. Wakatsuki, R. Kato, J. Mol. Biol. 
2008, 375, 119-135. 
11 H. Leffer, Trends Glycosci. Glycotech. 1997, 9, 45, 9-19. 
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(1→4) -9

1  
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4 6  (Figure 4)
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 (Figure 5)  
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Figure 5 

6’-SeMe 1 3

(Scheme 1)  

 

Scheme 1 

MeSe 8

8 9 7

1

TFAc 12 5

3  

                                                        
12 Y. J. Kwon, S. M. Standley, A. P. Goodwin, E. R. Gillies, J. M. J. Frechet, Mol. Pharmaceutics 
2005, 2, 83-91. 
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 (Scheme 2)  

 

Scheme 2 

11 -

                                                        
13 ,  2007. 
14 ,  2009. 
15 a) ,  2010. b) H. Ishihara, S. Sato, Y. 
Hirabayashi, Bull. Chem. Soc. Jpn. 1977, 50, 3007-3009. 
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-  

(Scheme 3)  

 

Scheme 3 

16

4 DIEA  

(Scheme 4)  

 

Scheme 4 

6 6 2

6’- 1

3  

                                                        
16 MARCH’S Advanced Organic Chemistry Reaction, Mechanisms, and Structure 5th edition; M. B. 
Smith, J. March, Eds.; Wiley-Interscience: Hoboken, New Jersey, 2001, pp. 1543-1547. 
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SE 2,3 4 6-

 (Scheme 5)  

 

Scheme 5 

-D-galactose-pentaacetate 13

SE Ac

EtOH / n-hexane 69% 15

15 4,6 2,3

 (AcOEt / n-Hexane) 48% 16

22 6

Br 87% 17  

11  (Scheme 6)

p-methylbenzoyl chloride

 (CH2Cl2 / n-hexane) 56% 18

18  (diethylether / n-hexane)

11 90%  
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Scheme 6 

11 Br 17 piperidine DIEA

18 4 Ac

Tol Me 78% 20

21 20 SE

22 23 97%

24  (Scheme 7)  

 

Scheme 7  
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 6’  

 

23 24

25

9  (Table 1)  

 

Table 1 

Entry 1 PhS 25 NIS TfOH PhS

17 25

Entry 2 23 Cp2ZrCl2 AgOTf

18 Entry 3 24

TMSOTf TMS

19  

                                                        
17 a) P. Konradsson, U. E. Udodong, B. Fraser-Reid, Tetrahedron Lett. 1990, 31, 4313-4316; b) P. 
Konradsson, D. R. Mootoo, R. E. McDevitt, B. Fraser-Reid, J. Chem. Soc. Chem. Commun. 1990, 
270–272; c) G. H. Veeneman, S. H. Van Leeuwen, J. H. Van Boom, Tetrahedron Lett. 1990, 31, 
1331-1334. 
18 K. Suzuki, H. Maeta, T. Suzuki, T. Matsumoto, Tetrahedron Lett. 1989, 30, 6879-6882. 
19 a) R. R. Schmidt, J. Michel, Angew. Chem. Int. Ed. Engl. 1980, 19, 731 732; b) R. R. Schmidt, 
Angew. Chem. Int. Ed. Engl. 1986, 25, 212-235. 
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9

methyl 2,3,4-tri-O-benzyl- -D-glucopyranoside 26

 (Table 2)  

 

Table 2 

Entry 1 Table 1

28

 

(Scheme 8) PhS

28  

 

Scheme 8 

Entry 2

53% 27 27



 - 17 - 

Entry 3 27 66%

N- TMS MeSe

PhS

Table 1 Table 2 9

MPM 2 3 31  

(Scheme 9)  

Scheme 9 

4,6-Bzld 20 29 2,3 MPM

Bzld 64% 30 6

Ac 31 80%

Table 2

24  (Scheme 10)  

 

Scheme 10 

6’-MeSe 32 71%

TMS

MPM
                                                        
20 K. Jansson, S. Ahlfors, T. Frejd, J. Kihlberg, G. Magnusson, J. Dahmen, G. Noori, K. Stenvall, J. 
Org. Chem. 1988, 53, 5629-5647. 
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MPM

 

6’- 32 1

 (Scheme 11)  

Scheme 11 

32 MPM -20 °C 33

33 21

1 33

2,3 91%

35 SE

6’- 36 5

90% 37 SPR

3  (Scheme 12)  

                                                        
21 S. Deng, U. Gangadharmath, C.-W. T. Chang, J. Org. Chem. 2006, 71, 5179-5185. 
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Scheme 13 

2 30 6-MeSe

30 6 96% Br

11 39 96% 4
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Me 89% 41
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1

22 44 (Scheme 14)  

 

Scheme 14 

79% 6-MeSe 45

TMS

 

6- 45 2

 (Scheme 15)  

Scheme 15 

6’- 32 45 MPM -20 °C

                                                        
22 S. Rio, J. M. Beau, J. C. Jacquinet, Carbohydr. Res. 1991, 219, 71-90. 
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2 46 2,3 91%

47 SE

6- 49  

 

Scheme 16 

49 5 66% 50

 (Scheme 16)
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SPR -9 NCRD

2 3

3 4

SPR

CM5

 (Figure 5)  

 

Figure 5 

-9 NCRD 5 M, 10 M, 50 M, 100 M, 200 M

Kd = 

400 ± 70 M 6- Kd = 300 ± 70 M

23  (FAC)

                                                        
23 J. Hirabayashi, T. Hashidate, Y. Arata, N. Nishi, T. Nakamura, M. Hirashima, T. Urashima, T. Oka, 
M. Futai, W. E. G. Muller, F. Yagi, K. Kasai, Biochim. Biophy. Acta 2002, 1572, 232-254. 
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-9 NCRD Kd = 103 M

Kd 10 1000 M

6’-

1

6’ -9

6 6-

-9  
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 MAD X  

 

4 6 -9 NCRD

X

6 2

 (Figure 6) 6

1  

 
Figure 6. 6-MeSe -9 NCRD . < > 

hG9NCRD (5 mg/mL) + 6-MeSe-Lactose (10 mM) 10% PEG 6000, 100 mM Tris (pH 7.5), 16 ºC 

 

-9 NCRD 6- 2

BL-17A SAD MAD

SAD MAD

 (Figure 7)  

 
Figure 7.    

 (Figure 8)  
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Figure 8. A) -9 NCRD α-  (PDB id: 2EAK),  

B) -9 NCRD 6-MeSe- (PDB id: 3WLU) 

 

-9 NCRD -

10 (A) -9 NCRD 6-

 (B)

 (Figure 9)  
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Figure 9. a), b) -9 NCRD . 

. a) α- . b) 6-MeSe-

. c), d) .  (Å)

. c) α- -9 NCRD . d) 6-MeSe-

-9 NCRD . 
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24  (Scheme 17)  

 

Scheme 17 

 

                                                        
24 a) J. Kihlberg, E. Eichler, D. R. Bundle, Carbohydr. Res. 1991, 211, 59-75. b) S. Knapp, S. R. 
Nandan, J. Org. Chem. 1994, 58, 281−283. c) D. A. Leigh, J. P. Smart, A. M. Truscello. Carbohydr. 
Res. 1995, 276, 417-424. d) F. Belot, J. C. Jacquinet, Carbohydr. Res. 1996, 290, 79-86. e) Y. G. Du, 
J. H. Lin, R. J. Linhardt, J. Carbohydr. Chem. 1997, 16, 1327-1344. f) H. Yu, B. Yu, X. Y. Wu, Y. Z. 
Hui, X. W. Han, J. Chem. Soc. Perkin Trans. 12000, 1445-1453. g) T. Zhu, G.-J Boons, Carbohydr. 
Res. 2000, 329, 709-715. h) A. A. Sherman, O. N. Yudina, Y. V. Mironov, E. V. Sukhova, A. S. 
Shashkov, V. M. Menshov, N. E. Nifantiev, Carbohydr. Res. 2001, 336, 13-46. i) P. E. Cheshev, L. O. 
Kononov, Y. E. Tsvetkov, A. S. Shashkov, N. E. Nifantiev, Russ. J. Bioorg. Chem. 2002, 28, 419−429. 
j) R. Geurtsen, G.-J. Boons, Tetrahedron Lett. 2002, 43, 9429−9431. k) H. Tanaka, M. Adachi, T. 
Takahashi, Tetrahedron Lett. 2004, 45, 1433-1436. l) J. Xue, S. D. Khaja, R. D. Locke, K. L. Matta, 
Synlett 2004, 861-865. m) J. D. C. Codee, B. Stubba, M. Schiattarella, H. S. Overkleeft, C. A. A. van 
Boeckel, J. H. van Boom, G. A. van der Marel, J. Am. Chem. Soc. 2005, 127, 3767−3773. n) J. S. 
Sun, X. W. Han, B. Yu, Org. Lett. 2005, 7, 1935-1938. o) Z. Li, J. C. Gildersleeve, Tetrahedron Lett. 
2007, 48, 559−562. p) M. Kato, G. Hirai, M. Sodeoka, Chem. Lett. 2011, 40, 877-879. q) F. Yu, H. 
M. Nguyen, J. Org. Chem. 2012, 77, 17, 7330-7343. 
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HOMO (nse)

BOMSeR (R = Me, 

Ph, SE)  (Scheme 18)  

 

Scheme 18 

TLC UV BOM

Me

Ph 25

SE 13  

                                                        
25 a) A. Mallet, J. M. Mallet, P. Sinay, Tetrahedron Asym. 1994, 5, 12, 2593-2608, b) P. Grice, S. V. 
Ley, J. Pietruszka, H. W. M. Priepke, E. P. E. Walther, Synlett 1995, 7, 781-784, c) T. Furuta, K. 
Takeuchi, M. Iwamura, Chem. Commun. 1996, 2, 157-158. d) R. V. Stick, D. M. G. Tilbrook, S. J. 
Williams, Aust. J. Chem. 1997, 50, 3, 237-240. e) P. Grice, S. V. Ley, J. Pietruszka, H. M. I. Osborn, 
H. W. M. Priepke, S. L. Warriner, Chem. Eur. J. 1997, 3, 3, 431-440. e) N. L. Douglas, S. V. Ley, U. 
Lücking, S. L. Warriner, J. Chem. Soc., Perkin Trans. 1 1998, 51-66, f) S. Mehta, B. M. Pinto, 
Carbohydr. Res. 1998, 310, 1-2, 43-51. g) P. Langer, S. J. Ince, S. V. Ley, Steven V. J. Chem. Soc., 
Perkin Trans. 1 1998, 23, 3913-3916. h) D. K. Baeschlin, L. G. Green, M. G. Hahn, B. Hinzen, S. J. 
Ince, S. V. Ley, Tetrahedron Asym. 2000, 11, 1, 173-197. i) S. Yamago, T. Yamada, O. Hara, H. Ito, Y. 
Mino, J.-I. Yoshida, Org. Lett. 2001, 3, 24, 3867-3870. j) S. C. Ennis, I. Cumpstey, A. J. Fairbanks, T. 
D. Butters, M. Mackeen, M. R. Wormald, Tetrahedron 2002, 58. 46, 9403-9411. k) S. Yamago, K. 
Kokubo, O. Hara, S. Masuda, J.-I. Yoshida, J. Org. Chem. 2002, 67, 24, 8584-8592. l) R. N. 
MacCoss, P. E. Brennan, S. V. Ley, Org. Biomol. Chem. 2003, 1, 12, 2029-2031. m) R. R. France, R. 
G. Compton, B. G. Davis, A. J. Fairbanks, N. V. Rees, J. D. Wadhawan, Org. Biomol. Chem. 2004, 2, 
15, 2195-2202. n) S. Yamago, T. Yamada, H. Ito, O. Hara, Y. Mino, J.-I. Yoshida, Chem. Eur. J. 2005, 
11, 21, 6159-6174. o) R. M. van Well, T. S. Kärkkäinen, K. P. R. Kartha, R. A. Field, Carbohyd. Res. 
2006, 341, 10, 1391-1397. p) S. Valerio, A. Iadonisi, M. Adinolfi, A. Ravida, J. Org. Chem. 2007, 72, 
16, 6097-6106. q) I. Cumpstey, D. Crich, J. Org. Chem. 2011, 30, 7-9, 469-485. r) M. Spell, X. 
Wang, A. E. Wahba, E. Conner, J. Ragains, Carbohydr. Res. 2013, 369, 42-47. 
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BOMSeMe 51

BOMCl

BOMSePh 52 BOMSeMe 51

BOMSeSE

53 TolSeSE26 Tol BOMCl

 (Scheme 19)  

 

Scheme 19 

BOMSeMe

51  (Table 3)  

                                                        
26 D. R. Garud, H. Ando, Y. Kawai, H. Ishihara, M. Koketsu, Org. Lett. 2007, 9, 22, 4455-4458. 
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Table 3 

Entry 1

TMSOTf 44 BOMSeMe 51

81% - Entry 2

 5427 Entry 2 70%

28

55 Entry 3

Entry 4

-

83%  

 

                                                        
27 G. J. P. H. Boons, F. L. van Delft, P. A. M. van der Klein, G. A. van der Marel, J. H. van Boom, 
Tetrahedron 1992, 48, 885-904. 
28 55  
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Table 4 

PhSe  (Table 4) Entry 1

BOMSePh 52 1.0 BOMSePh

BOM

Entry 2 BOMSePh 52

2.0 TMSOTf 0.6 99%

Entry 3

N- 29 59

90% : 2:1  

 

                                                        
29 K. Tanaka, T. Goi, K. Fukase, Synlett 2005, 19, 2958-2962. 
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Tabele 5 

BOMSeSE 53  (Table 5) Entry 1

44 SESe 90%

Entry 2

(2-6) 30 63 SESe

5%

Table 3 Entry 3

Entry 3

-

84% Entry 2,3

Entry 4

                                                        
30 63  
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GM1 31 64

85%

 

3

 

  

                                                        
31 T. Yoshikawa, Y. Kato, N. Yuki, T. Yabe, H. Ishida, M. Kiso, Glycoconj. J. 2008, 25, 545-553.  
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 (Scheme 20)13

SESe SE

 

Scheme 20 
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 (Scheme 21)  

 

Scheme 21 

2

C2 3 C3 3

Me C1
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MeSeTs 68

32

MeSeTs 68  (Scheme 22)  

 

Scheme 22 

TBAF SESe MeSeTs 68

 (Scheme 23)  

 

Scheme 23 

1H-NMR

70

Se-Se

                                                        
32 D. W. Chen, Z. C. Chen, Tetrahedron Lett. 1994, 35, 7637-7638 
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C2  (Scheme 24) 2-

2- 71

72

73 73

 

Scheme 24 

 

(Scheme 25)  

 

Scheme 25 

SE

 

C2
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C2 C3  (Scheme 26)  

 

Scheme 26 

1,3-

77 77 -20 ºC

 

 

Scheme 27 

TBAF SESe 77

83%

2  (Scheme 27)  
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(2-6)  

 

3 (2-6)

2 (2-6) SESe 66

TBAF SE 78

79 82%  (Scheme 28)  

 

Scheme 28 

86%

(2-6) 80  

42 kDa

Neu 233

X  

  

                                                        
33 L. M. G. Chavas, C. Tringali, P. Fusi, B. Venerando, G. Tettamanti, R. Kato, E. Monti, S. 
Wakatsuki, J. Biol. Chem. 2005, 280, 469-475.  



 - 42 - 

 

 

BOMSeR (R=Me,Ph,SE)

70%

 

 

SESe TBAF 3-

(2-6)

42 kDa  Neu2

X  
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MS3Å MS4Å MS AW-300 (Wako chemical)

300 °C 2

20 30

US CLEANER USD-4R (AS ONE)

TLC TLC plate silica gel 60F254 (Merck) UV  (254 nm)

 (10% H2SO4 in EtOH, Phosphomolybdic acid solution 5 wt. % in ethanol, Ninhydrin 

reagent) Silica gel (Fuji Silysia, 80 mesh and 300 mesh)

Sephadex (Pharamacia, LH-20) TLC

 (v/v) 1H-NMR 13C-NMR

77Se-NMR JEOL ECX400 (400MHz) JEOL ECA500 (500MHz) JEOL ECA600 

(600MHz) Bruker Avance III 500 (500MHz) 1H NMR 13C 

NMR  (tetramethylsilane)  (ppm) 77Se NMR

 (ppm) Horiba High Sensitive Polarimeter 

SEPA-300 HRMS  (ESI-TOF) Bruker Daltonics micrOTOF 

(ESI-TOF) mass spectrometer positive-ion negative-ion
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17 

2-(Trimethylsilyl)ethyl 2,3-di-O-benzoyl-6-bromo-6-deoxy- -D-galactopyranoside (17): Ar

16 (384 mg, 787 mol) pyridine (5.3 mL) triphenylphosphine (310 

mg, 1.18 mmol) carbontetrabromide (262 mg, 790 mol) 0 °C 10

65 °C 1 TLC (EtOAc/toluene = 1/5)

MeOH toluene

 (EtOAc/toluene = 1/20) 17  (379 mg, 87 %)

[ ]D=+63.8° (c=1.1, CHCl3); 1H NMR (400 MHz, CDCl3):  7.99-7.36 (m, 10 

H, Ph), 5.69 (dd, 1 H, J1,2 = 7.8 Hz, J2,3 = 10.5 Hz, H-2), 5.32 (dd, 1 H, J3,4 = 3.2 Hz, H-3), 4.72 (d, 1 

H, H-1), 4.47 (dd, 1 H, J4,OH = 6.0 Hz, H-4), 4.07 (m, 1 H, TMSCH2CH2), 3.93 (t, 1 H, J5,6a = J5,6b = 

6.9 Hz, H-5), 3.69-3.57 (m, 3 H, H-6a, H-6b, TMSCH2CH2), 2.25 (d, 1 H, OH), 1.00-0.81 (m, 2 H, 

TMSCH2), -0.07 (s, 9 H, TMS); 13C NMR (100 MHz, CDCl3):  165.8, 165.3, 133.5, 133.1, 129.9, 

129.7 128.9, 128.5, 128.3, 100.8, 74.6, 74.3, 69.5, 67.6, 67.3, 28.9, 17.9, -1.5; HRMS: m/z calcd for 

C25H31BrO7SiNa+: 573.0915 [M+Na]+; found:573.0912. 

 

 

18 

2-(Trimethylsilyl)ethyl 2,3-di-O-benzoyl-6-deoxy-6-(p-methylbenzoylseleno)- -D-galactopyrano

side (18): Ar 17 (5.61 g, 10.2 mmol) p-methylselenobenzoic anhydride 

( 11) (4.12 g, 13.0 mmol) DMF (67 mL) N,N-diisopropylethylamine 

(2.2 mL, 13.0 mmol) piperidine (1.3 mL, 13.0 mmol) 100 °C 45

TLC (EtOAc/hexane = 1/2) EtOAc 2  (2M
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)  ( )

 (EtOAc/hexane = 1/6, 

EtOAc/toluene = 1/15) 18 (6.52 g, 97 %)

[ ]D=+36.8° (c=0.2, CHCl3); 1H NMR (400 MHz, CDCl3):  7.99-7.47 (m, 14 H, Ar), 5.72 (dd, 1 H, 

J1,2 = 8.1 Hz, J2,3 = 10.4 Hz, H-2), 5.30 (dd, 1 H, J3,4 = 3.2 Hz, H-3), 4.70 (d, 1 H, H-1), 4.36 (dd, 1 

H, J4,OH = 6.0 Hz, H-4), 4.06 (m, 1 H, TMSCH2CH2), 3.85 (t, 1 H, J5,6a = J5,6b = 7.3 Hz, H-5), 3.63 

(m, 1 H, TMSCH2CH2), 3.50-3.39 (m, 2 H, H-6a, H-6b), 2.59 (d, 1 H, OH), 2.41 (s, 3 H, ArCH3), 

1.00-0.84 (m, 2 H, TMSCH2), -0.07 (s, 9 H, TMS); 13C NMR (100 MHz, CDCl3):  194.3, 165.9, 

165.3, 145.1, 136.0, 133.3, 133.0, 129.9, 129.7, 129.5, 129.1, 129.0, 128.4, 128.2, 127.4, 100.7, 74.5, 

69.7, 68.4, 67.4, 24.5, 21.7, 17.9, -1.5; 77Se NMR (75 MHz, CDCl3):  530.7; HRMS: m/z calcd for 

C33H38O8SeSiNa+: 693.1393 [M+Na]+; found: 693.1390. 

 

 

19 

2-(Trimethylsilyl)ethyl 4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-(p-methylbenzoyl)seleno- -D-ga

lactopyranosid(19): Ar 18 (5.48 g, 8.18 mmol) pyridine (40.9 mL)

acetic anhydride (3.9 mL, 41.3 mmol) 25

TLC (EtOAc/hexane = 1/3, ) MeOH toluene

EtOAc 2  (2M

)  ( )

 (EtOAc/hexane = 1/8) 19 (5.60 g, 96 %)

[ ]D=+30.8° (c=1.3, CHCl3); 1H NMR (400 MHz, CDCl3):  7.97-7.25 

(m, 14 H, Ar), 5.76 (d, 1H, J3,4 = 3.3 Hz, H-4), 5.67 (dd, 1H, J1,2 = 7.8 Hz, J2,3 = 10.5 

Hz, H-2), 5.40 (dd, 1H, H-3), 4.73 (d, 1H, H-1), 4.07 (m, 1H, TMSCH2CH2), 3.97 (t, 1H, 
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J5,6a = J5,6b = 7.3 Hz, H-5), 3.64 (m, 1H, TMSCH2CH2), 3.36–3.25 (m, 2H, H-6a, H-6b), 2.

41 (s, 3H, ArCH3), 2.16 (s, 3H, Ac), 1.02–0.85 (m, 2H, TMSCH2), 0.07 (s, 9H, TMS); 13C

 NMR (100 MHz, CDCl3):  193.0, 170.1, 165.5, 165.2, 145.0, 135.9, 133.2, 133.0, 129.7, 

129.6, 129.5, 129.0, 128.3, 128.2, 127.3, 100.7, 73.2, 72.1, 69.6, 69.1, 67.7, 60.3, 24.4, 21.7,

 20.6, 17.9, 14.1,1.5; 77Se NMR (75 MHz, CDCl3):  495.6; HRMS: m/z calcd for C33H40O9

SeSiNa+: 735.1504 [M+Na]+; found: 735.1504. 

 

 
20 

2-(Trimethylsilyl)ethyl 4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyran

oside(20): Ar 19 (308 mg, 432 mol) cesium carbonate (289 mg, 

885 mol) DMF (8.7 mL) methyl hydrazine (34.2 L, 650 mol) m

ethyl iodide (53.9 L, 865 mol) TLC (EtOAc/tolue

ne = 1/10) 2 methyl hydrazine (34.2 L, 650 mol)

methyl iodide (53.9 L, 865 mol) 17

EtOAc 2 (2M )

 ( )

 (EtOAc/hexane = 1/3) 20 (206 mg, 78 %) [ ]

D=+31.2° (c=0.5, CHCl3); 1H NMR (400 MHz, CDCl3):  7.98-7.33 (m, 10 H, Ph), 5.69-5.6

4 (m, 2 H, H-4, H-2), 5.41 (dd, 1 H, J3,4 = 2.8 Hz, J2,3 = 10.5 Hz, H-3), 4.74 (d, 1 H, J1,

2 = 8.2 Hz, H-1), 4.06 (m, 1 H, TMSCH2CH2), 3.98 (m, 1 H, J5,6b = 6.0 Hz, J5,6a = 7.8 H

z, H-5), 3.64 (m, 1 H, TMSCH2CH2), 2.84 (dd, 1 H, Jgem = 12.8 Hz, H-6a), 2.60 (dd, 1 H,

 H-6b), 2.14 (s, 3 H, Ac), 2.09 (s, 3 H, 3 H, SeCH3); 13C NMR (125 MHz, CDCl3): 165.

5, 165.2, 165.2, 164.8, 160.7, 133.5, 133.5, 133), 1.02-0.85 (m, 2 H, TMSCH2), -0.07 (s, 9 
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H, TMS); 13C NMR (100 MHz, CDCl3)  170.2, 165.6, 165.2, 133.3, 133.1, 132.3, 129.7, 1

29.6, 129.0, 128.4, 128.4, 128.3, 100.8, 74.6, 72.1, 69.6, 69.3, 67.7, 24.6, 20.6, 17.9, 5.6, -1.

5; 77Se NMR (75 MHz, CDCl3):  73.2; HRMS: m/z calcd for C28H36O8SeSiNa+: 631.1237 

[M+Na]+; found: 631.1237. 

21  

 

 

21 

Bis-{6-[2-(trimethylsilyl)ethyl 4-O-acetyl-6-deoxy-2,3-di-O-benzoyl- -D-galactopyranosyl]} dis

elenide (21): [ ]D=+95.2° (c=1.9, CHCl3); 1H NMR (400 MHz, CDCl3) 7.97-7.33 (m, 20 

H, Ar), 5.74 (d, 2 H, J3,4 = 2.8 Hz, H-4), 5.69 (dd, 2 H, J1,2 = 7.8 Hz, J2,3 = 10.6 Hz, H-

2), 5.47 (d, 2 H, H-3), 4.81 (d, 2 H, H-1), 4.12-4.05 (m, 4 H, H-5, TMSCH2CH2), 3.69-3.6

2 (m, 2 H, TMSCH2CH2), 3.27 (dd, 2 H, J5,6a = 8.3 Hz, Jgem = 12.8 Hz, H-6a), 3.02 (dd, 

2 H, J5,6b = 5.5 Hz, H-6b), 2.16 (s, 6 H, OAc), 1.03-0.85 (m, 4 H, TMSCH2CH2), -0.07 (s,

 18 H, TMS); 13C NMR (100 MHz, CDCl3) 170.2, 165.6, 165.2, 133.3, 133.1, 129.7, 129.

7, 129.5, 128.9, 128.4, 128.3, 100.8, 73.3, 72.2, 69.6, 69.2, 67.8, 29.3, 20.7, 17.9, -1.5; 77Se

 NMR (75 MHz, CDCl3) 302.8; HRMS: m/z calcd for C54H66O16Se2Si2Na+: 1209.2118 [M+

Na]+; found: 1209.2118. 

 

 
22 

4-O-Acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyranose (22): Ar
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20 (190 mg, 312 mol) CH2Cl2 (4.1 mL) trifluoroaceti

c acid (2.1 mL) 2 TLC (MeOH/

CHCl3 = 1/50) toluene

 (EtOAc/hexane = 1/3) 22 (128 mg, 81 %, /  = 3/1)

-isomer; 1H NMR (600 MHz, CDCl3) 8.00-7.35 (m, 10 H 

Ar), 5.88 (dd, 1 H, J3,4 = 2.8 Hz, J2,3 = 11.0 Hz, H-3), 5.75-5.71 (m, 2 H, H-1, H-4), 5.58

 (dd, 1 H, J1,2 = 3.4 Hz, H-2), 4.54 (t, 1 H, J5,6a = J5,6b = 6.9 Hz, H-5), 3.36 (broad s, 1 

H, OH), 2.74 (dd, 1 H, Jgem = 13.1, H-6a), 2.58 (dd, 1 H, H-6b), 2.16 (s, 3 H, Ac), 2.05(s,

 3 H, 3 H, SeCH3); 13C NMR (125 MHz, CDCl3): 165.5, 165.2, 165.2, 164.8, 160.7, 133.

5, 133.5, 133); 77Se NMR (113 MHz, CDCl3):  64.4; HRMS: m/z calcd for C23H24O8SeNa

+: 531.0534 [M+Na]+; found: 531.0534. 

 

 
23 

4-O-Acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno-D-galactopyranosyl fluoride(23): Ar

22 (101 mg, 199 mol) CH2Cl2 (2.0 mL) 0 °C die

thylaminosulfur trifluoride (39.6 L, 300 mol) 0 °C 25

TLC (EtOAc/hexane = 1/2) CHCl3  ( )  (

)  (EtOAc/

hexane = 1/2) 23 (99 mg, 97 %, /  = 1/1.7)

-isomer; [ ]D=+113.5° (c=0.8, CHCl3); 1H NMR (400 MHz, CDCl3):  8.01-7.36 (m, 10 H,

 Ph), 5.98 (dd, 1 H, J1,2 = 2.8 Hz, J1,F = 53.2 Hz, H-1), 5.86-5.81 (m, 2 H, H-3, H-4), 5.6

3 (m, 1 H, J2,F = 23.8 Hz, H-2), 4.47 (t, 1 H, J5,6a = J5,6b = 7.7 Hz, H-5), 2.77 (dd, 1 H,

 Jgem = 12.8 Hz, H-6a) 2.61 (dd, 1 H, H-6b), 2.18 (s, 3 H, Ac), 2.08 (s, 3 H, 3 H, SeCH

3); 13C NMR (100 MHz, CDCl3):  169.8, 165.9, 165.4, 133.4, 129.9, 129.6, 129.0, 128.7, 1
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28.5, 128.4, 105.8, 103.5, 71.9, 69.2, 68.3, 68.1, 68.0, 23.8, 20.6, 5.4; 77Se NMR (75 MHz,

 CDCl3):  64.8; HRMS: m/z calcd for C23H23FO8SeNa+: 533.0485 [M+Na]+; found: 533.048

2; -isomer; [ ]D=+74.4° (c=0.8, CHCl3); 1H NMR (400 MHz, CDCl3):  7.99-7.35 (m, 10 

H Ph), 5.81-5.73 (m, 2 H, H-2, H-4), 5.60-5.45 (m, 2 H,, H-1, H-3), 4.10 (t, 1 H, J5,6a = J

5,6b = 6.9 Hz, H-5), 2.87 (dd, 1 H, Jgem = 13.3 Hz, H-6a), 2.66 (dd, 1 H, H-6b), 2.17 (s, 3

 H, Ac), 2.09 (s, 3 H, 3 H, SeCH3); 13C NMR (100 MHz, CDCl3):  169.9, 165.4, 165.1, 

133.5, 129.8, 129.6, 128.8, 128.6, 128.5, 128.4, 108.2, 106.1, 74.9, 71.0, 70.9, 69.6, 69.3, 6

8.3, 23.9, 20.6, 5.7; 77Se NMR (75 MHz, CDCl3):  71.3; HRMS: m/z calcd for C23H23FO8

SeNa+: 533.0485 [M+Na] +; found: 533.0485. 

 

 

24 

4-O-Acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyranosyl trichloroacetimida

te(31): Ar 22 (36 mg, 71 mol) CH2Cl2 (1.4 mL) 0 °C

trichloroacetonitril (70.8 L, 706 mol) DBU (3.2 L, 210 mol) 0 °C

70 TLC (EtOAc/hexane = 1/2)

 (EtOAc/hexane = 1/6)

24 (46 mg, quant. , /  = 20/1) -isomer; [ ]D

=+75.0° (c=0.2, CHCl3); 1H NMR (400 MHz, CDCl3):  8.62 (s, 1 H, NH), 8.00-7.26 (m, 

10 H, Ph), 6.76 (d, 1 H, J1,2 = 2.3 Hz, H-1), 5.92-5.82 (m, H-2, H-3, H-4), 4.52 (t, 1 H, 

J5,6a = J5,6b = 6.9 Hz, H-5), 2.76 (dd, 1 H, Jgem = 12.8 Hz, H-6a) 2.58 (dd, 1 H, H-6b), 2.

19 (s, 3 H, Ac), 2.03 (s, 3 H, 3 H, SeCH3); 13C NMR (100 MHz, CDCl3):  170.0, 165.7,

 165.5, 160.6, 133.5, 133.4, 129.8, 129.6, 129.0, 128.8, 128.5, 128.4, 93.8, 90.9, 72.5, 69.5,
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 68.7, 67.6, 24.0, 20.6, 5.3, 0.0; 77Se NMR (75 MHz, CDCl3):  71.3; HRMS: m/z calcd fo

r C25H24Cl3O8Se Na+: 673.9631 [M+Na]+; found: 673.9630. 

 

 
27 

Methyl (4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyranosyl)-(1→6)-2,3,

4-tri-O-benzyl- -D-glucopyranoside (27): Ar 24 (48 mg, 74 mol)

26 (35 mg, 75 mol) CH2Cl2 (1.2 mL) MS4Å (90 mg)

1 -40 °C TMSOTf (1.5 L, 7.4 mol) T

LC (EtOAc/hexane = 2/3) 3 TMSOTf (1.5 L, 7.4 mol)

11 CHCl3

 (

)  ( ) (Sep

hadex LH-20, MeOH/CHCl3 = 1/1)  (Et

OAc/hexane = 1/10) 27 (47 mg, 66 %) [ ]D=+44.6°

 (c=0.9, CHCl3); 1H NMR (500 MHz, CDCl3):  7.88-7.06 (m, 25 H, Ph), 5.72 (dd, 1 H, J

1,2 = 8.0 Hz, J2,3 = 10.3 Hz, H-2b), 5.66 (d, 1 H, J3,4 = 2.9 Hz, H-4b), 5.41 (dd, 1 H, H-3

b), 4.88 (d, 2 H, Jgem = 10.9 Hz, PhCH2), 4.74-4.67 (m 3 H, H-1b, PhCH2), 4.58 (d, 1 H, P

hCH2), 4.47 (d, 1 H, J1,2 = 3.4 Hz, H-1a), 4.32 (d, 1 H, PhCH2), 4.19 (m, 1 H, H-6aa), 3.9

2-3.87 (m, 2 H, H-3a, H-5b), 3.75-3.71 (m, 2 H, H-5a, H-6ba), 3.43-3.36 (m, 2 H, H-2a, H-

4a), 3.20 (s, 3 H, OMe), 2.81 (dd, 1 H, Jgem = 13.2 Hz, J5,6a = 8.0 Hz, H-6ab), 2.58 (dd, 1

 H, J5,6b = 5.7 Hz, H-6bb), 2.16 (s, 3 H, Ac), 2.06 (s, 3 H, 3 H, SeCH3); 13C NMR (125 

MHz, CDCl3):  170.1, 165.6, 165.1, 138.8, 133.3, 133.1, 128.4, 128.3, 128.4, 128.1, 127.9,

 127.6, 127.5, 101,6, 97.9, 81.9, 79.8, 77.4, 75.5, 74.7, 74.7, 73.3, 71.9, 69.4, 69.3, 68.5, 5
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4.9, 24.5, 20.6, 5.7; 77Se NMR (113 MHz, CDCl3):  72.6; HRMS: m/z calcd for C51H54O13

SeNa+: 977.2622, [M+Na]+; found: 977.2627. 

 

 

30 

2-(Trimethylsilyl)ethyl 2,3-di-O-(p-methoxybenzyl)- -D-glucopyranoside (30): Ar

2-(Trimethylsilyl)ethyl 4,6-O-benzyliden- -D-glucopyranoside 29 (674 mg, 1.83 mm

ol) DMF (18.3 mL) 0 °C Sodium hydride (60% in oil; 220 mg, 5.49 

mmol) 0 °C 30 p-methoxybenzyl chloride (632 L, 4.03 

mmol) 22 TLC (EtOAc/hexane = 1/2)

0 °C  (15 mL) EtOAc 2

 ( )  ( )

 (EtOAc/hexane = 1/10)

 (12 ) AcOH (16 mL)  (4 mL) 5

0°C 6 TLC (EtOAc/hexane = 1/2) toluene

EtOAc  (

)  ( )

 (EtOAc/hexane = 1/2) 30 (608 mg, 64%)

[ ]D=-27.5° (c=0.7, CHCl3); 1H NMR (600 MHz, CDCl3):  7.31-6.86 (m, 8 

H, Ar), 4.90-4.87 (2 d, 2 H, Jgem = 11.6 Hz, ArCH2), 4.67 (d, 1 H, ArCH2), 4.59 (d, 1 H,

 ArCH2), 4.44 (d, 1 H, J1,2 = 7.5 Hz, H-1), 4.00 (m, 1 H, TMSCH2CH2), 3.86 (m, 1 H, H

-6a), 3.80 (s, 3 H, ArOCH3), 3.79 (s, 3 H, ArOCH3), 3.74 (m, 1 H, H-6b), 3.63 (m, 1 H, 

TMSCH2CH2), 3.51-3.48 (near t, 1 H, J4,OH = 2.1 Hz, J3,4 = J4,5 = 8.9 Hz, H-4), 3.40 (t, 1

 H, J2,3 = 8.9 Hz, H-3), 3.36 (t, 1 H, H-2), 3.32-3.29 (m, 1 H, H-5), 2.40 (d, 1 H, OH), 2.

15 (t, 1 H, J6,OH = 6.2 Hz, OH), 1.07-1.04 (m, 2 H, TMSCH2), 0.04 (s, 9 H, TMS); 13C N
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MR (150 MHz, CDCl3):  159.3, 159.2, 130.6, 130.5, 129.8, 129.6, 114.0, 113.8, 103.4, 83.

4, 81.6, 74.8, 74.7, 74.3, 70.4, 67.8, 62.7, 55.2, 18.6, -1.5; HRMS: m/z calcd for C27H40O8S

iNa+: 543.2390 [M+Na]+; found: 543.2390. 

 

 

31 

2-(Trimethylsilyl)ethyl 6-O-acetyl-2,3-di-O-(p-methoxybenzyl)- -D-glucopyranoside (31): Ar

30 (553 mg, 1.06 mmol) CH2Cl2 (0.53 mL) pyridine (0.53 mL)

-40 °C acetyl chloride (75.8 L, 1.06 mmol) TLC 

(EtOAc/hexane = 1/1) 2 acetyl chloride (37.6 L, 0.53 m

mol) 6 -40 °C MeOH (100 L)

EtOAc 2  (2M

)  ( )

(EtOAc/toluene = 1/3)  (Sephad

ex LH-20, MeOH/CHCl3 = 1/1) 31 (480 mg, 80 %)

[ ]D=-20.1° (c=0.2, CHCl3); 1H NMR (600 MHz, CDCl3): 7.31-6.87 (m, 8 H, Ar), 4.

89 (d, 1 H, Jgem = 11.0 Hz, ArCH2), 4.86 (d, 1 H, Jgem = 11.7 Hz, ArCH2), 4.67 (d, 1 H,

 ArCH2), 4.63 (d, 1 H, ArCH2), 4.40 (d, 1 H, J1,2 = 6.8 Hz, H-1), 4.37 (dd, 1 H, J5,6a = 4.

1 Hz, Jgem = 12.4 Hz, H-6a), 4.28 (dd, 1 H, J5,6b = 1.4 Hz, H-6b), 4.00 (m, 1 H, TMSCH2

CH2), 3.80 (2 s, 6 H, ArOCH3), 3.62 (m, 1 H, TMSCH2CH2), 3.45-3.36 (m, 4 H, H-2, H-3,

 H-4, H-5), 2.46 (d, 1 H, J4,OH = 2.0 Hz, OH), 2.06 (s, 3 H, Ac), 1.06 (m, 2 H, TMSCH

2), 0.04 (s, 9 H, TMS); 13C NMR (150 MHz, CDCl3): 171.4, 159.3, 159.2, 130.6, 130.5, 

129.8, 129.7, 114.0, 113.8, 103.3, 83.2, 81.4, 74.9, 74.3, 73.2, 69.8, 67.7, 63.3, 55.2, 20.9, 

18.5, -1.5; HRMS: m/z calcd for C29H42O9SiNa+: 585.2490, [M+Na] +; found: 585.2490. 
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32 

2-(Trimethylsilyl)ethyl (4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyran

osyl)-(1→4)-6-O-acetyl-2,3-di-O-(p-methoxybenzyl)- -D-glucopyranoside (32): Ar

24 (48 mg, 74 mol) 31 (61 mg, 109 mol) CH2Cl2 (1.5 mL)

MS4Å (110 mg) 1 -40 °C TMSOTf (1.

4 L , 7.3 mol) TLC (EtOAc/toluene = 1/4)

48 TMSOTf (1.4 L , 7.3 mol) 51

-40 °C  (1 mL) CHCl3

 (2M

)  ( )

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

 (EtOAc/toluene = 1/8) 32 (55 mg, 71 %)

[ ]D=+40.3° (c=0.2, CHCl3); 1H NMR (600 MHz, CDCl3):  7.98-6.80 (m, 1

8 H, Ar), 5.71 (d, 1 H, J3,4 = 3.4 Hz, H-4b), 5.65 (d, 1 H, J1,2 = 8.2 Hz, J2,3 = 10.3 Hz, 

H-2b), 5.35 (dd, 1 H, H-3b), 4.94 (d, 1 H, Jgem = 10.3 Hz, ArCH2), 4.91 (d, 1 H, H-1b), 4.

83 (d, 1 H, ArCH2), 4.81 (d, 1 H, ArCH2), 4.62 (d, 1 H, ArCH2), 4.32-4.30 (m, 2 H, H-1a,

 H-6aa), 4.07 (dd, 1 H, J5,6b = 4.8 Hz, H-6ba), 3.89 (m, 1 H, TMSCH2CH2), 3.84-3.74 (m, 

8 H, H-4a, H-5b, ArOCH3), 3.61-3.53 (m, 2 H, H-3a, TMSCH2CH2), 3.39 (m, 1 H, H-5a), 3.

45 (t, 1 H, H-2a), 2.58 (dd, 1 H, J5,6a = 6.2 Hz, Jgem = 13.1 Hz, H-6ab), 2.49 (dd, 1 H, J5,

6b = 7.6 Hz, H-6bb), 2.12 (s, 3 H, Ac), 1.90 (s, 3 H, Ac), 1.87 (s, 3 H, SeCH3), 0.99 (t, 2

 H, TMSCH2), 0.00 (s, 9 H, TMS); 13C NMR (150 MHz, CDCl3):  170.4, 169.9, 165.4, 1

65.1, 159.1, 158.9, 133.4, 133.3, 131.2, 130.5, 129.8, 129.7, 129.6, 128.9, 128.9, 128.8, 128.

5, 128.4, 113.7, 113.5, 102.9, 100.6, 82.2, 81.5, 77.3, 74.6, 74.4, 72.3, 72.1, 70.2, 68.6, 67.5,
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 62.4, 55.3, 55.2, 29.7, 23.9, 20.7, 20.6, 18.4, 5.5, 1.0, 0.0, -1.5; 77Se NMR (113 MHz, CD

Cl3):  64.8; HRMS: m/z calcd for C52H64O16SeSiNa+: 1075.3021 [M+Na]+; found: 1075.302

1. 

 

 

33 

2-(Trimethylsilyl)ethyl (4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyran

osyl)-(1→4)-6-O-acetyl- -D-glucopyranoside (33): Ar 32 (55 mg, 52 

mol) CH2Cl2 (700 L) -20 °C trifluoroacetic acid (350 

L) 2.5 TLC (MeOH/CHCl3 = 1/15)

 (3 mL) CHCl3 2  (

)  ( )

 (EtOAc/hexane = 1/2) 33 (35 mg, 83%)

[ ]D=+43.8° (c=0.7, CHCl3); 1H NMR (500 MHz, CDCl3):  7.

95-7.34 (m, 10 H, Ph), 5.72-7.68 (m, 2 H, H-2b, H-4b), 5.43 (dd, 1 H, J3,4 = 3.4 Hz, J2,3 =

 10.3 Hz, H-3b), 4.91 (d, 1 H, J1,2 = 8.0 Hz, H-1b), 4.32 (d, 1 H, OH), 4.28 (d, 1 H, J1,2 

= 7.5 Hz, H-1a), 4.17 (dd, 1 H, J5,6a = 1.9 Hz, Jgem = 12.0 Hz, H-6aa), 4.02 (m, 1 H, H-5

b), 3.95-3.88 (m, 2 H, H-6ba, TMSCH2CH2), 3.75 (m, 1 H, H-2a), 3.61-3.54 (m, 2 H, H-3a,

 TMSCH2CH2), 3.49 (m, 1 H, H-5a), 3.41 (t, 1 H, J3,4 = J4,5 = 8.6 Hz, H-4a), 2.79 (dd, 1 

H, Jgem = 13.1 Hz, J5,6a = 8.3 Hz, H-6ab), 2.66 (dd, 1 H, J5,6b = 5.5 Hz, H-6bb), 2.57 (broa

d s, 1 H, OH), 2.17 (s, 3 H, Ac), 2.08 (s, 3 H, 3 H, SeCH3), 1.77 (s, 3 H, Ac), 1.04-0.89

 (m, 2 H, TMSCH2CH2), -0.01 (s, 9 H, TMS); 13C NMR (125 MHz, CDCl3):  170.0 169.

9, 165.4, 165.1, 133.5, 133.4, 129.7, 129.6, 129.0, 128.7, 128.6, 128.5, 128.4, 128.2, 101.7, 

101.6, 80.9, 75.1, 73.5, 73.3, 71.9, 71.6, 69.4, 68.9, 67.4, 62.2, 24.7, 20.5, 20.4, 18.1, 5.6, -
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1.5; 77Se NMR (94 MHz, CDCl3):  61.1; HRMS: m/z calcd for C46H52O14SeSiNa+: 835.187

6 [M+Na]+; found: 835.1876. 

 

 
1 

2-(Trimethylsilyl)ethyl (6-deoxy-6-methylseleno- -D-galactopyranosyl)-(1→4)- -D-glucopyran

oside (1): Ar 33 (39 mg, 48 mol) THF (530 L) MeOH (1.1 mL)

Sodium methoxide (28% in MeOH, 9 mg, 48 mol) 3.5

TLC (CHCl3/MeOH/H2O, 5/4/1) Dowex-50 (H+)

Sephadex LH-20 (MeOH)

1 (25 mg, quant.) [ ]D=-6.7° (c=0.5, MeOH); 1H NMR (500 

MHz, CD3OD):  4.38 (d, 1 H, J1,2 = 7.3 Hz, H-1b), 4.30 (d, 1 H, J1,2 = 7.8 Hz, H-1a), 3.99 (m, 1 H, 

TMSCH2CH2), 3.95 (d, 1 H, J3,4 = 2.6 Hz, H-4b), 3.91 (dd, 1 H, J5,6a = 5.6 Hz, Jgem = 12.1 Hz, H-6aa), 

3.84 (dd, 1 H, J5,6b = 4.2 Hz, H-6ba), 3.70 (t, 1 H, H-5b), 3.63 (m, 1 H, TMSCH2CH2), 3.58-3.51 (m, 

4 H, H-3a, H-4a, H-2b, H-3b), 3.41 (m, 1 H, H-5a), 3.23 (t, 1 H, H-2a), 2.83-2.76 (m, 2 H, H-6ab, 

H-6bb), 2.04 (s, 1 H, 3 H, SeCH3); 13C NMR (125 MHz, CDCl3): 165.5, 165.2, 165.2, 164.8, 160.7, 

133.5, 133.5, 133), 1.09-0.94 (m, 2 H, TMSCH2), 0.0 (s, 9 H, TMS); 13C NMR (125 MHz, CD3OD): 

 105.1, 103.7, 80.9, 76.5, 76.3, 76.1, 74.9, 72.2, 70.8, 68.2, 62.0, 25.5, 19.1, 4.5, -1.4; 77Se NMR 

(94 MHz, CD3OD):  51.8; HRMS: m/z calcd for C18H36O10SeSiNa+: 543.1135 [M+Na]+; found: 

543.1135. 

 

 

34 
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2-(Trimethylsilyl)ethyl (4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyran

osyl)-(1→4)-6-O-acetyl-2,3-di-O-benzoyl- -D-glucopyranoside (34): Ar

33 (68 mg, 83 mol) pyridine (1.7 mL) benzoyl chloride (77.4 L, 666

 mol) 24 TLC (EtOAc/toluene = 1/2)

MeOH toluene EtOAc 2  (2M

)  ( )

 (EtOAc/toluene = 1/1

0) 34 (85 mg, 99 %) [ ]D=+40.0° (c=0.9, CH

Cl3); 1H NMR (500 MHz, CDCl3): 8.17-7.31 (m, 20 H, Ph), 5.71 (t, 1 H, J2,3 = 9.5 Hz, 

H-3a), 5.57-5.53 (m, 2 H, H-2b, H-4b), 5.35 (dd, 1 H, J1,2= 7.9 Hz, J2,3 = 10.8 Hz, H-2a), 5.

29 (dd, 1 H, J3,4 = 3.4 Hz, J2,3 = 10.4 Hz, H-3b), 4.75 (d, 1 H, J1,2= 7.9 Hz, H-1b), 4.66 

(d, 1 H, H-1a), 4.40 (dd, 1 H, J5,6a = 1.9 Hz, Jgem = 12.0 Hz, H-6aa), 4.16-1.09 (m, 2 H, 

H-4a, H-6ba), 3.91 (m, 1 H, TMSCH2CH2), 3.71 (m, 1 H, H-5a), 3.59-3.50 (m, 2 H, H-5b, 

TMSCH2CH2), 2.08 (dd, 1 H, J5,6a = 6.2 Hz, Jgem = 13.0 Hz, H-6ab), 1.98-1.95 (m, 7 H, H

-6ab, Ac), 1.81 (s, 3 H, SeCH3), 0.90-0.77 (m, 2 H, TMSCH2), 0.00 (s, 9 H, TMS); 13C N

MR (125 MHz, CDCl3) 170.3, 169.8, 165.4, 165.2, 165.1, 164.9, 133.3, 133.3, 133.0, 130.

0, 129.8, 129.7, 129.6, 129.5, 128.9, 128.8, 128.4, 128.3, 128.3, 128.2, 100.5, 100.2, 75.6, 7

3.7, 73.3, 72.6, 72.0, 71.9, 69.9, 68.2, 67.5, 62.0, 23.4, 20.6, 20.4, 17.8, 5.0, -1.6; 77Se NM

R (94 MHz, CDCl3) HRMS: m/z calcd for C50H56O16SeSiNa+: 1043.2395 [M+Na]+; fo

und: 1043.2395. 

 

 

35 

(4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyranosyl)-(1→4)-6-O-acetyl-
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2,3-di-O-benzoyl- -D-glucopyranose (35): Ar 34 (78 mg, 76 mol)

CH2Cl2 (1 mL) trifluoroacetic acid (500 L)

2 TLC (EtOAc/toluene = 1/3)

CHCl3 2  ( )  

( )

 (EtOAc/Hexane = 2/3) 35 (66 mg, 94 %)

-isomer; 1H NMR (500 MHz, CDCl3) 8.12-7.18 (m, 20 H, Ph), 6.09 (t, 1 H, J2,3= J3,4 =

 9.5 Hz, H-3a), 5.60-5.53 (m, 3 H, H-1a, H-2b, H-4b), 5.32-5.28 (m, 1 H, H-3b), 5.21-5.14 

(m, 1 H, H-2a), 4.83 (d, 1 H, J1,2 = 8.0 Hz, H-1b), 4.43-4.37 (m, 1 H, H-6aa), 4.27 (m, 1 

H, H-5a), 4.18-4.05 (m, 2 H, H-4a, H-6ba), 3.35 (t, 1 H, J5,6a = J5,6b = 7.5 Hz, H-5b), 2.21-

2.02 (m, 2 H, H-6ab, H-6bb), 1.98 (s, 3, H, Ac), 1.90 (s, 3, H, Ac), 1.79 (s, 3 H, SeCH3); 

77Se NMR (94 MHz, CDCl3)  58.3; HRMS: m/z calcd for C45H44O16SeNa+: 943.1692 [M+

Na]+; found: 943.1692. 

 

 

36 

(4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D-galactopyranosyl)-(1→4)-6-O-acetyl-

2,3-di-O-benzoyl- -D-glucopyranosyl trichloroacetimidate (36): Ar 35 

(65 mg, 71 mol) CH2Cl2 (1.4 mL) 0 °C trichloroacetonitrile (270.7 

L, 275 mol) DBU (3.2 L, 21 mol) 0 °C 75 T

LC (EtOAc/hexane = 1/1)

 (EtOAc/toulene = 1/10) 36 (67 mg, 88%, /  = 20/1)

-isomer; [ ]D=+95.8° (c=0.9, CHCl3); 1H NMR (500 MHz, CDCl3): 8.54 (s, 

1 H, NH), 8.11-7.29 (m, 20 H, Ph), 6.67 (d, 1 H, J1,2= 3.5 Hz, H-1a), 6.12 (t, 1 H, J2,3 = 
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J3,4 = 9.5 Hz, H-3a), 5.61-5.55 (m, 2 H, H-2b, H-4b), 5.42 (dd, 1 H, H-2a), 5.30 (dd, 1 H, 

J3,4 = 3.3 Hz, J2,3 = 10.4 Hz, H-3b), 4.87 (d, 1 H, J1,2= 7.5 Hz, H-1b), 4.43 (dd, 1 H, J5,6a

 = 1.4 Hz, Jgem = 12.3 Hz, H-6aa), 4.26-4.16 (m, 2 H, H-4a, H-5a), 4.14 (dd, 1 H, J5,6b = 

2.8Hz, H-6ba), 3.51 (dd, 1 H, J5,6b = 6.4 Hz, J5,6a = 8.0 Hz, H-5b), 2.18-2.09 (m, 2 H, H-6

ab, H-6bb), 1.99 (s, 3, H, Ac), 1.86 (s, 3 H, Ac), 1.75 (s, 3 H, SeCH3); 13C NMR (125 M

Hz, CDCl3): 165.5, 165.2, 165.2, 164.8, 160.7, 133.5, 133.5, 133.4, 133.3, 133.2, 130.0, 12

9.9, 129.7, 129.7, 129.7, 129.6, 129.4, 129.0, 128.9, 128.7, 128.6, 128.6, 128.5, 128.4, 128.4,

 128.2, 101.6, 92.9, 90.8, 79.2, 77.2, 73.5, 71.9, 71.3, 70.8, 70.2, 67.5, 60.7, 29.7, 25.2, 5.

3; 77Se NMR (94 MHz, CDCl3) 56.8; HRMS: m/z calcd for C47H44Cl3NO16SeNa+: 1086.07

83 [M+Na]+; found: 1086.0783. 

 

 

37 

2-(2-Trifluoroacetamidoethoxy)ethyl (4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-methylseleno- -D

-galactopyranosyl)-(1→4)-6-O-acetyl-2,3-di-O-benzoyl- -D-glucopyranosyl trichloroacetimida

te (37): Ar 36 (67 mg, 62 mol) 5 (29 mg, 143 mol) CH

2Cl2 (2 mL) AW-300 (200 mg) 1 0 °C

TMSOTf (1.2 L, 6 mol) 45 TLC (EtOAc/heaxa

ne = 1/3)  (1 mL) CHC

l3  (

)  ( )

 (EtOAc/hexane = 1/2) 37 (62 mg, 90 %)

[ ]D=+18.2° (c=0.9, CHCl3); 1H NMR (500 MHz, CDCl3): 8.

03-7.31 (m, 20 H, Ph), 6.85 (broad s, 1 H, NH), 5.75 (t, 1 H, J2,3 = J3,4 = 9.5 Hz, H-3a), 
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5.57-5.53 (m, 2 H, H-2b, H-4b), 5.34 (dd, 1 H, J1,2 = 8.0 Hz, H-2a), 5.29 (dd, 1 H, J2,3 = 

10.5 Hz, J3,4 = 3.5 Hz, H-3b), 4.78 (d, 1 H, J1,2 = 8.0 Hz, H-1b), 4.69 (d, 1 H, H-1a), 4.45

 (dd, 1 H, J5,6a = 2.0 Hz, Jgem = 12.0 Hz, H-6aa), 4.14-4.10 (m, 2 H, H-4a, H-6ba), 3.92 

(m, 1 H, CH2OCH2CH2O), 3.73 (m, 1 H, H-5a), 3.66-3.51 (m, 4 H, H-5b, CH2OCH2CH2O, 

NCH2CH2OCH2), 3.45-3.38 (m, 2 H, NCH2CH2), 3.34-3.21 (m, 2 H, NCH2), 2.11 (dd, 1 H,

 J5,6a = 6.3 Hz, Jgem = 12.9 Hz, H-6ab), 2.03-1.97 (m, 4 H, H-6bb, Ac), 1.93 (s, 3 H, Ac),

 1.81 (s, 3 H, SeCH3); 13C NMR (125 MHz, CDCl3): 170.3, 169.8, 165.4, 165.2, 165.1, 1

64.9, 157.3, 157.0, 133.3, 133.3, 133.1, 133.2, 129.8, 129.8, 129.7, 129.6, 129.2, 129.0, 128.

8, 128.5, 128.4, 128.3, 117.0, 114.7, 101.0, 100.6, 77.2, 75.4, 73.8, 72.9, 72.9, 72.0, 71.9, 6

9.9, 69.9, 69.3, 68.7, 68.2, 61.7, 39.5, 29.6, 23.5, 20.6, 20.3, 5.0; 77Se NMR (94 MHz, CD

Cl3): HRMS: m/z calcd for C51H52F3NO18SeNa+: 1126.2194 [M+Na]+; found: 1126.219

9. 

 

 
3 

2-Aminoethyl (6-deoxy-6-methylseleno- -D-galactopyranosyl)-(1→4)- -D-glucopyranoside (3) 

Ar 37 (46 mg, 42 mol) THF (550 L) MeOH (1.1 mL)

Sodium methoxide (28% in MeOH, 8 mg, 42 mol) 48

TLC (CHCl3
/MeOH/H2O/AcOH = 5/4/1/0.1) Muromac C1002 

(H+)  (CHCl3)

(CHCl3/MeOH/H2O/NH3 aq. = 1/6/1/0.08) 3 (18 mg, 84%)

[ ]D=+5.7° (c=0.4, MeOH); 1H NMR (500 MHz, CD3OD): 4.38-4.34 (m, 2 H, H-1a, H-1b), 

4.03-2.84 (m, 18 H, H-2a, H-3a, H-4a, H-5a, H-6aa, H-6ba, H-2b, H-3b, H-4b, H-5b, NCH2, NCH2CH2,, 

NCH2CH2OCH2, CH2OCH2CH2O), 2.83-2.77 (m, 2 H, H-6ab, H-6bb), 2.04 (S, 3 H, SeCH3); 13C 
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NMR (125 MHz, CD3OD):  105.1, 104.3, 80.7, 76.4, 76.3, 76.1, 74.9, 74.8, 72.7, 72.4, 71.9, 71.2, 

70.9, 69.9, 41.8, 25.6, 4.6; 77Se NMR (94 MHz, CD3OD): 48.1; HRMS: m/z calcd for 

C17H34NO11SeNa+: 508.1292 [M+Na]+; found: 508.1292. 

 

 

38 

2-(Trimethylsilyl)ethyl 6-bromo-6-deoxy-2,3-di-O-(p-methoxybenzyl)- -D-glucopyranoside 

(38): Ar 30 (117 mg, 225 mol) pyridine (2.3 mL)

triphenylphosphine (89 mg, 340 mol) carbontetrabromide (114 mg, 345 mol) 0°C

10 65 °C 1 TLC (EtOAc/hexane = 1/1)

MeOH toluene

 (EtOAc/toluene = 1/20) 38 (122 mg, 93 %)

[ ]D=-25.4° (c=1.0, CHCl3); 1H NMR (400 MHz, CDCl3):  

7.31-6.86 (m, 8 H Ar), 4.89 (2 d, 2 H, ArCH2), 4.66 (d, 1 H, ArCH2), 4.56 (d, 1 H, ArCH2), 4.43 (d, 1 

H, J1,2 = 6.8 Hz, H-1), 4.03 (m, 1 H, TMSCH2CH2), 3.79 (s, 6 H, ArOCH3), 3.71-3.64 (m, 2 H, H-6a, 

TMSCH2CH2), 3.45 (m, 1 H, J5,6b = 5.9 Hz, H-6b), 3.42-3.36 (m, 4 H, H-2, H-3, H-4, H-5), 2.24 (s, 

1 H, OH), 1.10-1.04 (m, 2 H, TMSCH2), 0.04 (s, 9 H, TMS); 13C NMR (100 MHz, CDCl3):  159.4, 

159.2, 130.5, 130.4, 129.8, 129.6, 114.0, 113.8, 103.1, 83.1, 81.5, 74.7, 74.2, 71.8, 67.5, 55.2, 32.6, 

18.4, -1.5; HRMS: m/z calcd for C27H39BrO7SiNa+: 605.1546 [M+Na]+; found: 605.1546 

 

 

39 

2-(Trimethylsilyl)ethyl 2,3-di-O-(p-methoxybenzyl)-6-deoxy-6-(p-methylbenzoylseleno)- -D-glu



 - 62 - 

copyranoside (39): Ar 38 (1.03g, 1.77 mmol) p-methylselenobenzoic 

anhydride 11 702 mg, 2.21 mmol)  DMF (18 mL)

N,N-diisopropylethylamine (377 L, 2.22 mmol) piperidine (220 L, 2.22 mmol)

60 °C 45 TLC (EtOAc/toluene = 1/5) EtOAc

2  (2M )  (

)  (Sephadex LH-20, 

MeOH/CHCl3 = 1/1)  (EtOAc/toluene = 1/20)

39 (1.19 g, 96 %) [ ]D=-8.9° (c=1.2, CHCl3); 1H 

NMR (600 MHz, CDCl3):  7.82-6.85 (m, 12 H, Ar), 4.87-4.82 (m, 2 H, ArCH2), 4.70-4.65 (m, 2 H, 

ArCH2), 4.41 (d, 1 H, J1,2 = 8.3 Hz, H-1), 3.97 (m, 1 H, TMSCH2CH2), 3.79 (2 s, 6 H, ArOCH3), 

3.62 (m, 1 H, TMSCH2CH2), 3.52 (dd, 1 H, J5,6a = 2.7 Hz, Jgem = 13.1 Hz, H-6a), 3.48 (m, 1 H, H-5), 

3.44-3.42 (m, 2 H, H-3, H-4), 3.39 (dd, 1 H, J5,6b = 5.5 Hz, H-6b), 3.35 (t, 1 H, J2,3 = 8.9 Hz, H-2), 

2.97 (d, 1 H, J4,OH = 2.8 Hz, OH), 2.40 (s, 3 H, ArCH3), 1.06-1.03 (m, 2 H, TMSCH2), 0.03 (s, 9 H, 

TMS); 13C NMR (150 MHz, CDCl3):  195.8, 159.2, 159.2, 144.8, 136.2, 130.7, 130.7, 129.8, 129.6, 

129.4, 127.4, 113.9, 113.7, 103.0, 83.0, 81.6, 75.0, 74.3, 73.1, 67.5, 55.2, 27.4, 21.7, 18.5, -1.4; 77Se 

NMR (113 MHz, CDCl3):  485.9; HRMS: m/z calcd for C36H46O9SeSiNa+: 725.2019 [M+Na]+; 

found: 725.2024. 

 

 

40 

2-(Trimethylsilyl)ethyl 4-O-acetyl-6-deoxy-2,3-di-O-(p-methoxybenzyl)-6-(p-methylbenzoylsele

no)- -D-glucopyranoside (40): Ar 39 (1.13 g, 1.61 mmol) pyridine (16.1 

mL) acetic anhydride (7.6 mL, 8.06 mmol) 17

TLC (EtOAc/toluene = 1/5) MeOH toluene
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EtOAc  (2M )

 ( )

 (EtOAc/toluene = 1/30) 40 (1.17 g, 98%)

[ ]D=-4.7° (c=0.2, CHCl3); 1H NMR (600 MHz, CDCl3):  7.78-6.83 (m, 12 H Ar), 4.91 (t, 1 H, 

J3,4 = J4,5 = 9.8 Hz, H-4), 4.84 (d, 1 H, Jgem = 10.3 Hz, ArCH2), 4.72 (d, 1 H, ArCH2), 4.63 (d, 1 H, 

Jgem = 11.0 Hz, ArCH2), 4.54 (d, 1 H, ArCH2), 4.37 (d, 1 H, J1,2 = 8.3 Hz, H-1), 3.97 (m, 1 H, 

TMSCH2CH2), 3.78 (s, 6 H, ArOCH3), 3.66-3.62 (m, 1 H, TMSCH2CH2), 3.54 (t, 1 H, J2,3 = 8.9 Hz, 

H-3), 3.48-3.43 (m, 2 H, H-2, H-5), 3.38 (dd, 1 H, J5,6a = 2.8 Hz, Jgem = 13.1 Hz, H-6a), 3.05 (dd, 1 

H, J5,6b = 9.6 Hz, H-6b), 2.38 (s, 3 H, ArCH3), 2.05 (s, 3 H, Ac), 1.06-1.01 (m, 2 H, TMSCH2), 0.26 

(s, 9 H, TMS); 13C NMR (150 MHz, CDCl3):  193.5, 170.0, 159.2, 159.1, 144.6, 136.2, 130.6, 

129.8, 129.4, 127.2, 113.7, 102.9, 81.9, 81.1, 74.6, 74.5, 73.8, 73.6, 67.4, 55.2, 26.8, 21.7, 21.0, 18.4, 

-1.4; 77Se NMR (113 MHz, CDCl3):  499.1; HRMS: m/z calcd for C37H48O9SeSiNa+: 767.2131 

[M+Na]+; found: 767.2130. 

 

 
41 

2-(Trimethylsilyl)ethyl 4-O-acetyl-6-deoxy-2,3-di-O-(p-methoxybenzyl)-6-methylseleno- -D-glu

copyranoside (41): Ar 40 (68 mg, 91 mol) cesium carbonate (157 mg, 

480 mol) DMF (1.8 mL) 10 methyl hydrazine (24.0 

L, 456 mol) 5 methyl iodide (28.3 L, 456 mol)

25 TLC (EtOAc/toluene = 1/5) EtOAc 2

 (2M )  (

)  (EtOAc/hexane = 

1/5) 41 (52 mg, 89 %) [ ]D=-10.6° (c=0.9, CHCl3); 
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1H NMR (600 MHz, CDCl3):  7.28-6.84 (m, 8 H Ar), 4.87-4.82 (m, 2 H, H-4, ArCH2), 4.73 (d, 1 H, 

ArCH2), 4.64 (d, 1 H, ArCH2), 4.54 (d, 1 H, ArCH2), 4.41 (d, 1 H, J1,2 = 7.6 Hz, H-1), 4.01 (m, 1 H, 

TMSCH2CH2), 3.80 (s, 3 H, ArOCH3), 3.79 (s, 3 H, ArOCH3), 3.67 (m, 1 H, TMSCH2CH2), 3.48 (m, 

3 H, H-2, H-3, H-5), 2.64 (dd, 1 H, J5,6a = 8.9 Hz, Jgem = 13.1 Hz, H-6a), 2.58 (dd, 1 H, J5,6b = 2.7 Hz, 

H-6b), 2.06 (s, 3 H, SeCH3), 1.95 (s, 3 H, Ac), 1.06 (t, 2 H, TMSCH2), 0.04 (s, 9 H, TMS); 13C NMR 

(150 MHz, CDCl3):  169.8, 159.2, 159.1, 130.6, 130.0, 129.4, 113.7, 113.7, 103.0, 81.9, 81.1, 75.1, 

74.6, 74.5, 73.9, 67.4, 55.2, 26.3, 21.0, 18.5, 5.7, -1.5; 77Se NMR (113 MHz, CDCl3):  76.9; 

HRMS: m/z calcd for C30H44O8SeSiNa+: 663.1863 [M+Na]+; found: 663.1868. 

42  

 

 

42 

Bis-{6-[2-(trimethylsilyl)ethyl 4-O-acetyl-6-deoxy-2,3-di-O-(p-methoxybenzyl)- -D-glucopyran

osyl]} diselenide (42): [ ]D -29.7° (c=0.9, CHCl3). 1H NMR (600 MHz, CDCl3) 7.28-6.84 

(m, 16 H Ar), 4.86-4.81 (m, 4 H, H-4, ArCH2), 4.73 (d, 2 H, ArCH2), 4.63 (d, 2 H, ArCH

2), 4.53 (d, 2 H, ArCH2), 4.38 (d, 2 H, J1,2 = 8.2 Hz, H-1), 4.01-4.00 (m, 2 H, TMSCH2C

H2), 3.80 (s, 12 H, ArOCH3), 3.67-3.63 (m, 2 H, TMSCH2CH2), 3.55-3.50 (m, 4 H, J2,3 = 

8.9 Hz, H-3, H-5), 3.43 (t, 2 H, H-2), 3.09 (dd, 2 H, J5,6a = 9.6 Hz, Jgem = 12.3 Hz, H-6

a), 2.98 (dd, 2 H, J5,6b = 2.7 Hz, H-6b), 1.96 (s, 6 H, Ac), 1.04 (t, 4 H, TMSCH2CH2), 0.

01 (s, 18 H, TMS); 13C NMR (150 MHz, CDCl3) 159.4, 159.2, 130.6, 129.8, 129.6, 114.0,
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 113.8, 103.1, 83.3, 81.8, 76.2, 74.7, 74.2, 73.3, 67.4, 55.2, 26.9, 18.5, 5.6, -1.5; 77Se NMR

 (113 MHz, CDCl3) 307.6; HRMS: m/z calcd for C58H82O16Se2Si2Na+: 1273.3364 [M+Na]+;

 found: 1273.3364. 

 

 
43 

2-(Trimethylsilyl)ethyl 6-deoxy-2,3-di-O-(p-methoxybenzyl)-6-methylseleno- -D-glucopyranosi

de (43): Ar 41 (45 mg, 69 mol) MeOH (1.4 mL) Sodium 

methoxide (28% in MeOH, 1 mg) 0 °C 44

TLC (EtOAc/hexane = 1/5) MeOH Dowex-50 (H+)

 (EtOAc/hexane = 1/6)

43 (36 mg, 87 %) [ ]D=-29.7° (c=0.7, CHCl3); 1H 

NMR (600 MHz, CDCl3):  7.31-6.87 (m, 8 H, Ar), 4.89 (2 d, 2 H, ArCH2), 4.66 (d, 1 H, ArCH2), 

4.56 (d, 1 H, ArCH2), 4.41 (d, 1 H, J1,2 = 7.4 Hz, H-1), 4.00 (m, 1 H, TMSCH2CH2), 3.80 (s, 6 H, 

ArOCH3), 3.65 (m, 1 H, TMSCH2CH2), 3.43-3.35 (m, 4 H, H-2, H-3, H-4, H-5), 2.93 (dd, 1 H, J5,6a 

= 2.9 Hz, Jgem = 13.2 Hz, H-6a), 2.69 (dd, 1 H, J5,6b = 8.2 Hz, H-6b), 2.16 (s, 1 H, OH), 2.07 (s, 3 H, 

SeCH3), 1.06 (t, 2 H, TMSCH2), 0.04 (s, 9 H, TMS); 13C NMR (150 MHz, CDCl3):  159.4, 159.2, 

130.6, 129.8, 129.6, 114.0, 113.8, 103.1, 83.3, 81.8, 76.2, 74.7, 74.2, 73.3, 67.4, 55.2, 26.9, 18.5, 5.6, 

-1.5; 77Se NMR (113 MHz, CDCl3):  63.3; HRMS: m/z calcd for C30H44O8SeSiNa+: 621.1757 

[M+Na]+; found: 621.1757. 

 

 

45 

2-(Trimethylsilyl)ethyl (2,3,4,6-tetra-O-benzoyl- -D-galactopyranosyl)-(1→4)-6-deoxy-2,3-di-O
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-(p-methoxybenzyl)-6-methylseleno- -D-glucopyranoside (45): Ar 44 (58 

mg, 78 mol) 43 (46 mg, 77 mol) CH2Cl2 (1.5 mL) MS4Å (148 mg)

2 0 °C TMSOTf (1.5 L, 7.7 mol)

TLC (EtOAc/toluene = 1/8) 14

0 °C  (500 L) CHCl3

 (

)  ( )

 (Sephadex LH-20, MeOH/CHCl3 = 1/1) 45 (71 mg, 79 %)

[ ]D=+36.0° (c=0.9, CHCl3); 1H NMR (500 MHz, CDCl3):  8.02-6.75 (m, 28 H, 

Ar), 5.91 (d, 1 H, J3,4 = 3.4 Hz, H-4b), 5.78 (dd, 1 H, J1,2 = 8.0 Hz, J2,3 = 10.4 Hz, H-2b), 5.53 (dd, 1 

H, H-3b), 5.15 (d, 1 H, H-1b), 4.93 (s, 2 H, ArCH2), 4.82 (d, 1 H, Jgem = 10.7 Hz, ArCH2), 4.61 (d, 1 

H, ArCH2), 4.36-4.33 (m, 2 H, H-1a, H-6ab), 4.26 (dd, 1 H, J5,6b = 7.8 Hz, Jgem = 11.2 Hz, H-6bb), 

4.03 (t, 1 H, H-5b), 3.92 (m, 1 H, TMSCH2CH2), 3.78 (m, 3 H, ArOCH3), 3.68-3.55 (m, 6 H, H-3a, 

H-4a, ArOCH3, TMSCH2CH2), 3.45-3.35 (m, 2 H, H-2a, H-5a), 2.83 (dd, 1 H, J5,6a = 2.7 Hz, Jgem = 

12.7 Hz, H-6aa), 2.47 (dd, 1 H, J5,6b = 9.1 Hz, H-6ba), 1.86 (s, 3 H, SeCH3), 1.04-0.98 (m, 2 H, 

TMSCH2), 0.01 (s, 9 H, TMS);  13C NMR (125 MHz, CDCl3):  165.7, 165.5, 165.4, 165.1, 159.2, 

158.8, 133.5, 133.5, 133.3, 133.1, 131.1, 130.6, 129.9, 129.8, 129.7, 129.7, 129.7, 129.4, 129.0, 

129.0, 128.7, 128.6, 128.4, 128.3, 113.7, 113.6, 102.9, 101.4, 82.3, 81.9, 81.8, 75.4, 74.5, 74.3, 71.8, 

71.4, 70.6, 67.8, 67.3, 61.3, 55.2, 55.1, 26.5, 18.5, 5.3, 0.0, -1.5; 77Se NMR (94 MHz, CDCl3):  

66.8; HRMS: m/z calcd for C62H68O16SeSiNa+: 1199.3334 [M+Na]+; found: 1199.3334. 

 

 

46 

2-(Trimethylsilyl)ethyl (2,3,4,6-tetra-O-benzoyl- -D-galactopyranosyl)-(1→4)-6-deoxy-6-meth
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ylseleno- -D-glucopyranoside (46): Ar 45 (52 mg, 44 mol)

CH2Cl2 (580 L) -20 °C triflluoroacetic acid (290 L) 75

TLC (MeOH/CHCl3 = 1/10)

 (3 mL) CHCl3  ( )  (

) (EtOAc

/hexane = 3/8) 46 (41 mg, quant.) [ ]D=+78.4°

 (c=0.4, CHCl3); 1H NMR (500 MHz, CDCl3):  8.10-7.23 (m, 20 H, Ph), 6.00 (d, 1 H, J3,

4 = 3.1 Hz, H-4b), 5.87 (dd, 1 H, J1,2 = 8.1 Hz, J2,3 = 10.4 Hz, H-2b), 5.63 (dd, 1 H, H-3

b), 4.99 (d, 1 H, H-1b), 4.64 (dd, 1 H, J5,6a = 4.4 Hz, Jgem = 11.5 Hz, H-6ab), 4.53-4.45 (m,

 2 H, H-5b, H-6bb), 4.36 (s, 1 H, OH), 4.32 (d, 1 H, J1,2 = 7.8 Hz, H-1a), 3.92 (m, 1 H, 

TMSCH2CH2), 3.73 (t, 1 H, J2,3 = J3,4 = 8.3 Hz, H-3a), 3.61 (m, 1 H, TMSCH2CH2), 3.56-

3.49 (m, 2 H, H-4a, H-5a), 3.41 (t, 1 H, H-2a), 2.58 (dd, 1 H, J5,6a = 2.0 Hz, Jgem = 12.7 

Hz, H-6aa), 2.49-2.45 (m, 2 H, H-6ba, OH), 1.69 (s, 3 H, SeCH3), 1.06-0.94 (m, 2 H, TMS

CH2), 0.00 (s, 9 H, TMS); 13C NMR (125 MHz, CDCl3):  166.1, 165.4, 165.0, 133.8, 133.

7, 133.4, 133.4, 130.0, 129.8, 129.7, 129.1, 128.7, 128.7, 128.7, 128.6, 128.5, 128.4, 128.3, 

102.3, 101.6, 85.7, 74.7, 74.7, 73.7, 72.3, 71.5, 69.6, 68.0, 67.2, 62.4, 29.7, 25.9, 18.2, 5.0,

 0.0, -1.5; 77Se NMR (94 MHz, CDCl3):  61.1; HRMS: m/z calcd for C46H52O14SeSiNa+: 9

59.2184 [M+Na]+; found: 959.2184.  

 

 

2 

2-(Trimethylsilyl)ethyl ( -D-galactopyranosyl)-(1→4)-6-deoxy-6-methylseleno- -D-glucopyran

oside (2): Ar 46 (36 mg, 39 mol) THF (420 L) MeOH (840 L)

Sodium methoxide (28% in MeOH, 7 mg, 38 mol) 5.5
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TLC (CHCl3
/MeOH/H2O, 5/4/1) Dowex-50 (H+)

 

(MeOH/CHCl3 = 1/7) (Sephadex LH-20, MeOH)

2 (20 mg, quant.) [ ]D=+3.5° (c=0.4, MeOH); 1H NMR (500 MHz, 

CD3OD):  4.34 (d, 1 H, J1,2 = 7.6 Hz, H-1b), 4.29 (d, 1 H, J1,2 = 7.9 Hz, H-1a), 3.95 (m, 1 H, 

TMSCH2CH2), 3.82 (d, 1 H, J3,4 = 2.9 Hz, H-4b), 3.78 (dd, 1 H, J5,6a = 7.6 Hz, Jgem = 11.5 Hz, H-6ab), 

3.71-3.65 (m, 2 H, H-6bb, TMSCH2CH2), 3.60-3.51 (m, 3 H, H-5a, H-2b, H-5b), 3.50-3.43 (m, 3 H, 

H-3a, H-4a, H-3b), 3.23 (t, 1 H, H-2a), 3.18 (dd, 1 H, J5,6a = 2.5 Hz, Jgem = 13.0 Hz, H-6aa), 2.79 (dd, 

1 H, J5,6b = 8.1 Hz, H-6ba), 2.06 (s, 1 H, SeCH3), 1.02 (m, 2 H, TMSCH2), 0.0 (s, 9 H, TMS); 13C 

NMR (125 MHz, CD3OD): 105.5, 103.5, 84.6, 77.1, 77.0, 76.3, 74.9, 74.8, 72.5, 70.2, 68.0, 62.5, 

27.5, 19.1, 5.2, -1.4; 77Se NMR (94 MHz, CD3OD):  56.5; HRMS: m/z calcd for C18H36O10SeSiNa+: 

543.1135 [M+Na]+; found: 543.1135. 

 

 

47 

2-(Trimethylsilyl)ethyl (2,3,4,6-tetra-O-benzoyl- -D-galactopyranosyl)-(1→4)-2,3-di-O-benzoyl

-6-deoxy-6-methylseleno- -D-glucopyranoside (47): Ar 46 (63 mg, 68 

mol) pyridine (1.4 mL) benzoyl chloride (62.7 L, 540 mol)

60 °C 14 TLC (EtOAc/toluene = 1/2) toluen

e EtOAc 2  (2M

)  ( )

 (EtOAc/hexane = 2/3) 47 (71 mg, 91

 %) [ ]D=+26.8° (c=0.9 , CHCl3); 1H NMR (500 MHz, CDCl3):

 7.99-7.14 (m, 30 H, Ph), 5.76-5.69 (m, 3 H, H-3a, H-2b, H-4b), 5.47 (dd, 1 H, J2,3 = 10.
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3 Hz, J3,4 = 3.4 Hz, H-3b), 5.40 (dd, 1 H, J1,2= 8.0 Hz, J2,3 = 9.9 Hz, H-2a), 4.94 (d, 1 H,

 J1,2 = 7.9 Hz, H-1b), 4.65 (d, 1 H, H-1a), 4.05-3.90 (m, 3 H, H-4a, H-5b, TMSCH2CH2), 3.

75-3.64 (m, 3 H, H-5a, H-6ab, H-6bb), 3.56 (m, 1 H, TMSCH2CH2), 2.86 (dd, 1 H, Jgem = 

13.0 Hz, J5,6a = 2.5 Hz, H-6aa), 2.68 (m, 1 H, J5,6b = 7.8 Hz, H-6ba), 1.88 (s, 3 H, SeCH3),

 0.87 (m, 2 H, TMSCH2), 0.09 (s, 9 H, TMS); 13C NMR (125 MHz, CDCl3): 165.6, 165.

5, 165.4, 165.2, 165.2, 164.7, 134.5, 133.6, 133.5, 133.4, 133.3, 133.2, 133.1, 133.0, 130.6, 

130.1, 130.0, 129.8, 129.7, 129.7, 129.7, 129.6, 129.4, 129.0, 128.9, 128.9, 128.6, 128.6, 12

8.5, 128.5, 128.2, 101.3, 100.3, 79.9, 75.7, 73.1, 72.1, 71.8, 71.2, 70.1, 67.5, 67.3, 60.8, 25.

6, 17.9, 5.4, 0.0, -1.5; 77Se NMR (94 MHz, CDCl3): 62.4; HRMS: m/z calcd for C60H60O1

6SeSiNa+: 1167.2708 [M+Na]+; found: 1167.2708. 

 

 

48 

2-(Trimethylsilyl)ethyl (2,3,4,6-tetra-O-benzoyl- -D-galactopyranosyl)-(1→4)-2,3-di-O-benzoyl

-6-deoxy-6-methylseleno- -D-glucopyranose (48): Ar 47 (66 mg, 58 

mol) CH2Cl2 (800 L) trifluoroacetic acid (400 L)

40 TLC (EtOAc/hexane = 1/2) t

oluene  (EtO

Ac/hexane = 1/8) 48 (45 mg, 75%) -isomer; 

1H NMR (500 MHz, CDCl3) 8.12-7.18 (m, 30 H, Ph), 6.08 (t, 1 H, J2,3= J3,4 = 9.5 Hz, 

H-3a), 5.83-5.76 (m, 1 H, H-4b), 5.73-5.68 (m, 1 H, H-2b), 5.59 (d, 1 H, J1,2= 3.5 Hz, H-1

a), 5.51-5.47 (m, 1 H, H-3b), 5.23-5.19 (m, 1 H, H-2a), 5.01-4.98 (m, 1 H, H-1b), 4.30 (m, 

1 H, H-5a), 4.15-4.06 (m, 1 H, H-5b), 4.03-4.00 (m, 1 H, H-4a), 3.94-3.85 (m, 1 H, H-6ab),

 3.77-3.65 (m, 1 H, H-6bb), 2.89-2.85 (m, 1 H, H-6aa), 2.72-2.67 (m, 1 H, H-6ba), 1.86 (s,
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 3 H, SeCH3); 77Se NMR (94 MHz, CDCl3) 44.1; HRMS: m/z calcd for C55H48O16SeNa+: 

1067.2000 [M+Na]+; found: 1067.2000. 

 

 

49 

2-(Trimethylsilyl)ethyl (2,3,4,6-tetra-O-benzoyl- -D-galactopyranosyl)-(1→4)-2,3-di-O-benzoyl

-6-deoxy-6-methylseleno- -D-glucopyranosyl trichloroacetimidate (49): Ar

48 (45 mg, 43 mol) CH2Cl2 (860 L) 0 °C trichloroacetonitrile 

(43.3 L, 432 mol) DBU (2.1 L, 22 mol) 0 °C 30

TLC (EtOAc/hexane = 2/3)

 (EtOAc/hexane = 1/4) 49 (47 mg, 91 %, /  = 20/1)

-isomer; [ ]D=+56.9° (c=0.8, CHCl3); 1H NMR (500 MHz, CDCl3): 8.5

3 (s, 1 H, NH), 8.04-7.05 (m, 30 H, Ph), 6.68 (d, 1 H, J1,2= 3.8 Hz, H-1a), 6.10 (t, 1 H, 

J2,3 = J3,4 = 9.7 Hz, H-3a), 5.78 (d, 1 H, J3,4 = 3.0 Hz, H-4b), 5.73 (dd, 1 H, J1,2= 8.0 Hz,

 J2,3 = 10.3 Hz, H-2b), 5.50-5.47 (m, 2 H, H-2a, H-3b), 5.03 (d, 1 H, H-1b), 4.26 (m, 1 H,

 H-5a), 4.19 (t, 1 H, J4,5 = 9.5 Hz, H-4a), 3.99 (t, 1 H, J5,6a = 5.9 Hz, J5,6b = 7.8 Hz, H-5

b), 3.86 (dd, 1 H, Jgem = 11.3 Hz, H-6ab), 3.66 (dd, 1 H, H-6bb), 2.87 (dd, 1 H, Jgem = 13.

2 Hz, J5,6a = 2.5 Hz, H-6aa), 2.71 (dd, 1 H, J5,6b = 6.8 Hz, H-6ba), 1.87 (s, 3 H, SeCH3); 

13C NMR (125 MHz, CDCl3): 165.5, 165.2, 165.2, 164.8, 160.7, 133.5, 133.5, 133.4, 133.

3, 133.2, 130.0, 129.9, 129.8, 129.7, 129.7, 129.6, 129.4, 129.0, 128.9, 128.7, 128.6, 128.6, 

128.5, 128.4, 128.4, 128.3, 101.6, 92.9, 90.7, 79.2, 73.5, 71.9, 71.2, 70.8, 70.2, 70.2, 67.5, 

60.7, 25.2, 5.3, 0.0; 77Se NMR (94 MHz, CDCl3): 52.8; HRMS: m/z calcd for C57H48Cl3N

O16SeNa+: 1210.1096 [M+Na]+; found: 1210.1096. 
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50 

2-(2-Trifluoroacetamidoethoxy)ethyl (2,3,4,6-tetra-O-benzoyl- -D-galactopyranosyl)-(1→4)-2,

3-di-O-benzoyl-6-6-deoxy-6-methylseleno- -D-glucopyranoside (50): Ar

49 (33 mg, 28 mol) 5 (10 mg, 50 mol) CH2Cl2 (1 mL) AW-300 (60 

mg) 1 0 °C TMSOTf (3 L, 0.6 mol)

8 TLC (EtOAc/heaxane = 2/3)

 (500 L) CHCl3

 ( )  (

)  (Et

OAc/hexane = 1/2) 50 (23 mg, 66%) [ ]D=+1

2.2° (c=0.4, CHCl3); 1H NMR (500 MHz, CDCl3): 7.98-7.16 (m, 30 H, Ph), 6.79 (broad s,

 1 H, NH), 5.78-5.74 (m, 2 H, H-3a, H-4b), 5.71 (dd, 1 H, J1,2 = 7.9 Hz, J2,3 = 10.3 Hz, 

H-2b), 5.48 (dd, 1 H, J3,4 = 3.8 Hz, H-3b), 5.39 (dd, 1 H, J1,2 = 8.0 Hz, J2,3 = 10.0 Hz, H

-2a), 4.95 (d, 1 H, H-1b), 4.69 (d, 1 H, H-1a), 4.02 (t, 1 H, J3,4 = J4,5 = 9.4 Hz, H-4a), 3.9

8 (t, 1 H, H-5b), 3.94 (m, 1 H, CH2OCH2CH2O), 3.76 (dd, 1 H, Jgem = 11.4 Hz, H-6ab), 3.

72 (m, 1 H, H-5a), 3.68-3.64 (m, 2 H, H-6bb, CH2OCH2CH2O), 3.57-3.55 (m, 2 H, NCH2C

H2OCH2), 3.45-3.40 (m, 2 H, NCH2CH2), 3.32-3.26 (m, 2 H, NCH2), 2.86 (dd, 1 H, Jgem =

 13.0 Hz, J5,6a = 2.5 Hz, H-6aa), 2.68 (dd, 1 H, J5,6b = 7.9 Hz, H-6ba), 1.85 (s, 3 H, SeC

H3); 13C NMR (125 MHz, CDCl3): 165.6, 165.5, 165.3, 165.2, 165.2, 164.7, 133.6, 133.3, 

133.3, 133.2, 130.0, 129.7, 129.7, 129.6, 129.6, 129.4, 129.3, 128.9, 128.9, 128.6, 128.6, 12

8.5, 128.4, 128.3, 128.3, 101.4, 101.1, 79.7, 75.7, 72.7, 72.0, 71.7, 71.3, 70.1, 69.9, 69.2, 6

8.7, 67.5, 60.8, 39.5, 29.7, 25.6, 14.2, 5.3, 0.0; 77Se NMR (94 MHz, CDCl3): 60.6; HRM

S: m/z calcd for C61H56F3NO16SeNa+: 1250.2507 [M+Na]+; found: 1250.2507. 
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4 

2-Aminoethyl ( -D-galactopyranosyl)-(1→4)-6-deoxy-6-methylseleno- -D-glucopyranoside (4):  

Ar 50 (15 mg, 12 mol) THF (280 L) MeOH (560 L)

Sodium methoxide (28% in MeOH, 5 mg, 24 mol) 46

TLC (CHCl3
/MeOH/H2O/AcOH, 5/4/1/0.1)

(CHCl3/MeOH/H2O/NH3 aq. = 

1/6/1/0.08) 4 (5 mg, 77%) [ ]D=+14.0° (c=0.5, 

MeOH); 1H NMR (500 MHz, CD3OD): 4.34-4.33 (m, 2 H, H-1a, H-1b), 4.03-2.84 (m, 18 H, H-2a, 

H-3a, H-4a, H-5a, H-2b, H-3b, H-4b, H-5b, H-6ab, H-6bb, NCH2, NCH2CH2,, NCH2CH2OCH2, 

CH2OCH2CH2O) 2.83-2.79 (m, 2 H, H-6aa, H-6ba), 2.06 (S, 3 H, SeCH3); 13C NMR (125 MHz, 

CD3OD): 105.5, 104.3, 84.4, 77.1, 76.9, 76.2, 72.5, 71.2, 70.2, 70.0, 62.5, 27.5, 5.2; 77Se NMR (94 

MHz, CD3OD): 52.9; HRMS: m/z calcd for C17H34NO11SeNa+: 508.1292 [M+Na]+; found: 

508.1292. 

 

 

51 

Benzyloxymethyl methyl selenide (51): Ar dimethylsidelenide (189.1 l, 2.00 

mmol), THF (12 mL) Sodium borohydride (165 mg, 4.36 mmol) EtOH (6 mL)

10 benzyloxymethyl chloride (500 l, 3.63 mol)

2 TLC (CHCl3/hexane = 1/1)

 (30 mL)  CH2Cl2 3

 ( )

 (CHCl3/hexane = 1/5 → 1/2) 51 (703 mg, 90%)
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[ ]D=0.0° (c=1.0, CHCl3); 1H NMR (500 MHz, CDCl3)  7.37-7.28 (m, 5 H, Ph), 4.99 (s, 2 H, 

PhCH2), 4.60 (s, 2 H, SeCH2), 2.10 (s, 3 H, SeCH3); 13C NMR (125 MHz, CDCl3)  137.3, 128.5, 

128.2, 123.9, 68.6, 3.6; 77Se NMR (94 MHz, CDCl3)  118.6.  

 

 

52 

Benzyloxymethyl phenyl selenide (52): Ar dimphenyldiselenide (500 mg, 1.61 

mmol), THF (6.4 mL) Sodium borohydride (132 mg, 3.50 mmol) EtOH (3.2 mL)

10 benzyloxymethyl chloride (500 l, 3.63 mol)

1.5 TLC (CHCl3/hexane = 1/1)

 (10 mL)  CH2Cl2 3

 ( )

 (CHCl3/hexane = 1/10) 52 (621 mg, 77%)

[ ]D=0.0° (c=1.0, CHCl3); 1H NMR (500 MHz, CDCl3)  7.62-7.25 (m, 10 H, Ph), 5.32 (s, 2 H, 

SeCH2), 4.67 (s, 2 H, PhCH2); 13C NMR (125 MHz, CDCl3)  136.9, 133.0, 130.7, 129.1, 128.5, 

127.9, 127.2, 71.9, 70.8; 77Se NMR (94 MHz, CDCl3)  338.5.  

 

 

53 

Benzyloxymethyl 2-(trimethylsilyl)ethyl selenide (53): Ar p-methylbenzoyl 

2-(trimethylsilyl)ethyl selenide (179 mg, 597 mol) DMF (6.0 mL) cesium 

carbonate (974 mg, 299 mol) methylhydrazine (156.5 mL, 299 mol) 5

benzyloxymethyl chloride (332.1 l, 299 mol) 10

TLC (CHCl3/hexane = 1/2) EtOAc 2  (2M
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)  ( )

 (CHCl3/hexane = 1/10)

53 (133 mg, 74%) [ ]D=-2.7° (c=1.0, CHCl3); 1H NMR (500 MHz, 

CDCl3)  7.34-7.28 (m, 5H, Ph), 5.06 (s, 2 H, SeCH2O), 4.61 (s, 2 H, PhCH2), 2.76 (s, 2H, 

CH2CH2TMS), 1.04 (s, 2H, CH2TMS), 0.27 (s, 9 H, TMS); 13C NMR (125 MHz, CDCl3)  195.2, 

144.3, 136.9, 129.4, 127.2, 21.7, 21.4, 18.9, -1.9; 77Se NMR (94 MHz, CDCl3)  258.1; HRMS: m/z 

calcd for C13H22OSeNa+: 325.0497 [M+Na]+; found: 325.0501. 

 

 

56 

Methyl 2,3,4,6-tetra-O-benzoyl-1-seleno- -D-galactopyranoside (56): Ar

AW-300 (135 mg) 44 (100 mg, 135 mol) 51 (27 mg, 135 mol)

CH2Cl2 (1.35 ml) 30 -40 ºC TMSOTf (8.2 L , 

41 mol) 2 TLC (EtOAc/hexane = 1/4, )

 (2.0 mL) CHCl3

 (

)  ( )

 (EtOAc/hexane = 1/10) 56 (75 mg, 82%)

[ ]D=76.9° (c=1.0, CHCl3); 1H NMR (500 MHz, CDCl3)  8.07-7.22 (m, 20 H, Ph), 6.32 (d, 1 

H, J3,4 = 3.3 Hz, H-4), 5.92 (t, 1 H, J1,2 = J2,3 = 10.0 Hz, H-2), 5.34 (dd, 1 H, H-3), 5.04 (d, 1 H, H-1), 

4.67 (dd, J5,6a = 5.6 Hz, Jgem = 10.5 Hz, H-6a), 4.42-4.36 (m, 2 H, H-5, H-6b), 2.26 (s, 1 H, SeCH3); 

13C NMR (125 MHz, CDCl3)  166.0, 165.5, 165.4, 133.6, 133.3, 133.3, 129.9, 129.8, 129.7, 129.7, 

129.3, 129.1, 129.0, 128.7, 128.7, 128.4, 128.4, 128.3, 77.2, 76.0, 72.4, 68.4, 68.3, 62.1, 29.7; 77Se 

NMR (94 MHz, CDCl3)  214.5; HRMS: m/z calcd for C35H30O9SiNa+: 697.0947 [M+Na]+; found: 
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697.0947. 

 

 

57 

Methyl (2,3,4,6-tetra-O-benzoyl- -D-galactopyranosyl)-(1→4)-2,3,6-tri-O-benzoyl-1-seleno- -D

-glucopyranoside (57): Ar AW-300 (82 mg) 54 (100 mg, 82 

mol) 51 (18 mg, 82 mol) CH2Cl2 (820 l) 30

-40 ºC TMSOTf (5.0 L, 25 mol) 1 TLC 

(EtOAc/CHCl3 = 1/20)  (1.0 mL)

CHCl3

 ( )  ( )

 (EtOAc/toluene = 1/30) 57 

(66 mg, 70%) [ ]D=+46.5° (c=1.0, CHCl3); 1H NMR (500 MHz, 

CDCl3): ; 8.02-7.13 (m, 35 H, Ar), 5.92 (t, 1 H, J1,2 = J2.3 = 8.9 Hz, H-2a), 5.79-5.71 (m, 4 H, H-1a, 

H-3a, H-2b, H-4b), 5.35 (dd, 1 H, J3,4 = 3.4 Hz, J2,3 = 10.3 Hz, H-3b), 4.86 (d, 1 H, J1,2 = 7.9 Hz, 

H-1b), 4.57 (dd, 1 H, Jgem = 12.4 Hz, J5,6a = 1.6 Hz, H-6aa), 4.50 (dd, 1 H, J5,6b = 4.2 Hz, H-6ba), 4.24 

(t, 1 H, J3,4 = J4,5 = 9.6 Hz, H-4a), 4.02 (m, 1 H, H-5a), 3.88 (t, 1 H, J5,6a = J5,6b = 6.9 Hz, H-5b), 

3.75-3.68 (m, 2 H, H-6ab, H-6bb), 2.34 (s, 3 H, PhCH3); 13C NMR (125 MHz, CDCl3):  190.7, 

165.8, 165.6, 165.4, 165.4, 165.3, 165.2, 164.8, 145.3, 135.5, 133.5, 133.4, 133.3, 133.3, 133.2, 

133.1, 130.0, 129.9, 129.8, 129.8, 129.7, 129.6, 129.5, 129.5, 128.9, 128.9, 128.7, 128.6, 128.6, 

128.5, 128.5, 128.3, 128.2, 127.6, 101.0, 79.9, 78.5, 75.7, 74.2, 71.8, 71.3, 70.7, 69.8, 67.5, 62.6, 

61.1, 21.7; 77Se NMR (94 MHz, CDCl3):  626.2; HRMS: m/z calcd for C69H56O18SeNa+: 1275.2524 

[M+Na]+; found: 1275.2524. 
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2-(Trimethylsilyl)ethyl [methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-(2,2,2-trichloroethoxycarb

amoyl)-D-glycero- -D-galacto-2-nonulopyranosylonate]-(2→6)-2,3-di-O-benzoyl- -D-galactopy

ranoside (S2): Ar NIS (749 mg, 3.33 mmol) MS3Å (2.66 g)

S1 (1.91 g, 2.66mmol) 16 (1.09 g, 2.22 mmol) MeCN (660 l)

30 -40 ºC TfOH (29.0 L, 330 mol) 30

TLC (acetone/CHCl3 = 1/8)  (10 mL)

EtOAc

 ( )  (

)  

(acetone/CHCl3 = 1/15) S2 (1.87 g, 78%)

[ ]D=23.9° (c=1.1, CHCl3); 1H NMR (500 MHz, CDCl3)  8.01-7.35 (m, 10 H, Ph), 5.74 (dd, 1 H, 

J1,2 = 8.0 Hz, J2,3 = 10.3 Hz, H-2a), 5.39-5.37 (m, 2 H, H-7b, H-8b), 5.28 (dd, 1 H, J3,4 = 3.1 Hz, 

H-3b), 4.99-4.96 (m, 2 H, H-4b, NH), 4.89 (d, 1 H, Jgem = 12.5 Hz, Cl3CCH2), 4.72 (d, 1 H, H-1a), 

4.49 (d, 1 H, Cl3CCH2), 4.39-4.37 (m, 2 H, H-4a, H-9ab), 4.21 (near d, 1 H, H-6b), 4.10 (dd, 1 H, J8,9b 

= 4.9 Hz, Jgem = 12.2 Hz, H-9bb), 4.03 (m, 1 H, TMSCH2CH2), 3.90-3.83 (m, 6 H, H-5a, H-6aa, 

H-6ba, COOMe), 3.66-3.58 (m, 2 H, H-5b, TMSCH2CH2), 2.86 (d, 1 H, J4,OH = 5.3 Hz, OH), 2.65 

(dd, 1 H, Jgem = 12.7 Hz, J3ax,4 = 4.7 Hz, H-3axb), 2.18-1.92 (m, 13 H, H-3eqb, Ac), 0.95-0.81 (m, 2 

H, TMSCH2), -0.8 (s, 9 H, TMS); 13C NMR (125 MHz, CDCl3)  170.8, 170.4, 170.2, 170.0, 167.8, 

165.9, 165.3, 154.1, 133.2, 132.9, 129.9, 129.8, 129.7, 129.3, 128.3, 128.2, 100.9, 98.9, 95.3, 77.2, 

74.5, 74.5, 72.5, 72.4, 69.8, 68.7, 68.3, 67.5, 67.3, 66.7, 62.6, 62.4, 53.1, 51.5, 37.3, 29.6, 21.0, 20.8, 

20.7, 20.6, 17.9, -1.5; HRMS: m/z calcd for C46H58NO21SiNa+: 1116.2228 [M+Na]+; found: 

1116.2226.    
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2-(Trimethylsilyl)ethyl [methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-(2,2,2-trichloroethoxycarb

amoyl)-D-glycero- -D-galacto-2-nonulopyranosylonate]-(2→6)-4-O-acetyl-2,3-di-O-benzoyl- -D

-galactopyranoside (S3): Ar S2 (5.62 g, 5.17 mmol) pyridine (52 mL)

acetic anhydride (1.47 mL, 15.52 mmol) DMAP (31.8 mg, 260 mol)

23 TLC (EtOAc/Toluene = 1/4) MeOH

Toluene EtOAc  (2M

)  ( )

 (EtOAc/hexane = 1/3) S3 (5.55 g, 

94%) [ ]D=16.4° (c=1.1, CHCl3); 1H NMR (500 MHz, CDCl3)  

7.99-7.33 (m, 10 H, Ph), 5.64 (dd, 1 H, J2,3 = 10.4 Hz, J1,2 = 8.0 Hz, H-2a), 5.47-5.41 (m, 2 H, H-3a, 

H-8b), 5.37 (dd, 1 H, J6,7 = 1.5 Hz, J7,8 = 9.3 Hz, H-7b), 4.98 (m, 1 H, H-4b), 4.90 (d, 1 H, Jgem = 12.1 

Hz, Cl3CCH2), 4.86 (d, 1 H, J5,NH = 4.7 Hz, NH), 4.80 (d, 1 H. H-1a), 4.50 (d, 1 H, Cl3CCH2), 4.38 

(dd, 1 H, J8.9a = 2.5 Hz, Jgem = 12.4 Hz, H-9ab), 4.22 (dd, 1 H, J5,6 = 10.8 Hz, H-6b), 4.17-4.11 (m, 2 

H, H-5a, H-9bb),4.06 (m, 1 H, TMSCH2CH2), 3.85-3.80 (m, 4 H, H-6aa, COOMe), 3.66-3.59 (m, 2 H, 

H-5b, TMSCH2CH2), 3.52 (dd, 1 H, J5,6b = 8.2 Hz, Jgem = 10.4 Hz, H-6ba), 2.59 (dd, 1 H, J3ax,4 = 4.6 

Hz, Jgem = 12.7 Hz, H-3axb), 2.22-2.00 (m, 16 H, H-3eqb, Ac), 0.99-0.83 (m, 2 H, TMSCH2), -0.8 (s, 

9 H, TMS); 13C NMR (125 MHz, CDCl3)  170.7,170.6, 170.4, 169.8, 169.7, 167.8, 165.5, 165.3, 

154.0, 133.1, 133.0, 129.8, 129.6, 129.2, 128.3, 128.2, 100.7, 99.2, 95.4, 77.6, 74.5, 72.1, 71.6, 69.9, 

68.0, 67.9, 67.7, 67.4, 67.3, 63.1, 62.6, 53.0, 51.6, 38.0, 21.0, 20.8, 20.6, 18.0, -1.5; HRMS: m/z 

calcd for C48H60NO22SiNa+: 1158.2334 [M+Na]+; found: 1158.2336.   
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[Methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-(2,2,2-trichloroethoxycarbamoyl)-D-glycero- -D-g

alacto-2-nonulopyranosylonate]-(2→6)-4-O-acetyl-2,3-di-O-benzoyl-6-deoxy-6-seleno-D-galacto

pyranose (S4): Ar S3 (301 mg, 264 mol) CH2Cl2  (1.8 mL)

trifluoroacetic acid (0.9 mL) 2.5

TLC (EtOAc/hexane = 1/1)

CHCl3 2  ( )

 ( )

 (EtOAc/hexane = 1/1) S4 (267 mg, 98%)

-isomer; 1H NMR (500 MHz, CDCl3)  8.01-7.35 (m, 10 H, Ph), 5.92 (dd, 1 H, J2,3 = 10.7 Hz, J3,4 

= 3.4 Hz, H-3a), 5.79 (d, 1 H, H-4a), 5.68 (t, J1,2 = J1,OH = 3.4 Hz, H-1a), 5.57 (dd, 1 H, H-2a), 5.45 

(m, 1 H, H-8b), 5.33 (dd, 1 H, J6,7 = 1.4 Hz, J7,8 = 8.4 Hz, H-7b), 5.00 (m, 1 H, H-4b), 4.89-4.87 (m, 2 

H, NH. Cl3CCH2), 4.67 (m, 1 H, H-5a), 4.52 (d, 1 H, Jgem = 12.0 Hz, Cl3CCH2), 4.43-4.38 (m, 2 H, 

H-9ab, OH), 4.22 (m, 1 H, H-6b), 4.07 (dd, 1 H, J8.9b = 7.3 Hz, Jgem = 12.3 Hz, H-9bb), 3.81 (s, 1 H, 

COOMe), 3.74-3.65 (m, 2 H, H-6aa, H-5b), 3.52 (m, 1 H, H-6ba), 2.60 (dd, 1 H, J3ax,4 = 4.6 Hz, Jgem 

= 13.0 Hz, H-3axb), 2.33-1.90 (m, 16 H, H-3eqb, Ac); HRMS: m/z calcd for C43H48NO22SeNa+: 

1058.1631 [M+Na]+; found: 1058.1626. 

 

 

[Methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-(2,2,2-trichloroethoxycarbamoyl)-D-glycero- -D-g

alacto-2-nonulopyranosylonate]-(2→6)-4-O-acetyl-2,3-di-O-benzoyl-D-galactopyranosyl trichlo
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roacdetimidate (55): Ar S4 (267 mg, 257 mol) CH2Cl2 (2.6 mL)

0 °C trichloroacetonitrile (258.0 L, 2.57 mmol) DBU (19.2 L, 129 mol)

0 °C 45 TLC (EtOAc/hexane = 1/1)

 (EtOAc/CHCl3 = 1/10) 55 (292 

mg, 96%, /  = 33/1) -isomer; 1H NMR (500 MHz, CDCl3)  8.59 

(s, 1 H, Cl3CC=NH), 8.96-7.34 (m, 10 H, Ph), 6.79 (d, 1 H, J1,2 = 3.5 Hz, H-1a), 5.88 (dd, 1 H, J1,2 = 

3.1 Hz, J2,3 = 10.7 Hz, H-3a), 5.83 (d, 1 H, H-2a), 5.79 (d, 1 H, H-4a), 5.38 (broad s, 2 H, H-7b, H-8b), 

4.90 (d, 1 H, Jgem = 12.1 Hz, Cl3CCH2), 4.86 (d, 1 H, J5,NH = 10.0 Hz, NH), 4.65 (d, 1 H, Cl3CCH2), 

4.51 (t, J5.6a = J5.6b = 6.6 Hz, H-5a), 4.25 (dd, 1 H, J8,9a = 1.8 Hz, Jgem = 11.5 Hz, H-9ab), 4.17-4.10 

(m, 2 H, H-6b, H-9bb), 3.98 (dd, 1 H, Jgem = 10.1 Hz, H-6aa), 3.79 (s, 1 H, COOMe), 3.60 (dd, 1 H, 

J5,6 = 10.3 Hz, H-5b), 3.41 (dd, 1 H, H-6ba), 2.60 (dd, 1 H, J3ax,4 = 4.5 Hz, Jgem = 12.5 Hz, H-3axb), 

2.18-2.04 (m, 15 H, Ac), 1.89 (t, 1 H, J3eq,4 = 12.5 Hz, H-3eqb); HRMS: m/z calcd for 

C45H48Cl6N2O22Na+: 1201.0722 [M+Na]+; found: 1201.0722.  

 

 

58 

Me [methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-(2,2,2-trichloroethoxycarbamoyl)-D-glycero- -

D-galacto-2-nonulopyranosylonate]-(2→6)-4-O-acetyl-2,3-di-O-benzoyl-1-seleno- -D-galactopy

ranoside (58): Ar AW-300 (66 mg) 55 (78 mg, 66 mol)

51 (14 mg, 66 mol) CH2Cl2 (660 l) 30 -40 

ºC TMSOTf (1.3 L, 7 mol) TLC (acetone/CHCl3 = 1/10)

7 TMSOTf (2.6 L, 14 mol) 9 TLC

 (1.0 mL) CHCl3

 (
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)  ( )

 (acetone/CHCl3 = 1/20) 58 (61 mg, 83%)

[ ]D=24.7° (c=1.0, CHCl3); 1H NMR (500 MHz, CDCl3)  7.99-7.33 (m, 10 H, 

Ph), 5.79 (d, 1 H, J3,4 = 3.0 Hz, H-4a), 5.74 (t, 1 H, J2,3 = 10.0 Hz, H-2a), 5.53 (dd, 1 H, H-3a), 5.43 

(m, 1 H, H-8b), 5.36 (dd, 1 H, J6,7 = 1.6 Hz, J7,8 = 9.3 Hz, H-7b), 5.02-4.95 (m, 2 H, H-1a, H-4b), 

4.92-4.89 (m, 2 H, NH, Cl3CCH2), 4.50 (d, 1 H, Jgem = 12.0 Hz, Cl3CCH2), 4.39 (dd, 1 H, J8.9a = 2.4 

Hz, Jgem = 12.4 Hz, H-9ab), 4.22 (dd, 1 H, J5,6 = 10.8 Hz, H-6b), 4.17-4.10 (m, 2 H, H-5a, H-9bb), 

3.85-3.80 (m, 4 H, H-6aa, COOMe), 3.62 (m, 1 H, H-5b), 3.49 (dd, 1 H, J5,6b = 8.0 Hz, Jgem = 10.7 

Hz, H-6ba), 2.59 (dd, 1 H, J3ax,4 = 4.7 Hz, Jgem = 12.9 Hz, 3axb), 2.22-2.00 (m, 18 H, Ac, SeCH3), 

1.88 (t, 1 H, J3eq-4 = 12.9 Hz, H-3eqb); 13C NMR (125 MHz, CDCl3)  170.7, 170.5, 170.3, 169.8, 

169.7, 167.8, 165.5, 165.3, 154.0, 133.2, 133.2, 129.8, 129.6, 129.3, 129.2, 128.3, 99.1, 95.4, 77.2, 

76.4, 74.5, 72.5, 72.1, 68.6, 68.0, 67.9, 67.7, 67.3, 63.1, 62.6, 60.4, 53.0, 51.5, 38.0, 31.5, 22.6, 21.0, 

20.8, 20.6, 14.2, 14.1, 2.6; 77Se NMR (94 MHz, CDCl3)  209.4; HRMS: m/z calcd for 

C44H50Cl3NO21SeNa+: 1136.0998 [M+Na]+; found: 1136.0998. 

 

 

60 

Phenyl 2,3,4,6-tetra-O-benzoyl-1-seleno- -D-galactopyranoside (60): Ar

AW-300 (135 mg) 44 (100 mg, 135 mol) 52 (75 mg, 269 mol)

CH2Cl2 (1.4 mL) 30 -40 ºC TMSOTf (16.4 L, 

81 mol) 20 TLC (EtOAc/hexane = 1/4)

 (1.0 mL) CHCl3

 ( )

 ( )
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 (EtOAc/hexane = 1/8) 60 (98 mg, 99%)

Boom34  

 

 

62 

Phenyl [methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-2-seleno-5-(2,2,2,-trichloroethoxycarbamoyl)

-D-glycero-D-galacto-2-nonulopyranosid]onate (62): Ar AW-300 (130 

mg) 59 (100 mg, 126 mol) 52 (75 mg, 269 mol) propionitrile (1.3 mL)

30 -80 ºC TMSOTf (14.8 L, 76 mol)

6 TLC (EtOAc/hexane = 1/2, )

 (1.0 mL) CHCl3

 ( )

 ( )

 (EtOAc/hexane = 1/8) 62 (86 mg, 90%, /  = 2/1)

 isomer; 1H NMR (500 MHz, CDCl3)  7.63-7.32 (m, 5 H, Ph), 5.33 (dd, 1 H, J6,7 = 1.5 Hz, 

J7,8 = 7.5 Hz, H-7), 5.26 (m, 1 H, H-8), 4.80-4.88 (m, 3 H, H-4, NH, Cl3CCH2), 4.45 (d, 1 H, Jgem = 

12.0 Hz, Cl3CCH2), 4.37 (dd, 1 H, J8,9a = 2.5 Hz, Jgem = 12.5 Hz, H-9a), 4.20 (dd, 1 H, J8,9b = 5.0 Hz, 

H-9b), 3.99 (dd, 1 H, J5,6 = 10.5 Hz, H-6), 3.57-3.50 (m, 4 H, H-5, COOMe), 2.92 (dd, 1 H, J3ax,4 = 

4.5 Hz, Jgem = 13.0 Hz, H-3ax), 2.13-2.00 (m, 13 H, H-3eq, Ac); 13C NMR (125 MHz, CDCl3)  

170.7, 170.3, 170.0, 169.9, 168.8, 154.0, 137.7, 129.7, 128.9, 125.8, 95.3, 81.5, 77.2, 74.5, 74.4, 

69.5, 69.1, 67.6, 61.8, 60.4, 52.6, 51.5, 39.1, 29.2, 21.0, 20.9, 20.8, 20.8, 20.7, 14.2; 77Se NMR (94 

MHz, CDCl3)  623.7; HRMS: m/z calcd for C27H32Cl3O13NSeNa+: 785.9997 [M+Na]+; found: 

785.9996. 
                                                        
34 H. M. Zuurmond, P. H. van der Meer, P. A. M. van der Klein, G. A. van der Marel, J. H. van 
Boom, J. Carbohydr. Chem. 1993, 12, 8, 1091-103. 
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65 

2-(Trimethylsilyl)ethyl 2,3,4,6-tetra-O-benzoyl-1-seleno- -D-galactopyranoside (65): Ar

AW-300 (72 mg) 44 (52 mg, 70 mol) 53 (42 mg, 139 

mol) CH2Cl2 (700 l) 30 -40 ºC TMSOTf 

(8.2 L, 42 mol) 12 TLC (EtOAc/hexane = 1/4)

 (1.0 mL) CHCl3

 (

)  ( )

 (EtOAc/hexane = 1/8) 65 (48 mg, 90%)

[ ]D=60.1° (c=0.7, CHCl3); 1H NMR (500 MHz, CDCl3)  8.17-7.23 (m, 20 H, Ph), 6.05 (d, 1 H, 

J3,4 = 2.8 Hz, H-4), 5.91 (t, 1 H, J1,2 = J2,3 = 10.0 Hz, H-2), 5.62 (dd, 1 H, H-3), 5.11 (d, 1 H, H-1), 

4.66 (dd, J5,6a = 6.3 Hz, Jgem = 11.1 Hz, H-6a), 4.42-4.34 (m, 2 H, H-5, H-6b), 2.94 (m, 2 H, 

TMSCH2CH2), 0.98 (m, 2 H, TMSCH2), 0.00 (s, 9 H, TMS); 13C NMR (125 MHz, CDCl3)  166.0, 

165.5, 165.4, 165.3, 133.6, 133.3, 133.2, 129.9, 129.8, 129.7, 129.4, 129.2, 129.1, 128.8, 128.6, 

128.4, 128.4, 128.3, 78.2, 76.1, 72.5, 68.9, 68.5, 62.3, 18.8, 17.9, -1.9; 77Se NMR (94 MHz, CDCl3) 

 338.1; HRMS: m/z calcd for C39H40O9SeNa+: 783.1499 [M+Na]+; found: 783.1499. 

 

 

(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero- -D-galacto-2-nonulopyranos

ylonate)-(2→6)-2,3,4-tri-O-benzoyl-6-deoxy-6-seleno-D-galactopyranose (S6): Ar
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S535 (305 mg, 270 mol) CH2Cl2 (3.6 mL) 0 ºC trifluoroacetic 

acid (1.8 mL) 4 TLC (acetone/hexane 

= 3/2)

 (acetone/hexane = 3/4) S6 (263 mg, 95%)

 isomer, 1H NMR (500 MHz, CDCl3)  8.09-7.22 (m, 15 H, Ph), 6.09-6.06 (m, 2 H, 

H-3a, H-4a), 5.78 (t, 1 H, J1,2 = J1,OH = 3.0 Hz, H-1a), 5.67 (dd, 1 H, J2,3 = 10.2 Hz, H-2a), 5.38 (m, 1 

H, H-8b), 5.30 (d, 1 H, J5,NH = 9.5 Hz, NH), 5.25 (dd, 1 H, J6,7 = 1.5 Hz, J7,8 = 9.2 Hz, H-7b), 5.07 (d, 

1 H, OH), 4.90 (m, 1 H, H-4b), 4.73 (dd, 1 H, J5,6a = 1.6 Hz, J5,6b = 9.8 Hz, H-5a), 4.41 (dd, 1 H, J5,6 

= 12.5 H-6b), 4.10-3.99 (m, 2 H, H-5b, H-9ab), 3.86 (dd, 1 H, J8,9b = 1.4 Hz, Jgem = 10.8 Hz, H-9b), 

3.75 (s, 3 H, COOMe), 3.04 (dd, 1 H, Jgem = 13.4 Hz, H-6aa), 2.85-2.79 (m, 2 H, H-6ba, H-3axb), 

2.30-1.90 (m, 16 H, H-3eqb, Ac); 77Se NMR (94 MHz, CDCl3)  446.4; HRMS: m/z calcd for 

C47H51NO20SeNa+: 1052.2062 [M+Na]+; found: 1052.2067. 

 

 

(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero- -D-galacto-2-nonulopyranos

ylonate)-(2→6)-2,3,4-tri-O-benzoyl-6-deoxy-6-seleno-D-galactopyranosyl trichloroacetimidate 

(63): Ar S6 (249 mg, 240 mol) CH2Cl2 (4.8 mL) 0 °C

trichloroacetonitrile (243.0 L, 2.42 mmol) DBU (18.0 L, 120 mol)

 TLC (acetone/hexane = 3/2) 0 °C 2 trichloroacetonitrile 

(121.5 L, 1.21 mmol) 3

 (acetone/hexane = 1/1)

63 (260 mg, 92%, /  = 20/1) 1H NMR (500 MHz, CDCl3)  8.62 (s, 

                                                        
35 , , 2013. 
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1 H, Cl3CC=NH), 810-7.24 (m, 15 H, Ph), 6.84 (d, 1 H, J1,2 = 3.5 Hz, H-1a), 6.03-6.00 (m, 2 H, H-3a, 

H-4a), 5.87 (dd, 1 H, J2,3 = 10.5 Hz, H-2a), 5.25 (dd, 1 H, J6,7 = 2.0 Hz, J7,8 = 8.6 Hz, H-7b), 

5.21-5.15 (m, 2 H, H-8b, NH), 4.82 (m, 1 H, H-4b), 4.60 (dd, J5,6b = 4.4 Hz, J5,6a = 8.9 Hz, H-5a), 

4.05-3.92 (m, 3 H, H-5b, 9ab, 9bb), 3.77-3.73 (m, 4 H, H-6b, COOMe), 3.26 (dd, 1 H, Jgem = 12.9 Hz, 

H-6aa), 3.05 (dd, 1 H, H-6ba), 2.76 (dd, 1 H, J3ax,4 = 4.6 Hz, Jgem = 12.7 Hz, H-3axb), 2.09-1.85 (m, 

16 H, H-3eqb, Ac); 77Se NMR (94 MHz, CDCl3) 467.2; HRMS: m/z calcd for 

C49H51Cl3N2O20SeNa+: 1195.1158 [M+Na]+; found: 1195.1157. 

 

 

66 

2-(Trimethylsilyl)ethyl (methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero- -D-g

alacto-2-nonulopyranosylonate)-(2→6)-2,3,4-tri-O-benzoyl-6-deoxy-1,6-seleno- -D-galactopyra

noside (66): Ar AW-300 (43 mg) 63 (50 mg, 43 mol)

53 (26 mg, 86 mol) CH2Cl2 (260 l) 30 0 ºC

TMSOTf (2.9 L, 15 mol) 24 TLC (EtOAc/hexane 

= 1/4, )  (1.0 mL)

CHCl3  

( )  ( )

 (acetone/hexane = 1/2) 66 (43 mg, 

84%) [ ]D=93.6° (c=0.9, CHCl3); 1H NMR (500 MHz, CDCl3)  

8.07-7.22 (m, 15 H, Ph), 6.07 (d, 1 H, J3,4 = 3.0 Hz, H-4a), 5.84 (t, 1 H, J1,2 = J2,3 = 10.0 Hz, H-2a), 

5.70 (dd, 1 H, H-3a), 5.40-5.33 (m, 3 H, H-1a, H-7b, H-8b), 5.20 (d, 1 H, J5,NH = 9.5 Hz, NH), 4.85 (m, 

1 H, H-4b), 4.38 (dd, 1 H, J8,9a = 2.5 Hz, Jgem = 12.5 Hz, H-9aa), 4.26 (dd, J5,6b = 5.2 Hz, J5,6a = 8.6 

Hz, H-5a), 4.04-4.01 (m, 2 H, H-5b, H-6b), 3.80 (s, 3 H, COOMe), 3.09 (dd, 1 H, Jgem = 13.6 Hz, 
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H-6aa), 3.00-2.90 (m, 3 H, H-6ba, TMSCH2CH2), 2.80 (dd, 1 H, J3ax,4 = 4.5 Hz, Jgem = 13.0 Hz, 

H-3axb), 2.22-1.90 (m, 16 H, H-3eqb, Ac), 1.12-1.01 (m, 2 H, TMSCH2), 0.04 (s, 9 H, TMS); 13C 

NMR (125 MHz, CDCl3)  170.9, 170.6, 170.5, 170.1, 169.6, 169.6, 165.5, 165.4, 133.4, 133.1, 

133.0, 129.9, 129.8, 129.7, 129.5, 129.4, 129.0, 128.5, 128.3, 128.2, 78.4, 77.8, 76.9, 74.4, 72.9, 

70.4, 69.5, 69.4, 69.2, 68.0, 67.0, 62.5, 53.8, 53.0, 49.5, 39.5, 31.7, 29.2, 25.2, 23.2, 21.1, 20.8, 20.7, 

19.0, 18.2, -1.9; 77Se NMR (94 MHz, CDCl3)  468.9, 343.2 ; HRMS: m/z calcd for 

C52H63NO19Se2SiNa+: 1216.1986 [M+Na]+; found: .1216.1986 

 

 

67 

2-(Trimethylsilyl)ethyl (2,3,4,6-tetra-O-acetyl- -D-galactopyranosyl)-(1→3)-(2-acetamido-4,6-d

i-O-acetyl-2-deoxy- -D-galactopyranosyl)-(1→4)-[(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,

5-dideoxy-D-glycero- -D-galacto-2-nonulopyranosylonate)-(2→3)]-2,6-O-benzoyl-1-seleno- -D-

galactopyranoide (67): Ar AW-300 (46 mg) 64 (37 mg, 23 

mol) 53 (14 mg, 46 mol) CH2Cl2 (766 l) 30

0 ºC TMSOTf (2.7 L, 14 mol) 2.5 TLC 

(MeOH/CHCl3 = 1/15)  (1.0 mL)

CHCl3

 ( )  ( )

 (acetone/hexane = 1/1) 67 (32 mg, 85%)

[ ]D=5.2° (c=1.1, CHCl3)1H NMR (500 MHz, CDCl3)  8.12-7.42 (m, 10 H, Ph), 6.02 (d, 

1 H, J2,NH = 7.0 Hz, NHc), 5.57 (m, 1 H, H-8b), 5.49 (t, 1 H, J1,2 = J2,3 = 10.0 Hz, H-2a), 5.36-5.34 (m, 

2 H, H-4c, H-4d), 5.22 (dd, 1 H, J6,7 = 2.5 Hz, J7,8 = 10.0 Hz, H-7b), 5.15 (d, 1 H, J1,2 = 8.5 Hz, H-1c), 
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5.12 (dd, 1 H, J1,2 = 8.0 Hz, J2,3 = 10.0 Hz, H-2d), 5.07-5.04 (m, 2 H, H-1a, NHb), 4.98-4.94 (m, 2 H, 

H-3b, H-3d), 4.87 (m, 1 H, H-4b), 4.66-4.60 (m, 2 H, H-6aa, H-1d), 4.46 (dd, J3,4 = 2.5 Hz, H-3a), 4.35 

(dd, 1 H, J5,6b = 6.5 Hz, Jgem = 12.5 Hz, H-6ba), 4.26 (dd, 1 H, J8,9a = 2.0 Hz, Jgem = 12.5 Hz, H-9ab), 

4.16-4.09 (m, 2 H, H-6ac, H-6bc), 4.02-3.98 (m, 2 H, H-9bb, H-5d), 3.92-3.75 (m, 10 H, H-4a, H-5a, 

H-5b, H-6b, H-5c, H-6ad, H-6bd, COOMe), 3.38 (m, 1 H, H-2c), 2.83-2.73 (m, 3 H, H-3axb, 

TMSCH2CH2), 2.23-1.80 (m, 37 H, H-3eqb, Ac), 0.95-0.90 (m, 2 H, TMSCH2), -0.06 (s, 9 H, TMS); 

13C NMR (125 MHz, CDCl3) 172.1, 170.9, 170.6, 170.4, 170.4, 170.3, 170.2, 170.0, 170.0, 169.2, 

168.3, 165.9, 165.3, 133.2, 133.1, 130.2, 129.9, 129.8, 129.5, 128.4, 128.4, 101.1, 98.9, 97.7, 78.3, 

74.1, 73.8, 73.8, 71.8, 70.8, 70.7, 70.4, 70.1, 69.0, 68.8, 67.3, 66.7, 66.4, 64.1, 62.6, 62.2, 60.8, 55.1, 

53.7, 52.7, 49.1, 36.8, 31.7, 29.6, 29.2, 23.9, 23.1, 21.3, 20.8, 20.8, 20.7, 20.6, 20.5, 20.4, 20.2, 19.6, 

18.1, -1.9 77Se NMR (94 MHz, CDCl3) 343.6; HRMS: m/z calcd for C71H94N2O35SeNa+: 

1665.4464 [M+Na]+; found: 1665.4460. 

 

 

68 

Se-Methyl 4-methylbenzeneselenosulfonate (68): Ar dimethyldiselnide (1.0 mL, 

5.32 mmol) Sodium toluene-4-sulphinate (3.79 g, 21.3 mmol) CH2Cl2 (50 mL) 0 

ºC [bis(trifluoroacetoxy)iodo]benzene (2.52 g, 5.55 mmol) CH2Cl2 (20 mL)

33 TLC (EtOAc/hexane = 

1/5) CH2Cl2 2  ( )  ( )

 (CH2Cl2/hexane = 1/1)

68 (2.31 g, 87%) 1H NMR (500 MHz, CDCl3)  7.76-7.33 (m, 4 H, Ar), 2.61 (s, 3 H, 

SeCH3), 2.45 (s, 3 H, ArCH3); 13C NMR (125 MHz, CDCl3)  144.6, 143.4, 129.7, 126.4, 21.5, 

12.6; 77Se NMR (94 MHz, CDCl3)  785.7.  
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74 

2-Hydroxyethyl Se 2,3,4,6-tetra-O-benzoyl-1-seleno- -D-galactopyranoside (74): Ar

65 (103 mg, 135 mol) DMF (2.7 mL) cesium carbonate (88 mg, 

270 mol) 1M tetra-n-butylammonium fluoride in THF (410 L, 410 mol)

1 2-bromoethanol (29.3 L, 410 mol) 1

TLC (EtOAc/toluene = 1/20) 1M tetra-n-butylammonium fluoride in THF 

(205 L, 205 mol) 1.5 EtOAc 2

 ( )  ( )

 (EtOAc/toluene = 1/8) 74 (91 mg, 

96%) [ ]D=+94.2° (c=1.0, CHCl3); 1H NMR (500 MHz, CDCl3)  

8.11-7.23 (m, 20 H, Ph), 6.06 (d, 1 H, J3,4 = 3.5 Hz, H-4), 5.93 (t, 1 H, J1,2 = J2,3 = 10.0 Hz, H-2), 

5.64 (dd, 1 H, H-3), 5.14 (d, 1 H, H-1), 4.64 (dd, J5,6a = 6.5 Hz, Jgem = 11.5 Hz, H-6a), 4.42 (dd, 1 H, 

J5,6b = 6.5 Hz, H-6b), 4.39 (t, 1 H, H-5), 3.95 (m, 2 H, CH2OH), 3.18 (m, 1 H, CH2CH2OH), 2.97 (m, 

1 H, CH2CH2OH), 2.69 (t, 1 H, OH); 13C NMR (125 MHz, CDCl3)  166.0, 165.5, 165.4, 137.8, 

133.7, 133.4, 133.3, 130.0, 129.8, 129.7, 129.3, 128.2, 125.3, 78.0, 77.2, 76.5, 72.3, 68.7, 68.4, 62.3, 

62.2, 28.4, 21.4; 77Se NMR (94 MHz, CDCl3)  268.6; HRMS: m/z calcd for C36H32O10Se2Na+: 

727.1053 [M+Na]+; found: 727.1053. 

 

 

78 

3-Methylselenoproryl 2,3,4,6-tetra-O-benzoyl-1-seleno- -D-galactopyranoside (78): Ar

65 (53 mg, 69 mol) DMF (1.3 mL) cesium carbonate (45 
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mg, 138 mol) 1M tetra-n-butylammonium fluoride in THF (207 L, 207 mol)

1 DMF (1.0 mL) 77 (64 mg, 207 mol)

40 TLC (EtOAc/hexane = 1/2) EtOAc 2

 ( )  ( )

 (EtOAc/toluene = 1/4) 78 (46 mg, 

83%) [ ]D=+67.6° (c=1.0, CHCl3); 1H NMR (500 MHz, CDCl3)  

8.09-7.23 (m, 20 H, Ph), 6.06 (d, 1 H, J3,4 = 3.0 Hz, H-4), 5.93 (t, 1 H, J1,2 = J2,3 = 10.1 Hz, H-2), 

5.64 (dd, 1 H, H-3), 5.12 (d, 1 H, H-1), 4.67 (dd, J5,6a = 4.4 Hz, Jgem = 11.1 Hz, H-6a), 4.42 (dd, 1 H, 

J5,6b = 4.4 Hz, H-6b), 4.39 (t, 1 H, H-5), 3.04 (m, 1 H. CH2CH2SeCH3), 2.91 (m, 1 H, 

CH2CH2SeCH3), 2.59 (m, 2 H, CH2CH2CH2SeCH3), 2.10 (m, 2 H, CH2SeCH3), 1.94 (s, 3 H, 

SeCH3); 13C NMR (125 MHz, CDCl3)  166.0, 165.5, 165.3, 133.6, 133.3, 133.2, 129.9, 129.0, 

128.7, 128.6, 128.4, 128.4, 128.3, 78.2, 76.2, 72.4, 68.9, 68.4, 62.2, 30.5, 24.9, 23.5, 4.0; 77Se NMR 

(94 MHz, CDCl3)  291.7, 70.9; HRMS: m/z calcd for C38H36O9Se2Na+:819.0582 [M+Na]+; found: 

819.0582. 

 

 

79 

3-Methylselenopropyl (methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero- -D-ga

lacto-2-nonulopyranosylonate)-(2→6)-2,3,4-tri-O-benzoyl-6-deoxy-1,6-seleno- -D-galactopyran

oside (79): Ar 66 (33 mg, 28 mol) 78 (13 mg, 42 mol)

DMF (1.4 mL) 1M tetra-n-butylammonium fluoride in THF (84 L, 84 mol)

2 TLC (acetone/hexane = 1/1) EtOAc

2  ( )  ( )

 (acetone/hexane = 2/3, acetone/CHCl3 = 1/10)
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79 (28 mg, 82%) 1H NMR (500 MHz, CDCl3)  

8.07-7.22 (m, 15 H, Ph), 6.07 (d, 1 H, J3,4 = 3.0 Hz, H-4a), 5.84 (t, 1 H, J1,2 = J2,3 = 10.0 Hz, H-2a), 

5.70 (dd, 1 H, H-3a), 5.38-5.26 (m, 4 H, H-1a, H-7b, H-8b, NH), 4.87 (m, 1 H, H-4b), 4.37 (dd, 1 H, 

J8,9a = 2.5 Hz, Jgem = 12.5 Hz, H-9aa), 4.26 (t, J5,6a = J5,6b = 6.4 Hz, H-5a), 4.16 (dd, 1 H, J8,9b = 5.2 

Hz, H-9bb), 4.02-3.97 (m, 2 H, H-5b, H-6b), 3.82 (s, 3 H, COOMe), 3.10-3.02 (m, 2 H, H-6aa, 

CH2CH2CH2SeCH3), 2.95-2.89 (m, 2 H, H-6ba, CH2CH2CH2SeCH3), 2.82 (dd, 1 H, J3ax,4 = 4.5 Hz, 

Jgem = 12.9 Hz, H-3axb), 2.63 (S, 2 H, CH2CH2SeCH3), 2.22-1.90 (m, 21 H, H-3eqb, Ac, CH2SeCH3, 

SeMe); 13C NMR (125 MHz, CDCl3)  170.9, 170.7, 170.5, 170.1, 170.0, 169.6, 165.6, 165.5, 165.4, 

133.4, 133.2, 133.1, 130.0, 129.8, 129.7, 129.5, 129.4, 129.1, 128.6, 128.4, 128.2, 78.3, 78.0, 77.6, 

74.5, 72.9, 70.3, 69.4, 69.2, 68.1, 67.1, 62.4, 53.1, 49.7, 39.3, 30.9, 29.7, 25.1, 23.6, 23.2, 21.2, 20.9, 

20.8, 4.0; 77Se NMR (94 MHz, CDCl3)  466.2, 289.8, 73.5; HRMS: m/z calcd for 

C51H59NO19Se3Na+: 1252.1069 [M+Na]+; found: 1252.1069. 

 

 

80 

Sodium salt of (methyl 5-acetamido-3,5-dideoxy-D-glycero- -D-galacto-2-nonulopyranosylonic 

acid)-(2→6)-6-deoxy-1,6-seleno- -D-galactopyranoside (80): Ar 79 (10 

mg, 8 mol) THF (400 L) 0.5 M NaOH aq. (400 L) 21

TLC (MeOH/CHCl3 = 1/5)

 (MeOH/CHCl3 = 2/3) 80 

(5.0 mg, 86%) [ ]D=+43.9° (c=0.9, MeOH); 1H NMR (500 MHz, 

D2O)  4.79 (s, 1 H, H-1a), 4.08 (d, 1 H, J3,4 = 2.0 Hz, H-4a), 3.89-3.54 (m, 9 H, H-2a, H-3a, H-5a, 

H-4b, H-7b, H-8b, H-9ab, H-9bb, NH), 3.10 (dd, 1 H, J5,6a = 8.0 Hz, Jgem = 13.0 Hz, H-6aa), 3.00-2.85 

(m, 4 H, H-6ba, H-3axb, H-5b, H-6b), 2.72 (t, 2 H, SeCH2CH2CH2SeCH3), 2.18-2.03 (m, 7 H, 
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CH2CH2SeCH3, CH2SeCH3, SeCH3), 1.94 (t, 1 H, Jgem = J3eq,4 = 11.5 Hz, H-3eqb); 13C NMR (125 

MHz, D2O)  173.0, 172.8, 79.1, 79.0, 77.4, 73.2, 71.5, 69.9, 68.1, 67.8, 66.3, 65.8, 60.3, 49.5, 39.0, 

28.3, 22.4, 22.0, 21.5, 19.7, 1.2; 77Se NMR (94 MHz, D2O)  426.5, 269.4, 53.3; HRMS: m/z calcd 

for C21H36NO12Se3-Na: 733.9739 [M-Na]-; found: 733.9740. 
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SPR  

 

SPR BIAcore J 25 ºC BIAevaluation for 

Biacore J HBS-EP buffer (0.01 M HEPES pH 7.4, 

0.15 M NaCl, 3 mM EDTA, 0.005% (v/v) Surfactant P20)

CM5

-NH2 = 235.1 RU, 6-MeSe  = 188.0 RU, 

6’-MeSe -NH2 = 213.8 RU -9 N CRD

5  (5.2 M, 10.4 M, 51.9 M, 103.7 M, 207.4 M)

30 L/min 2 3
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6-MeSe  

 

6’-MeSe  
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6-MeSe

6’-MeSe

BIAevaluation Kd

Kd = 395.3 69.2 M 6-MeSe Kd = 294.7 71.4 M  

 

 Lactose 
6-MeSe 
Lactose 

Kd Run 1 321 M 257 M 

Kd Run 2 458 M 377 M 
Kd Run 3 407 M 250 M 
Kd Average 395.3 M 294.7 M 
STDEV 69.2 M 71.4 M 
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