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Ac : acetyl 

Bn : benzyl  

Bz : benzoyl  

CAN : cerium(IV) ammonium nitrate 

Cer     : ceramide 

Chol : cholesterol 

DBU    : 1,8-diazabicyclo[5.4.0]undec-7-ene 

DIEA : N,N-diisopropylethylamine 

DMAP  : 4-N,N-dimethylaminopyridine 

DMF  : N,N-dimethylformamide 

DMTST : dimethyl(methylthio)sulfonium triflate  

DOPE : 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine 

DRM  : detergent-resistant membrane 

DTBMP : 2,6-di-tert-butyl-4-methylpyridine 

EDC : 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

Gal     : galactose 

Glc     : glucose 

GPI   : glycosylphosphatidylinositol 

HOOBt  : hydroxyl-3,4-dihydro-4-oxo-1,2,3-benzotriazine  

MP    : p-methoxyphenyl 

MS : molecular sieves  

MS AW  : acid-washed molecular sieves 

Neu  : neuraminic acid 

NHS : N-hydroxysuccinimide 

NIS  : N-iodosuccinimide  

Pfp : pentafluorophenyl 

PMB : p-methoxybenzyl 

Pyr : pyridine 

Sph  : sphingosine 

TBAF  : tetrabutylammonium fluoride  
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TBAI   : tetrabutylammonium iodide 

TBS  : t-butyldimethylsilyl 

TEA   : triethylamine 

Tf  : trifluoromethanesulfonyl 

TFAc : trifluoroacetyl 

THF  : tetrahydrofuran  

TMSOTf : trimethylsilyl trifluoromethanesulfonate 

Troc : 2,2,2-trichloroethoxycarbonyl  

Ts : p-toluenesulfonyl 

TTBP  : 2,4,6-tri-tert-butylpyrimidine  
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 (Figure 1)

 

  

                                                   
1 S. J. Singer, G. L. Nicolson, Science 1972, 175, 720-731. 
2 a) K. Simons, E. Ikonen, Nature 1997, 387, 569-572. b) D. A. Brown, J. K. Rose, Cell 1992, 68, 533-

544. c) S. Munro, Cell 2003, 115, 377-388. 
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Figure 1.  

 

 (PET)

 (SPECT)

 

3

GPI

                                                   
3 A. Kusumi, T. A. Tsunoyama, K. M. Hirosawa, R. S. Kasai, T. K. Fujiwara, Nat. Chem. Biol. 2014, 10, 

524-532. 
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4 (Figure 25)

GPI

GPI

 

 

 

Figure 2. GPI  

 

 

                                                   
4 K. G. N. Suzuki, R. S. Kasai, K. M. Hirosawa, Y. L. Nemoto, M. Ishibashi, Y. Miwa, T. K. Fujiwara, A. 

Kusumi, Nat. Chem. Biol. 2012, 8, 774-783. 
5 , ,  2014, 11, 65-69. 
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CD59

STALL (Stimulation-induced Temporary 

Arrest of LateraL diffusion) 6  

(Figure 3)

 

 

 

Figure 3. GPI STALL 

 

β

GM1

7 GM3

                                                   
6 a) K. G. N. Suzuki, T. K. Fujiwara, F. Sanematsu, R. Iino, M. Edidin, A. Kusumi, J. Cell Biol. 2007, 

177, 717-730. b) K. G. N. Suzuki, T. K. Fujiwara, M. M. Edidin, A. Kusumi, J. Cell Biol. 2007, 177, 
731-742. 
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GM1 Neu5 GalN2 Sph2
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K. Kenworthy, T. Baumgart, R. H. Massoi, W. I. Lencer, Dev. Cell 2012, 23, 573-586. 
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Acad. Sci. USA 2005, 102, 6320-6325. 
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A. Yoshimura, S. Mayor, T. K. Fujiwara, A. Kusumi, Nat. Methods 2010, 7, 865-866. 
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12,13 N- Sph2

 (Figure 4) Chinnapen

GM1 C7-

14 GM1

9 ( ) 

(1) 

(2) 

(3) 

 

 

                                                   
12 S. M. Polyakova, V. N. Belov, S. F. Yan, C. Eggeling, C. Ringemann, G. Schwarzmann, A. de Meijere, 

S. W. Hell, Eur. J. Org. Chem. 2009, 2009, 5162-5177. 
13 C. Eggeling, C. Ringemann, R. Medda, G. Schwarzmann, K. Sandhoff, S. Polyakova, V. N. Belov, B. 

Hein, C. von Middendorff, A. Schönle, S. W. Hell, Nature 2009, 457, 1159-1163. 
14 M. Wilchek, S. Spiegel, Y. Spiegel, Biochem. Biophys. Res. Commun. 1980, 92, 1215-1222. 
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a GM3 GM2 GM1

(1) 

15 (2) 

(3) 

 (Figure 5) GM3 Neu9

Gal6

 

                                                   
15 a) P. S. Niemelä, M. T. Hyvönen, I. Vattulainen, Biophys. J. 2006, 90, 851-863. b) K. Simons, W. L. 

Vaz, Annu. Rev. Biophys. Biomol. Struct. 2004, 33, 269-295. 
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Gal6

 (Figure 6)

 

 

 

Scheme 1 Gal6 Neu-Gal

Glc-Cer GM3

Gal6
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(1) Glc-Cer (2) Neu-Gal Gal6

(1) Cer (2) 

 

Cer 1 2

Cer Glc-Cer

Glc

Cer Glc-Cer

16,17

3,6 PMB Glc-Cer 4 2,3,6 Ac Glc-

Cer 3 2,3,6 Ac Glc-Cer 3

Ac 4

 

α- β-

1 3

2,3-ene

18 4,5-

                                                   
16 K. Fujikawa, S. Nakashima, M. Konishi, T. Fuse, N. Komura, T. Ando, H. Ando, N. Yuki, H. Ishida, M. 

Kiso, Chem. Eur. J. 2011, 17, 5641-5651. 
17 a) A. Imamura, H. Ando, H. Ishida, M. Kiso, J. Org. Chem. 2009, 74, 3009-3023. b) H. Tamai, H. 

Ando, H. N. Tanaka, R. Hosoda-Yabe, T. Yabe, H. Ishida, M. Kiso, Angew. Chem. Int. Ed. 2011, 50, 
2330-2333. c) S. Nakashima, H. Ando, R. Saito, H. Tamai, H. Ishida, M. Kiso, Chem. Asian J. 2012, 7, 
1041-1051. 

18 O. Kanie, M. Kiso, A. Hasegawa, J. Carbohydr.Chem. 1988, 7, 501-506. 
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19

N-Troc 

Neu-Gal 120 Gal6-N3 2

N-Troc Neu-Gal 1 N-Troc Neu 21

 

 

 

 

 

 

N-Troc Neu-Gal ( 1) Troc ZnCu/AcOH

Gal2,6 5

 (Scheme 2)  

 

                                                   
19 a) H. Tanaka, Y. Nishiura, T. Takahashi, J. Am. Chem. Soc. 2006, 128, 7124-7125. b) D. Crich, W. Li, J. 

Org. Chem. 2007, 72, 2387-2391. c) M. D. Farris, C. De Meo, Tetrahedron Lett. 2007, 48, 1225-1227. 
d) T. Aoyagi, S. Ohira, S. Fuse, J. Uzawa, Y. Yamaguchi, H. Tanaka, Chem. Eur. J. 2016, 22, 6968-
6973. 

20 T. Fuse, H. Ando, A. Imamura, N. Sawada, H. Ishida, M. Kiso, T. Ando, S. C. Li, Y. T. Li 
Glycoconjugate. J. 2006, 23, 329-343. 

21 H. Ando, Y. Koike, H. Ishida, M. Kiso, Tetrahedron Lett. 2003, 44, 6883-6886. 
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5 Gal6

SN2

Ercégovic22 Neu9 Ts

Gal6 Ts  (Scheme 3) CH2Cl2 Pyr 0 °C

TsCl 90% Gal6-Ts 6 NaN3 18-crown-

6 Gal6-N3  (

7) Gal6 N3 1,2-  ( 8) 

Gal2 Neu1

 

 

                                                   
22 T. Ercégovic, G. Magnusson, J. Org. Chem. 1996, 61, 179-184. 
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Gal6 Gal2

6

2 9 Table 

1  

 

 

 

TLC
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1 19

62% Neu1

Curtius Schmidt

Neu

 

Trimethylsilyl azide 

(TMSN3) Tetramethylguanidinium azide (TMGN3)23  ( 2 3)

NaN3 TMSN3 TMGN3

NaN3

TMSN3 TMGN3

NaN3

24

Ts

Ts

Methanesulfonyl (Ms) p-

Nitrobenzenesulfonyl (Ns)  

Ts Ms

Ms 66

 (Scheme 4)  

 

                                                   
23 a) A. J. Papa, J. Org. Chem. 1966, 31, 1426-1430. b) C. Chu, A. Ramamurthy, A. Makriyannis, M. A. 

Tius, J. Org. Chem. 2003, 68, 55-61. 
24 J. Wu, Chem. Lett. 2006, 35, 562-563. 



 22 

 

 

Ns p Ts

3  

(Scheme 5)
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10  (Scheme 6) CAN

25 26

Neu-Gal  2 GM3  

 

 

 

 

 

GM3  
 

2 Glc-Cer  (Table 2)

Glc 3,6 Ac Glc-Cer 3

1 1.5

30%

2 2.5

64%

Glc 3 6 PMB Glc-Cer 4 

1.5  ( 3)

84% 3 3,6 Ac

4 3,6 PMB

                                                   
25 Y. Matsuzaki, Y. Ito, Y. Nakahara, T. Ogawa, Tetrahedron Lett. 1993, 34, 1061-1064. 
26 R. R. Schmidt, Angew. Chem. Int. Ed. Engl. 1986, 25, 212-235. 
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4  

 

 

 

 

 

 

 

GM3 Fluorescein 

isothiocyanate (FITC)27  (Figure 7) FITC

                                                   
27 M. Liu, C. Xie, H. Pan, J. Pan, W. Lu, J. Chromatogr. A 2006, 1129, 61-66. 
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Fluorescein  (λex) 492 nm  (λem) 518 nm

 

 

 

GM3  ( 18) GM3 18

PMB NaOH

Gal6-N3 GM3 20  (Scheme 7)  

 

 

 

20

Staudinger 28  (Scheme 8)

                                                   
28 H. Staudinger, J. Meyer, Helv. Chim. Acta. 1919, 2, 635. 
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Staudinger Triphenylphosphine Phosphine

Triphenylphosphine oxide

Phosphine

Tributylphosphine MeOH THF 50 ˚C 2

21 21 FITC

TEA 4

-78 °C

TLC

22
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Tetramethylrhodamine (TMR)  (λex) 543 nm  (λem) 578 nm

 (Figure 8) Fluorescein

( Fluorescein: 100 ms TMR: 5 s) 

Fluorescein Rhodamine

29 TMR

20 Staudinger

5-Carboxytetramethylrhodamine N-succinimidyl ester TEA  (Scheme 9)

PTLC TMR GM3

43% ATTO594 ATTO594

TMR  (λex: 543 nm λem: 578 nm) 

 (> 10 s)

ATTO594 N-succinimidyl ester TEA 24 47%

594-G6-GM3

 

 

 

                                                   
29 . 
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Neu9 GM3 Gal6

GM3

Neu9-NH2 GM3  (Figure 9)  
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Neu9 N-Troc Neu-Gal Neu9

Glc-Cer

Neu9 Neu-Gal  (Scheme 10)

A a Gal4

Gal4

GM3

a Gal4-OH B GM3

A

Gal4

B 30  

 

 

 

B Neu9

(1) Troc

                                                   
30     2010. 
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Zn Troc

(2) Ac (3) Bn

Troc

Neu9 TFAc

Neu-Gal

Glc-Cer

 (Scheme 11)  
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1,4-  

 

B Neu-Gal Gal4

 (Scheme 12) 1 5 Troc Ac2O 5

25 25 Ac 26

1,4- 27 6:4

Gal4

1,4-

25

26 1,4- 27 DBU

1,4- 27

 (MS4Å) 

Neu9

Neu9 99% 9-

N3 29 NaN3 TMGN3

NaN3  
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Neu9 TFAc Gal6 GM3

MeOH THF Tributylphosphine 29 9

 (Table 3) 30

31  ( 1) MeOH

2

THF TLC

Staudinger

 

(Scheme 13) THF MeOH

MeOH  
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Magesh 31 Ethylenebis(diphenylphosphine) (DPPE) 

TFAc  (Table 

4)  

                                                   
31 S. Magesh, S. Moriya, T. Suzuki, T. Miyagi, H. Ishida, M. Kiso, Bioorg. Med. Chem. Lett. 2008, 18, 

532-537. 
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1 THF TFAcOMe TLC 3

9 TFAc TFAc

(TFAc)2O  ( 2)

MeOH 3 4:6

9 TFAc  

3 DBU

85% 32  (Scheme 14)  
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32

Bn Gal2,6 Bz 35

 (Scheme 15)

37 α β

1,4- Neu9 Neu-Gal

37 Glc-Cer

 

 

 

 

 

 

GM3  

 

Neu-Gal 37 Glc-Cer 3  (Table 5)  

 



 36 

 

 

3 1.5

38  ( 1)

2 2.5

37 Neu-Gal

1,4-

Gal3,4

32 Neuα(2 3)Gal 1,4-

Bn Glc-Cer

GM3  (Scheme 16)

                                                   
32 H. Sakamoto, S. Nakamura, T. Tsuda, S. Hashimoto, Tetrahedron Lett. 2000, 41, 7691-7695. 
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1,4- N-Troc 

Neu-Gal Neu9 Neu9

TFAc

1,4- MeOH

1,4- 29 TFAc

33  

29  (Table 6)  
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1 MeOH DPPE TFAcOMe 33 60%

2 TFAcOMe Lindlar

82% 33

2

33

43  (α:β = 4:1) (Scheme 17)  
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GM3  

 

43 GM3  (Table 7)

1 Glc-Cer 3 1.5 0 C TMSOTf

1 44

2 3 2.5 61%

Gal6-N3

1,4- 37 43

1,4- 37

3 4 95%

GM3 45  
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GM3 45  (Scheme 18) GM3 45

PMB TFAcOH

Neu9-NH2 47  

 

 

 

Neu9 47

 (Scheme 19) 67~86%

LH-20 PTLC GM3 Gal6 4

Neu9 Neu9

Figure 10  
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GM3  

 

 

 

 

( ) 

 

Gal6 GM3  (594-G6-GM3, TMR-G6-GM3) Neu9

GM3  (647N-S9-GM3, TMR-S9-GM3, Fl-S9-GM3, 488-S9-GM3, 594-S9-GM3) 

GM3

DRM

Lo/Ld GPI CD59

 

Triton-X100  (DRM ) 

33 DRM

34 DRM

Figure 11 DRM

                                                   
33 a) A. K. Kenworthy, B. J. Nichols, C. L. Remmert, G. M. Hendirix, M. Kumar, J. Zimmerberg, J. 

Lippincott-Schwartz, J. Cell Biol. 2004, 165, 735-746. b) B. J. Nichols, A. K. Kenworthy, R. S. 
Polishchuk, R. Lodge, T. H. Roberts, K. Hirschberg, R. D. Phair, J. Lippincott-Schwartz, J. Cell Biol. 
2001, 153, 529-541. 

34 DRM  
  A. Kusumi, K. Suzuki, Biochim. Biophys. Acta 2005, 1746, 234-251. 
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T24 GM1 GM3 DRM  (TX-100 ) 

 ( TX-100 / PTLC

)  

 

Figure 11. DRM  

 

Kenworthy T24

DRM  

 

 

(1) T24 1.2 μM 25 25 °C

 

(2)  (HBSS with PIPES) 3  

(3) 2.8 °C 1% TX-100 on ice 15

2.8 °C  

(4)  (HBSS with PIPES) 3

90  (Olympus IX70 epifluorescence microscope)
 

 

Figure 12 T24

Table 8 DRM  ( / )

TX-100
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Neu9 GM3  (TMR-S9-GM3, Fl-S9-

GM3, 488-S9-GM3, 594-G6-GM3) 

Gal6 GM3  (594-G6-GM3, TMR-G6-GM3) ATTO647N

Neu9 GM3  (647N-S9-GM3) TX-100

 

BodipyFL-GM1 (

Figure 4 ) DRM TX-100

 



 45 

 

Figure 12. DRM  

 

Giant PM vesicle (GPMV) 

Lo/Ld  (RBL-2H3) 

Formaldehyde Dithiothreitol (DTT) 

 ( 5 20 μm ) 

 (10 ˚C)  ( ) 
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 ( ) 35

 (BodipyFL-PC) 

 (TIRF) 36 Figure 13

BodipyFL-PC Ld 594-S9-GM3

594-S9-

GM3 Lo  

 

 

Figure 13. Lo/Ld  

 

Lo/Ld DRM Neu9 GM3

 (Fl-S9-GM3, 488-S9-GM3, 594-G6-GM3) Ld

 (Table 8)

DRM 647N-S9-GM3 BodipyFL-GM1

Ld Gal6 GM3  (594-G6-GM3, TMR-G6-GM3) 

TMR Neu9 GM3  (TMR-S9-GM3) Lo

                                                   
35 a) D. Lingwood, J. Ries, P. Schwille, K. Simons, Proc. Natl. Acad. Sci. USA 2008, 105, 10005-10010. 

b) T. Baumgart, A. T. Hammond, P. Sengupta, S. T. Hess, D. A. Holowka, B. A. Baird, W. W. Webb, 
Proc. Natl. Acad. Sci. USA 2007, 104, 3165-3170. c) I. Levental, M. Grzybek, K. Simons, Proc. Natl. 
Acad. Sci. USA 2011, 108, 11411-11416. 

36 H. J. Kaiser, D. Lingwood, I. Levental, J. L. Sampaio, L. Kalvodova, L. Rajendran, K. Simons, Proc. 
Natl. Acad. Sci. USA 2009, 106, 16645-16650. 
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 (Table 8) BodipyFL-GM1 Burns 37 Ld

Lo/Ld DRM

GM3 Gal6

Neu9

Lo/Ld  (Figure 

14) Neu9

Fluorescein ATTO488 ATTO594

TMR

ATTO647N GM3  

 

 

Figure 14.  

 

                                                   
37 A. R. Burns, D. J. Frankel, T. Buranda, Biophys. J. 2005, 89, 1081-1093. 
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 (CD59 ) 

T24 GPI CD59

1 μm2 38 CD59 39

GM3 CD59  

(Figure 15 Table 8)  

 

Figure 15. CD59  

                                                   
38 100 nm

 
39 T. Harder, P. Scheiffele, P. Verkade, K. Simons, J. Cell Biol. 1998, 141, 929-942.  
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GM3 (anti-GM3 antibody ) Neu9

GM3  (TMR-S9-GM3, Fl-S9-GM3, 488-S9-GM3, 594-S9-GM3) CD59

 

 

Table 8.  

 

 

DRM Lo/Ld CD59

S9-GM3  (Fl-S9-GM3, 488-S9-GM3, 594-S9-GM3) 

 

Neu9

GM1 (BodipyFL-GM1)

Gal6 GM3

 ( )
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BodipyFL-GM1

Gal6 GM3

TMR

ATTO594

GM3 GM1 GM2 Neu9

 

 (ATTO594, ATTO488, Fluorescein )  

 

 

 

 

 

 

40 T24 PtK2

                                                   
40 a) I. Koyama-Honda, K. Ritchie, T. Fujiwara, R. Iino, H. Murakoshi, R. S. Kasai, A. Kusumi, Biophys. 

J. 2005, 88, 2126-2136. b) T. Fujiwara, K. Ritchie, H. Murakoshi, K. Jacobson, A. Kusumi, J. Cell 
Biol. 2002, 157, 1071-1081. 
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594-S9-GM3 0.5

Figure 16 594-S9-GM3

T24 100

 (Table 9)

 (DOPE) ( DOPE

) D100ms GM3  

(0.26~0.33 μm2/s) BodipyFL-GM1 (0.34 μm2/s) ATTO594 DOPE (594-DOPE) (0.20 

μm2/s) 

GM1 B

Cy3  (Cy3-CTB) T24 GM1

 (~0.01 

μm2/s) CTB GM1

GM1 CTB

GM1
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Figure 16. 594-S9-GM3  

 

Table 9.  

 



 53 

GPI  

 

Neu9 GM3 ATTO594  (594-S9-GM3)

GPI-  (CD59) 594-S9-GM3 CD59

CD59  (Figure 17)

CD59 DOPE DOPE

CD59

594-S9-GM3 CD59

CD59  ( ) 

 



 54 

 

Figure 17. CD59  

 

CD59

T24 CD59 yellow-green beads CD59

yellow-green beads 3~6 CD59

6 GM3  (594-S9-GM3) CD59

 (98 ms)  (Figure 18)

ATTO594 DOPE 50 ms CD59

GPI

CD59

CD59
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Figure 18. GPI  

 

 

 

9 GM1 GM2  

 

 

 

GM3 a

(GM1 GM2) GM3

Neu9

GM1 GM2 Neu9

GM3 GM1 GM2
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Neu9 GM2 GM1 Figure 19  

 

 

 

GM1 GM2 Neu-Gal

Neu-Gal Gal4

 ( A) B GM3

Scheme 20 Neu9 TFAc

33 Gal4

 

 



 57 

 

 

 

 

 

 

Neu-Gal  (Scheme 21) 33 Neu7,8

5

8 Neu4

77% 54  

 



 58 

 
 

 

 

GM1  

 

Neu-Gal 54 Galβ(1 3)GalNTroc 55  (Table 

10) Galβ(1 3)GalNTroc 55 41

GM1  

1 2.5 -40 ˚C

56 29%

Gal4 2 0 ̊ C

75%  

 

                                                   
41 T. Yoshikawa, Y. Kato, N. Yuki, T. Yabe, H. Ishida, M. Kiso, Glycoconjugate J. 2008, 25, 545-553. 
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2 10%

 (Figure 20) Neu5

Neu9 TFAc

1H NMR TFAc 57

57 80% AcOH aq. 

 

 

 
 

GM1  (Scheme 22) Neu7,8



 60 

42 95%

Troc 58

Gal2,6 60

MP 62

 

 

 

 

  

                                                   
42 S. Deng, U. Gangadharmath, C. T. Chang, J. Org. Chem. 2006, 71, 5179-5185. 
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GM1  

 

GM1 62 Glc-Cer 4

63  (Scheme 23) Glc3,6 PMB

GM1 65

ATTO594 ATTO488 TMR

TMR

GM3 70% 3  
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GM2  

 

Neu9 GM1 GM2 GM1

Neu-Gal 54 GalN 69  (Scheme 24)

34%

71 (>26%) 72 

(>4%)  

 

 

 

70 54

Gal4
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43 GM2 GalN 69 Neu-Gal

25  (Scheme 25)

Neu-Gal

25 7,8 Ac Neu-Gal 54

5

Neu-Gal 54

 

 

 

 

71

GalN

4.0 80% AcOH aq. 

 (Scheme 26)

81% 73

GM1 78  

 

                                                   
43 K. Fujikawa, S. Nakashima, M. Konishi, T. Fuse, N. Komura, T. Ando, H. Ando, N. Yuki, H. Ishida, M. 

Kiso, Chem. Eur. J. 2011, 17, 5641-5651. 
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GM2  

 

GM2  (Scheme 27) GM1

78 4 88%

PMB GM2 81

ATTO594 N-succinimidyl ester TEA

82 74%  
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GM1 GM2  

 

Neu9 GM1 GM2

Neu-Gal 54 N-Troc Neu-Gal



 66 

N-Troc Neu-Gal

 (Figure 21) Neu-Gal 54 a

 

 

 

 

44 45 GM2 GM1

GM3

GM2

GalN6 GM1 Gal6  (termGal6) 

 (Figure 22)  

 

                                                   
44     2015. 
45     2012. 
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GalN6 GM2 GalN 2 6

2 6

2 TCA 

(Trichloroacetyl) 6 GalN 83

2 6

GM2 GM1

6 TFAc Gal 84 GM2

 

4 Bn GalN

Gal GM1

4

Bn Demchenko
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armed disarmed 46

 (Glc 2,3-dideoxy Glc) 

47

4 Bn Gal GalN 4

 ( π ) 

 

 (Scheme 28)

Neu9 GM1 GM2

 

 

                                                   
46 a) D. R. Moo, P. Konradsson, U. Udodong, B. Fraser-Reid, J. Am. Chem. Soc. 1988, 110, 5583-5584. b) 

B. Fraser-Reid, Z. Wu, U. E. Udodong, H. Ottosson, J. Org. Chem. 1990, 55, 6068-6070. 
47 a) S. Tomono, S. Kusumi, D. Takahashi, K. Toshima, Tetrahedron Lett. 2011 52, 2399-2403. b) L. K. 

Mydock, A. V. Demchenko, Org. Lett. 2008, 10, 2103-2106. 
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GM3

 

 

 

 

DRM

Triton-X100  (DRM ) 
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DRM  

 

(1) T24 1.2 μM 25 25 °C

 

(2)  (HBSS with PIPES) 3  

(3) 2.8 °C 1% TX-100 on ice 15

2.8 °C  

(4)  (HBSS with PIPES) 3

90  (Olympus IX70 epifluorescence microscope)
 

 

Figure 24 T24

ATTO594 594-S9-GM2 594-GN6-GM2 594-S9-GM1 594-

termG6-GM1 DRM  (

/ ) 1:0 DRM

BodipyFL-GM1

 

 

Figure 24. DRM  
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Lo/Ld CD59 DRM

Table 11 BodipyFL-GM1

ATTO594 TMR S9-GM1 (TMR-S9-

GM1) DRM CD59

Lo/Ld Ld Lo

GM3

594-GN6-GM2 594-temG6-GM1 Neu9

 

 

Table 11.  

 
 

 

 

 

 

 (Table 12)

T24 0.5
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GM2 GM1

D100ms 594-DOPE (0.20 μm2/s) 

B GM1 (Cy3-CTB) 

S9-GM1 termG6-GM1

594-S9-GM1

Eggeling PtK2 GM1 10 20 ms

20 nm 13 PtK2

CHO-K1 T24 NRK 594-S9-GM1 100 nm

5 ms

 

 

Table 12.  
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GPI  

 

GPI  (CD59) 

 

CD59

Src Cγ

4,6 CD59

160 ms

CD59

CD59

CD59

 ( ) 

CD59  

CD59 GM3

594-S9-GM3 594-S9-GM1 CD59

 ( ) CD59  (160 

ms )  (Table 13) CD59

yellow-green beads CD59

3~6  

CD59

594-S9-GM3 594-S9-GM1 100 ms

594-DOPE CD59

594-S9-GM3 CD59  (CD59TM
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) 50 ms

50 ms 594-S9-GM3

594-S9-GM1

CD59

CD59

 ( 80 ms)

CD59 50 ms  

GPI

GPI
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Table 13. CD59  

 

 

 

 

 

 

GPI

 (CD59) 
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GPI

GPI

EGF (Epidermal Growth Factor) 

GM3

Simons Lac-Cer GM1 GM2 GD1a

48

GM3

GM3

49  

GM1 GM3

B

 (CTB)  (WGA: Wheat germ agglutinin) 

 (Kd ) 

1-palmitoyl-2-oleoyl-sn-

glycerophosphorylcholine (POPC)  (POPC/  = 

9:1) CTB WGA  (SPR ) 

Neu9 ATTO594 GM1 GM3 CTB WGA

 (Table 14) 594-G6-GM3

WGA

594-termG6-GM1 POPC CTB

                                                   
48 Ü. Coskun, M. Grzybek, D. Drechsel, K. Simons, Proc. Natl. Acad. Sci. USA 2011, 108, 9044-9048. 
49 K. Kabayama, T. Sato, K. Saito, N. Loberto, A. Prinetti, S. Sonnino, M. Kinjo, Y. Igarashi, J. Inokuchi, 

Proc. Natl. Acad. Sci. USA 2007, 104, 13678-13683. 



 78 

GM1

50 CTB 10 1

9  

CTB WGA 594-S9

594-G6-GM3

S9

 

 

Table 14. Kd  

 

 

 

EGF  

 

GM3 GM1

                                                   
50 Figure 4 . 
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EGF GM3

48 EGF

 (Figure 25)

EGF 594-S9-GM1 594-S9-GM1

GM3 GM1

 (7.4 )

EGF
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Figure 25. EGFR  
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a

 

GM3 N-Troc Neu-Gal 1,4-

Neu9 TFAc Neu-Gal

Glc-Cer GM3

 

Neu9 GM3 Gal4

a

Neu9  

GM1 GM2 GM3

GM1

 

GPI

 (CD59) 

CD59
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MS3Å MS4Å MS AW-300 (Wako chemical)

300 °C 2 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

 () 1H NMR 13C NMR JEOL 

ECX400 (400MHz) JEOL ECA500 (500MHz) JEOL ECA600 (600MHz) Bruker Avance III 

500 (500MHz) 1H NMR 13C NMR

 (tetramethylsilane)  (ppm) Horiba High Sensitive 

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

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

 

 

 

Gal6 GM3  
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(Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-α-D-galacto-2-

nonulopyranosylonate)-(2→3)-4-O-acetyl-6-azido-2-O–benzoyl-6-deoxy-D-galactopyranosyl 

trichloroacetimidate (2) 

Ar 10 (50.8 mg, 54.6 μmol) MeCN/toluene/H2O (0.46 mL/0.40 

mL/0.23 mL) 0 °C CAN (299 mg, 546 μmol) 0 °C 2

TLC (CHCl3/MeOH = 15:1) AcOEt

H2O satd NaHCO3 brine Na2SO4

(toluene/AcOEt/MeOH = 4:1:0.1) 16 (38.8 mg, 86%)  

Ar 16 (75.1 mg, 91.1 μmol) CH2Cl2 (1.8 mL) 0 °C

CCl3CN (182 μL, 1.82 mmol) DBU (2.7 μL, 18 μmol) 0 °C 1

TLC (CHCl3/MeOH = 15:1)

 (toluene/AcOEt/MeOH = 4:1:0.05)

2 (77.0 mg, 87%, α:β = 5:1)  

1H NMR (600 MHz, CDCl3) δ 8.73 (s, 1 H, C=NHβ), 8.61 (s, 1 H, C=NHα), 8.16-7.17 (m, 10 H, 

Arα, Arβ), 6.75 (d, 1 H, J1,2 = 4.1 Hz, H-1aα), 6.17 (d, 1 H, J1,2 = 8.2 Hz, H-1aβ), 5.61-5.53 (m, 3 H, 

H-8bα, H-8bβ, H-2aβ), 5.48 (dd, 1 H, J2,3 = 10.3 Hz, H-2aα), 5.42 (dd, 1 H, J6,7 = 2.1 Hz, J7,8 = 9.0 

Hz, H-7bα), 5.33 (dd, 1 H, J3,4 = 2.7 Hz, H-3aα), 5.28 (d, 1 H, H-4aα), 5.20 (dd, 1 H, J6,7 = 2.8 Hz, J7,8 

= 9.7 Hz, H-7bβ), 5.18 (d, 1 H, NHα), 5.03-4.99 (m, 2 H, H-4aβ, NHβ), 4.90 (dd, 1 H, J2,3 = 10.3 Hz, 

J3,4 = 3.4 Hz, H-3aβ), 4.89-4.82 (m, 2 H, H-4bα, H-4bβ), 4.54 (m, 1 H, H-5aα), 4.33 (dd, 1 H, J8,9 = 

2.0 Hz, Jgem = 12.4 Hz, H-9bβ), 4.24 (dd, 1 H, J8,9 = 2.7 Hz, Jgem = 12.4 Hz, H-9bα), 4.16 (dd, 1 H, 

J8,9’ = 4.8 Hz, H-9’bα), 4.10-4.04 (m, 2 H, H-5bα, H-5aβ), 3.93 (dd, 1 H, H-9’bβ), 3.90-3.80 (m, 8 H, 

H-5bβ, H-6bα, COOMeα, COOMeβ), 3.63 (dd, 1 H, J5,6 = 10.9 Hz, J6,7 = 2.8 Hz, H-6bβ), 3.51 (dd, 1 

H, J5,6 = 7.6 Hz, Jgem = 13.1 Hz, H-6aβ), 3.37 (dd, 1 H, J5,6 = 7.6 Hz, Jgem = 13.1 Hz, H-6aα), 3.27 
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(dd, 1 H, J5,6’ = 4.8 Hz, H-6’aα), 3.17 (dd, 1 H, J5,6’ = 5.5 Hz, Jgem = 13.1 Hz, H-6’aβ), 2.57 (dd, 1 H, 

Jgem = 13.1 Hz, J3eq,4 = 4.8 Hz, H-3eq-bβ), 2.52 (dd, 1 H, Jgem = 12.4 Hz, J3eq,4 = 4.2 Hz, H-3eq-bα), 

2.35-1.42 (m, 38 H, 6 Acβ, H-3ax-bβ, 6 Acα, H-3ax-bα); 13C NMR (125 MHz, CDCl3) δ 170.8, 170.7, 

170.7, 170.6, 170.6, 170.3, 170.2, 170.1, 170.0, 169.8, 169.6, 168.1, 165.8, 160.7, 133.6, 130.1, 

129.9, 129.8, 129.3, 128.6, 128.3, 96.8, 96.6, 96.1, 93.9, 90.9, 73.3, 72.8, 71.9, 71.0, 70.9, 69.8, 

69.4, 69.3, 69.0, 68.3, 68.2, 67.6, 67.5, 67.2, 66.9, 66.6, 62.4, 62.2, 59.5, 53.3, 53.2, 50.7, 50.2, 49.3, 

48.8, 38.4, 38.1, 37.3, 37.1, 31.9, 31.2, 30.0, 29.7, 29.6, 29.3, 27.1, 23.2, 23.1, 22.7, 21.5, 21.4, 20.8, 

20.8, 20.7, 20.7, 20.7, 20.1, 19.7, 14.1; HRMS (ESI) m/z found [M+Na]+ 990.1588, C37H44Cl3N5O19 

calcd for [M+Na]+ 990.1588. 

 

 

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

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-6-O-p-toluenesulfonyl-β-D-

galactopyranoside (6) 

Ar 5 (485 mg, 605 μmol) CH2Cl2 (5.0 mL) Pyr (1.0 mL)

0 °C TsCl (127 mg, 2.24 mmol) 4 0 °C 70

TLC (CHCl3/MeOH = 15:1) MeOH

toluene CHCl3 2 M HCl H2O satd 

Na2CO3 brine Na2SO4

 (CHCl3/MeOH = 

50:1) 6 (522 mg, 90%)  

[α]D -19.7° (c 1.4, CHCl3); 1H NMR (600 MHz, CDCl3) δ 7.72-6.80 (m, 8 H, 2 Ar), 5.44 (m, 1 H, 
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H-8b), 5.34-5.32 (m, 2 H, H-7b, NH), 5.06-4.95 (m, 3 H, H-1a, H-4a, H-4b), 4.50 (dd, 1 H, J2,3 = 9.6 

Hz, J3,4 = 3.2 Hz, H-3a), 4.28 (dd, 1 H, J8,9 = 2.8 Hz, Jgem = 12.4 Hz, H-9b), 4.08-3.78 (m, 13 H, 

COOMe, MeO, H-2a, H-5a, H-6a, H-6’a, H-6b, H-5b, H-9’b), 2.89 (s, 1 H, OH-2a), 2.70 (dd, 1 H, 

Jgem = 12.9 Hz, J3eq,4 = 4.5 Hz, H-3eq-b), 2.41 (s, 3 H, CH3Ar), 2.17-1.88 (m, 19 H, 6 Ac, H-3ax-b); 

13C NMR (150 MHz, CDCl3) δ 170.7, 170.5, 170.3, 169.9, 169.8, 167.5, 155.2, 151.0, 145.0, 132.3, 

129.8, 128.0, 118.2, 114.4, 101.3, 96.9, 73.8, 72.4, 70.6, 69.1, 68.7, 67.9, 67.2, 67.0, 66.7, 62.4, 55.6, 

53.4, 49.3, 37.6, 30.9, 23.1, 21.6, 21.3, 21.1, 20.7, 20.6, 20.5; HRMS (ESI) m/z found [M+Na]+ 

978.2677, C42H53NO22S calcd for [M+Na]+ 978.2678. 

 

 

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

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2-O-benzoyl-6-O-p-toluenesulfonyl-β-D-

galactopyranoside (9) 

Ar 6 (64.0 mg, 67.0 μmol) Pyr (0.67 mL) 0 °C

 (30.0 mg, 134 μmol) DMAP (1.0 mg, 8.1 μmol) 9.5

TLC (CHCl3/MeOH = 15:1) MeOH

toluene CHCl3 2 M HCl H2O satd 

Na2CO3 brine Na2SO4

 (CHCl3/MeOH = 

70:1) 9 (70.5 mg, 99%)  

[α]D +13.1° (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.14-7.26 (m, 9 H, 2 Ar), 6.88-6.72 (m, 

4 H, Ar), 5.57 (m, 1 H, H-8b), 5.45 (dd, 1 H, J1,2 = 7.8 Hz, J2,3 = 9.0 Hz, H-2a), 5.22 (d, 1 H, H-1a), 
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5.18 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 9.6 Hz, H-7b), 5.04 (d, 1 H, J3,4 = 3.2 Hz, H-4a), 4.96 (d, 1 H, 

J5,NH = 10.1 Hz, NH), 4.88-4.80 (m, 2 H, H-3a, H-4b), 4.27 (dd, 1 H, J8,9 = 2.3 Hz, Jgem = 12.4 Hz, 

H-9b), 4.14-4.05 (m, 3 H, H-5a, H-6a, H-6’a), 3.90-3.74 (m, 8 H, COOMe, MeO, H-5b, H-9’b), 3.59 

(dd, 1 H, J5,6 = 10.5 Hz, H-6b), 2.56 (dd, 1 H, Jgem = 12.8 Hz, J3eq,4 = 4.6 Hz, H-3eq-b), 2.42 (s, 3 H, 

CH3Ar), 2.20-1.41 (m, 19 H, 6 Ac, H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 170.7, 170.7, 170.6, 

170.2, 170.1, 168.0, 165.4, 155.5, 151.3, 145.1, 133.1, 132.4, 130.0, 130.0, 129.8, 129.0, 128.4, 

128.2, 128.0, 118.8, 114.4, 100.9, 96.8, 71.7, 70.9, 70.8, 70.6, 69.4, 67.5, 67.3, 67.1, 66.5, 62.4, 55.6, 

53.3, 48.7, 37.2, 29.7, 23.1, 21.6, 21.5, 20.7, 20.7, 20.6, 20.2; HRMS (ESI) m/z found [M+Na]+ 

1082.2940, C49H57NO23S calcd for [M+Na]+ 1082.2940. 

 

 

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

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-6-azido-2-O–benzoyl-6-deoxy-β-D-

galactopyranoside (10) 

9 (40.0 mg, 37.7 μmol) NaN3 (19.6 mg, 302 μmol) 18-crown-6 (19.6 mg, 74.2 

μmol) DMF (0.38 mL) Drierite (40 mg) 80 °C 19

TLC (CHCl3/MeOH = 20:1) MALDI-TOF-MS

toluene

 (CHCl3/MeOH = 70:1) 10 (21.6 mg, 62%)  

[α]D +10.3° (c 0.3, CHCl3); 1H NMR (600 MHz, CDCl3) δ 8.17-7.27 (m, 5 H, Ar), 6.96-6.75 (m, 4 

H, Ar), 5.59 (m, 1 H, H-8b), 5.52 (dd, 1 H, J1,2 = 7.6 Hz, J2,3 = 9.3 Hz, H-2a), 5.23 (d, 1 H, H-1a), 

5.18 (dd, 1 H, J6,7 = 2.8 Hz, J7,8 = 9.6 Hz, H-7b), 4.98 (d, 1 H, J5,NH = 10.3 Hz, NH), 4.96 (d, 1 H, 
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J3,4 = 2.8 Hz, H-4a), 4.84 (td, 1 H, J3eq,4 = 4.1 Hz, J3ax,4 = 11.0 Hz, J4,5 = 10.3 Hz, H-4b), 4.81 (dd, 1 

H, H-3a), 4.29 (dd, 1 H, J8,9 = 2.1 Hz, Jgem = 12.4 Hz, H-9b), 3.93-3.74 (m, 9 H, COOMe, MeO, H-

5a, H-5b, H-9’b), 3.62 (dd, 1 H, J5,6 = 10.3 Hz, H-6b), 3.50 (dd, 1 H, J5,6 = 8.3 Hz, Jgem = 13.1 Hz, 

H-6a), 3.20 (dd, 1 H, J5,6’ = 4.1 Hz, H-6’a), 2.58 (dd, 1 H, Jgem = 12.4 Hz, H-3eq-b), 2.20-1.42 (m, 19 

H, 6 Ac, H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 170.8, 170.6, 170.6, 170.5, 170.2, 170.1, 168.1, 

165.4, 155.6, 151.4, 133.1, 130.0, 128.4, 119.3, 114.4, 101.4, 96.8, 72.5, 71.8, 70.9, 70.7, 69.3, 68.4, 

67.4, 66.5, 62.4, 55.6, 53.3, 50.8, 48.8, 37.3, 29.7, 23.1, 21.5, 20.8, 20.2; HRMS (ESI) m/z found 

[M+Na]+ 953.2912, C42H50N4O20 calcd for [M+Na]+ 953.2916. 

 

 

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

nonulopyranosylonate)-(2→3)-(4-O-acetyl-6-azido-2-O-benzoyl-6-deoxy-β-D-galactopyranosyl)-

(1→4)-2-O-benzoyl-3,6-di-O-(4-methoxybenzyl)-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-3-O-

benzoyl-2-octadecanamido-4-octadecene-1,3-diol (18) 

2 (34.8 mg, 35.9 μmol) 4 (63.4 mg, 53.9 μmol) CH2Cl2 (2.3 mL)

MS AW-300 (150 mg) 1 0 °C TMSOTf 

(0.7 μL, 4 μmol) Ar 1 TLC (CHCl3/MeOH = 

20:1 ) CHCl3 satd 

Na2CO3 brine Na2SO4

 (CHCl3/MeOH = 120:1 

to 90:1) 18 (59.9 mg, 84%)  

[α]D +20.1° (c 0.4, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.21-6.63 (m, 23 H, 5 Ar), 5.77 (dt, 1 
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H, J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.72 (d, 1 H, J2,NH = 9.1 Hz, NHCer), 5.65 (m, 1 H, H-

8b), 5.47 (t, 1 H, J2,3 = J3,4 = 7.1 Hz, H-3Cer), 5.39 (dd, 1 H, H-4Cer), 5.31 (dd, 1 H, J1,2 = 8.0 Hz, J2,3 

= 9.9 Hz, H-2a), 5.18 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 9.7 Hz, H-7b), 5.11 (t, 1 H, J1,2 = J2,3 = 8.9 Hz, H-

2c), 5.06 (d, 1 H, H-1a), 4.99 (d, 1 H, J5,NH = 10.3 Hz, NH-5b), 4.94 (d, 1 H, J3,4 = 3.4 Hz, H-4a), 

4.86-4.81 (m, 2 H, H-4b, CH2Ph), 4.73 (dd, 1 H, H-3a), 4.60 (d, 1 H, Jgem = 11.3 Hz, CH2Ph), 4.35-

4.28 (m, 5 H, H-9b, H-1c, H-2Cer, CH2Ph), 4.16 (t, 1 H, J3,4 = J4,5 = 8.9 Hz, H-4c), 4.02 (dd, 1 H, J1,2 

= 3.2 Hz, Jgem = 9.9 Hz, H-1Cer), 3.92 (dd, 1 H, J8,9’ = 6.3 Hz, Jgem = 12.4 Hz, H-9’b), 3.86-3.66 (m, 

12 H, H-5a, H-5b, H-3c, 2 MeO, COOMe), 3.61-3.56 (m, 2 H, H-6c, H-6’c), 3.44 (dd, 1 H, J1’,2 = 

3.4 Hz, H-1’Cer), 3.30 (m, 1 H, H-5c), 3.24 (dd, 1 H, J5,6 = 6.7 Hz, Jgem = 12.7 Hz, H-6a), 2.97 (dd, 1 

H, J5,6’ = 6.3 Hz, H-6’a), 2.53 (dd, 1 H, Jgem = 12.6 Hz, J3eq,4 = 4.6 Hz, H-3eq-b), 2.18-1.43 (m, 25 H, 

6 Ac, H-3ax-b, H-6Cer, H-6’Cer, NHCOCH2
Cer, NHCOCH2CH2

Cer), 1.39-1.02 (m, 50 H, 25 CH2
Cer), 

0.92-0.83 (m, 6 H, 2 MeCer); 13C NMR (125 MHz, CDCl3) δ 172.6, 170.7, 170.6, 170.3, 170.2, 

170.1, 168.0, 165.2, 165.1, 165.1, 159.0, 158.8, 137.0, 133.3, 133.1, 132.7, 130.7, 130.5, 130.3, 

130.2, 129.9, 129.7, 129.7, 129.6, 129.1, 128.8, 128.5, 128.4, 128.2, 124.8, 113.6, 113.3, 100.9, 99.7, 

96.8, 79.6, 75.3, 75.1, 74.6, 73.6, 73.5, 72.6, 71.8, 71.8, 71.2, 69.4, 68.3, 68.2, 67.1, 67.0, 66.6, 62.5, 

55.2, 55.1, 53.3, 50.4, 50.0, 48.7, 37.4, 37.1, 36.4, 32.7, 32.3, 31.9, 31.2, 30.1, 30.0, 29.7, 29.6, 29.6, 

29.5, 29.5, 29.4, 29.3, 29.2, 29.2, 28.9, 27.1, 25.5, 23.1, 22.7, 21.4, 20.7, 20.7, 20.6, 20.2, 19.7, 14.1; 

HRMS (ESI) m/z found [M+Na]+ 2005.0023, C107H147N5O30 calcd for [M+Na]+ 2005.0023. 

 

 

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

nonulopyranosylonate)-(2→3)-(4-O-acetyl-6-azido-2-O-benzoyl-6-deoxy-β-D-galactopyranosyl)-
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(1→4)-2-O-benzoyl-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-3-O-benzoyl-2-octadecanamido-4-

octadecene-1,3-diol (19) 

Ar 18 (41.7 mg, 21.0 μmol) CH2Cl2 (1.4 mL) 0 °C

TFAcOH (0.7 mL) 1.5 TLC (CHCl3/MeOH = 20:1 

) satd NaHCO3 CHCl3 H2O

brine Na2SO4

 (CHCl3/MeOH = 75:1)

19 (36.5 mg, 99%)  

[α]D +15.9° (c 3.7, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.23-7.39 (m, 15 H, 3 Ar), 5.84 (dt, 1 

H, J4,5 = 15.3 Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.74 (d, 1 H, J2,NH = 9.6 Hz, NHCer), 5.71 (m, 1 H, H-

8b), 5.53 (t, 1 H, J2,3 = J3,4 = 8.1 Hz, H-3Cer), 5.42 (dd, 1 H, H-4Cer), 5.29 (dd, 1 H, J1,2 = 8.0 Hz, J2,3 

= 10.1 Hz, H-2a), 5.16 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 9.5 Hz, H-7b), 5.12 (t, 1 H, J1,2 = J2,3 = 8.3 Hz, 

H-2c), 4.99-4.95 (m, 3 H, H-1a, H-4a, NH-5b), 4.83-4.77 (m, 2 H, H-3a, H-4b), 4.46 (dd, 1 H, J8,9 = 

2.4 Hz, Jgem = 12.2 Hz, H-9b), 4.39 (d, 1 H, H-1c), 4.38 (m, 1 H, H-2Cer), 3.95-3.80 (m, 9 H, H-5a, 

H-5b, H-9’b, H-3c, H-4c, H-1Cer, COOMe), 3.61 (dd, 1 H, J5,6 = 10.8 Hz, H-6b), 3.50 (dd, 1 H, J1’,2 

= 3.7 Hz, Jgem = 9.7 Hz, H-1’Cer), 3.43 (dd, 1 H, J5,6 = 7.2 Hz, Jgem = 12.7 Hz, H-6a), 3.40 (m, 1 H, 

H-6c), 3.30 (dd, 1 H, J5,6’ = 6.0 Hz, H-6’a), 3.15-3.09 (m, 2 H, H-5c, H-6’c), 2.93 (br dd, 1 H, OH-

6c), 2.54 (dd, 1 H, Jgem = 12.5 Hz, J3eq,4 = 4.6 Hz, H-3eq-b), 2.22-1.79 (m, 21 H, 5 Ac, H-6Cer, H-

6’Cer, NHCOCH2
Cer, NHCOCH2CH2

Cer), 1.68 (t, 1 H, J3ax,4 = 12.5 Hz, H-3ax-b), 1.51 (s, 3 H, Ac), 

1.49-1.00 (m, 50 H, 25 CH2
Cer), 0.99-0.75 (m, 6 H, 2 MeCer); 13C NMR (125 MHz, CDCl3) δ 172.7, 

171.6, 170.7, 170.7, 170.3, 170.3, 170.2, 168.0, 165.6, 165.1, 138.0, 133.3, 133.1, 133.0, 130.4, 

130.2, 129.9, 129.7, 129.6, 129.4, 128.4, 128.4, 124.8, 101.2, 100.1, 96.8, 79.3, 76.7, 74.3, 74.0, 

74.0, 72.7, 71.9, 71.6, 70.9, 70.6, 69.3, 67.9, 67.1, 67.0, 66.5, 63.2, 59.6, 53.3, 50.4, 50.3, 48.6, 37.3, 

37.1, 36.6, 32.7, 32.3, 31.9, 30.0, 29.7, 29.6, 29.6, 29.5, 29.5, 29.3, 29.2, 29.2, 28.9, 27.1, 25.5, 23.1, 
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22.7, 21.5, 20.8, 20.7, 20.7, 20.4, 19.7, 14.1; HRMS (ESI) m/z found [M+Na]+ 1764.8873, 

C91H131N5O28 calcd for [M+Na]+ 1764.8873. 

 

 

(5-Acetamido-3,5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonic acid)-(2→3)-(6-

azido-6-deoxy-β-D-galactopyranosyl)-(1→4)-(β-D-glucopyranosyl)-(1→1)-(2S,3R,4E)-2-

octadecanamido-4-octadecene-1,3-diol (20) 

19 (21.0 mg, 12.0 μmol) MeOH/THF (3.0 mL/3.0 mL) 1 M NaOH  

(240 μL) 23 TLC (CHCl3/MeOH/5% CaCl2 aq. = 

5:4:1) Muromac C101

 (CHCl3/MeOH/H2O = 6:2:0.07 

to 5:4:1) 20 (14.5 mg, quant.)  

[α]D -11.5° (c 0.3, CHCl3/MeOH = 1:1); 1H NMR (500 MHz, CDCl3/CD3OD = 1:1) δ 7.72 (d, 1 

H, J5,NH = 9.0 Hz, NH-5b), 5.69 (dt, 1 H, J4,5 = 15.0 Hz, J5,6 = J5,6’ = 6.5 Hz, H-5Cer), 5.45 (dd, 1 H, 

J3,4 = 7.5 Hz, H-4Cer), 4.45 (d, 1 H, J1,2 = 8.0 Hz, H-1a), 4.31 (d, 1 H, J1,2 = 7.5 Hz, H-1c), 4.23-3.34 

(m, 23 H, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-2c, 

H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer), 2.81 (br dd, 1 H, H-3eq-b), 2.18 (t, 2 

H, NHCOCH2
Cer), 2.05-2.01 (m, 5 H, Ac, H-6Cer, H-6’Cer), 1.79 (br t, 1 H, H-3ax-b), 1.59 (m, 2 H, 

NHCOCH2CH2
Cer), 1.39-1.16 (m, 50 H, 25 CH2

Cer), 0.91-0.88 (m, 6 H, 2 MeCer); 13C NMR (125 

MHz, CDCl3/CD3OD = 1:1) δ 174.3, 174.0, 157.6, 134.0, 128.9, 103.4, 102.6, 79.5, 75.5, 74.3, 74.1, 

73.3, 73.2, 73.0, 71.6, 71.1, 68.6, 68.4, 67.2, 63.0, 60.2, 57.1, 52.9, 52.3, 52.3, 51.0, 46.1, 40.3, 36.1, 

32.0, 31.5, 29.3, 29.2, 29.1, 29.0, 28.9, 28.9, 25.8, 25.6, 22.2, 21.8, 17.3, 13.6, 13.4, 13.3, 13.2; 
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HRMS (ESI) m/z found [M-H]- 1204.7433, C59H107N5O20 calcd for [M-H]- 1204.7431. 

 

 

TMR-G6-GM3 (23) 

Ar 20 (5.0 mg, 4.1 μmol) MeOH/THF (414 μL/414 μL) H2O 

(20 μL) tributylphosphine (3.1 μL, 12 μmol) 50 °C 2

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:0.4) toluene

 (LH-20, CHCl3/MeOH = 1:1) 2  

Ar MeOH/THF (414 μL/414 μL) TEA (12.0 μL, 82.8 

μmol) 5-carboxy-tetramethylrhodamine N-succinimidyl ester (5.0 mg, 9.5 μmol)

69 TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:0.5)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:0.5)

TMR-G6-GM3 (23) (2.8 mg, 43%, 2 steps)  

1H NMR (800 MHz, CD3OD) δ 8.61-6.91 (m, 9 H, 3 ArTMR), 5.58 (dt, 1 H, J4,5 = 15.2 Hz, J5,6 = 

J5,6’ = 6.6 Hz, H-5Cer), 5.38 (dd, 1 H, J3,4 = 7.8 Hz, H-4Cer), 4.48 (d, 1 H, J1,2 = 7.8 Hz, H-1a), 4.30 

(d, 1 H, J1,2 = 7.8 Hz, H-1c), 4.16-3.01 (m, 35 H, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, 

H-6b, H-7b, H-8b, H-9b, H-9’b, H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-

3Cer, 4 NMeTMR), 2.87 (dd, 1 H, Jgem = 11.8 Hz, J3eq,4 = 3.8 Hz, H-3eq-b), 2.10 (t, 2 H, 

NHCOCH2
Cer), 2.00-1.89 (m, 5 H, H-6Cer, H-6’Cer, Ac), 1.76 (t, 1 H, J3ax,4 = 11.8 Hz, H-3ax-b), 1.51 

(m, 2 H, NHCOCH2CH2
Cer), 1.32-1.30 (m, 50 H, 25 CH2

Cer), 0.90-0.89 (m, 6 H, 2 MeCer); 13C NMR 

(200 MHz, CD3OD) δ 175.8, 175.5, 174.9, 172.4, 169.6, 160.8, 159.0, 159.0, 158.6, 158.6, 141.8, 

137.3, 137.2, 134.9, 132.7, 131.4, 130.5, 129.8, 115.0, 115.0, 114.7, 105.0, 104.4, 101.3, 101.3, 97.3, 
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80.6, 77.7, 76.5, 76.2, 75.0, 74.9, 74.3, 73.0, 72.8, 70.8, 70.1, 69.7, 69.6, 69.4, 64.6, 61.7, 57.7, 57.6, 

57.5, 57.4, 57.3, 54.7, 53.9, 42.0, 41.9, 40.9, 37.3, 33.5, 33.1, 30.9, 30.9, 30.9, 30.9, 30.8, 30.8, 30.7, 

30.7, 30.6, 30.5, 30.5, 30.5, 30.5, 27.2, 23.8, 23.8, 22.6, 17.4, 17.3, 17.2, 14.5; HRMS (ESI) m/z 

found [M-H]- 1590.8955, C84H129N5O24 calcd for [M-H]- 1590.8955. 

 

 

594-G6-GM3 (24) 

Ar 20 (4.9 mg, 4.1 μmol) MeOH/THF (700 μL/700 μL) H2O 

(20 μL) tributylphosphine (3.0 μL, 12 μmol) 50 °C 2.5

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1) toluene

 (LH-20, CHCl3/MeOH = 1:1) 2  

Ar MeOH/THF (700 μL/700 μL) TEA (17.0 μL, 122 

μmol) ATTO594 N-succinimidyl ester (8.5 mg, 6.1 μmol) 12

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:1) 594-G6-GM3 

(24) (3.7 mg, 47%, 2 steps)  

1H NMR (800 MHz, CD3OD) δ 7.91-7.51 (m, 4 H, ArATTO594), 7.39 (s, 1 H, ArATTO594), 7.34 (s, 1 

H, ArATTO594), 6.81 (s, 1 H, ArATTO594), 6.79 (s, 1 H, ArATTO594), 5.90 (s, 1 H, CHATTO594), 5.88 (s, 1 H, 

CHATTO594), 5.68 (dt, 1 H, J4,5 = 15.1 Hz, J5,6 = J5,6’ = 7.6 Hz, H-5Cer), 5.44 (dd, 1 H, J3,4 = 7.6 Hz, H-

4Cer), 4.39 (d, 1 H, J1,2 = 7.8 Hz, H-1a), 4.29 (d, 1 H, J1,2 = 7.5 Hz, H-1c), 4.21-3.19 (m, 33 H, H-2a, 

H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-2c, H-3c, H-4c, H-

5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer , 3 NCH2
ATTO594, 2 CH2SO3

ATTO594), 2.84 (br dd, 1 H, 
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H-3eq-b), 2.73/2.65 (s, 3 H, NMeATTO594), 2.17-1.56 (m, 24 H, Ac, H-3ax-b, H-6Cer, H-6’Cer, 

NHCOCH2
Cer, NHCOCH2CH2

Cer, NCH2CH2CH2
ATTO594, 4 MeATTO594), 1.48-1.28 (m, 58 H, 25 

CH2
Cer, NCH2CH2

ATTO594, 2 NCH2CH3
ATTO594), 0.91-0.89 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, 

CD3OD) δ 175.9, 171.2, 159.2, 154.9, 154.2, 154.1, 138.5, 138.4, 137.5, 135.1, 132.1, 131.7, 131.4, 

131.2, 130.7, 128.9, 126.2, 126.0, 124.2, 124.1, 122.9, 122.8, 115.0, 115.0, 104.9, 104.6, 97.1, 97.1, 

80.3, 77.5, 76.5, 76.0, 76.0, 75.0, 74.9, 74.3, 73.0, 72.8, 70.7, 70.0, 70.0, 69.3, 64.5, 64.4, 64.3, 61.8, 

61.7, 61.6, 55.8, 55.1, 54.7, 54.0, 53.9, 47.9, 47.8, 43.8, 41.9, 41.4, 38.8, 37.4, 33.6, 33.5, 33.1, 33.1, 

30.9, 30.9, 30.9, 30.9, 30.8, 30.8, 30.8, 30.7, 30.6, 30.5, 30.5, 29.5, 29.5, 29.3, 29.3, 27.2, 23.8, 23.5, 

22.6, 18.7, 17.4, 17.3, 14.5, 13.8, 13.7, 9.2; HRMS (ESI) m/z found [M-2H]2- 982.5028, 

C100H156N6O29S2 calcd for [M-2H]2- 982.5028. 

 

 

 

Neu9 GM3  

 

 

4-Methoxyphenyl (5-acetamido-3,5-dideoxy-D-glycero-α-D-galacto-2-nonulopyranosylono-

1’,4-lactone)-(2→3)-2,6-di-O-benzyl-β-D-galactopyranoside (27) 

Ar 25 (123 mg, 130 μmol) MeOH(4.3 mL) 28 w% NaOMe

40 °C 1 TLC (CHCl3/MeOH = 10:1 )

Muromac C101 Muromac C101

10  
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Ar CH2Cl2 (4.3 mL) MS4Å (250 mg) 30

DBU (19.4 μL, 130 μmol) 0 °C 0 °C 30

TLC (CHCl3/MeOH = 10:1 ) AcOH

 (CHCl3/acetone = 1:1) 27 (91 mg, 95%, 2 steps)

 

[α]D +3.6° (c 0.2, MeOH); 1H NMR (500 MHz, CD3OD) δ 7.38-6.79 (m, 14 H, 3 Ar), 5.37 (d, 1 

H, J3,4 = 4.6 Hz, H-4a), 4.96-4.81 (m, 3 H, H-1a, CH2Ph), 4.60 (2 d, 2 H, CH2Ph), 4.34 (dd, 1 H, J2,3 

= 9.7 Hz, H-3a), 4.31 (td, 1 H, J3eq,4 = 5.1 Hz, J3ax,4 = J4,5 = 10.3 Hz, H-4b), 4.09 (m, 1 H, H-5a), 

3.87 (dd, 1 H, J5,6 = 5.2 Hz, Jgem = 10.9 Hz, H-6a), 3.80 (dd, 1 H, J5,6’ = 10.3 Hz, H-6’a), 3.73-3.30 

(m, 10 H, H-2a, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, MeO), 2.34 (dd, 1 H, Jgem = 12.6 Hz, H-3eq-

b), 2.01 (s, 3 H, Ac), 1.69 (dd, 1 H, H-3ax-b); 13C NMR (125 MHz, CD3OD) δ 175.6, 166.9, 156.9, 

152.6, 139.4, 139.3, 129.4, 129.3, 129.0, 128.9, 119.4, 115.6, 102.9, 97.1, 79.2, 75.7, 75.1, 74.7, 

74.5, 73.6, 72.8, 71.8, 69.4, 69.2, 68.7, 65.0, 56.1, 53.9, 41.9, 22.6; HRMS (ESI) m/z found [M+Na]+ 

762.2739, C38H45NO14 calcd for [M+Na]+ 762.2738. 

 

 

4-Methoxyphenyl (5-acetamido-3,5-dideoxy-9-O-p-toluenesulfonyl-D-glycero-α-D-galacto-2-

nonulopyranosylono-1’,4-lactone)-(2→3)-2,6-di-O-benzyl-β-D-galactopyranoside (28) 

Ar 27 (1.03 g, 1.30 mmol) CH2Cl2/Pyr (7.0 mL/7.0 mL)

0 °C TsCl (1.47 g, 7.71 mmol) 5 0 °C 4.5

TLC (CHCl3/MeOH = 10:1) MeOH
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toluene CHCl3 2 M HCl H2O satd 

Na2CO3 brine Na2SO4

 (CHCl3/MeOH = 

40:1) 28 (833 mg, 67%)  

[α]D -1.9° (c 0.2, MeOH); 1H NMR (500 MHz, CDCl3) δ 7.70-6.77 (m, 18 H, 4 Ar), 6.63 (d, 1 H, 

J5,NH = 8.1 Hz, NH), 5.27 (d, 1 H, J3,4 = 4.0 Hz, H-4a), 4.86-4.61 (m, 5 H, H-1a, 2 CH2Ph), 4.30 (dd, 

1 H, J2,3 = 9.8 Hz, H-3a), 4.28 (m, 1 H, H-4b), 4.16 (br dd, 1 H, H-6a), 4.01 (dd, 1 H, J5,6’ = 6.3 Hz, 

Jgem = 10.3 Hz, H-6’a), 3.89-3.75 (m, 7 H, H-5a, H-5b, H-9b, H-9’b, MeO), 3.59 (dd, 1 H, J1,2 = 8.0 

Hz, H-2a), 3.54-3.43 (m, 3 H, H-6b, H-7b, H-8b), 2.45 (dd, 1 H, Jgem = 13.1 Hz, J3eq,4 = 5.1 Hz, H-

3eq-b), 2.38 (s, 3 H, CH3Ar), 2.00 (s, 3 H, Ac), 1.88 (dd, 1 H, J3ax,4 = 11.7 Hz, H-3ax-b); 13C NMR 

(100 MHz, CD3OD) δ 175.6, 166.7, 157.0, 152.6, 146.6, 139.4, 139.1, 136.2, 134.1, 131.1, 130.4, 

130.2, 129.5, 129.4, 129.3, 129.1, 128.9, 128.9, 119.4, 115.6, 102.9, 97.1, 79.1, 75.7, 75.1, 74.5, 

74.4, 74.3, 73.8, 73.5, 72.5, 69.6, 69.1, 68.8, 68.5, 56.1, 53.8, 41.8, 22.6, 21.6; HRMS (ESI) m/z 

found [M+Na]+ 916.2827, C45H51NO16S calcd for [M+Na]+ 916.2826. 

 

 

4-Methoxyphenyl (5-acetamido-9-azido-3,5,9-trideoxy-D-glycero-α-D-galacto-2-

nonulopyranosylono-1’,4-lactone)-(2→3)-2,6-di-O-benzyl-β-D-galactopyranoside (29) 

28 (820 mg, 917 μmol) NaN3 (476 mg, 7.34 mmol) 18-crown-6 (143 mg, 541 

μmol) DMF (9.2 mL) Drierite (1.3 g) 80 °C 5

TLC (CHCl3/MeOH = 10:1) toluene
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(CHCl3/MeOH = 40:1) 29 (692 mg, 99%)  

[α]D +14.8° (c 0.2, MeOH); 1H NMR (600 MHz, CDCl3/CD3OD = 1:1) δ 7.38-6.80 (m, 14 H, 3 

Ar), 5.31 (d, 1 H, J3,4 = 4.1 Hz, H-4a), 4.93-4.59 (m, 5 H, H-1a, 2 CH2Ph), 4.35-4.29 (m, 2 H, H-3a, 

H-4b), 4.03 (m, 1 H, H-5a), 3.92 (dd, 1 H, J5,6 = 6.1 Hz, Jgem = 10.3 Hz , H-6a), 3.81-3.69 (m, 6 H, 

H-6’a, H-5b, H-8b, MeO), 3.58 (dd, 1 H, J1,2 = 8.3 Hz, J2,3 = 8.6 Hz, H-2a), 3.47-3.44 (m, 2 H, H-6b, 

H-7b), 3.35-3.25 (m, 2 H, H-9b, H-9’b), 2.37 (dd, 1 H, Jgem = 13.0 Hz, J3eq,4 = 5.5 Hz, H-3eq-b), 

2.04 (s, 3 H, Ac), 1.75 (dd, 1 H, J3ax,4 = 11.7 Hz, H-3ax-b); 13C NMR (150 MHz, CDCl3/CD3OD = 

1:1) δ 173.8, 164.8, 154.9, 150.5, 137.1, 136.8, 127.7, 127.5, 127.4, 127.2, 127.0, 117.6, 113.7, 

101.0, 95.1, 77.2, 77.1, 77.0, 76.8, 73.9, 73.1, 72.9, 72.5, 71.2, 70.3, 68.6, 67.8, 66.9, 66.5, 54.4, 

53.8, 51.9, 48.2, 47.8, 47.7, 47.5, 47.4, 47.2, 47.1, 46.9, 39.7, 20.9; HRMS (ESI) m/z found [M+Na]+ 

787.2809, C38H44N4O13 calcd for [M+Na]+ 787.2803. 

 

 

4-Methoxyphenyl (5-acetamido-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-

nonulopyranosylono-1’,4-lactone)-(2→3)-2,6-di-O-benzyl-β-D-galactopyranoside (32) 

Ar 29 (9.4 mg, 12 μmol) MeOH (1.2 mL) TEA (6.9 μL, 49 

μmol) TFAcOMe (12 μL, 0.12 mmol) 5 DPPE (29 mg, 74 

μmol) 60 °C 2 TLC (CHCl3/MeOH = 8:1)

CHCl3 2 M HCl H2O satd 

Na2CO3 brine Na2SO4 2

Ar CH2Cl2 (1.2 mL) 0 °C

DBU (1.8 μL, 12 μmol) 30 TLC (CHCl3/MeOH = 
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8:1) Muromac C101 Muromac C101

 

(CHCl3/MeOH = 35:1) 32 (8.7 mg, 85%)  

[α]D -21.4° (c 0.2, CHCl3); 1H NMR (600 MHz, CDCl3) δ 7.37-6.78 (m, 15 H, 3 Ar, NH-9b), 6.58 

(d, 1 H, J5,NH = 9.7 Hz, NH-5b), 5.26-5.24 (m, 2 H, H-4a, H-7b), 4.85-4.75 (m, 3 H, H-1a, CH2Ph), 

4.56-4.51 (m, 2 H, CH2Ph), 4.33-4.29 (m, 2 H, H-3a, H-4b), 3.91 (m, 1 H, H-5a), 3.81-3.62 (m, 7 H, 

H-6a, H-6’a, H-5b, H-8b, MeO), 3.58 (t, 1 H, J1,2 = 8.2 Hz, J2,3 = 8.2 Hz, H-2a), 3.51 (m, 1 H, H-9b), 

3.38 (dd, 1 H, H-6b), 3.31-3.16 (m, 3 H, OH-4b, OH-7b, OH-8b), 2.92 (m, 1 H, H-9’b), 2.41 (dd, 1 

H, H-3eq-b), 2.04 (s, 3 H, Ac) , 1.85 (t, 1 H, H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 174.2, 165.7, 

155.7, 150.9, 137.7, 136.6, 128.8, 128.6, 128.4, 128.3, 127.9, 118.8, 114.6, 102.1, 96.0, 77.7, 74.9, 

74.2, 73.9, 73.3, 71.4, 70.3, 70.2, 68.1, 67.9, 67.0, 55.6, 52.9, 44.2, 40.4, 29.7, 22.9; HRMS (ESI) 

m/z: found [M+Na]+ 857.2722, C40H45F3N2O14 calcd for [M+Na]+ 857.2721. 

 

 

4-Methoxyphenyl (methyl 5-acetamido-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)-2,6-di-O-benzyl-β-D-galactopyranoside (33) 

29 (30.0 mg, 39.2 μmol) MeOH (2.0 mL) TEA (54.6 μL, 

0.392 mmol) TFAcOMe (19.7 μL, 0.196 mmol) Lindlar catalyst (5% Pd/CaCO3 poisoned with 

Pb) (15.0 mg) 1.5 TLC (CHCl3/MeOH = 20:1)

 (CHCl3/MeOH = 30:1) 33 (34.0 mg, 

82%)  
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[α]D -19.0° (c 0.2, CHCl3); 1H NMR (600 MHz, CDCl3) δ 7.36-6.76 (m, 15 H, 3 Ar, NH-9b), 6.48 

(d, 1 H, J5,NH = 8.3 Hz, NH-5b), 4.87-4.85 (m, 2 H, H-1a, CH2Ph), 4.77-4.73 (m, 2 H, OH-7b, 

CH2Ph), 4.52 (2 d, 2 H, CH2Ph), 4.12 (dd, 1 H, J2,3 = 9.6 Hz, J3,4 = 3.4 Hz, H-3a), 3.91-3.72 (m, 15 

H, H-2a, H-4a, H-5a, H-6a, H-6’a, H-5b, H-6b, H-8b, OH-8b, MeO, COOMe), 3.62 (m, 1 H, H-4b), 

3.56 (m, 1 H, H-9b), 3.48-3.42 (m, 3 H, H-6b, H-9’b, OH-4b), 3.33 (m, 1 H, H-7b), 3.07 (s, 1 H, 

OH-4a), 2.66 (dd, 1 H, Jgem = 12.4 Hz, J3eq,4 = 4.1 Hz, H-3eq-b), 2.00 (dd, 1 H, J3ax,4 = 11.7 Hz, H-

3ax-b), 1.92 (s, 3 H, Ac); 13C NMR (125 MHz, CDCl3) δ 173.8, 169.6, 158.2, 157.9, 157.6, 157.3, 

155.3, 151.3, 138.2, 137.9, 128.4, 128.3, 128.2, 127.8, 127.7, 127.6, 118.3, 117.0, 114.7, 114.5, 

102.7, 99.5, 75.7, 75.1, 74.0, 73.6, 73.2, 70.5, 69.4, 69.1, 67.7, 55.6, 53.5, 52.6, 43.2, 38.5, 31.9, 

30.0, 29.7, 22.8; HRMS (ESI) m/z found [M+Na]+ 889.2985, C41H49F3N2O15 calcd for [M+Na]+ 

889.2983. 

 

 

4-Methoxyphenyl (5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-

glycero-α-D-galacto-2-nonulopyranosylono-1’,4-lactone)-(2→3)-2,6-di-O-benzyl-β-D-

galactopyranoside (34) 

Ar 32 (152 mg, 182 μmol) Pyr (1.8 mL) 0 °C

 (280 μL, 2.98 mmol) DMAP (2.0 mg, 16 μmol) 1

TLC (CHCl3/MeOH = 20:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3

brine Na2SO4

 (CHCl3/MeOH = 80:1)
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34 (170 mg, 97 %)  

[α]D -9.4° (c 0.03, CHCl3); 1H NMR (600 MHz, CDCl3) δ 7.39-6.77 (m, 15 H, 3 Ar, NH-9b), 5.54 

(d, 1 H, J5,NH = 10.3 Hz, NH-5b), 5.47 (dd, 1 H, H-4b), 4.97(m, 2 H, H-7b, H-8b), 4.95-4.77 (m, 4 H, 

H-1a, H-4b, CH2Ph), 4.62-4.55 (m, 2 H, CH2Ph), 4.23-4.17 (m, 3 H, H-3a, H-5a, H-9b), 4.01 (dd, 1 

H, H-6a), 3.90 (m, 1 H, H-5a), 3.78-3.74 (s, 4 H, H-6’a, MeO), 3.61 (dd, 1 H, H-6b), 3.58 (t, 1 H, 

J1,2 = J2,3 = 8.3 Hz, H-2a), 2.80 (m, 1 H, H-9’b), 2.25-1.91 (m, 13 H, 4 Ac, H-3eq-b), 1.85 (t, 1 H, 

J3ax,4 = Jgem = 11.7 Hz , H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 172.6, 171.0, 170.1, 163.5, 158.1, 

155.5, 151.1, 138.0, 137.6, 128.4, 128.4, 128.4, 127.9, 127.7, 127.6, 118.5, 114.6, 102.0, 95.0, 77.5, 

74.9, 73.7, 73.3, 72.9, 72.7, 72.2, 69.3, 68.2, 67.2, 55.6, 49.4, 38.2, 37.8, 23.0, 21.0, 20.9, 20.4; 

HRMS (ESI) m/z: found [M+Na]+ 983.3038, C46H51F3N2O17 calcd for [M+Na]+ 983.3038. 

 

 

4-Methoxyphenyl (5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-

glycero-α-D-galacto-2-nonulopyranosylono-1’,4-lactone)-(2→3)-2,6-di-O-benzoyl-β-D-

galactopyranoside (35) 

34 (164 mg, 170 μmol) 1,4-dioxane (6.8 mL) Pd(OH)2-C (819 mg)

3 TLC (CHCl3/MeOH = 20:1)

2  

Ar Pyr (1.7 mL) 0 °C  

(322 mg, 1.42 mmol) DMAP (2.0 mg, 16 μmol) 32

TLC (CHCl3/MeOH = 20:1) MeOH toluene

CHCl3 2 M HCl H2O satd Na2CO3 brine
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Na2SO4

 (CHCl3/MeOH = 80:1) 35 (151 mg, 

90%, 2 steps)  

[α]D +12.1° (c 0.1, CHCl3); 1H NMR (600 MHz, CDCl3) δ 8.07-7.45 (m, 10 H, 2 Ar), 7.33 (m, 1 

H, NH-9b), 6.87-6.53 (m, 4 H, Ar), 5.66 (d, 1 H, J5,NH = 10.4 Hz, NH-5b), 5.59 (m, 1 H, H-4b), 5.51 

(t, 1 H, J1,2 = J2,3 = 8.4 Hz, H-2a), 5.14 (dd, 1 H, J3,4 = 3.5 Hz, H-4b), 5.11 (m, 1 H, H-8b), 5.05 (dd, 

1 H, J7,8 = 9.6 Hz, H-7b), 5.00-4.98 (m, 2 H, H-1a, H-5a), 4.67 (dd, 1 H, H-6a), 4.43 (dd, 1 H, H-3a), 

4.25-4.16 (m, 3 H, H-6’a, H-5b, H-9b), 3.71-3.66 (m, 4 H, H-6b, MeO), 2.81 (m, 1 H, H-9’b), 2.62 

(dd, 1 H, J3eq,4 = 5.5 Hz, Jgem = 13.7 Hz, H-3eq-b), 2.23-1.93 (4 s, 12 H, 4 Ac), 1.85 (t, 1 H, J3ax,4 = 

11.7 Hz, H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 172.7, 171.1, 170.7, 166.2, 165.2, 162.8, 155.7, 

150.9, 133.5, 133.2, 129.8, 129.8, 129.2, 128.5, 128.4, 118.9, 114.3, 100.0, 95.3, 72.6, 72.3, 72.1, 

71.4, 70.3, 69.0, 67.9, 67.2, 62.7, 55.5, 49.6, 37.9, 23.1, 21.1, 20.9, 20.5; HRMS (ESI) m/z: found 

[M+Na]+ 1011.2626, C46H47F3N2O19 calcd for [M+Na]+ 1011.2623. 

 

 

(5-Acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-

2-nonulopyranosylono-1’,4-lactone)-(2→3)-2,6-di-O-benzoyl-β-D-galactopyranose (36) 

Ar 35 (89.7 mg, 90.7 μmol) MeCN/toluene/H2O (0.78 mL/0.65 

mL/0.39 mL) 0 °C CAN (497 mg, 907 μmol) 0 °C 2

TLC (CHCl3/MeOH = 15:1) AcOEt

H2O satd NaHCO3 brine Na2SO4
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(CHCl3/MeOH = 120:1) 36 (62.2 mg, 78%)  

[α]D +60.6° (c 0.3, CHCl3); 13C NMR (150 MHz, CDCl3) δ 172.7, 171.4, 171.2, 170.8, 170.4, 

166.4, 166.2, 165.9, 163.2, 162.9, 158.1, 157.9, 133.5, 133.1, 130.1, 130.0, 129.9, 129.8, 129.7, 

129.6, 129.1, 128.9, 128.7, 128.5, 128.4, 128.3, 128.2, 116.7, 114.8, 95.4, 95.1, 90.7, 76.8, 74.2, 

73.5, 72.2, 72.0, 71.8, 71.6, 69.6, 69.3, 69.1, 68.3, 67.8, 67.7, 67.1, 66.8, 66.4, 66.3, 63.4, 51.9, 49.5, 

49.3, 38.0, 37.9, 37.8, 31.7, 30.9, 29.2, 22.9, 21.0, 20.9, 20.8, 20.5; HRMS (ESI) m/z: found 

[M+Na]+ 905.2201, C39H41F3N2O18 calcd for [M+Na]+ 905.2204. 

 

 

(5-Acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-

2-nonulopyranosylono-1’,4-lactone)-(2→3)-2,6-di-O-benzoyl-D-galactopyranosyl 

trichloroacetimidate (37) 

Ar 36 (60.1 mg, 68.1 μmol) CH2Cl2 (1.4 mL) 0 °C

CCl3CN (137 μL, 1.36 mmol) DBU (2.0 μL, 13.6 μmol) 0 °C 1

TLC (CHCl3/MeOH = 20:1 )

 (CHCl3/MeOH = 90:1)

37 (63.4 mg, 91%)  

[α]D +54.5° (c 0.2, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.61 (s, 1 H, C=NH), 8.03-7.27 (m, 11 

H, 2 Ar, NH-9b), 6.60 (d, 1 H, J1,2 = 3.6 Hz, H-1a), 5.74 (d, 1 H, J5,NH = 9.6 Hz, NH-5b), 5.63-5.52 

(m, 2 H, H-2a, H-4a), 5.29 (dd, 1 H, H-4a), 5.14 (m, 1 H, H-8b), 5.03- 4.97 (m, 2 H, H-5a, H-7b), 

4.84 (dd, 1H, J2,3 = 10.5 Hz, J3,4 = 3.7 Hz, H-3a), 4.71-4.59 (m, 2 H, H-6a, H-6’a), 4.23-4.15 (m, 2 

H, H-5b, H-9b), 3.67 (dd, 1 H, H-6b), 2.82 (m, 1 H, H-9’b), 2.56 (dd, 1 H, J3eq,4 = 5.5 Hz, Jgem = 
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13.7 Hz, H-3eq-b), 2.24-1.81 (m, 13 H, 4 Ac, H-3ax-b); 13C NMR (100 MHz, CDCl3) δ 172.6, 

171.1, 170.6, 170.6, 166.2, 165.3, 163.0, 160.1, 133.7, 133.1, 129.9, 129.7, 128.7, 128.5, 128.3, 

95.1, 93.3, 90.6, 73.2, 72.2, 69.2, 69.1, 68.6, 67.8, 67.7, 67.1, 63.1, 49.5, 38.0, 37.9, 29.7, 23.0, 21.0, 

20.9, 20.5; HRMS (ESI) m/z: found [M+Na]+ 1048.1300, C41H41Cl3F3N3O18 calcd for [M+Na]+ 

1048.1300. 

 

 

4-Methoxyphenyl (methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-

trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-

benzyl-β-D-galactopyranoside (39) 

Ar 33 (323 mg, 373 μmol) Pyr (3.7 mL) 0 °C

 (280 μL, 2.98 mmol) DMAP (4.6 mg, 37 μmol) 20

TLC (CHCl3/MeOH = 30:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3

brine Na2SO4

 (CHCl3/MeOH = 80:1)

39 (377 mg, 98%)  

[α]D +1.2° (c 0.2, CHCl3); 1H NMR (600 MHz, CDCl3) δ 7.43-7.24 (m, 10 H, 2 Ar), 7.16 (m, 1 H, 

NH-9b), 7.01-6.78 (m, 4 H, Ar), 5.39 (m, 1 H, H-8b), 5.21 (d, 1 H, J5,NH = 10.3 Hz, NH-5b), 5.09 (d, 

1 H, J3,4 = 3.4 Hz, H-4a), 5.08 (d, 1 H, J1,2 = 7.6 Hz, H-1a), 4.99 (dd, 1 H, J6,7 = 2.1 Hz, J7,8 = 9.0 

Hz, H-7b), 4.95-4.87 (m, 3 H, H-4b, CH2Ph), 4.54-4.44 (m, 3 H, H-3a, CH2Ph), 4.22 (q, 1 H, J4,5 = 

J5,6 = 10.3 Hz, H-5b), 4.01 (m, 1 H, H-9b), 3.93 (t, 1 H, J5,6 = J5,6’ = 6.2 Hz, H-5a), 3.84 (s, 3 H, 
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COOMe), 3.76 (s, 3 H, MeO), 3.74 (dd, 1 H, J2,3 = 9.7 Hz, H-2a), 3.65 (dd, 1 H, H-6b), 3.55 (dd, 1 

H, Jgem = 10.3 Hz, H-6a), 3.51 (dd, 1 H, H-6’a), 2.75 (m, 1 H, H-9’b), 2.61 (dd, 1 H, J3eq,4 = 4.8 Hz, 

Jgem = 13.0 Hz, H-3eq-b), 2.08-1.87 (m, 16 H, 5 Ac, H-3ax-b); 13C NMR (125 MHz, CDCl3) δ 172.2, 

170.9, 170.3, 170.2, 170.2, 167.8, 158.1, 157.8, 157.5, 157.2, 155.1, 151.5, 139.3, 137.9, 128.3, 

128.1, 127.6, 127.6, 127.2, 127.1, 118.0, 117.0, 114.7, 114.5, 102.2, 97.3, 78.2, 74.8, 73.4, 73.3, 

72.1, 69.3, 68.7, 68.3, 68.0, 67.7, 55.6, 53.1, 49.1, 38.6, 37.3, 29.6, 23.0, 21.0, 20.7, 20.7; HRMS 

(ESI) m/z found [M+Na]+ 1057.3403, C49H57F3N2O19 calcd for [M+Na]+ 1057.3405. 

 

 

4-Methoxyphenyl (methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-

trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-

benzoyl-β-D-galactopyranoside (41) 

39 (368 mg, 356 μmol) 1,4-dioxane (7.1 mL) Pd(OH)2-C (368 mg)

1.5 TLC (CHCl3/MeOH = 20:1)

2  

Ar Pyr (3.6 mL) 0 °C  

(322 mg, 1.42 mmol) DMAP (4.4 mg, 35 μmol) 44

TLC (CHCl3/MeOH = 20:1) MeOH toluene

CHCl3 2 M HCl H2O satd Na2CO3 brine

Na2SO4

 (CHCl3/MeOH = 90:1) 41 (344 mg, 

91%, 2 steps)  
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[α]D +1.2° (c 0.2, CHCl3); 1H NMR (600 MHz, CDCl3) δ 8.11-7.43 (m, 10 H, 2 Ar), 7.16 (m, 1 H, 

NH-9b), 6.92-6.66 (m, 4 H, Ar), 5.53 (dd, 1 H, J1,2 = 7.5 Hz, J2,3 = 9.6 Hz, H-2a), 5.39 (m, 1 H, H-

8b), 5.25 (d, 1 H, H-1a), 5.17 (d, 1 H, J5,NH = 10.3 Hz, NH-5b), 5.15 (d, 1 H, J3,4 = 3.5 Hz, H-4a), 

4.86 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 10.3 Hz, H-7b), 4.82 (td, 1 H, J3eq,4 = 4.1 Hz, J3ax,4 = J4,5 = 10.3 

Hz , H-4b), 4.78 (dd, 1 H, J3,4 = 3.4 Hz, H-3a), 4.47 (dd, 1 H, J5,6 = 7.6 Hz, Jgem = 11.0 Hz, H-6a), 

4.37 (dd, 1 H, J5,6’ = 6.1 Hz, H-6’a), 4.17-4.10 (m, 2 H, H-5a, H-9b), 3.99 (q, 1 H, J5,6 = 10.3 Hz, H-

5b), 3.80 (s, 3 H, COOMe), 3.71 (s, 3 H, MeO), 3.50 (dd, 1 H, H-6b), 2.60-2.57 (m, 2 H, H-3eq-b, 

H-9’b), 2.20-1.54 (m, 16 H, 5 Ac, H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 172.6, 170.9, 170.6, 

170.3, 170.3, 167.9, 165.8, 165.1, 157.9, 157.7, 155.5, 151.2, 133.2, 133.1, 130.3, 130.0, 129.7, 

129.6, 128.3, 118.6, 116.7, 114.8, 114.4, 100.9, 96.8, 71.6, 71.4, 71.1, 70.9, 69.2, 67.6, 67.0, 66.8, 

62.1, 55.5, 53.1, 48.7, 38.3, 37.2, 29.6, 22.9, 21.1, 20.7, 20.4; HRMS (ESI) m/z found [M+Na]+ 

1085.2985, C49H53F3N2O21 calcd for [M+Na]+ 1085.2985. 

 

 

(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-benzoyl-D-galactopyranose (42) 

Ar 41 (220 mg, 207 μmol) MeCN/toluene/H2O (1.8 mL/1.5 mL/0.9 

mL) 0 °C CAN (1.14 g, 2.07 mmol) 0 °C 1.5

TLC (CHCl3/MeOH = 20:1) AcOEt

H2O satd NaHCO3 brine Na2SO4

(CHCl3/MeOH = 120:1) 42 (175 mg, 88%)  
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1H NMR (600 MHz, CDCl3) δ 8.18-7.42 (m, 20 H, 2 Arα, 2 Arβ), 7.24 (m, 1 H, NH-9bα), 7.19 (m, 

1 H, NH-9bβ), 5.42-5.37 (m, 2 H, H-8bα, H-8bβ), 5.30 (d, 1 H, J5,NH = 10.3 Hz, NH-5bα), 5.28-5.27 

(m, 2 H, H-4aα, H-4aβ), 5.24 (d, 1 H, J5,NH = 9.6 Hz, NH-5bβ), 5.19-5.16 (m, 4 H, H-1aα, H-2aα, H-

1aβ, H-2aβ), 5.03 (dd, 1 H, J2,3 = 9.7 Hz, J3,4 = 2.8 Hz, H-3aα), 4.98 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 10.3 

Hz, H-7bβ), 4.94 (dd, 1 H, J6,7 = 3.5 Hz, J7,8 = 10.3 Hz, H-7bα), 4.88-4.82 (m, 2 H, H-4bα, H-4bβ), 

4.79 (dd, 1 H, J2,3 = 9.6 Hz, J3,4 = 2.7 Hz, H-3aβ), 4.53 (m, 1 H, H-5aβ), 4.45-4.39 (m, 3 H, H-5aα, H-

6aα, H-6aβ), 4.32-4.03 (m, 6 H, H-6’aα, H-5bα, H-9bα, H-5bβ, H-6’aβ, H-9bβ), 3.76 (s, 3 H, COOMeα), 

3.75 (s, 3 H, COOMeβ), 3.59 (dd, 1 H, J5,6 = 11.0 Hz, H-6bα), 3.55 (dd, 1 H, J5,6 = 10.3 Hz, H-6bβ), 

2.84 (m, 1 H, H-9’bα), 2.73 (m, 1 H, H-9’bβ), 2.56-2.52 (m, 2 H, H-3eq-bα, H-3eq-bβ), 2.15-1.73 (m, 

32 H, 10 Ac, H-3ax-bα, H-3ax-bβ); 13C NMR (150 MHz, CDCl3) δ 172.5, 172.2, 171.2, 171.0, 170.6, 

170.5, 170.5, 170.2, 170.2, 167.9, 167.8, 166.7, 165.9, 165.8, 165.8, 157.8, 133.4, 133.3, 133.2, 

130.2, 130.0, 130.0, 129.7, 129.6, 128.5, 128.5, 128.3, 116.8, 114.9, 97.5, 97.0, 95.9, 91.7, 73.2, 

72.3, 71.9, 71.0, 70.8, 69.8, 69.3, 69.0, 68.1, 68.0, 67.8, 67.5, 67.2, 67.1, 66.6, 62.2, 61.9, 53.1, 49.1, 

49.0, 42.6, 38.6, 38.3, 37.3, 37.2, 29.7, 23.0, 21.1, 20.8, 20.8, 20.7, 20.7; HRMS (ESI) m/z: found 

[M+Na]+ 979.2574, C42H47F3N2O20 calcd for [M+Na]+ 979.2572. 

 

 

(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

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

trichloroacetimidate (43) 

Ar 42 (93.2 mg, 97.4 μmol) CH2Cl2 (2.0 mL) 0 °C

CCl3CN (196 μL, 1.95 mmol) DBU (2.9 μL, 20 μmol) 0 °C 1.5
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TLC (CHCl3/MeOH = 15:1)

 (CHCl3/MeOH = 90:1)

43 (105 mg, 98%)  

1H NMR (600 MHz, CDCl3) δ 8.60 (s, 1 H, C=NH), 8.18-7.41 (m, 10 H, 2 Ar), 7.26 (m, 1 H, NH-

9b), 6.78 (d, 1 H, J1,2 = 3.4 Hz, H-1a), 5.51-5.48 (m, 2 H, H-2a, H-4a), 5.43 (m, 1 H, H-8b), 5.34 

(dd, 1 H, J2,3 = 10.3 Hz, J3,4 = 3.4 Hz, H-3a), 5.25 (d, 1 H, J5,NH = 10.4 Hz, NH-5b), 5.06 (dd, 1 H, 

J6,7 = 2.0 Hz, J7,8 = 9.6 Hz, H-7b), 4.87 (m, 1 H, J3eq,4 = 4.8 Hz, J3ax,4 = 12.4 Hz, J4,5 = 10.4 Hz, H-

4b), 4.71 (m, 1 H, H-5a), 4.45 (dd, 1 H, J5,6 = 6.9 Hz, Jgem = 11.0 Hz, H-6a), 4.26 (dd, 1 H, J5,6’ = 6.9 

Hz, H-6’a), 4.21 (q, 1 H, J5,6 = 10.4 Hz , H-5b), 4.13 (m, 1 H, H-9b), 3.77 (s, 3 H, COOMe), 3.70 

(dd, 1 H, H-6b), 2.86 (m, 1 H, H-9’b), 2.54 (dd, 1 H, Jgem = 12.4 Hz, H-3eq-b), 2.14-1.90 (5 s, 15 H, 

5 Ac), 1.70 (t, 1 H, H-3ax-b); 13C NMR (125 MHz, CDCl3) δ 172.4, 171.0, 170.4, 169.9, 169.5, 

167.8, 165.8, 160.6, 158.0, 157.7, 133.6, 133.1, 129.9, 129.7, 129.4, 128.6, 128.2, 117.0, 114.7, 96.8, 

94.1, 90.9, 72.4, 69.7, 68.9, 68.5, 68.5, 67.5, 67.4, 66.9, 61.8, 53.2, 49.5, 38.6, 38.0, 29.6, 23.0, 21.0, 

20.9, 20.7, 20.6; HRMS (ESI) m/z found [M+Na]+ 1122.1665, C44H47Cl3F3N3O20 calcd for [M+Na]+ 

1122.1668. 

 

 

(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-benzoyl-β-D-galactopyranosyl-

(1→4)-2-O-benzoyl-3,6-di-O-(4-methoxybenzyl)-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-3-O-

benzoyl-2-octadecanamido-4-octadecene-1,3-diol (45) 

Ar 43 (50.0 mg, 45.4 μmol) 4 (80.1 mg, 68.1 μmol) CH2Cl2 (2.3 
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mL) MS AW-300 (130 mg) 1 0 °C

TMSOTf (0.8 μL, 5 μmol) 1 TLC 

(toluene/AcOEt/MeOH = 1:1:0.07 )

CHCl3 satd Na2CO3 brine Na2SO4

 

(CHCl3/MeOH = 140:1 to 90:1) 45 (90.9 mg, 95%)  

[α]D +39.9° (c 2.1, CHCl3); 1H NMR (600 MHz, CDCl3) δ 8.15-6.62 (m, 29 H, 6 Ar, NH-9b), 5.78 

(dt, 1 H, J4,5 = 15.1 Hz, J5,6 = J5,6’ = 6.9 Hz, H-5Cer), 5.70 (d, 1 H, J2,NH = 8.9 Hz, NHCer), 5.47 (t, 1 

H, J2,3 = J3,4 = 7.5 Hz, H-3Cer), 5.41-5.38 (m, 2 H, H-8b, H-4Cer), 5.32 (t, 1 H, J1,2 = J2,3 = 8.2 Hz, H-

2a), 5.14 (t, 1 H, J1,2 = J2,3 = 8.2 Hz, H-2c), 5.09-5.07 (m, 2 H, H-1a, H-4a), 5.04 (d, 1 H, J5,NH = 

10.3 Hz, NH-5b), 4.86 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 10.3 Hz, H-7b), 4.84-4.79 (m, 2 H, H-4b, 

CH2Ph), 4.65 (dd, 1 H, J3,4 = 3.5 Hz, H-3a), 4.60 (d, 1 H, Jgem = 11.7 Hz, CH2Ph), 4.37-4.32 (m, 4 H, 

H-1c, H-2Cer, CH2Ph), 4.19 (dd, 1 H, J5,6 = 7.5 Hz, Jgem = 11.0 Hz, H-6a), 4.14-4.09 (m, 3 H, H-6’a, 

H-9b, H-4c), 4.03 (dd, 1 H, J1,2 = 3.4 Hz, Jgem = 9.6 Hz, H-1Cer), 3.98 (q, 1 H, J4,5 = J5,6 = 10.3 Hz, 

H-5b), 3.84 (t, 1 H, H-5a), 3.76-3.63 (m, 11 H, H-3c, H-6c, 2 OMe, COOMe), 3.56 (dd, 1 H, J5,6’ = 

4.8 Hz, Jgem = 11.0 Hz, H-6’c), 3.48-3.44 (m, 2 H, H-6b, H-1’Cer), 3.33 (m, 1 H, H-5c), 2.58 (br d, 1 

H, H-9’b), 2.51 (dd, 1 H, Jgem = 12.4 Hz, J3eq,4 = 4.1 Hz, H-3eq-b), 2.10-1.58 (m, 22 H, 5 Ac, H-3ax-

b, H-6Cer, H-6’Cer, NHCOCH2
Cer, NHCOCH2CH2

Cer), 1.35-1.04 (m, 50 H, 25 CH2
Cer), 0.89-0.84 (m, 

6 H, 2 MeCer); 13C NMR (125 MHz, CDCl3) δ 172.6, 172.5, 170.8, 170.3, 170.2, 170.1, 167.7, 165.5, 

165.1, 165.1, 164.9, 158.9, 158.8, 157.9, 157.6, 136.9, 133.2, 133.1, 133.1, 132.7, 130.4, 130.4, 

130.3, 130.1, 130.0, 129.6, 129.6, 129.6, 129.2, 128.8, 128.4, 128.3, 128.2, 128.2, 124.7, 119.2, 

116.9, 114.7, 113.5, 113.4, 100.8, 100.0, 97.0, 79.6, 77.6, 75.8, 75.2, 74.5, 73.7, 73.5, 72.7, 72.0, 

71.7, 71.6, 70.5, 69.3, 68.3, 67.5, 67.1, 67.0, 66.7, 61.2, 55.1, 55.0, 52.9, 50.4, 48.7, 38.3, 37.2, 37.0, 

36.3, 32.7, 32.2, 31.9, 30.0, 29.6, 29.6, 29.6, 29.5, 29.4, 29.3, 29.3, 29.2, 29.1, 28.9, 27.0, 25.4, 22.9, 
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22.6, 21.0, 20.7, 20.6, 20.5, 19.7, 14.0; HRMS (ESI) m/z found [M+Na]+ 2137.0098, 

C114H150F3N3O31 calcd for [M+Na]+ 2137.0098. 

 

 

(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-benzoyl-β-D-galactopyranosyl-

(1→4)-2-O-benzoyl-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-3-O-benzoyl-2-octadecanamido-4-

octadecene-1,3-diol (46) 

Ar 45 (67.9 mg, 32.1 μmol) CH2Cl2 (2.0 mL) 0 °C

TFAcOH (1.0 mL) 1.5 TLC (CHCl3/MeOH = 20:1 

) satd NaHCO3 CHCl3 H2O

brine Na2SO4

 (CHCl3/MeOH = 65:1)

46 (59.3 mg, 99%)  

[α]D +53.0° (c 0.7, CHCl3); 1H NMR (600 MHz, CDCl3) δ 8.36-7.27 (m, 21 H, 4 Ar, NH-9b), 5.88 

(dt, 1 H, J4,5 = 15.1 Hz, J5,6 = J5,6’ = 6.9 Hz, H-5Cer), 5.74 (d, 1 H, J2,NH = 9.6 Hz, NHCer), 5.57 (t, 1 

H, J2,3 = J3,4 = 8.2 Hz, H-3Cer), 5.48 (m, 1 H, H-8b), 5.42 (dd, 1 H, H-4Cer), 5.34 (t, 1 H, J1,2 = J2,3 = 

8.2 Hz, H-2a), 5.15 (t, 1 H, J2,3 = J3,4 = 8.3 Hz, H-2c), 5.10-5.08 (m, 2 H, NH-5b, H-4a), 5.00 (d, 1 

H, J1,2 = 8.2 Hz, H-1a), 4.96 (dd, 1 H, J6,7 = 2.8 Hz, J7,8 = 9.7 Hz, H-7b), 4.80 (m, 1 H, J3eq,4 = 4.1 

Hz, J3ax,4 =12.4 Hz, J4,5 = 11.0 Hz, H-4b), 4.76 (dd, 1 H, J3,4 = 2.7 Hz, H-3a), 4.52 (br dd, 1 H, H-

6a), 4.42 (d, 1 H, H-1c), 4.40 (m, 1 H, H-2Cer), 4.18-4.12 (m, 2 H, H-5a, H-6’a), 4.05 (m, 1 H, H-9b), 

3.96 (q, 1 H, J5,6 = J5,NH = 11.0 Hz, H-5b), 3.90-3.85 (m, 3 H, H-3c, H-4c, H-1Cer), 3.79 (s, 3 H, 
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COOMe), 3.53-3.52 (m, 2 H, H-6b, H-1’Cer), 3.25 (m, 1 H, H-6c), 3.11 (m, 1 H, H-5c), 2.99-2.94 (m, 

2 H, H-6’c, H-9’b), 2.76 (br dd, 1 H, OH-6c), 2.52 (dd, 1 H, Jgem = 12.4 Hz, H-3eq-b), 2.15-1.82 (m, 

16 H, 4 Ac, H-6Cer, H-6’Cer, NHCOCH2
Cer), 1.72 (t, 1 H, H-3ax-b), 1.64 (s, 3 H, Ac), 1.46-1.17 (m, 

52 H, NHCOCH2CH2
Cer, 25 CH2

Cer), 0.89-0.84 (m, 6 H, 2 MeCer); 13C NMR (125 MHz, CDCl3) δ 

172.7, 172.2, 170.7, 170.6, 170.3, 170.1, 167.8, 166.1, 165.7, 165.6, 164.9, 158.4, 158.1, 157.8, 

138.4, 133.3, 133.2, 133.1, 133.1, 130.3, 130.1, 129.9, 129.7, 129.6, 129.5, 129.1, 128.3, 128.3, 

128.3, 124.7, 117.0, 114.7, 101.8, 99.9, 96.9, 80.6, 77.6, 74.1, 73.8, 73.8, 72.7, 71.8, 71.5, 71.3, 70.8, 

69.3, 67.6, 67.3, 66.8, 66.4, 62.4, 59.7, 53.2, 50.4, 48.7, 39.0, 37.2, 37.1, 36.6, 32.3, 31.9, 30.0, 29.7, 

29.6, 29.6, 29.5, 29.4, 29.3, 29.2, 29.2, 28.9, 25.5, 23.0, 22.6, 21.2, 20.7, 20.6, 19.7, 14.1; HRMS 

(ESI) m/z found [M+Na]+ 1896.8947, C98H134F3N3O29 calcd for [M+Na]+ 1896.8947. 

 

 

(5-Acetamido-9-amino-3,5,9-trideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonic acid)-

(2→3)-(β-D-galactopyranosyl)-(1→4)-(β-D-glucopyranosyl)-(1→1)-(2S,3R,4E)-2-

octadecanamido-4-octadecene-1,3-diol (47) 

46 (19.9 mg, 106 μmol) MeOH/THF (3.0 mL/3.0 mL) 1 M NaOH  

(120 μL) 21 TLC (CHCl3/MeOH/5% CaCl2 aq. = 

5:4:1) Muromac C101

 (CHCl3/MeOH/H2O = 5:1.7:0.1 

to 5:3:0.2) 47 (10.6 mg, 85%)  

[α]D +6.0° (c 0.1, CHCl3/MeOH = 1:1); 1H NMR (500 MHz, CDCl3/CD3OD = 1:1) δ 5.70 (dt, 1 

H, J4,5 = 14.9 Hz, J5,6 = J5,6’ = 7.5 Hz, H-5Cer), 5.45 (dd, 1 H, J3,4 = 8.0 Hz, H-4Cer), 4.30 (d, 1 H, J1,2 
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= 8.1 Hz, H-1a), 4.22 (br d, 1 H, H-1c), 4.08 (t, 1 H, J2,3 = 8.1 Hz, H-3Cer), 4.02-3.35 (m, 22 H, H-2a, 

H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-2c, H-3c, H-4c, H-

5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer), 2.85 (br dd, 1 H, H-3eq-b), 2.17 (t, 2 H, NHCOCH2
Cer), 

2.05-2.02 (m, 5 H, Ac, H-6Cer, H-6’Cer), 1.76 (t, 1 H, H-3ax-b), 1.58 (m, 2 H, NHCOCH2CH2
Cer), 

1.43-1.16 (m, 50 H, 25 CH2
Cer), 0.91 (m, 6 H, 2 MeCer); 13C NMR (125 MHz, CDCl3/CD3OD = 1:1) 

δ 174.2, 170.1, 134.6, 134.2, 133.9, 128.9, 102.7, 74.8, 74.4, 73.6, 73.0, 71.6, 70.6, 68.6, 68.1, 67.9, 

67.4, 67.2, 57.4, 52.8, 52.6, 52.1, 48.9, 48.7, 48.5, 48.3, 48.2, 48.0, 47.8, 47.3, 42.5, 36.1, 34.1, 33.3, 

32.1, 31.6, 29.4, 29.3, 29.2, 29.1, 29.0, 25.6, 22.3, 22.1, 22.0, 15.5, 13.6, 12.9; HRMS (ESI) m/z 

found [M-H]- 1178.7526, C59H109N3O20 calcd for [M-H]- 1178.7526. 

 

 

TMR-S9-GM3 (48)  

Ar 47 (4.0 mg, 3.4 μmol)  MeOH/THF (339 μL/339 μL)

TEA (8.5 μL, 61 μmol) 5-carboxy-tetramethylrhodamine N-succinimidyl ester (5.0 mg, 9.5 

μmol) 29 TLC (CHCl3/MeOH/5% CaCl2 aq. = 

5:4:0.5)  (LH-20, CHCl3/MeOH = 1:1) PTLC 

(CHCl3/MeOH/H2O = 5:4:0.5) TMR-S9-GM3 (48) (3.9 mg, 74%)  

1H NMR (600 MHz, CD3OD) δ 8.57-6.31 (m, 9 H, 3 ArTMR), 5.62 (dt, 1 H, J4,5 = 15.8 Hz, J5,6 = 

J5,6’ = 6.2 Hz, H-5Cer), 5.40 (dd, 1 H, J3,4 = 7.6 Hz, H-4Cer), 4.43 (d, 1 H, J1,2 = 7.5 Hz, H-1a), 4.27 

(d, 1 H, J1,2 = 8.2 Hz, H-1c), 4.11-3.00 (m, 35 H, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, 

H-6b, H-7b, H-8b, H-9b, H-9’b, H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-

3Cer, 4 NMeTMR), 2.87 (dd, 1 H, J3eq,4 = 4.8 Hz, Jgem = 12.4 Hz, H-3eq-b), 2.15-1.97 (m, 7 H, Ac, H-
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6Cer, H-6’Cer, NHCOCH2
Cer), 1.75 (t, 1 H, J3ax,4 = 12.4 Hz, H-3ax-b), 1.52-1.51 (m, 2 H, 

NHCOCH2CH2
Cer), 1.33-1.28 (m, 50 H, 25 CH2

Cer), 0.91-0.88 (m, 6 H, 2 MeCer); 13C NMR (200 

MHz, CD3OD) δ 175.9, 175.4, 172.5, 169.4, 161.6, 159.0, 159.0, 158.7, 158.7, 142.0, 137.5, 137.0, 

134.9, 132.7, 131.4, 130.8, 129.5, 115.2, 115.0, 114.8, 105.0, 104.5, 101.2, 97.3, 80.8, 77.8, 77.1, 

76.5, 76.3, 74.9, 74.8, 73.0, 72.4, 71.2, 71.0, 69.9, 69.5, 69.0, 62.7, 61.9, 57.5, 57.4, 54.8, 53.9, 44.8, 

42.2, 40.9, 40.9, 37.3, 33.5, 33.1, 33.1, 30.9, 30.9, 30.9, 30.8, 30.8, 30.7, 30.7, 30.6, 30.5, 30.5, 30.5, 

30.1, 27.2, 23.8, 23.8, 22.6, 17.4, 17.3, 17.2, 14.5, 14.5; HRMS (ESI) m/z found [M-H] - 1590.8955, 

C84H129N5O24 calcd for [M-H]- 1590.8955. 

 

 

Fl-S9-GM3 (49) 

Ar 47 (2.6 mg, 2.2 μmol)  MeOH/THF (220 μL/220 μL)

TEA (1.5 μL, 11 μmol) 5-carboxy-fluorescein N-succinimidyl ester (3.1 mg, 6.5 μmol)

29 TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:0.8)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O 

= 5:4:0.8) Fl-S9-GM3 (49) (2.4 mg, 73%)  

1H NMR (500 MHz, CDCl3/CD3OD = 1:3) δ 8.46-6.54 (m, 9 H, 3 ArFl), 5.64 (dt, 1 H, J4,5 = 15.2 

Hz, J5,6 = J5,6’ = 6.6 Hz, H-5Cer), 5.41 (dd, 1 H, J3,4 = 7.7 Hz, H-4Cer), 4.42 (d, 1 H, J1,2 = 7.8 Hz, H-

1a), 4.28 (d, 1 H, J1,2 = 7.8 Hz, H-1c), 4.17-3.18 (m, 23 H, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-

4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-

2Cer, H-3Cer), 2.86 (dd, 1 H, J3eq,4 = 3.9 Hz, Jgem = 11.2 Hz, H-3eq-b), 2.15-1.97 (m, 7 H, Ac, H-6Cer, 

H-6’Cer, NHCOCH2
Cer), 1.75 (t, 1 H, J3ax,4 = 11.2 Hz, H-3ax-b), 1.55 (m, 2 H, NHCOCH2CH2

Cer), 
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1.33-1.17 (m, 50 H, 25 CH2
Cer), 1.01-0.95 (m, 6 H, 2 MeCer); 13C NMR(200 MHz, CDCl3/CD3OD = 

1:3) δ 175.9, 175.3, 174.8, 168.6, 137.9, 135.1, 131.0, 130.2, 104.9, 104.3, 103.6, 80.8, 77.5, 76.8, 

76.2, 76.0, 74.6, 74.6, 72.9, 72.2, 70.8, 69.7, 69.2, 68.8, 62.6, 61.7, 54.5, 53.7, 47.7, 44.8, 41.9, 37.3, 

33.4, 33.0, 33.0, 30.8, 30.7, 30.7, 30.7, 30.6, 30.5, 30.4, 30.4, 30.4, 30.3, 30.3, 27.0, 23.6, 23.6, 22.6, 

14.5, 9.2; HRMS (ESI) m/z found [M-H]- 1536.8009, C80H119N3O26 calcd for [M-H]- 1536.8009. 

 

 

594-S9-GM3 (50) 

Ar 47 (4.1 mg, 3.4 μmol) MeOH/THF (200 μL/200 μL) TEA 

(9.8 μL, 69.6 μmol) ATTO594 N-succinimidyl ester (7.3 mg, 5.2 μmol) 6.5

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:0.5)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:0.5)

594-S9-GM3 (50) (4.4 mg, 65%)  

1H NMR (600 MHz, CD3OD) δ 7.81-7.46 (m, 4 H, ArATTO594), 7.25 (s, 1 H, ArATTO594), 7.24 (s, 1 

H, ArATTO594), 6.71 (s, 1 H, ArATTO594), 6.68 (s, 1 H, ArATTO594), 5.80 (s, 1 H, CHATTO594), 5.78 (s, 1 H, 

CHATTO594), 5.58 (dt, 1 H, J4,5 = 15.8 Hz, J5,6 = J5,6’ = 7.6 Hz, H-5Cer), 5.45 (dd, 1 H, J3,4 = 8.3 Hz, H-

4Cer), 4.25 (d, 1 H, J1,2 = 7.6 Hz, H-1a), 4.27 (d, 1 H, J1,2 = 7.6 Hz, H-1c), 4.27-3.11 (m, 33 H, H-2a, 

H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-2c, H-3c, H-4c, H-

5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 3 NCH2
ATTO594, 2 CH2SO3

ATTO594), 2.75 (br dd, 1 H, 

H-3eq-b), 2.60/2.56 (s, 3 H, NMeATTO594), 2.07 (t, 2 H, NHCOCH2
Cer), 1.91-1.88 (m, 5 H, Ac, H-6Cer, 

H-6’Cer), 1.65-1.11 (m, 75 H, H-3ax-b, 26 CH2
Cer, 4 MeATTO594, NCH2CH2

ATTO594, 

NCH2CH2CH2
ATTO594, 2 NCH2CH3

ATTO594) 0.81-0.79 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, 
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CD3OD) δ 175.9, 175.4, 174.9, 174.8, 171.5, 171.1, 159.2, 159.1, 159.1, 155.0, 154.9, 154.2, 154.2, 

138.4, 138.3, 137.8, 137.3, 135.0, 134.9, 132.2, 131.8, 131.7, 131.5, 131.1, 130.7, 130.5, 128.8, 

126.2, 126.0, 124.3, 124.2, 122.9, 122.9, 115.0, 115.0, 105.1, 105.0, 104.6, 101.2, 97.2, 97.2, 96.9, 

81.0, 80.9, 77.7, 77.1, 76.9, 76.5, 76.3, 74.8, 74.7, 72.9, 71.9, 70.9, 70.1, 69.6, 69.4, 69.0, 64.3, 62.7, 

62.1, 61.9, 61.8, 61.7, 54.7, 54.0, 54.0, 53.9, 52.1, 43.9, 42.1, 41.5, 41.3, 38.7, 37.4, 33.7, 33.5, 33.1, 

33.1, 32.7, 30.9, 30.9, 30.8, 30.8, 30.8, 30.8, 30.7, 30.7, 30.5, 30.5, 30.5, 29.5, 29.5, 29.3, 29.3, 27.2, 

23.8, 23.7, 22.8, 22.7, 14.5, 13.9, 13.9, 13.7, 9.2; HRMS (ESI) m/z found [M-2H]2- 982.5028, 

C100H156N6O29S2 calcd for [M-2H]2- 982.5028. 

 

 

647N-S9-GM3 (51) 

Ar 47 (1.4 mg, 1.2 μmol) MeOH/THF (200 μL/200 μL) TEA 

(2.5 μL, 18 μmol) ATTO647N N-succinimidyl ester (1.0 mg, 1.3 μmol) 27

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:0.05)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:3:1)

647N-S9-GM3 (51) (1.4 mg, 67%)  

1H NMR (800 MHz, CD3OD) δ 7.71-6.76 (m, 7 H, 3 ArATTO647N), 5.66 (dt, 1 H, J4,5 = 15.1 Hz, J5,6 

= J5,6’ = 7.8 Hz, H-5Cer), 5.43 (dd, 1 H, J3,4 = 7.7 Hz, H-4Cer), 4.40-2.56 (m, 37 H, H-1a, H-2a, H-3a, 

H-4a, H-5a, H-6a, H-6’a, H-3eq-b, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, H-2c, H-3c, 

H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 4 NCH2
ATTO647N, NMeATTO647N), 2.15 (t, 2 H, 

NHCOCH2
Cer), 2.01-1.01 (m, 91 H, H-3ax-b, H-6Cer, H-6’Cer, 26 CH2

Cer, CHATTO647N, 7 CH2
ATTO647N, 

6 MeATTO647N, Ac), 0.90-0.89 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, CD3OD) δ 175.9, 175.5, 175.4, 
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174.9, 170.6, 159.2, 154.7, 153.5, 151.4, 135.0, 131.5, 130.1, 130.1, 129.6, 128.3, 124.8, 124.3, 

124.3, 122.0, 105.1, 104.6, 101.3, 80.7, 77.9, 77.2, 76.5, 76.3, 74.9, 74.8, 73.0, 72.2, 70.9, 70.8, 

70.0, 69.4, 69.1, 62.8, 61.8, 59.0, 59.0, 58.9, 54.7, 53.9, 53.3, 52.6, 49.5, 48.8, 48.7, 47.6, 44.3, 41.8, 

41.8, 38.0, 37.9, 37.9, 37.4, 34.0, 33.5, 33.2, 33.2, 31.9, 31.7, 31.1, 31.1, 31.0, 30.9, 30.9, 30.9, 30.9, 

30.8, 30.7, 30.6, 30.6, 30.5, 30.5, 29.5, 28.6, 28.6, 27.6, 27.5, 27.2, 26.3, 23.8, 22.7, 21.7, 14.9, 14.8, 

14.8, 14.5; HRMS (ESI) m/z found [M+2Na]2+ 926.5605, C101H158N6O22 calcd for [M+2Na]2+ 

926.5607. 

 

 

488-S9-GM3 (52) 

Ar 47 (3.9 mg, 3.3 μmol) MeOH/THF (200 μL/200 μL) TEA 

(6.9 μL, 50 μmol) ATTO488 N-succinimidyl ester (4.9 mg, 5.0 μmol) 1.5

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:0.7)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:0.7)

488-S9-GM3 (52) (4.9 mg, 86%)  

1H NMR (500 MHz, CDCl3/CD3OD = 1:1) δ 7.74-6.95 (m, 8 H, 3 ArATTO488), 5.67 (dt, 1 H, J4,5 = 

15.0 Hz, J5,6 = J5,6’ = 6.4 Hz, H-5Cer), 5.44 (dd, 1 H, J3,4 = 7.7 Hz, H-4Cer), 4.42-2.76 (m, 31 H, H-1a, 

H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-3eq-b, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, 

H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, NMeATTO488, NCH2
ATTO488), 

2.18-1.74 (m, 14 H, H-3ax-b, H-6Cer, H-6’Cer, 2 CH2
ATTO488, NHCOCH2

Cer
, NHCOCH2CH2

Cer, Ac), 

1.37-1.16 (m, 50 H, 25 CH2
Cer), 0.91-0.88 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, CDCl3/CD3OD = 

2:1) δ 180.7, 175.0, 174.0, 156.7, 134.8, 130.2, 129.8, 120.0, 113.9, 112.7, 104.2, 103.7, 103.4, 



 115 

100.5, 75.6, 75.2, 73.7, 72.4, 70.7, 69.8, 69.0, 68.3, 63.7, 62.7, 62.5, 61.9, 61.1, 59.6, 57.0, 56.7, 

53.9, 53.8, 53.6, 53.0, 48.2, 46.7, 43.5, 37.6, 36.9, 35.2, 31.5, 27.1, 22.7, 17.3; HRMS (ESI) m/z 

found [M-2H]2- 874.4089, C84H131N6O29S2 calcd for [M-2H]2- 874.4089. 

 

 

 

Neu9 GM1  

 

4-Methoxyphenyl (methyl 5-acetamido-4-O-acetyl-7,8-O-isopropylidene-3,5,9-trideoxy-9-

trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)-2,6-di-O-benzyl-β-D-

galactopyranoside (54) 

Ar 33 (100 mg, 115 μmol) MeCN (577 μL) CSA (8.0 mg, 35 

μmol) 2,2-dimethoxypropane (DMP) (448 μL, 3.68 mmol) 5 24

TLC (CHCl3/MeOH = 15:1) TEA

toluene 2  

Ar CH2Cl2/Pyr (1.0 mL/1.0 mL) -40 °C

AcCl (46.8 μL, 654 μmol) 8 -40 °C 52

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

CHCl3 2 M HCl H2O satd Na2CO3 brine

Na2SO4

 (CHCl3/MeOH = 40:1) 54 (84 mg, 
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77%, 2 steps)  

[α]D -22.0° (c 0.6, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.40-6.79 (m, 15 H, 3 Ar, NH-9b), 5.28 

(d, 1 H, J5,NH = 8.0 Hz, NH-5b), 5.05-5.00 (m, 2 H, H-4b, CH2Ph), 4.87 (d, 1 H, J1,2 = 7.4 Hz, H-1a), 

4.71 (d, 1 H, Jgem = 11.5 Hz, CH2Ph), 4.58-4.53 (2 d, 2 H, CH2Ph), 4.23-4.09 (m, 4 H, H-3a, H-5b, 

H-7b, H-8b), 4.01 (s, 1 H, H-4a), 3.92-3.58 (m, 13 H, H-2a, H-5a, H-6a, H-6’a, H-6b, H-9b, H-9’b, 

MeO, COOMe), 2.74 (s, 1 H, OH-4a), 2.48 (dd, 1 H, Jgem = 13.2 Hz, J3eq,4 = 5.1 Hz, H-3eq-b), 2.17 

(dd, 1 H, J3ax,4 = 10.9 Hz, H-3ax-b), 1.99-1.88 (2 s, 6 H, 2 Ac), 1.36-1.29 (2 s, 6 H, 2 Me); 13C NMR 

(125 MHz, CDCl3) δ 170.6, 170.4, 168.9, 158.1, 157.8, 157.5, 157.2, 155.2, 151.3, 138.2, 137.8, 

128.5, 128.3, 128.1, 127.9, 127.7, 127.6, 127.5, 127.5, 118.3, 118.2, 116.9, 114.6, 114.5, 108.4, 

102.9, 99.4, 76.8, 75.2, 74.9, 74.7, 73.5, 73.2, 73.1, 71.8, 69.1, 68.8, 68.7, 55.5, 53.3, 50.6, 41.0, 

35.3, 27.3, 24.5, 23.1, 20.8; HRMS (ESI) m/z found [M+Na]+ 971.3401, C46H55F3N2O16 calcd for 

[M+Na]+ 971.3401. 

 

 

4-Methoxyphenyl (2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-(1→3)-{4,6-di-O-acetyl-2-

deoxy-2-(2,2,2-trichloroethoxycarbamoyl)-β-D-galactopyranosyl}-(1→4)-{(methyl 5-acetamido-

4-O-acetyl-7,8-O-isopropylidene-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-

nonulopyranosylonate)-(2→3)}-2,6-di-O-benzyl-β-D-galactopyranoside (56) 

Ar 55 (48.7 mg, 56.6 μmol) 54 (35.8 mg, 37.7 μmol) CH2Cl2 

(943 μL) MS4Å (85 mg) 30 0 °C

NIS (19.0 mg, 84.9 μmol) TfOH (1.5 μL, 17 μmol) 1
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TLC (toluene/AcOEt = 1:6 ) TEA

CHCl3 satd Na2S2O3 brine Na2SO4

 (CHCl3/MeOH = 80:1 to 70:1) 56 (48.2 mg, 75%, 2 steps)  

 

 

 

4-Methoxyphenyl (2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-(1→3)-{4,6-di-O-acetyl-2-

deoxy-2-(2,2,2-trichloroethoxycarbamoyl)-β-D-galactopyranosyl}-(1→4)-{(methyl 5-acetamido-

4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-

nonulopyranosylonate)-(2→3)}-2,6-di-O-benzyl-β-D-galactopyranoside (57) 

Ar 56 (1.22 g, 0.717 mmol) AcOH/H2O (14.0 mL/3.5 mL)

50 ˚C 8 TLC (CHCl3/MeOH = 15:1 )

toluene 2  

Ar Pyr (7.0 mL) 0 °C  (270 μL, 2.87 

mmol) DMAP (8.8 mg, 71 μmol) 16 TLC 

(CHCl3/MeOH = 20:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3 brine

Na2SO4

 (CHCl3/MeOH = 70:1 to 60:1)

57 (1.19 g, 95%, 2 steps)  
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[α]D +5.6° (c 1.6, CHCl3); 1H NMR (600 MHz, CD3CN, 40 °C) δ 7.44 (m, 1 H, NH-9b), 7.34-6.80 

(m, 14 H, 3 Ar), 6.07 (d, 1 H, J2,NH = 9.7 Hz, NH-2e), 6.04 (d, 1 H, J5,NH = 10.3 Hz, NH-5b), 5.32 

(m, 2 H, H-4d, H-4e), 5.08-4.92 (m, 6 H, H-1a, H-4b, H-7b, H-8b, H-2d, H-3d), 4.86 (d, 1 H, Jgem = 

11.0 Hz, CCl3CH2O), 4.81-4.76 (m, 3 H, H-1d, H-1e, CH2Ph), 4.70 (d, 1 H, CCl3CH2O), 4.63 (d, 1 

H, Jgem = 12.4 Hz, CH2Ph), 4.54-4.47 (2 d, 2 H, CH2Ph), 4.42 (dd, 1 H, J2,3 = 9.6 Hz, J3,4 = 2.7 Hz, 

H-3a), 4.20 (dd, 1 H, J5,6 = 4.1 Hz, Jgem = 9.6 Hz, H-6d), 4.13 (dd, 1 H, J2,3 = 10.3 Hz, J3,4 = 2.7 Hz, 

H-3e), 4.11-3.97 (m, 6 H, H-5b, H-5d, H-6’d, H-5e, H-6e, H-6’e), 3.93-3.79 (m, 7 H, H-4a, H-5a, H-

6b, H-9b, COOMe), 3.76-3.68 (m, 5 H, H-6a, H-2e, MeO), 3.64-3.60 (m, 2 H, H-2a, H-6’a), 3.00 

(m, 1 H, H-9’b), 2.53 (dd, 1 H, Jgem = 13.0 Hz, J3eq,4 = 4.8 Hz, H-3eq-b), 2.21-1.72 (m, 31 H, 10 Ac, 

H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 172.1, 170.9, 170.5, 170.4, 170.4, 170.1, 170.0, 169.5, 

169.3, 168.6, 157.9, 155.2, 154.1, 151.2, 138.4, 138.2, 128.3, 128.2, 128.0, 127.6, 127.5, 127.4, 

127.3, 118.4, 116.7, 114.8, 114.4, 102.8, 101.0, 101.0, 99.3, 95.6, 77.9, 76.6, 75.6, 75.2, 74.3, 73.6, 

73.5, 72.2, 70.5, 70.4, 70.3, 69.5, 68.9, 68.7, 68.6, 67.7, 67.3, 66.6, 62.2, 60.6, 55.5, 54.4, 53.3, 49.2, 

38.0, 35.5, 29.6, 23.0, 22.6, 20.9, 20.8, 20.7, 20.6, 20.6, 20.5; HRMS (ESI) m/z found [M+Na]+ 

1764.4192, C74H89Cl3F3N3O35 calcd for [M+Na]+ 1764.4192. 

 

 

4-Methoxyphenyl (2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-(1→3)-(2-acetamido-4,6-di-

O-acetyl-2-deoxy-β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-

trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-

O-benzyl-β-D-galactopyranoside (58) 
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Ar 57 (1.17 g, 0.670 mmol) AcOH/ClCH2CH2Cl (2.5 mL/10.0 mL)

Zn  (7.00 g) 40 ˚C 1 TLC 

(CHCl3/MeOH = 20:1 ) toluene

CHCl3 H2O satd Na2CO3 brine

Na2SO4 2

 

Ar Pyr (10.0 mL) 0 °C  (190 μL, 2.01 

mmol) DMAP (8.2 mg, 67 μmol) 1 TLC 

(CHCl3/MeOH = 20:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3 brine

Na2SO4

 (CHCl3/MeOH = 70:1 to 60:1)

58 (939 mg, 88%, 2 steps)  

[α]D +7.9° (c 3.0, CHCl3); 1H NMR (600 MHz CD3CN, 40 °C) δ 7.44 (m, 1 H, NH-9b), 7.35-6.81 

(m, 14 H, 3 Ar), 6.37 (d, 1 H, J2,NH = 9.0 Hz, NH-2e), 6.06 (d, 1 H, J5,NH = 10.3 Hz, NH-5b), 5.32 (d, 

1 H, J3,4 = 3.4 Hz, H-4d), 5.31 (d, 1 H, J3,4 = 3.5 Hz, H-4e), 5.08-5.05 (m, 3 H, H-7b, H-8b, H-3d), 

5.02 (td, 1 H, J3eq,4 = 4.8 Hz, J3ax,4 = J4,5 = 11.7 Hz, H-4b), 4.95-4.92 (m, 2 H, H-1a, H-2d), 4.85 (d, 1 

H, Jgem = 11.0 Hz, CH2Ph), 4.74 (d, 1 H, J1,2 = 8.2 Hz, H-1d), 4.70-4.68 (m, 2 H, H-1e, CH2Ph), 

4.54-4.46 (2 d, 2 H, CH2Ph), 4.36 (dd, 1 H, J2,3 = 9.6 Hz, J3,4 = 2.8 Hz, H-3a), 4.17 (dd, 1 H, J5,6 = 

8.9 Hz, Jgem = 13.7 Hz, H-6d), 4.10-3.95 (m, 8 H, H-5b, H-5d, H-6’d, H-2e, H-3e, H-5e, H-6e, H-

6’e), 3.91-3.86 (m, 5 H, H-6b, H-9b, COOMe), 3.82 (d, 1 H, H-4a), 3.79 (m, 1 H, H-5a), 3.74 (s, 3 

H, MeO), 3.67 (dd, 1 H, J5,6 = 4.1 Hz, Jgem = 11.0 Hz, H-6a), 3.60 (dd, 1 H, J5,6’ = 7.6 Hz, H-6’a), 

3.57 (dd, 1 H, J1,2 = 7.5 Hz, H-2a), 3.00 (m, 1 H, H-9’b), 2.54 (dd, 1 H, Jgem = 13.7 Hz, H-3eq-b), 

2.15-1.76 (m, 34 H, 11 Ac, H-3ax-b); 13C NMR (150 MHz, CDCl3) δ 172.1, 170.9, 170.4, 170.4, 
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170.3, 170.1, 170.0, 169.9, 169.6, 169.6, 169.5, 169.2, 168.4, 157.8, 157.6, 155.1, 151.4, 151.3, 

138.6, 138.2, 138.1, 128.3, 128.2, 128.1, 128.0, 127.6, 127.5, 127.4, 127.3, 127.1, 118.2, 116.7, 

114.8, 114.4, 102.6, 102.3, 100.9, 100.3, 100.0, 98.7, 77.9, 75.5, 75.5, 75.0, 74.8, 73.6, 73.4, 73.3, 

72.1, 72.0, 70.7, 70.6, 70.4, 70.2, 69.7, 69.4, 68.9, 68.8, 68.7, 68.6, 67.6, 67.5, 67.4, 67.2, 66.6, 62.5, 

62.3, 60.6, 55.5, 53.6, 53.0, 49.2, 38.1, 36.0, 29.5, 23.4, 22.9, 21.0, 20.9, 20.7, 20.7, 20.7, 20.6, 20.5, 

20.4; HRMS (ESI) m/z found [M+Na]+ 1632.5256, C73H90F3N3O34 calcd for [M+Na]+ 1632.5256. 

 

 

4-Methoxyphenyl (2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyl)-(1→3)-(2-acetamido-4,6-di-

O-acetyl-2-deoxy-β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-

trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-

O-benzoyl-β-D-galactopyranoside (60) 

58 (935 mg, 580 μmol) 1,4-dioxane (12.0 mL) Pd(OH)2-C (2.00 g)

1.5 TLC (CHCl3/MeOH = 15:1 

) 2  

Ar Pyr (12.0 mL) 0 °C  

(787 mg, 3.48 mmol) DMAP (7.1 mg, 58 μmol) 93

TLC (CHCl3/MeOH = 20:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3 brine

Na2SO4

 (toluene/AcOEt/MeOH = 2:1:0.07)
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60 (890 mg, 94%, 2 steps)  

[α]D +23.9° (c 1.3, CHCl3); 1H NMR (600 MHz, CDCl3) δ 8.07-6.61 (m, 15 H, 3 Ar, NH-9b), 5.98 

(d, 1 H, J2,NH = 6.8 Hz, NH-2e), 5.59 (t, 1 H, J1,2 = J2,3 = 7.5 Hz, H-2a), 5.40-5.34 (m, 3 H, H-8b, H-

4d, H-4e), 5.23 (d, 1 H, J1,2 = 8.2 Hz, H-1e), 5.19 (d, 1 H, H-1a), 5.13 (dd, 1 H, J1,2 = 7.5 Hz, J2,3 = 

10.3 Hz, H-2d), 5.07-5.04 (m, 2 H, NH-5b, H-3e), 4.97 (dd, 1 H, J3,4 = 3.4 Hz, H-3d), 4.84 (dd, 1 H, 

J6,7 = 2.5 Hz, J7,8 = 10.0 Hz, H-7b), 4.75 (td, 1 H, J3eq,4 = 4.5 Hz, J3ax,4 = J4,5 = 10.4 Hz, H-4b), 4.64 

(dd, 1 H, J5,6 = 4.9 Hz, Jgem = 11.7 Hz, H-6a), 4.61 (d, 1 H, H-1d), 4.50-4.46 (m, 2 H, H-3a, H-6’a), 

4.14-3.80 (m, 12 H, H-5a, H-5b, H-9b, H-5d, H-6d, H-6’d, H-5e, H-6e, H-6’e, COOMe), 3.73 (br d, 

1 H, H-4a), 3.70 (s, 3 H, MeO), 3.67 (dd, 1 H, J5,6 = 10.3 Hz, H-6b), 3.32 (m, 1 H, H-2e), 2.84 (dd, 1 

H, Jgem = 13.0 Hz, H-3eq-b), 2.58 (m, 1 H, H-9’b), 2.36-1.54 (m, 34 H, 11 Ac, H-3ax-b); 13C NMR 

(150 MHz, CDCl3) δ 172.7, 172.2, 171.1, 170.4, 170.2, 170.0, 169.1, 168.1, 165.9, 165.1, 158.0, 

157.8, 155.4, 151.3, 133.2, 130.2, 130.0, 129.9, 129.6, 129.0, 128.5, 128.4, 128.2, 125.3, 118.6, 

116.8, 114.8, 114.3, 101.1, 100.7, 98.6, 97.6, 73.6, 73.4, 72.8, 72.1, 71.8, 70.9, 70.8, 70.8, 70.5, 69.0, 

68.9, 68.7, 67.1, 66.8, 66.7, 63.6, 63.2, 62.6, 61.9, 60.8, 60.4, 55.5, 55.4, 52.8, 49.2, 38.2, 36.9, 29.7, 

24.0, 23.0, 21.1, 21.0, 20.9, 20.8, 20.8, 20.7, 20.6, 20.5, 20.4, 14.2; HRMS (ESI) m/z found [M+Na]+ 

1660.4841, C73H86F3N3O36 calcd for [M+Na]+ 1660.4841. 

 

 

(2,3,4,6-Tetra-O-acetyl-β-D-galactopyranosyl)-(1→3)-(2-acetamido-4,6-di-O-acetyl-2-deoxy-

β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-

trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-O-benzoyl-D-
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galactopyranosyl trichloroacetimidate (62) 

Ar 60 (84.2 mg, 51.4 μmol) MeCN/toluene/H2O (0.44 mL/0.37 

mL/0.22 mL) 0 °C CAN (282 mg, 514 μmol) 0 °C 2

TLC (CHCl3/MeOH = 20:1 ) AcOEt

H2O satd NaHCO3 brine Na2SO4

(CHCl3/MeOH = 70:1 to 60:1) 61  

61 Ar CH2Cl2 (1.0 mL) 0 °C

CCl3CN (100 μL, 1.00 mmol) DBU (1.5 μL, 10.0 μmol) 0 °C 1.5

TLC (CHCl3/MeOH = 20:1 )

 (CHCl3/MeOH = 70:1 to 60:1)

62 (74.1 mg, 86%, α:β = 5:4, 2 steps)  

1H NMR (500 MHz, CDCl3) δ 8.69 (s, 1 H, C=NHβ), 8.47 (s, 1 H, C=NHα), 8.04-7.39 (m, 21 H, 2 

Arα, NH-9bα, 2 Arβ), 7.20 (m, 1 H, NH-9bβ), 6.67 (d, 1 H, J1,2 = 3.4 Hz, H-1aα), 6.20 (d, 1 H, J2,NH = 

8.6 Hz, NH-2eα), 6.17 (d, 1 H, J1,2 = 8.6 Hz, H-1aβ), 6.06 (d, 1 H, J2,NH = 6.3 Hz, NH-2eβ), 5.67 (dd, 

1 H, J2,3 = 10.9 Hz, H-2aα), 5.63 (t, 1 H, J2,3 = 8.6 Hz, H-2aβ), 5.44-5.32 (m, 6 H, NH-5bα, H-4dα, H-

4eα, H-8bβ, H-4dβ, H-4eβ), 5.20 (d, 1 H, J1,2 = 8.0 Hz, H-1eβ), 5.15-5.10 (m, 5 H, H-8bα, H-2dα, H-

2eα, NH-5bβ, H-2dβ), 5.06-4.96 (m, 4 H, H-4bα, H-3dα, H-3dβ, H-3eβ), 4.91-4.88 (m, 2 H, H-3eα, H-

7bβ), 4.82 (dd, 1 H, H-3aα), 4.79-4.77 (m, 2 H, H-7bα, H-4bβ), 4.70 (dd, 1 H, H-6aβ), 4.66 (d, 1 H, 

J1,2 = 8.0 Hz, H-1dα), 4.61 (d, 1 H, J1,2 = 8.0 Hz, H-1dβ), 4.53-4.51 (m, 2 H, H-6aα, H-3aβ), 4.39-3.79 

(m, 30 H, H-4aα, H-5aα, H-6’aα, H-5bα, H-6bα, H-9bα, H-5dα, H-6dα, H-6’dα, H-2eα, H-5eα, H-6eα, H-

6’eα, COOMeα, H-4aβ, H-5aβ, H-6’aβ, H-5bβ, H-9bβ, H-5dβ, H-6dβ, H-6’dβ, H-5eβ, H-6eβ, H-6’eβ, 

COOMeβ), 3.70 (dd, 1 H, H-6bβ), 3.38 (m, 1 H, H-2eβ), 3.04 (m, 1 H, H-9’bα), 2.81 (dd, 1 H, Jgem = 

13.1 Hz, J3eq,4 = 4.5 Hz, H-3eq-bβ), 2.69 (m, 1 H, H-9’bβ), 2.29 (dd, 1 H, Jgem = 13.8 Hz, J3eq,4 = 5.2 
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Hz, H-3eq-bα), 2.25-1.58 (m, 68 H, 11 Acα, H-3ax-bα, 11 Acβ, H-3ax-bβ); 13C NMR (125 MHz, 

CDCl3) δ 172.5, 172.3, 172.0, 171.0, 170.8, 170.6, 170.4, 170.4, 170.2, 170.1, 169.9, 169.4, 169.3, 

169.1, 168.1, 167.8, 166.5, 165.9, 164.9, 164.7, 160.9, 160.1, 158.1, 133.5, 133.3, 133.2, 133.1, 

130.0, 129.7, 129.6, 129.5, 129.2, 128.4, 128.4, 128.3, 114.7, 101.3, 101.2, 99.0, 98.9, 97.8, 96.3, 

94.3, 91.1, 90.3, 75.6, 73.8, 73.4, 73.1, 72.5, 72.1, 71.9, 70.8, 70.6, 70.5, 70.4, 70.1, 69.8, 69.0, 68.8, 

68.7, 67.7, 67.6, 67.1, 66.9, 66.8, 66.7, 64.9, 63.6, 62.6, 60.9, 60.7, 55.2, 53.3, 53.0, 52.9, 49.6, 49.2, 

38.5, 36.8, 35.7, 31.9, 29.7, 23.9, 23.2, 23.0, 21.2, 20.9, 20.8, 20.8, 20.7, 20.7, 20.6, 20.5, 20.4, 20.4, 

14.1; HRMS (ESI) m/z found [M+Na]+ 1697.3513, C68H80Cl3F3N4O35 calcd for [M+Na]+ 1697.3513. 

 

 

(2,3,4,6-Tetra-O-acetyl-β-D-galactopyranosyl)-(1→3)-(2-acetamido-4,6-di-O-acetyl-2-deoxy-

β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-

trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-O-benzoyl-β-

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

(1→1)-(2S,3R,4E)-3-O-benzoyl-2-octadecanamido-4-octadecene-1,3-diol (63)  

Ar 62 (114 mg, 68.0 μmol) 4 (120 mg, 102 μmol) CH2Cl2 (3.4 

mL) MS AW-300 (250 mg) 1 0 °C

TMSOTf (1.2 μL, 6.8 μmol) 1 TLC 

(toluene/AcOEt/MeOH = 1:1:0.2 )

CHCl3 satd Na2CO3 brine Na2SO4
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(toluene/AcOEt/MeOH = 2:1:0.08) 63 (161 mg, 89%)  

[α]D +40.0° (c 0.3, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.10-6.67 (m, 29 H, 6 Ar, NH-9b), 5.96 

(d, 1 H, J2,NH = 7.1 Hz, NH-2e), 5.77 (dt, 1 H, J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.71 (d, 1 

H, J2,NH = 9.2 Hz, NHCer), 5.47 (t, 1 H, J2,3 = J3,4 = 7.1 Hz, H-3Cer), 5.42-5.31 (m, 5 H, H-2a, H-8b, 

H-4d, H-4e, H-4Cer), 5.19-5.15 (m, 2 H, NH-5b, H-2c), 5.11-5.07 (m, 2 H, H-2d, H-1e), 5.02 (d, 1 H, 

J1,2 = 7.8 Hz, H-1a), 4.95 (dd, 1 H, J2,3 = 10.5 Hz, J3,4 = 3.4 Hz, H-3d), 4.89 (dd, 1 H, J6,7 = 2.2 Hz, 

J7,8 = 10.3 Hz, H-7b), 4.83 (dd, 1 H, J2,3 = 10.9 Hz, J3,4 = 3.3 Hz, H-3e), 4.81-4.75 (m, 2 H, H-6a, H-

4b), 4.65-4.59 (m, 3 H, H-4a, H-6’a, H-1d), 4.37 (d, 1 H, J1,2 = 7.9 Hz, H-1c), 4.35-4.30 (m, 2 H, H-

3a, H-2Cer), 4.22-4.17 (2 d, 2 H, CH2Ph), 4.14-3.97 (m, 9 H, H-5a, H-5b, H-9b, H-4c, H-6c, H-6’c, 

H-1Cer, CH2Ph), 3.86-3.42 (m, 19 H, H-3c, H-6b, H-5d, H-6d, H-6’d, H-2e, H-5e, H-6e, H-6’e, H-

1’Cer, 2 MeO, COOMe), 3.37 (m, 1 H, H-5c), 2.73 (m, 1 H, H-9’b), 2.65 (dd, 1 H, J3eq,4 = 4.3 Hz, 

Jgem = 12.9 Hz, H-3eq-b), 2.17-1.66 (m, 40 H, 11 Ac, H-3ax-b, H-6Cer, H-6’Cer, NHCOCH2
Cer, 

NHCOCH2CH2
Cer), 1.38-1.05 (m, 50 H, 25 CH2

Cer), 0.89-0.86 (m, 6 H, 2 MeCer); 13C NMR (125 

MHz, CDCl3) δ 172.5, 172.3, 171.5, 170.7, 170.3, 170.3, 170.2, 170.2, 170.0, 169.9, 169.1, 168.0, 

165.7, 165.1, 165.1, 164.6, 158.9, 157.9, 157.7, 136.8, 133.2, 133.0, 132.7, 130.3, 130.2, 129.9, 

129.8, 129.6, 129.5, 129.4, 129.3, 128.7, 128.4, 128.3, 128.2, 124.7, 116.9, 114.6, 113.5, 100.9, 

100.7, 100.2, 99.5, 98.1, 80.1, 76.1, 75.3, 74.4, 74.0, 73.7, 73.6, 73.5, 72.8, 72.2, 71.8, 71.4, 70.8, 

70.7, 70.4, 68.9, 68.8, 68.7, 68.3, 67.2, 67.0, 66.9, 66.8, 63.4, 62.5, 60.8, 55.0, 54.9, 54.5, 52.8, 50.4, 

49.1, 38.3, 36.4, 36.3, 32.2, 31.8, 29.5, 29.5, 29.4, 29.4, 29.2, 29.2, 29.1, 29.1, 28.8, 25.4, 23.6, 22.8, 

22.5, 20.9, 20.6, 20.6, 20.5, 20.5, 20.4, 20.2, 14.0; HRMS (ESI) m/z found [M+Na]+ 2712.1953, 

C138H183F3N4O46 calcd for [M+Na]+ 2712.1948. 
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(2,3,4,6-Tetra-O-acetyl-β-D-galactopyranosyl)-(1→3)-(2-acetamido-4,6-di-O-acetyl-2-deoxy-

β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-

trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-O-benzoyl-β-

D-galactopyranosyl-(1→4)-2-O-benzoyl-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-3-O-benzoyl-2-

octadecanamido-4-octadecene-1,3-diol (64)  

Ar 63 (157 mg, 58.3 μmol) CH2Cl2 (4.0 mL) 0 °C

TFAcOH (2.0 mL) 1 TLC (CHCl3/MeOH = 20:1 )

satd NaHCO3 CHCl3 H2O brine

Na2SO4

 (CHCl3/MeOH = 20:1) 64 

(143 mg, quant.)  

[α]D +33.3° (c 0.3, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.13-7.33 (m, 21 H, 4 Ar, NH-9b), 5.92 

(d, 1 H, J2,NH = 7.4 Hz, NH-2e), 5.86 (dt, 1 H, J4,5 = 15.3 Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.73 (d, 1 

H, J2,NH = 9.7 Hz, NHCer), 5.55 (t, 1 H, J2,3 = J3,4 = 8.5 Hz, H-3Cer), 5.44-5.39 (m, 3 H, H-2a, H-8b, 

H-4Cer), 5.36 (d, 1 H, J3,4 = 3.3 Hz, H-4d), 5.34 (d, 1 H, J3,4 = 3.4 Hz, H-4e), 5.14-5.10 (m, 3 H, H-

2c, H-2d, NH-5b), 5.02 (d, 1 H, J1,2 = 8.3 Hz, H-1e), 4.97 (dd, 1 H, J2,3 = 8.5 Hz, H-3d), 4.95 (dd, 1 

H, J6,7 = 2.2 Hz, J7,8 = 8.1 Hz, H-7b), 4.88 (d, 1 H, J1,2 = 8.0 Hz, H-1a), 4.80 (td, 1 H, J3eq,4 = 4.5 Hz, 

J3ax,4 = J4,5 = 11.6 Hz, H-4b), 4.77-4.74 (m, 2 H, H-6a, H-3e), 4.61 (d, 1 H, J1,2 = 8.2 Hz, H-1d), 4.41 

(d, 1 H, J1,2 = 8.0 Hz, H-1c), 4.39 (m, 1 H, H-2Cer), 4.37 (dd, 1 H, J2,3 = 10.2 Hz, J3,4 = 2.6 Hz, H-

3a), 4.26 (dd, 1 H, J5,6’ = 8.4 Hz, Jgem = 12.4 Hz, H-6’a), 4.16-3.78 (m, 15 H, H-5a, H-5b, H-9b, H-
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3c, H-4c, H-5d, H-6d, H-6’d, H-5e, H-6e, H-6’e, H-1Cer, COOMe), 3.74 (d, 1 H, H-4a), 3.67 (dd, 1 

H, J5,6 = 10.7 Hz, H-6b), 3.55-3.49 (m, 2 H, H-2e, H-1’Cer), 3.23 (m, 1 H, H-6c), 3.07 (m, 1 H, H-

5c), 3.04-2.96 (m, 2 H, H-6’c, H-9’b), 2.73 (m, 1 H, OH-6c), 2.57 (dd, 1 H, Jgem = 13.1 Hz, H-3eq-

b), 2.13-1.73 (m, 40 H, 11 Ac, H-3ax-b, H-6Cer, H-6’Cer, NHCOCH2
Cer, NHCOCH2CH2

Cer), 1.48-

1.00 (m, 50 H, 25 CH2
Cer), 0.99-0.83 (m, 6 H, 2 MeCer); 13C NMR (125 MHz, CDCl3) δ 172.6, 171.9, 

171.5, 170.6, 170.5, 170.4, 170.3, 170.2, 170.1, 169.9, 169.2, 167.9, 166.3, 165.7, 165.5, 164.6, 

158.1, 157.8, 138.3, 133.2, 133.1, 133.0, 130.8, 130.1, 129.9, 129.8, 129.8, 129.6, 129.4, 129.3, 

129.3, 128.3, 128.3, 124.6, 116.9, 114.6, 113.5, 112.3, 101.5, 101.1, 99.7, 99.6, 98.2, 80.3, 77.6, 

74.4, 74.2, 73.9, 73.8, 73.3, 72.6, 72.5, 71.8, 70.7, 70.6, 70.4, 70.1, 68.8, 68.6, 67.4, 67.0, 66.7, 66.2, 

63.9, 62.6, 60.8, 59.5, 55.2, 54.2, 52.9, 50.2, 48.9, 39.0, 36.9, 36.5, 36.1, 32.6, 32.2, 31.8, 30.2, 29.9, 

29.5, 29.4, 29.4, 29.1, 28.8, 26.9, 25.5, 23.5, 22.9, 22.6, 21.0, 20.7, 20.6, 20.5, 20.4, 19.6; HRMS 

(ESI) m/z found [M+Na]+ 2472.0798, C122H167F3N4O44 calcd for [M+Na]+ 2472.0798. 

 

 

(β-D-Galactopyranosyl)-(1→3)-(2-acetamido-2-deoxy-β-D-galactopyranosyl)-(1→4)-{(5-

acetamido-9-amino-3,5,9-trideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonic acid)-(2→3)}-

(β-D-galactopyranosyl)-(1→4)-(β-D-glucopyranosyl)-(1→1)-(2S,3R,4E)-2-octadecanamido-4-

octadecene-1,3-diol (65) 

64 (80.0 mg, 32.6 μmol) MeOH/THF (3.0 mL/3.0 mL) 28 w% NaOMe

50 °C 20 H2O (0.5 mL) 2

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1) Muromac C101
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 (CHCl3/MeOH/H2O = 5:3:0.2 to 5:4:0.5) 65 

(42.7 mg, 85%)  

[α]D +6.7° (c 0.7, CHCl3/MeOH = 1:1); 1H NMR (600 MHz, CDCl3/CD3OD = 1:1) δ 5.70 (dt, 1 

H, J4,5 = 15.1 Hz, J5,6 = J5,6’ = 6.9 Hz, H-5Cer), 5.46 (dd, 1 H, J3,4 = 6.9 Hz, H-4Cer), 4.89-2.89 (m, 39 

H, H-1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, 

H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1d, H-2d, H-3d, H-4d, H-5d, H-6d, H-6’d, H-1e, H-2e, H-

3e, H-4e, H-5e, H-6e, H-6’e, H-1Cer, H-1’Cer, H-2Cer, H-3Cer), 2.75 (br dd, 1 H, H-3eq-b), 2.17 (t, 2 

H, NHCOCH2
Cer), 2.05-2.01 (m, 8 H, 2 Ac, H-6Cer, H-6’Cer), 1.87 (br t, 1 H, H-3ax-b), 1.59 (m, 2 H, 

NHCOCH2CH2
Cer), 1.36-1.27 (m, 50 H, 25 CH2

Cer), 0.89 (m, 6 H, 2 MeCer); 13C NMR (150 MHz, 

CDCl3/CD3OD = 1:1) δ 174.0, 172.9, 172.8, 133.5, 129.0, 104.6, 103.2, 102.4, 102.0, 101.2, 80.8, 

79.6, 76.3, 74.5, 74.3, 74.0, 73.5, 72.8, 72.8, 72.5, 71.2, 70.7, 70.5, 68.8, 68.3, 68.0, 67.2, 67.1, 61.3, 

60.9, 59.9, 59.4, 52.6, 51.8, 50.8, 48.0, 47.8, 47.7, 47.5, 47.4, 47.2, 47.1, 42.7, 37.1, 35.6, 31.6, 31.2, 

28.9, 28.9, 28.8, 28.7, 28.6, 28.6, 28.5, 25.3, 22.0, 21.9, 21.6, 21.1, 13.2, 12.9; HRMS (ESI) m/z 

found [M-H]- 1543.8850, C73H132N4O30 calcd for [M-H]- 1543.8848. 

 

 

TMR-S9-GM1 (66)  

Ar 65 (2.6 mg, 1.7 μmol)  MeOH/THF (300 μL/300 μL)

TEA (6.7 μL, 48 μmol) 5-carboxy-tetramethylrhodamine N-succinimidyl ester (2.2 mg, 4.2 

μmol) 46 TLC (CHCl3/MeOH/5% CaCl2 aq. = 
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5:4:0.8)  (LH-20, CHCl3/MeOH = 1:1) PTLC 

(CHCl3/MeOH/H2O = 5:4:0.7) TMR-S9-GM1 (66) (2.1 mg, 66%)  

1H NMR (600 MHz, CDCl3/CD3OD = 1:1) δ 8.56-6.81 (m, 9 H, 3 ArTMR), 5.68 (dt, 1 H, J4,5 = 15.2 

Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.45 (dd, 1 H, J3,4 = 7.6 Hz, H-4Cer), 4.76-3.17 (m, 51 H, H-1a, H-

2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, H-2c, H-3c, 

H-4c, H-5c, H-6c, H-6’c, H-1d, H-2d, H-3d, H-4d, H-5d, H-6d, H-6’d, H-1e, H-2e, H-3e, H-4e, H-

5e, H-6e, H-6’e, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 4 NMeTMR), 2.72 (br dd, 1 H, H-3eq-b), 2.16 (t, 2 H, 

NHCOCH2
Cer), 2.05-2.00 (m, 8 H, 2 Ac, H-6Cer, H-6’Cer), 1.90 (t, 1 H, Jgem = J3ax,4 = 11.6 Hz, H-3ax-

b), 1.58 (m, 2 H, NHCOCH2CH2
Cer), 1.36-1.27 (m, 50 H, 25 CH2

Cer), 0.89 (m, 6 H, 2 MeCer); 13C 

NMR (200 MHz, CD3OD) δ 175.9, 175.6, 175.3, 174.8, 172.3, 169.9, 162.1, 159.1, 158.8, 141.9, 

139.2, 137.9, 136.9, 135.0, 132.7, 131.4, 130.9, 129.7, 129.6, 128.6, 126.1, 115.3, 115.3, 115.1, 

114.8, 114.8, 106.5, 105.0, 104.4, 104.3, 103.4, 97.3, 97.2, 82.5, 81.4, 79.1, 76.5, 76.4, 76.3, 76.2, 

76.1, 75.7, 75.1, 74.9, 74.6, 73.0, 72.6, 72.5, 71.5, 71.1, 70.2, 70.0, 69.8, 69.8, 63.0, 62.4, 61.8, 61.7, 

57.7, 57.6, 57.5, 57.4, 54.7, 53.8, 52.6, 44.6, 40.9, 40.9, 40.8, 38.9, 37.4, 35.4, 33.5, 33.1, 33.1, 30.9, 

30.9, 30.8, 30.8, 30.7, 30.7, 30.6, 30.5, 30.5, 30.4, 30.1, 27.2, 23.8, 23.8, 22.6, 17.4, 17.3, 17.2, 17.1, 

14.5; HRMS (ESI) m/z found [M-H]- 1956.0275, C98H154N6O34 calcd for [M-H]- 1956.0277. 

 

 

594-S9-GM1 (67) 

Ar 65 (4.6 mg, 3.0 μmol) MeOH/THF (300 μL/300 μL) TEA 

(12.3 μL, 89.1 μmol) ATTO594 N-succinimidyl ester (6.2 mg, 4.5 μmol) 6
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TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:0.5)

594-S9-GM1 (67) (5.0 mg, 73%)  

1H NMR (800 MHz, CD3OD) δ 7.74-7.47 (m, 4 H, ArATTO594), 7.36 (s, 1 H, ArATTO594), 7.34 (s, 1 

H, ArATTO594), 6.79 (s, 1 H, ArATTO594), 6.78 (s, 1 H, ArATTO594), 5.89 (s, 1 H, CHATTO594), 5.88 (s, 1 H, 

CHATTO594), 5.68 (dt, 1 H, J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.7 Hz, H-5Cer), 5.44 (dd, 1 H, J3,4 = 7.8 Hz, H-

4Cer), 4.57-2.98 (m, 49 H, H-1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-

8b, H-9b, H-9’b, H-1c, H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1d, H-2d, H-3d, H-4d, H-5d, H-6d, 

H-6’d, H-1e, H-2e, H-3e, H-4e, H-5e, H-6e, H-6’e, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 3 NCH2
ATTO594, 2 

CH2SO3
ATTO594), 2.75 (dd, 1 H, Jgem = 12.5 Hz, J3eq,4 = 4.6 Hz, H-3eq-b), 2.70/2.64 (s, 3 H, 

NMeATTO594), 2.17 (t, 2 H, NHCOCH2
Cer), 2.15-1.97 (m, 8 H, H-6Cer, H-6’Cer, 2 Ac), 1.87 (dd, 1 H, 

J3ax,4 = 11.7 Hz, H-3ax-b), 1.83-1.81 (m, 16 H, NHCOCH2CH2
Cer, NCH2CH2CH2

ATTO594, 4 

MeATTO594), 1.67-1.29 (m, 58 H, 25 CH2
Cer, NCH2CH2

ATTO594, 2 NCH2CH3
ATTO594), 0.91 (m, 6 H, 2 

MeCer); 13C NMR (200 MHz, CD3OD) δ 176.0, 175.5, 175.1, 174.8, 171.6, 171.1, 159.2, 159.2, 

159.1, 155.0, 154.9, 154.2, 154.2, 138.4, 137.6, 137.3, 135.1, 132.2, 131.7, 131.4, 131.2, 130.7, 

130.5, 128.8, 126.1, 126.0, 124.3, 124.3, 124.2, 122.9, 122.9, 115.0, 115.0, 106.6, 105.0, 104.5, 

104.2, 103.1, 97.1, 97.1, 82.8, 81.2, 78.9, 76.6, 76.5, 76.4, 76.1, 76.1, 75.8, 75.0, 74.9, 74.6, 73.0, 

72.5, 71.8, 71.0, 71.0, 70.3, 70.0, 69.9, 69.7, 69.6, 62.8, 62.7, 62.5, 61.8, 61.7, 61.7, 54.7, 53.9, 53.9, 

53.8, 52.7, 52.2, 43.6, 43.5, 41.4, 41.3, 39.1, 38.7, 37.4, 33.8, 33.5, 33.3, 33.1, 33.1, 32.6, 30.9, 30.9, 

30.8, 30.8, 30.8, 30.7, 30.7, 30.5, 30.5, 30.4, 29.5, 29.5, 29.3, 29.3, 27.2, 23.8, 23.8, 23.7, 22.8, 22.7, 

14.5, 13.8, 13.8, 13.7, 11.6; HRMS (ESI) m/z found [M-2H]2- 1165.0689, C114H179N7O39S2 calcd for 

[M-2H]2- 1165.0689. 
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488-S9-GM1 (68) 

Ar 65 (5.2 mg, 3.4 μmol) MeOH/THF (300 μL/300 μL) TEA 

(9.2 μL, 67 μmol) ATTO488 N-succinimidyl ester (5.0 mg, 5.1 μmol) 3.5

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:1) 488-

S9-GM1 (68) (5.3 mg, 75%)  

1H NMR (600 MHz, CDCl3/CD3OD = 1:1) δ 7.74-6.94 (m, 8 H, 3 ArATTO488), 5.69 (dt, 1 H, J4,5 = 

15.2 Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.44 (dd, 1 H, J3,4 = 7.5 Hz, H-4Cer), 4.46-2.76 (m, 45 H, H-1a, 

H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-3eq-b, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, 

H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1d, H-2d, H-3d, H-4d, H-5d, H-6d, H-6’d, H-1e, H-2e, H-

3e, H-4e, H-5e, H-6e, H-6’e, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, NMeATTO488, NCH2
ATTO488), 2.17 (t, 2 H, 

NHCOCH2
Cer), 2.01-1.58 (m, 15 H, H-3ax-b, H-6Cer, H-6’Cer, 2 CH2

ATTO488, NHCOCH2CH2
Cer, 2 

Ac), 1.37-1.18 (m, 50 H, 25 CH2
Cer), 0.99-0.88 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, 

CDCl3/CD3OD = 1:1) δ 179.7, 175.0, 162.5, 157.4, 156.6, 151.8, 144.1, 138.9, 137.9, 134.7, 129.7, 

121.1, 119.9, 104.4, 103.3, 103.0, 101.7, 96.3, 84.6, 75.2, 73.7, 72.4, 70.7, 70.2, 69.8, 69.0, 68.7, 

67.2, 61.9, 61.2, 60.0, 54.3, 53.6, 45.8, 42.3, 39.2, 36.8, 32.8, 31.5, 26.3, 10.1; HRMS (ESI) m/z 

found [M-2H]2- 1056.9750, C98H154N7O39S2 calcd for [M-2H]2- 1056.9750. 
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Neu9 GM2  

 

 

4-Methoxyphenyl {3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbamoyl)-β-D-

galactopyranosyl}-(1→4)-{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-

trifluoroacetamido-D-glycero-α-D-galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-O-benzyl-β-

D-galactopyranoside (73)  

Ar 69 (728 mg, 1.27 mmol) 54 (300 mg, 0.316 mmol) CH2Cl2 

(16 mL) MS4Å (1.00 g) 30 0 °C

NIS (570 mg, 2.54 mmol) TfOH (22.0 μL, 254 μmol) 0 °C 1

TLC (toluene/AcOEt/MeOH = 1:1:0.1 ) TEA

CHCl3 satd Na2S2O3 brine Na2SO4

 

(LH-20, CHCl3/MeOH = 1:1) 2  

Ar AcOH/H2O (16.0 mL/4.0 mL) 50 ˚C 12

TLC (CHCl3/MeOH = 20:1 ) toluene 2

 

Ar Pyr (6.0 mL) 0 °C  (149 μL, 1.58 

mmol) DMAP (3.8 mg, 32 μmol) 10 TLC 

(CHCl3/MeOH = 20:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3 brine
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Na2SO4

 (CHCl3/MeOH = 70:1) 73 

(372 mg, 81%, 3 steps)  

[α]D +24.0° (c 0.3, CHCl3); 1H NMR (500 MHz, CD3CN) δ 7.41 (m, 1 H, NH-9b), 7.40-6.73 (m, 

14 H, 3 Ar), 6.06 (d, 1 H, J2,NH = 9.2 Hz, NH-2e), 6.00 (d, 1 H, J5,NH = 9.8 Hz, NH-5b), 5.24 (d, 1 H, 

J3,4 = 3.0 Hz, H-4e), 5.12 (dd, 1 H, J2,3 = 11.1 Hz, H-3e), 5.00-4.93 (m, 3 H, H-4b, H-7b, H-8b), 4.90 

(d, 1 H, J1,2 = 7.8 Hz, H-1a), 4.83 (d, 1 H, J1,2 = 8.6 Hz, H-1e), 4.76 (d, 1 H, Jgem = 11.2 Hz, CH2Ph), 

4.55 (d, 1 H, CH2Ph), 4.47 (d, 1 H, Jgem = 11.8 Hz, CH2Ph), 4.41 (d, 1 H, CH2Ph), 4.31 (br dd, 1 H, 

H-3a), 4.20 (t, 1 H, J5,6 = J5,6’ = 6.5 Hz, H-5e), 4.07-3.82 (m, 4 H, H-4a, H-5b, H-6e, H-6’e), 3.80-

3.72 (m, 7 H, H-5a, H-6b, H-9b, H-2e, COOMe), 3.66-3.64 (m, 4 H, H-6a, MeO), 3.56-3.51 (m, 2 H, 

H-2a, H-6’a), 2.92 (m, 1 H, H-9’b), 2.30 (dd, 1 H, J3eq,4 = 5.1 Hz, Jgem = 13.6 Hz, H-3eq-b), 2.07-

1.68 (m, 22 H, 7 Ac, H-3ax-b); 13C NMR (125 MHz, CD3CN) δ 172.3, 171.2, 171.1, 171.0, 170.9, 

170.8, 170.7, 169.7, 158.5, 158.2, 156.2, 155.6, 152.4, 139.7, 139.7, 129.4, 129.2, 129.1, 128.6, 

128.6, 128.5, 128.4, 119.1, 119.0, 115.8, 115.5, 102.9, 100.7, 96.9, 79.7, 79.2, 79.1, 76.3, 76.0, 75.1, 

74.9, 74.0, 73.7, 72.8, 72.0, 71.2, 70.6, 70.3, 69.2, 68.4, 68.0, 62.5, 56.2, 54.2, 53.8, 49.3, 49.2, 39.6, 

35.9, 23.1, 21.3, 21.2, 21.2, 21.0, 20.9, 20.9; HRMS (ESI) m/z found [M+Na]+ 1476.3348, 

C62H73Cl3F3N3O27 calcd for [M+Na]+ 1476.3347. 

 

 
4-Methoxyphenyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-β-D-galactopyranosyl)-(1→4)-

{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-
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galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-O-benzyl-β-D-galactopyranoside (74)  

Ar 73 (369 mg, 0.253 mmol) AcOH/ClCH2CH2Cl (2.0 mL/8.0 mL)

Zn  (1.90 g) 40 ˚C 1.5 TLC 

(CHCl3/MeOH = 20:1 ) toluene

CHCl3 H2O satd Na2CO3 brine

Na2SO4 2

 

Ar Pyr (6.0 mL) 0 °C  (72 μL, 0.76 mmol)

DMAP (3.1 mg, 25 μmol) 1.5 TLC 

(CHCl3/MeOH = 20:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3 brine

Na2SO4

 (CHCl3/MeOH = 65:1 to 55:1)

74 (270 mg, 81%, 2 steps)  

[α]D +16.0° (c 3.0, CHCl3); 1H NMR (500 MHz CD3CN) δ 7.41 (m, 1 H, NH-9b), 7.39-6.73 (m, 

14 H, 3 Ar), 6.32 (d, 1 H, J2,NH = 9.5 Hz, NH-2e), 6.02 (d, 1 H, J5,NH = 9.9 Hz, NH-5b), 5.22 (d, 1 H, 

J3,4 = 3.0 Hz, H-4e), 5.01 (dd, 1 H, J2,3 = 11.3 Hz, H-3e), 4.99-4.94 (m, 3 H, H-4b, H-7b, H-8b), 4.90 

(d, 1 H, J1,2 = 7.7 Hz, H-1a), 4.77 (d, 1 H, Jgem = 11.2 Hz, CH2Ph), 4.71 (d, 1 H, J1,2 = 8.6 Hz, H-1e), 

4.56 (d, 1 H, CH2Ph), 4.46 (d, 1 H, Jgem = 11.9 Hz, CH2Ph), 4.40 (d, 1 H, CH2Ph), 4.26 (dd, 1 H, J2,3 

= 9.9 Hz, J3,4 = 2.9 Hz, H-3a), 4.12 (t, 1 H, J5,6 = J5,6’ = 6.6 Hz, H-5e), 4.06-3.92 (m, 4 H, H-5b, H-

2e, H-6e, H-6’e), 3.82-3.71 (m, 7 H, H-4a, H-5a, H-6b, H-9b, COOMe), 3.65-3.62 (m, 4 H, H-6a, 

MeO), 3.52 (dd, 1 H, J5,6’ = 7.1 Hz, Jgem = 10.6 Hz, H-6’a), 3.48 (dd, 1 H, H-2a), 2.92 (m, 1 H, H-

9’b), 2.39 (dd, 1 H, J3eq,4 = 5.2 Hz, Jgem = 13.7 Hz, H-3eq-b), 2.10-1.66 (m, 25 H, 8 Ac, H-3ax-b); 

13C NMR (125 MHz, CD3CN) δ 172.3, 171.3, 171.2, 171.1, 170.9, 170.9, 170.8, 169.7, 158.5, 158.2, 
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156.2, 152.4, 139.8, 139.7, 129.3, 129.1, 128.6, 128.5, 128.4, 119.0, 115.5, 103.4, 103.1, 100.6, 79.5, 

79.1, 79.0, 76.0, 75.9, 74.0, 73.7, 72.9, 72.0, 71.0, 70.8, 70.4, 69.3, 68.5, 67.9, 62.6, 56.2, 54.0, 51.0, 

49.2, 39.6, 36.0, 23.6, 23.1, 21.3, 21.3, 21.0, 20.9, 20.9; HRMS (ESI) m/z found [M+Na]+ 

1344.4405, C61H74F3N3O26 calcd for [M+Na]+ 1344.4405. 

 

 

4-Methoxyphenyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-β-D-galactopyranosyl)-(1→4)-

{(methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)}-2,6-di-O-benzoyl-β-D-galactopyranoside (76)  

74 (268 mg, 202 μmol) 1,4-dioxane (6.7 mL) Pd(OH)2-C (355 mg)

3.5 TLC (CHCl3/MeOH = 15:1 

) 2  

Ar Pyr (4.0 mL) 0 °C  

(274 mg, 1.21 mmol) DMAP (2.4 mg, 20 μmol) 64

TLC (CHCl3/MeOH = 20:1 ) MeOH

toluene CHCl3 2 M HCl H2O satd Na2CO3 brine

Na2SO4

 (CHCl3/MeOH = 55:1 to 45:1)

76 (262 mg, 96%, 2 steps)  

[α]D +30.0° (c 0.5, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.07-6.62 (m, 15 H, 3 Ar, NH-9b), 5.98 

(d, 1 H, J2,NH = 7.7 Hz, NH-2e), 5.66 (dd, 1 H, J2,3 = 11.2 Hz, J3,4 = 3.3 Hz, H-3e), 5.59 (t, 1 H, J1,2 = 



 135 

J2,3 = 8.0 Hz, H-2a), 5.38 (d, 1 H, H-4e), 5.25 (m, 1 H, H-8b), 5.18 (d, 1 H, J5,NH = 10.2 Hz, NH-5b), 

5.14 (d, 1 H, J1,2 = 8.5 Hz, H-1e), 5.11 (d, 1 H, H-1a), 4.92-4.86 (m, 2 H, H-4b, H-7b), 4.72 (dd, 1 H, 

J5,6 = 4.7 Hz, Jgem = 11.8 Hz, H-6a), 4.53 (dd, 1 H, J5,6’ = 7.2 Hz, H-6’a), 4.38 (dd, 1 H, J3,4 = 2.8 Hz, 

H-3a), 4.14-3.86 (m, 11 H, H-4a, H-5a, H-5b, H-9b, H-2e, H-5e, H-6e, H-6’e, COOMe), 3.73-3.71 

(m, 4 H, H-6b, MeO), 2.72 (m, 1 H, H-9’b), 2.53 (dd, 1 H, J3eq,4 = 4.8 Hz, Jgem = 13.4 Hz, H-3eq-b), 

2.22-1.61 (m, 25 H, 8 Ac, H-3ax-b); 13C NMR (125 MHz, CDCl3) δ 172.4, 171.2, 170.8, 170.5, 

170.3, 170.3, 170.0, 168.0, 166.2, 164.6, 158.1, 157.8, 155.5, 151.2, 133.3, 133.2, 129.9, 129.9, 

129.9, 129.6, 128.5, 128.4, 118.8, 117.0, 114.7, 114.3, 100.8, 100.6, 98.3, 75.1, 73.8, 72.2, 72.0, 

70.3, 70.1, 69.8, 68.7, 67.2, 67.0, 66.9, 63.8, 61.5, 55.5, 53.2, 52.1, 49.2, 38.3, 36.2, 31.9, 29.7, 29.3, 

23.4, 23.0, 22.7, 21.0, 20.7, 20.7, 20.6, 20.5, 14.1; HRMS (ESI) m/z found [M+Na]+ 1372.3995, 

C61H70F3N3O28 calcd for [M+Na]+ 1372.3996. 

 

 

(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-

4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-

nonulopyranosylonate)-(2→3)}-2,6-di-O-benzoyl-D-galactopyranosyl trichloroacetimidate (78) 

Ar 76 (176 mg, 130 μmol) MeCN/toluene/H2O (1.2 mL/1.0 mL/0.6 

mL) 0 °C CAN (714 mg, 1.30 mmol) 0 °C 1.5

TLC (CHCl3/MeOH = 20:1 ) AcOEt

H2O satd NaHCO3 brine Na2SO4
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(CHCl3/MeOH = 55:1 to 45:1) 77 (145 mg, 90%)  

77 (115 mg, 92.4 μmol) Ar CH2Cl2 (2.0 mL) 0 °C

CCl3CN (186 μL, 1.85 mmol) DBU (17 μL, 111 μmol) 0 °C 1

TLC (CHCl3/MeOH = 20:1 )

 (CHCl3/MeOH = 

55:1) 78 (114 mg, 89%, α:β = 20:1)  

1H NMR (500 MHz, CDCl3) δ 8.67 (s, 1 H, C=NH), 8.47-7.36 (m, 11 H, 2 Ar, NH-9b), 6.69 (d, 1 

H, J1,2 = 3.4 Hz, H-1a), 6.26 (d, 1 H, J2,NH = 9.0 Hz, NH-2e), 5.66 (dd, 1 H, J2,3 = 10.7 Hz, H-2a), 

5.44 (d, 1 H, J5,NH = 9.8 Hz, NH-5b), 5.37 (d, 1 H, J3,4 = 2.9 Hz, H-4e), 5.18 (td, 1 H, J3eq,4 = 5.3 Hz, 

J3ax,4 = J4,5 = 11.0 Hz, H-4b), 5.12-5.08 (m, 2 H, H-8b, H-3e), 4.99 (dd, 1 H, J6,7 = 1.1 Hz, J7,8 = 10.2 

Hz, H-7b), 4.90 (d, 1 H, J1,2 = 8.7 Hz, H-1e), 4.86 (dd, 1 H, J5,6 = 3.4 Hz, Jgem = 12.3 Hz, H-6a), 4.77 

(dd, 1 H, J3,4 = 2.7 Hz, H-3a), 4.51 (m, 1 H, H-5a), 4.48-4.40 (m, 2 H, H-6’a, H-2e), 4.36 (t, 1 H, J5,6 

= J5,6’ = 6.6 Hz, H-5e), 4.33 (d, 1 H, H-4a), 4.20 (dd, 1 H, Jgem = 11.2 Hz, H-6e), 4.12 (q, 1 H, J5,6 = 

10.4 Hz, H-5b), 4.07 (dd, 1 H, H-6’e), 3.94 (dd, 1 H, H-6b), 3.93-3.86 (m, 4 H, H-9b, COOMe), 3.05 

(m, 1 H, H-9’b), 2.34-1.76 (m, 26 H, 8 Ac, H-3eq-b, H-3ax-b); 13C NMR (125 MHz, CDCl3) δ 

207.1, 172.3, 170.7, 170.7, 170.5, 170.4, 169.3, 167.8, 166.7, 164.3, 160.0, 158.1, 157.8, 133.5, 

133.4, 129.7, 129.6, 129.5, 129.0, 128.6, 128.4, 117.0, 114.7, 102.6, 99.0, 94.3, 91.0, 79.2, 72.6, 

72.1, 71.7, 70.3, 70.2, 68.7, 67.7, 67.6, 67.4, 67.1, 64.9, 61.7, 53.5, 50.5, 49.4, 38.6, 35.6, 29.7,29.3, 

23.0, 22.9, 20.9, 20.8, 20.7, 20.7, 20.6; HRMS (ESI) m/z found [M+Na]+ 1409.2676, 

C56H64Cl3F3N4O27 calcd for [M+Na]+ 1409.2673. 
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(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-

4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-

nonulopyranosylonate)-(2→3)}-2,6-di-O-benzoyl-β-D-galactopyranosyl-(1→4)-2-O-benzoyl-3,6-

di-O-(4-methoxybenzyl)-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-3-O-benzoyl-2-

octadecanamido-4-octadecene-1,3-diol (79)  

Ar 78 (63.0 mg, 45.3 μmol) 4 (80.1 mg, 68.1 μmol) CH2Cl2 (2.3 

mL) MS AW-300 (150 mg) 1 0 °C

TMSOTf (0.8 μL, 4.5 μmol) 1 TLC 

(toluene/AcOEt/MeOH = 1:1:0.2 )

CHCl3 satd Na2CO3 brine Na2SO4

 

(CHCl3/MeOH = 80:1 to 65:1) 79 (94.8 mg, 88%)  

[α]D +31.9° (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.04-6.71 (m, 29 H, 6 Ar, NH-9b), 5.94 

(d, 1 H, J2,NH = 8.5 Hz, NH-2e), 5.77 (dt, 1 H, J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.71 (d, 1 

H, J2,NH = 9.2 Hz, NHCer), 5.47 (t, 1 H, J2,3 = J3,4 = 7.1 Hz, H-3Cer), 5.42-5.34 (m, 4 H, H-2a, H-3e, 

H-4e, H-4Cer), 5.24 (d, 1 H, J5,NH = 10.0 Hz, NH-5b), 5.47 (t, 1 H, J1,2 = J2,3 = 8.3 Hz, H-2c), 5.12 

(m, 1 H, H-8b), 4.98 (td, 1 H, J3eq,4 = 4.9 Hz, J3ax,4 = J4,5 = 11.2 Hz, H-4b), 4.96 (d, 1 H, J1,2 = 8.4 

Hz, H-1e), 4.91 (dd, 1 H, J6,7 = 1.5 Hz, J7,8 = 10.3 Hz, H-7b), 4.88-4.86 (m, 2 H, H-1a, CH2Ph), 6.67 

(dd, 1 H, J5,6 = 5.7 Hz, Jgem = 11.6 Hz, H-6a), 4.60 (d, 1 H, Jgem = 10.4 Hz, CH2Ph), 4.36 (d, 1 H, H-

1c), 4.35-4.32 (m, 2 H, H-2Cer, CH2Ph), 4.25 (m, 1 H, H-2e), 4.22-4.01 (m, 9 H, H-3a, H-6’a, H-5b, 
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H-4c, H-6c, H-6e, H-6’e, H-1Cer, CH2Ph), 3.99 (d, 1 H, J3,4 = 2.4 Hz, H-4a), 3.92 (m, 1 H, H-9b), 

3.85 (s, 3 H, COOMe), 3.81 (t, 1 H, J3,4 = 8.9 Hz, H-3c), 3.73 (dd, 1 H, J5,6 = 10.7 Hz, H-6b), 3.71-

3.67 (m, 8 H, H-5a, H-5e, 2 MeO), 3.54-3.44 (m, 2 H, H-6’c, H-1’Cer), 3.31 (m, 1 H, H-5c), 2.84 (m, 

1 H, H-9’b), 2.20-1.65 (m, 32 H, H-3eq-b, H-3ax-b, 8 Ac, H-6Cer, H-6’Cer, NHCOCH2
Cer, 

NHCOCH2CH2
Cer), 1.47-1.00 (m, 50 H, 25 CH2

Cer), 0.89-0.83 (m, 6 H, 2 MeCer); 13C NMR (125 

MHz, CDCl3) δ 172.6, 172.2, 170.6, 170.6, 170.6, 170.5, 170.5, 169.6, 167.9, 166.2, 165.3, 165.1, 

164.1, 159.0, 158.9, 158.1, 157.8, 157.5, 137.0, 133.3, 133.3, 132.7, 130.5, 130.3, 129.8, 129.7, 

129.6, 129.5, 129.5, 128.9, 128.6, 128.5, 128.2, 124.8, 117.0, 114.7, 113.6, 113.5, 101.8, 101.0, 

100.2, 98.8, 80.0, 76.9, 76.4, 75.5, 74.6, 74.5, 74.1, 73.7, 73.1, 72.3, 72.2, 71.1, 70.8, 70.1, 68.7, 

67.8, 67.3, 67.1, 67.0, 63.7, 61.4, 55.1, 55.0, 53.3, 51.2, 50.4, 49.1, 38.4, 37.1, 36.4, 35.7, 32.7, 32.3, 

30.0, 29.6, 29.5, 29.5, 29.4, 29.2, 29.2, 28.9, 27.1, 25.5, 23.2, 23.0, 20.8, 20.7, 20.7, 20.7, 20.7, 20.5, 

19.7; HRMS (ESI) m/z found [M+Na]+ 2424.1098, C126H167F3N4O38 calcd for [M+Na]+ 2424.1097. 

 

 

(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-β-D-galactopyranosyl)-(1→4)-{(methyl 5-acetamido-

4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-galacto-2-

nonulopyranosylonate)-(2→3)}-2,6-di-O-benzoyl-β-D-galactopyranosyl-(1→4)-2-O-benzoyl-β-

D-glucopyranosyl-(1→1)-(2S,3R,4E)-3-O-benzoyl-2-octadecanamido-4-octadecene-1,3-diol (80)  

Ar 79 (80.9 mg, 33.6 μmol) CH2Cl2 (2.0 mL) 0 °C

TFAcOH (1.0 mL) 1 TLC (CHCl3/MeOH = 20:1 )

satd NaHCO3 CHCl3 H2O brine
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Na2SO4

 (CHCl3/MeOH = 20:1) 80 

(69.7 mg, 96%)  

[α]D +38.5° (c 0.3, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.10-7.27 (m, 21 H, 4 Ar, NH-9b), 6.01 

(d, 1 H, J2,NH = 8.5 Hz, NH-2e), 5.87 (dt, 1 H, J4,5 = 15.3 Hz, J5,6 = J5,6’ = 6.7 Hz, H-5Cer), 5.76 (d, 1 

H, J2,NH = 9.7 Hz, NHCer), 5.55 (t, 1 H, J2,3 = J3,4 = 8.6 Hz, H-3Cer), 5.44-5.39 (m, 3 H, H-2a, H-4Cer, 

NH-5b), 5.35 (s, 1 H, H-4e), 5.30 (br dd, 1 H, H-3e), 5.14-5.11 (m, 2 H, H-8b, H-2c), 5.01 (td, 1 H, 

J3eq,4 = 5.2 Hz, J3ax,4 = J4,5 = 11.0 Hz, H-4b), 4.98 (dd, 1 H, J6,7 = 1.4 Hz, J7,8 = 10.4 Hz, H-7b), 4.90 

(d, 1 H, J1,2 = 8.6 Hz, H-1e), 4.86 (dd, 1 H, J5,6 = 2.7 Hz, Jgem = 12.6 Hz, H-6a), 4.78 (d, 1 H, J1,2 = 

8.0 Hz, H-1a), 4.46-4.39 (m, 2 H, H-1c, H-2Cer), 4.36-4.22 (m, 4 H, H-3a, H-6’a, H-3c, H-2e), 4.16 

(dd, 1 H, J5,6’ = 6.6 Hz, Jgem = 11.2 Hz, H-6e), 4.12-4.03 (m, 2 H, H-5b, H-6’e), 3.96-3.91 (m, 4 H, 

H-4a, H-5a, H-9b, H-5e), 3.86-3.81 (m, 5 H, H-4c, H-1Cer, COOMe), 3.76 (dd, 1 H, J5,6 = 11.9 Hz, 

H-6b), 3.51 (dd, 1 H, J1’,2 = 3.3 Hz, Jgem = 9.4 Hz, H-1’Cer), 3.21-3.03 (m, 3 H, H-5c, H-6c, H-9’b), 

2.93 (br dd, 1 H, H-6’c), 2.76 (br dd, 1 H, OH-6c), 2.23-1.52 (m, 30 H, 8 Ac, H-3eq-b, H-3ax-b, H-

6Cer, H-6’Cer, NHCOCH2
Cer), 1.46-1.41 (m, 2 H, NHCOCH2CH2

Cer), 1.30-1.00 (m, 50 H, 25 CH2
Cer), 

0.89-0.84 (m, 6 H, 2 MeCer); 13C NMR (125 MHz, CDCl3) δ 172.6, 172.2, 170.9, 170.6, 170.5, 

170.4, 170.4, 169.7, 167.8, 166.6, 165.8, 165.7, 164.1, 158.1, 157.8, 138.5, 133.3, 133.2, 133.1, 

133.0, 130.0, 130.0, 130.0, 129.9, 129.7, 129.5, 129.3, 129.1, 128.4, 128.3, 124.7, 116.9, 114.7, 

112.4, 101.8, 101.7, 99.7, 99.0, 80.6, 73.9, 73.8, 73.8, 73.0, 72.3, 72.3, 70.9, 70.1, 69.8, 68.7, 67.4, 

67.2, 67.1, 66.1, 64.2, 61.7, 59.5, 53.4, 50.9, 50.3, 49.1, 38.6, 37.1, 36.6, 35.5, 32.2, 31.9, 30.0, 29.7, 

29.6, 29.6, 29.6, 29.5, 29.4, 29.3, 29.2, 28.8, 27.0, 25.5, 23.1, 23.0, 22.6, 20.9, 20.8, 20.7, 20.7, 20.6, 

20.5, 14.1; HRMS (ESI) m/z found [M+Na]+ 2183.9947, C110H151F3N4O36 calcd for [M+Na]+ 

2183.9947. 
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(2-acetamido-2-deoxy-β-D-galactopyranosyl)-(1→4)-{(5-acetamido-9-amino-3,5,9-trideoxy-D-

glycero-α-D-galacto-2-nonulopyranosylonic acid)-(2→3)}-(β-D-galactopyranosyl)-(1→4)-(β-D-

glucopyranosyl)-(1→1)-(2S,3R,4E)-2-octadecanamido-4-octadecene-1,3-diol (81) 

80 (42.2 mg, 19.5 μmol) MeOH/THF (3.0 mL/3.0 mL) 1 M NaOH  

(390 μL) 85 TLC (CHCl3/MeOH/5% CaCl2 aq. = 

5:4:1) Muromac C101

 (CHCl3/MeOH/H2O = 5:2.5:0.2 

to 5:4:0.35) 81 (23.6 mg, 88%)  

[α]D +12.7° (c 1.9, CHCl3/MeOH = 1:1); 1H NMR (500 MHz, CDCl3/CD3OD = 1:1) δ 5.69 (dt, 1 

H, J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.7 Hz, H-5Cer), 5.45 (dd, 1 H, J3,4 = 7.7 Hz, H-4Cer), 4.86-2.93 (m, 32 

H, H-1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, 

H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1e, H-2e, H-3e, H-4e, H-5e, H-6e, H-6’e, H-1Cer, H-1’Cer, 

H-2Cer, H-3Cer), 2.79 (dd, 1 H, J3eq,4 = 4.6 Hz, Jgem = 12.6 Hz, H-3eq-b), 2.18 (t, 2 H, NHCOCH2
Cer), 

2.10-2.01 (m, 8 H, 2 Ac, H-6Cer, H-6’Cer), 1.87 (t, 1 H, J3ax,4 = 12.6 Hz, H-3ax-b), 1.59 (m, 2 H, 

NHCOCH2CH2
Cer), 1.38-1.15 (m, 50 H, 25 CH2

Cer), 0.86 (m, 6 H, 2 MeCer); 13C NMR (125 MHz, 

CDCl3/CD3OD = 1:1) δ 175.6, 174.6, 174.3, 135.0, 130.7, 104.8, 104.0, 103.6, 102.6, 81.0, 76.2, 

75.9, 75.6, 75.1, 74.4, 74.0, 72.7, 72.1, 70.5, 69.6, 69.4, 68.8, 68.7, 62.8, 61.4, 61.1, 54.3, 54.2, 53.4, 

44.1, 38.9, 37.2, 33.2, 32.8, 32.7, 30.8, 30.5, 30.4, 30.4, 30.3, 30.2, 30.2, 30.2, 30.1, 26.9, 23.4, 23.4, 

22.7, 14.4; HRMS (ESI) m/z found [M-H]- 1381.8325, C67H122N4O25 calcd for [M-H]- 1381.8325. 
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594-S9-GM2 (82) 

Ar 81 (4.2 mg, 3.0 μmol) MeOH/THF (300 μL/300 μL) TEA 

(17.0 μL, 0.12 mmol) ATTO594 N-succinimidyl ester (6.3 mg, 4.6 μmol) 2

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:0.5)

594-S9-GM2 (82) (4.8 mg, 74%)  

1H NMR (800 MHz, CD3OD) δ 7.74-7.48 (m, 4 H, ArATTO594), 7.36-7.35 (2 s, 2 H, 2 ArATTO594), 

6.79 (s, 1 H, ArATTO594), 6.78 (s, 1 H, ArATTO594), 5.90-5.88 (2 s, 2 H, 2 CHATTO594), 5.68 (dt, 1 H, J4,5 

= 15.2 Hz, J5,6 = J5,6’ = 6.6 Hz, H-5Cer), 5.45 (dd, 1 H, J3,4 = 7.8 Hz, H-4Cer), 4.81-3.17 (m, 42 H, H-

1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, H-2c, 

H-3c, H-4c, H-5c, H-6c, H-6’c, H-1e, H-2e, H-3e, H-4e, H-5e, H-6e, H-6’e, H-1Cer, H-1’Cer, H-2Cer, 

H-3Cer, 3 NCH2
ATTO594, 2 CH2SO3

ATTO594), 2.75 (dd, 1 H, J3eq,4 = 4.3 Hz, Jgem = 12.2 Hz, H-3eq-b), 

2.70/2.64 (s, 3 H, NMeATTO594), 2.17 (t, 2 H, NHCOCH2
Cer), 2.04-1.97 (m, 8 H, H-6Cer, H-6’Cer, 2 

Ac), 1.87 (t, 1 H, J3ax,4 = 12.2 Hz, H-3ax-b), 1.81 (t, 2 H, NCH2CH2CH2
ATTO594), 1.62-1.58 (m, 14 H, 

NHCOCH2CH2
Cer, 4 MeATTO594), 1.49-1.35 (m, 58 H, 25 CH2

Cer, NCH2CH2
ATTO594, 2 

NCH2CH3
ATTO594), 0.91 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, CD3OD) δ 176.0, 175.5, 175.1, 

174.9, 174.7, 171.1, 159.2, 159.1, 155.1, 155.0, 154.2, 154.2, 138.4, 137.7, 135.0, 132.2, 131.8, 

131.7, 131.4, 131.1, 130.7, 130.6, 128.8, 126.1, 126.0, 124.3, 124.3, 124.2, 122.9, 122.9, 115.0, 

115.0, 105.0, 104.5, 104.3, 103.1, 97.1, 97.1, 81.3, 78.8, 76.5, 76.2, 75.8, 75.0, 74.9, 74.2, 74.1, 73.0, 

71.8, 71.1, 71.0, 70.0, 69.9, 69.8, 69.6, 62.7, 61.9, 61.8, 61.7, 61.7, 57.5, 54.8, 54.3, 53.9, 53.9, 49.9, 
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47.7, 43.6, 41.4, 41.3, 39.2, 38.7, 37.4, 33.8, 33.5, 33.4, 32.6, 30.6, 30.4, 29.5, 29.5, 29.3, 29.3, 27.2, 

23.6, 22.8, 22.7, 13.8, 13.7; HRMS (ESI) m/z found [M-2H]2- 1084.0425, C108H167N7O34S2 calcd for 

[M-2H]2- 1084.0425. 
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GPI  (CD59) 

GPI

 

GM3

GM2 GM1

 ( 240 nm

) 

 (Figure 26)

 (Figure 27)

 (ATTO594 ATTO488 ) FRET

 (5.7 nm ) 
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Figure 26.  

 

 

 

Figure 27. FRET  
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1962 Westheimer 51

52

UV

 

                                                   
51 A. Singh, E. R. Thorton, F. H. J. Westheimer, J. Biol. Chem. 1962, 237, 3006-3008. 
52 a) J. T. Nguyen, M. Porter, M. Amoui, W. T. Miller, R. N. Zuckermann, W. A. Lim, Chem. Biol. 2000, 

7, 463-473. b) S. Blencke, A. Ullrich, H. Daub, J. Biol. Chem. 2003, 278, 15435-15440. c) X. Chen, H. 
H. Ye, R. Kuruvilla, N. Ramanan, K. W. Scangos, C. Zhang, N. M. Johnson, P. M. England, K. M. 
Shokat, D. D. Ginty, Neuron 2005, 46, 13-21. 
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2004 Sonnino

Nitrophenylazide

 (3H) GM1 53 (Figure 28)

[3H]GM1-N3  

 

 

 

                                                   
53 a) S. Prioni, L. Mauri, N. Loberto, R. Casellato, V. Chigorno, D. Karagogeos, A. Prinetti, S. Sonnino, 

Glycoconjugate J. 2004, 21, 461-470. b) L. Mauri, S. Prioni, N. Loberto, V. Chigorno, A. Prinetti, S. 
Sonnino, Glycoconjugate J. 2004, 20, 11-23. 
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GM1 Sph3 DDQ

NaB3H3CN 3  (Figure 29)54

Gal6 Galactose oxidase

Nitrophenylazide Gal6 GM1

 ([3H]GM1-N3) 

[3H]GM1-N3 GPI

                                                   
54 S. Sonnino, V. Chigorno, D. Acquotti, M. Pitto, G. Kirschner, G. Tettamanti, Biochemistry, 1989, 28, 

77-84. 
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TAG-1 GM1 GM3 GD1b

Sandhoff GM2 TPD

GM2  (GM2AP) 

55 (Figure 30)  

 (Photoaffinity biotinylation)56

 (Kd = 10-15 M) 

lyso-GM1

57 (Figure 30)  

 

                                                   
55 M. Wendeler, J. Hoernschemeyer, D. Hoffmann, T. Kolter, G. Schwarzmann, K. Sandhoff, Eur. J. 

Biochem. 2004, 271, 614-627. 
56 a) T. Tomohiro, M. Hashimoto, Y. Hatanaka, Chem. Rec. 2005, 5, 385-395. b) Y. Hatanaka, M. 

Hashimoto, Y. Kanaoka, Bioorg. Med. Chem. 1994, 2, 1367-1373. c) Y. Hatanaka, M. Hashimoto, Y. 
Kanaoka, J. Am. Chem. Soc. 1998, 120, 453-454. d) M. Hashimoto, J. Yang, G. D. Holman, Carbohydr. 
Res. 2001, 331, 119-127. 

57 M. Hashimoto, Y. Hatanaka, Bioorg. Med. Chem. Lett. 2008, 18, 650-652. 
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 ( ) 

 

Aryl azide
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Benzophenone Trifluoromethylphenyl diazirine (TPD) 58 (Figure 31)

 ( C-H NH2 SH) 

 

 

 

 

Aryl azide

300 nm

Benzophenone 350 nm UV

1980 Brunner 59 TPD 350 nm UV

                                                   
58 M. Hashimoto, Y. Hatanaka, Eur. J. Org. Chem. 2008, 2008, 2513-2523. 
59 J. Brunner, H. Senn, F. M. Richards, J. Biol. Chem. 1980, 255, 3313-3318. 
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CH

TPD

 

 (Figure 32)

GM3  

 

Figure 32.  
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GM3  (Figure 33)

TPD TPD Neu9

TPD

TPD

Neu9

C17

 ( ) 
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Figure 33.  

 

 

 

 

 

GM3

UV

Glc-Cer 4 Glc-Sph 92

GM3  (Scheme 29)  
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Neu9 TPD  (

) GM3

Neu9

TPD

GM3

GM1  

Neu9  ( ) C17

GM3 Neu9
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Sph2 Glc-Cer

Sph 2 Glc-Sph 92 Glc-Sph

92 Neu9 TFAc Neu-Gal 43

Sph2 GM3

Neu9

Neu9  ( ) 

 

 

 

 

 

 

Trifluoromethylphenyl diazirine (TPD)  

 

TPD

TPD Neu9

Neu9 TPD  (

) 

GM3

60 Qiu 61 TPD 93

TPD 99  (Scheme 30)  

 

                                                   
60 M. Hashimoto, Y. Hatanaka, J. Yang, J. Dhesi, G. D. Holman, Carbohydr. Res. 2001, 331, 119-127. 
61 W. W. Qiu, J. Xu, J. Y. Li, J. Li, F. J. Nan, ChemBioChem 2007, 8, 1351-1358. 
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93 Boc

 (Scheme 31) ATTO488

94 ATTO488 N-Succinimidyl

95 95
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DMF

DMF GM3 47

Pfp DMF

95 PfpOH EDC HCl

Pfp

 

 

 

 

TPD ATTO488

TPD 98  (Scheme 32) TPD 93

Boc TFAc N-Succinimidyl 
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ester 98 GM3 TPD

Qiu

TPD N-Succinimidyl ester 9961 (Figure 34) 

GM3  

 

 

 

 

 

 

 

GM3  

 

GM3 47 TPD  (Scheme 33)

TPD N-Succinimidyl ester 99 DMF-

GM3  100 64%  
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47 98

101  (Scheme 33) TFAc NaOMe

102

ATTO488 N-Succinimidyl ester TEA ATTO488

GM3

GM3  
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GM1  

 

GM1 Trk

62 63

GM1 GM1

GM3 GM1 GM1

 (Scheme 34) GM1

TPD 104 88%

 

 

                                                   
62 a) A. Bachis, S. J. Rabin, M. Del Fiacco, I. Mocchetti, Neurotox. Res. 2002, 4, 225-234. b) S. J. Rabin, 

A. Bachis, I. Mocchetti, J. Biol. Chem. 2002, 277, 49466-49472. c) S. J. Rabin, I. Mocchetti, J. 
Neurochem. 1995, 65, 347-354. d) T. Farooqui, T. Franklin, D. K. Pearl, A. J. Yates, J. Neurochem. 
1997, 68, 2348-2355. e) G. Ferrari, B. L. Anderson, R. M. Stephens, D. R. Kaplan, L. A. Greene, J. 
Biol. Chem. 1995, 270, 3074-3080. 

63 M. Aureli, L. Mauri, M. G. Ciampa, A. Prinetti, G. Toffano, C. Secchieri, S. Sonnino, Mol. Neurobiol. 
2016, 53, 1824-1842. 
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GM3 GM1

DRM

DRM

 

(Figure 35)  

 

 

Figure 35. DRM  
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GM3  

 

 

 

GM3  

C17

Scheme 35

C17-

C17- Methyl 15-bromopentadecanoate Methyl 

acetoacetate C17

Methyl 15-bromopentadecanoate C1

15-Pentadecanolactone
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 (Scheme 36) 15-Pentadecanolactone MeOH

NaOMe 10664

106 Br 10765

 

 

 

 

β- Methyl acetoacetate 107

 (Table 15) 1 NaH (2.0 ) DMF 60 C

C- 108 (44%) O- 109 (36%) 

C- 66

O- C-

C/O NaH

DBU  ( 2) NaH Na

DBU

C/O Na

C/O Na+ DMF

                                                   
64 C. Jacopin, M. J. Egron, D. Scherman, J. Herscovici, Bioorg. Med. Chem. Lett. 2002, 12, 1447-1450. 
65 M. Adamkiewicz, T. O'Hara, D. O'Hagan, G. Hähner, Thin Solid Films 2012, 520, 6719-6723. 
66 H. Mayr, M. Breugst, A. R. Ofial, Angew. Chem. Int. Ed. 2011, 50, 6470-6505. 
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C/O

DBU 3

DBU 3 THF C/O

4 C-

TBAI (0.2 ) C-

 (108: 52%, 109: <29%)

C/O 40 C

 ( 5) 6

TBAI 0.4 O- 109 23%

108 73%  

 

 

 

108 β-

 (Scheme 37) HCl
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61% MeOH

NaOH

110  

 

 

 

Church 67 C17-

114 66% Pfp 114

 (Scheme 38)  

 

 

                                                   
67 R. F. R. Church, M. J. Weiss, J. Org. Chem. 1970, 35, 2465-2471. 
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Scheme 39

-O-

SN2

 

 

 

 

 

 

Sph  

 

Sph  (Scheme 40) 115

TfN₃ 11668

116 1,3- 1 2

20%

3 p-Anisaldehyde CSA

117  

 

                                                   
68 R. R. Schmidt, T. Maier, Carbohydr. Res. 1988, 174, 169-179. 
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4,5- 117 Pyr Tf2O

3-OTf 118

4,5- 119

E2  (Table 16)

1 Pyr E2

4,5- 119 23% 120 56%

3-OTf E2 Pyr

Pyr

2 2,6-Lutidine

43%

3 4 DIEA DBU

Tf2O

5 Pyr 3-OTf 118
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DBU 30

DBU

119 91% Z

 

 

 

 

1 120

120 DBU

120  (Scheme 41)
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119 Sph

 (Table 17) 1 Et3SiH PhBCl269 12170 20%

1H NMR PhBCl2

2 3

Lewis SnCl4 AlCl3

AlCl3

Sph

 

 

  

                                                   
69 M. Sakagami, H. Hamana, Tetrahedron Lett. 2000, 41, 5547-5551. 
70 W. Du, J. Gervay-Hague, Org. Lett. 2005, 7, 2063-2065. 
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Glc-Sph  

 

Glc 12371 Sph 121 Glc-Sph

NIS-TfOH

DMTST72 in situ DMTST 73

 (Scheme 42) 123 121 1.0 DTBMP

MeSSMe MeOTf 3.0 Glc-Sph 83%

Glc-Sph 124 Glc4 TBS Glc-Sph 92

 

 

 

 

74 

(Table 18) 1 MeSSMe MeOTf

DMTST PMB

                                                   
71 S. Nakashima, H. Ando, R. Saito, H. Tamai, H. Ishida, M. Kiso, Chem. Asian J. 2012, 7, 1041-1051. 
72 P. Fügedi, P. J. Garegg, Carbohydr. Res. 1986, 149, C9-C12. 
73 I. Ohtsuka, T. Ako, R. Kato, S. Daikoku, S. Koroghi, T. Kanemitsu, O. Kanie, Carbohydr. Res. 2006, 

341, 1476-1487.  
74     2016. 
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2 2,6-di-tert-butyl-4-methylpyridine 3 2,4,6-tri-tert-

butylpyridine

4 2,4,6-tri-tert-

butylpyrimidine 91%

Table 18 pKa75

 

 

 

 

Scheme 43

                                                   
75 D. Crich, M. Smith, Q. Yao, J. Picione, Synthesis 2001, 323-326. 
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b

a

b  

 

 
 

 

 

 

 

Glc-Sph 92 Neu-Gal 43 92%

125  (Scheme 44)  
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Staudinger Ligation C17-

Glc-Sph 92 76 92

98% THF aq. Pfp 114 Bu3P HOOBt

95% 126  (Scheme 45) PMB

C17- 127 TPD

C17- 127

 

                                                   
76 M. Hagiwara, M. Dohi, Y. Nakahara, K. Komatsu, Y. Asahina, A. Ueki, H. Hojo, Y. Nakahara, Y. Ito, J. 

Org. Chem. 2011, 76, 5229-5239. 
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C17- PMB

 (Scheme 

46) PMB C17-
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130 C17-

 (Scheme 47) 125 PMB Staudinger Ligation

GM3

Zn/AcOH

77  

 

 

 

 

 

 

NaOH Neu9

132  (Scheme 48) Neu9

ATTO594 ATTO594 NHS ester

                                                   
77     2017. 
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133  

 

 

 

 

 

 

 

GM3 NHS ester 134

135  (Scheme 49)  
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GM3

 

GM3

TPD Neu9  

Glc-Sph

Sph

DMTST Glc

Glc-Sph

TPD

15-Pentadecanolactone C17-
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MS3Å MS4Å MS AW-300 (Wako chemical)

300 °C 2 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

 () 1H NMR 13C NMR Bruker 

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

 (tetramethylsilane)  (ppm) Horiba High Sensitive 

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

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

 

 

 

 

 

2-{2-[2-(2-Trifluoroacetamidoethoxy)ethoxy]ethoxy}-4-[3-(trifluoromethyl)-3H-diazirin-3-

yl]benzoic acid (97) 
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Ar 93 (50.0 mg, 105 μmol) CH2Cl2 (1.4 mL) 0 ˚C

TFAcOH (0.6 mL) 1 TLC (CHCl3/MeOH = 10:1 

) 2  

Ar 96 MeOH (2.0 mL) TEA (146 μL, 1.05 mmol)

TFAcOMe (52.0 μL, 0.525 mmol) 2 TLC (CHCl3/MeOH = 

5:1) CHCl3 H2O brine Na2SO4

 (CHCl3/MeOH = 50:1 to 10:1) 97 (46.6 mg, 94%, 2 steps)  

[α]D +1.1° (c 2.2, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.16 (d, 1 H, J5,6 = 8.3 Hz, H-6), 7.26 (s, 

1 H, NH), 6.96 (d, 1 H, H-5), 6.79 (s, 1 H, H-3), 4.39-4.37 (m, 2 H, CH2), 3.92-3.91 (m, 2 H, CH2), 

3.73-3.55 (m, 8 H, 4 CH2); 13C NMR (125 MHz, CDCl3) δ 164.4, 157.8, 157.5, 157.4, 157.2, 156.9, 

135.9, 134.2, 124.9, 122.8, 120.6, 120.3, 119.8, 119.3, 118.4, 117.0, 114.7, 112.4, 111.6, 71.1, 70.6, 

70.4, 70.2, 70.0, 69.4, 68.8, 68.7, 68.3, 39.7, 30.1, 29.6, 28.8, 28.4, 28.1, 27.8; HRMS (ESI) m/z 

found [M-H]- 472.0949, C17H17F6N3O6 calcd for [M-H]- 472.0949. 

 

 

N-hydroxysuccinimidyl 2-{2-[2-(2-Trifluoroacetamidoethoxy)ethoxy]ethoxy}-4-[3-

(trifluoromethyl)-3H-diazirin-3-yl]benzoate (98) 

Ar 97 (24.1 mg, 50.9 μmol) CH2Cl2 (2.6 mL) HOSu (8.8 

mg, 76 μmol) EDC∙HCl (14.7 mg, 76.4 μmol) 2

TLC (CHCl3/MeOH = 10:1) CHCl3 H2O brine

Na2SO4
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 (CHCl3/MeOH = 100:1 to 80:1) 98 (27.6 

mg, 95%)  

[α]D +12.5° (c 0.5, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.04 (d, 1 H, J5,6 = 8.3 Hz, H-6), 7.16 

(s, 1 H, NH), 6.87 (d, 1 H, H-5), 6.76 (s, 1 H, H-3), 4.24-4.22 (m, 2 H, CH2), 3.92-3.90 (m, 2 H, 

CH2), 3.74-3.51 (m, 8 H, 4 CH2), 2.89 (s, 4 H, 2 CH2); 13C NMR (125 MHz, CDCl3) δ 169.2, 159.6, 

159.6, 157.4, 157.1, 136.8, 133.1, 125.0, 122.8, 120.6, 118.5, 118.4, 117.0, 116.0, 114.7, 112.5, 

111.3, 71.1, 70.3, 70.2, 69.4, 69.2, 68.7, 68.6, 39.7, 31.9, 30.1, 29.7, 28.9, 28.6, 28.2, 27.9, 25.6, 

25.5, 14.1; HRMS (ESI) m/z found [M+Na]+ 593.1077, C21H20F6N4O8 calcd for [M+Na]+ 593.1078. 

 

 

(Biotin-diazirine)-S9-GM3 (100) 

Ar 47 (3.0 mg, 1.7 μmol) DMF/H2O (220 μL/20 μL)

TEA (7.1 μL, 51 μmol) 99 (2.7 mg, 3.8 μmol) 1.5

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:0.5)  

(LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:3.5:0.7) 100 (2.8 

mg, 64%)  

[α]D +22.6° (c 0.3, MeOH); 1H NMR (800 MHz, CD3OD) δ 8.07-6.82 (m, 3 H, Ar), 5.68 (dt, 1 H, 

J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.7 Hz, H-5Cer), 5.45 (dd, 1 H, J3,4 = 7.7 Hz, H-4Cer), 4.49-3.18 (m, 40 H, 

H-1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, H-

2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 6 CH2, 3 CHBiotin), 2.91 (m, 1 H, 
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CH2
Biotin), 2.85 (dd, 1 H, Jgem = 12.9 Hz, J3eq,4 = 4.2 Hz, H-3eq-b), 2.70 (m, 1 H, CH2

Biotin), 2.20-1.29 

(m, 65 H, H-3ax-b, 4 CH2
Biotin, 28 CH2

Cer), 0.90 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, CD3OD) δ 

176.2, 175.9, 166.1, 135.0, 131.4, 105.0, 104.5, 77.7, 77.0, 76.4, 76.3, 74.8, 74.8, 73.0, 71.7, 71.4, 

70.9, 70.6, 70.3, 69.9, 69.1, 63.4, 62.7, 61.6, 57.0, 54.7, 53.9, 41.1, 37.4, 36.7, 33.5, 33.1, 33.1, 30.9, 

30.7, 30.7, 30.5, 30.5, 30.5, 30.5, 29.7, 29.5, 27.2, 26.8, 23.8, 23.8, 22.6, 14.5; HRMS (ESI) m/z 

found [M-H]- 1763.9401, C84H139F3N8O26S calcd for [M-H]- 1763.9401. 

 

 

{5-Acetamido-3,5,9-trideoxy-9-(2-{2-[2-(2-trifluoroacetamidoethoxy)ethoxy]ethoxy}-4-[3-

(trifluoromethyl)-3H-diazirin-3-yl]benzamide)-D-glycero-α-D-galacto-2-nonulopyranosylonic 

acid}-(2→3)-(β-D-galactopyranosyl)-(1→4)-(β-D-glucopyranosyl)-(1→1)-(2S,3R,4E)-2-

octadecanamido-4-octadecene-1,3-diol (101) 

Ar 47 (7.0 mg, 5.9 μmol) DMF/H2O (400 μL/200 μL)

TEA (17.0 μL, 119 μmol) 98 (6.0 mg, 11 μmol) 1.5

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)

 (CHCl3/MeOH/H2O = 5:1.2:0.1 to 5:1.4:0.1)

101 (7.9 mg, 81%)  

[α]D -11.4° (c 0.8, CHCl3/MeOH = 1:1); 1H NMR (500 MHz, CDCl3/CD3OD = 1:2) δ 8.66 (m, 1 

H, NHTFAc), 8.07 (d, 1 H, Ar), 7.81 (m, 1 H, NH-9b), 6.98 (d, 1 H, Ar), 6.86 (s, 1 H, Ar), 5.69 (dt, 1 

H, J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.7 Hz, H-5Cer), 5.45 (dd, 1 H, J3,4 = 7.8 Hz, H-4Cer), 4.41-3.18 (m, 37 

H, H-1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, 
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H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 6 CH2), 2.83 (dd, 1 H, Jgem = 

13.0 Hz, J3eq,4 = 3.7 Hz, H-3eq-b), 2.19-2.01 (m, 4 H, H-6Cer, H-6’Cer, CH2
Cer), 1.96 (s, 3 H, Ac), 

1.77 (t, 1 H, J3ax,4 = 13.0 Hz, H-3ax-b), 1.58-1.17 (m, 52 H, 26 CH2
Cer), 0.91-0.88 (m, 6 H, 2 MeCer); 

13C NMR (125 MHz, CDCl3/CD3OD = 1:2) δ 175.7, 175.1, 158.8, 158.4, 134.9, 134.5, 133.2, 130.9, 

124.5, 124.1, 120.2, 118.3, 112.2, 104.8, 104.2, 80.8, 79.0, 77.3, 76.5, 76.1, 75.9, 74.6, 74.5, 72.8, 

71.8, 71.5, 71.2, 70.6, 70.1, 70.0, 69.7, 69.5, 69.0, 68.9, 62.5, 61.7, 54.4, 53.7, 49.7, 49.6, 49.5, 49.3, 

47.7, 44.0, 41.5, 40.5, 37.2, 33.3, 32.8, 32.8, 30.6, 30.6, 30.5, 30.5, 30.4, 30.3, 30.2, 30.2, 29.4, 26.9, 

23.5, 22.6, 14.4, 9.2; HRMS (ESI) m/z found [M-H]- 1633.8448, C76H123F6N6O25 calcd for [M-H]- 

1633.8448. 

 

 

(488-diazirine)-S9-GM3 (103) 

Ar 101 (3.0 mg, 1.8 μmol) MeOH/THF (0.9 mL/0.9 mL)

28 w% NaOMe (7.1 mg, 37 μmol) 20 TLC 

(CHCl3/MeOH/5% CaCl2 aq. = 5:2.5:0.4) Muromac C101

 (CHCl3/MeOH/H2O = 5:1:0.8 to 5:2.5:0.2) 102  

Ar 102 DMF/H2O (220 μL/20 μL) TEA 

(5.1 μL, 36 μmol) ATTO488 N-succinimidyl ester (8.5 mg, 6.1 μmol) 1

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:2.5:0.4)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:2.5:0.4)
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103 (2.1 mg, 55%, 2 steps)  

1H NMR (800 MHz, CDCl3/CD3OD = 1:3) δ 8.12-6.78 (m, 11 H, 4 Ar), 5.69 (dt, 1 H, J4,5 = 15.2 

Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.44 (dd, 1 H, J3,4 = 7.8 Hz, H-4Cer), 4.47-2.72 (m, 43 H, H-1a, H-

2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-3eq-b, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, H-

2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, NMeATTO488, NCH2
ATTO488, 6 

CH2), 2.34-1.49 (m, 14 H, H-3ax-b, H-6Cer, H-6’Cer, 2 CH2
ATTO488, NHCOCH2

Cer
, NHCOCH2CH2

Cer, 

Ac), 1.37-1.20 (m, 50 H, 25 CH2
Cer), 0.91-0.88 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, 

CDCl3/CD3OD = 1:3) δ 175.8, 175.0, 174.7, 170.0, 158.4, 158.2, 157.3, 157.2, 137.3, 135.0, 134.4, 

133.0, 131.3, 131.0, 130.8, 128.4, 123.7, 122.4, 120.3, 120.2, 114.7, 114.6, 113.2, 112.1, 104.7, 

104.2, 100.9, 80.6, 77.3, 76.6, 76.1, 75.8, 74.4, 72.7, 71.4, 71.0, 70.7, 70.3, 69.9, 69.7, 69.0, 62.6, 

61.7, 58.8, 54.4, 53.8, 49.5, 41.7, 40.1, 37.8, 37.2, 33.3, 32.9, 30.6, 30.6, 30.5, 30.5, 30.3, 30.3, 30.2, 

27.0, 23.6, 22.8, 14.5; HRMS (ESI) m/z found [M-2H]2- 1053.9636, C99H146F3N9O33S2 calcd for [M-

2H]2- 1053.9636. 

 

 

(Biotin-diazirine)-S9-GM1 (104) 

Ar 65 (3.0 mg, 1.9 μmol) DMF/H2O (100 μL/100 μL)

TEA (5.4 μL, 39 μmol) 99 (2.0 mg, 2.9 μmol) 1.5

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)
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 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:3.5:0.7)

104 (3.1 mg, 80%)  

[α]D +22.6° (c 0.3, MeOH); 1H NMR (800 MHz, CD3OD) δ 8.00-6.87 (m, 3 H, Ar), 5.68 (dt, 1 H, 

J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.7 Hz, H-5Cer), 5.44 (dd, 1 H, J3,4 = 7.9 Hz, H-4Cer), 4.84-3.17 (m, 54 H, 

H-1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-9’b, H-1c, H-

2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1d, H-2d, H-3d, H-4d, H-5d, H-6d, H-6’d, H-1e, H-2e, H-3e, 

H-4e, H-5e, H-6e, H-6’e, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 6 CH2, 3 CHBiotin), 2.92 (dd, 1 H, CH2
Biotin), 

2.76 (dd, 1 H, Jgem = 12.5 Hz, J3eq,4 = 4.7 Hz, H-3eq-b), 2.70 (d, 1 H, CH2
Biotin), 2.21-1.33 (m, 65 H, 

H-3ax-b, 4 CH2
Biotin, 28 CH2

Cer), 0.91 (m, 6 H, 2 MeCer); 13C NMR (200 MHz, CD3OD) δ 176.2, 

175.9, 175.4, 175.2, 174.8, 167.1, 166.1, 158.6, 135.1, 134.4, 133.1, 131.4, 125.6, 120.5, 112.5, 

106.5, 105.0, 104.5, 104.2, 103.1, 82.8, 81.3, 78.8, 76.6, 76.4, 76.1, 76.0, 75.8, 75.1, 74.8, 74.6, 

72.9, 72.6, 71.8, 71.7, 71.4, 71.0, 70.9, 70.6, 70.5, 70.4, 70.2, 69.9, 69.7, 69.6, 63.4, 62.6, 62.4, 61.8, 

61.7, 61.6, 57.0, 54.7, 53.9, 52.8, 49.9, 49.5, 49.4, 49.3, 49.3, 43.9, 41.1, 40.3, 39.2, 37.4, 36.7, 33.5, 

33.1, 33.1, 30.9, 30.9, 30.8, 30.8, 30.7, 30.7, 30.5, 30.5, 30.5, 30.5, 29.8, 29.6, 29.5, 27.2, 26.8, 23.8, 

23.8, 23.8, 22.6, 14.5; HRMS (ESI) m/z found [M-H]- 2129.0722, C98H162F3N9O36S calcd for [M-H]- 

2129.0723. 

 

 

Dimethyl 2-acetylheptadecanedioate (108) 

Ar  (3.85 mL, 35.8 mmol) DMF (130 mL)

DBU (5.35 mL, 35.8 mmol) 30 107 (6.00 g, 

17.9 mmol) DMF (50 mL) TBAI (2.30 g, 7.16 mmol) 0 ˚C
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40 °C 4 TLC (CHCl3/MeOH = 10:1 )

AcOEt 2 M HCl H2O brine Na2SO4

 (n-hexane/Et2O = 10:1 to 6:1) 108 (4.81 g, 73%)  

[α]D +6.5° (c 1.1, CHCl3); 1H NMR (500 MHz, CDCl3) δ 3.73 (s, 3 H, CO2Me), 3.66 (s, 3 H, 

CO2Me), 3.42 (t, 1 H, CHC(O)Me), 2.30 (t, 2 H, CH2CO2Me), 2.22 (s, 3 H, C(O)Me), 1.88-1.81 (m, 

2 H, CH2), 1.65-1.59 (m, 2 H, CH2), 1.29-1.25 (m, 22 H, 11 CH2); 13C NMR (125 MHz, CDCl3) δ 

203.1, 174.2, 170.3, 59.7, 52.2, 51.3, 34.0, 29.5, 29.5, 29.4, 29.4, 29.2, 29.2, 29.1, 28.7, 28.2, 27.4, 

24.9; HRMS (ESI) m/z found [M+Na]+ 393.2610, C21H38O5 calcd for [M+Na]+ 393.2611. 

 

 

17-Oxostearic acid (110) 

Ar 108 (59.3 mg, 0.160 mmol) MeOH (3.2 mL) 1 M 

NaOH  (3.2 mL) 3.5 TLC (CHCl3/MeOH = 

20:1) CHCl3 2 M HCl H2O brine

Na2SO4

 (n-hexane/Et2O = 3:2) 110 

(45.1 mg, 94%)  

[α]D +9.9° (c 1.3, CHCl3); 1H NMR (500 MHz, CDCl3) δ 2.41 (t, 2 H, CH2), 2.34 (t, 2 H, CH2), 

2.13 (s, 3 H, C(O)Me), 1.66-1.59 (m, 2 H, CH2), 1.58-1.55 (m, 2 H, CH2), 1.33-1.25 (m, 22 H, 11 

CH2); 13C NMR (125 MHz, CDCl3) δ 209.5, 179.8, 43.8, 34.0, 29.7, 29.7, 29.6, 29.5, 29.5, 29.4, 

29.4, 29.3, 29.2, 29.1, 29.0, 24.7, 23.9; HRMS (ESI) m/z found [M-H]- 297.2435, C18H34O3 calcd for 
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[M+Na]+ 297.2435. 

 

 

16-(3-Methyl-3H-diaziren-3-yl)hexadecanoic acid (113) 

Ar 110 (30.0 mg, 0.100 mmol) CH2Cl2 (1.0 mL) 0 ˚C

7.0 M NH3 MeOH  (1.0 mL) 3 MeOH (1.0 mL)

NH2OSO3H (13.6 mg, 0.120 mmol) 29 0 ˚C TEA (0.2 

mL) 1

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

2 M HCl satd Na2S2O3 brine Na2SO4

 (n-hexane/Et2O = 4:1) 113 (20.3 mg, 66%, 4 steps)

 

[α]D +5.0° (c 2.3, CHCl3); 1H NMR (500 MHz, CDCl3) δ 2.35 (t, 2 H, CH2CO2H), 1.67-1.56 (m, 4 

H, 2 CH2), 1.34-1.12 (m, 24 H, 12 CH2), 0.99 (s, 3 H, Me); 13C NMR (125 MHz, CDCl3) δ 179.6, 

34.3, 34.0, 29.7, 29.6, 29.6, 29.5, 29.4, 29.4, 29.2, 29.2, 29.1, 25.9, 24.7, 24.0, 19.9; HRMS (ESI) 

m/z found [M-H]- 309.2548, C18H34N2O2 calcd for [M+Na]+ 309.2548. 

 

 

Pentafluorophenyl 16-(3-methyl-3H-diaziren-3-yl)hexadecanoate (114) 

Ar 113 (346 mg, 1.11 mmol) CH2Cl2 (1.4 mL) 0 ˚C
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PfpOH (422 mg, 2.23 mmol) EDC∙HCl (428 mg, 2.23 mmol) 1

TLC (CHCl3/MeOH = 10:1) CHCl3 satd NaHCO3 H2O

brine Na2SO4

 (n-hexane/Et2O = 50:1)

114 (473 mg, 90%)  

[α]D +7.3° (c 2.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 2.66 (t, 2 H, CH2CO2Pfp), 1.80-1.74 (m, 

2 H, CH2), 1.43-1.12 (m, 26 H, 13 CH2), 0.99 (s, 3 H, Me); 13C NMR (125 MHz, CDCl3) δ 169.6, 

34.3, 33.3, 29.6, 29.6, 29.5, 29.5, 29.4, 29.4, 29.2, 29.1, 28.8, 25.9, 24.8, 24.0, 19.9; HRMS(ESI) m/z 

found [M+Na]+ 499.2354, C24H33F5N2O2 calcd for [M+Na]+ 499.2354. 

 

 

(2S,3S,4R)-1,3-O-(4-methoxybenzylidene)-2-azidooctadecane-1,3,4-triol (117) 

Ar 116 (6.00 g, 17.5 mmol) toluene (175 mL) p-

anisaldehyde (4.2 mL, 35 mmol) CSA (407 mg, 1.75 mmol) 10

TLC (CHCl3/EtOAc = 30:1) satd NaHCO3

CHCl3 satd NaHCO3 H2O brine

Na2SO4

 (CHCl3/EtOAc = 100:1) 117 (4.41 g, 55%)

 

[α]D +37.0° (c 2.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.41-6.86 (2 d, 4 H, Ar), 5.43 (s, 1 H, 

CH), 4.38 (dd, 1 H, J1,2 = 3.6 Hz, Jgem = 9.9 Hz, H-1), 3.88 (m, 1 H, H-4), 3.78 (s, 3 H, OMe), 3.75-

3.65 (m, 3 H, H-1’, H-2, H-3), 2.09 (d, 1 H, J4,OH = 11.0 Hz, OH-4), 1.62 (m, 2 H, H-5, H-5’), 1.40-
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1.26 (m, 24 H, 12 CH2), 0.88 (t, 3 H, CH3); 13C NMR (125 MHz, CDCl3) δ 160.6, 130.0, 127.8, 

114.0, 101.5, 82.4, 72.7, 69.1, 55.6, 53.5, 32.3, 32.1, 30.0, 30.0, 29.9, 29.9, 29.8, 29.7, 26.3, 23.0, 

14.5.; HRMS(ESI) m/z found [M+Na]+ 484.3146, C26H43N3O4 calcd for [M+Na]+ 484.3146. 

 

 

(2S,3R,4E)-1,3-O-(4-methoxybenzylidene)-2-azido-4-octadecene-1,3-diol (119) 

Ar 117 (30.0 mg, 65.0 μmol) CH2Cl2 (2.2 mL) Pyr (31.5 

μL, 0.39 mmol) trifluoromethanesulfonic anhydride (13.1 μL, 78.0 μmol) 0 °C 15

TLC (n-hexane/Et2O = 4:1) DBU (58.3 μL, 0.39 

mmol) 0 °C 5 TLC (n-hexane/Et2O = 4:1)

MeOH CHCl3 H2O brine

Na2SO4

 (n-hexane/Et2O = 40:1) 119 

(26.3 mg, 91%)  

[α]D +5.0° (c 2.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.45-6.90 (2 d, 4 H, Ar), 5.96 (dt, 1 H, 

J4,5 = 15.5 Hz, J5,6 = J5,6’ = 6.9 Hz, H-5), 5.58 (dd, 1 H, J3,4 = 7.5 Hz, H-4), 5.45 (s, 1 H, CH), 4.32 

(dd, 1 H, J1,2 = 5.2 Hz, Jgem = 11.1 Hz, H-1), 4.03 (t, 1 H, J2,3 = 8.3 Hz, H-3), 3.81 (s, 3 H, OMe), 

3.60 (t, 1 H, J1’,2 = Jgem = 11.0 Hz, H-1’), 3.45 (m, 1 H, H-2), 2.10 (m, 2 H, H-6, H-6’), 1.43-1.25 (m, 

22 H, 11 CH2), 0.89 (t, 3 H, CH3); 13C NMR (125 MHz, CDCl3) δ159.6, 138.6, 130.1, 129.8, 126.6, 

114.2, 80.6, 70.0, 66.3, 63.1, 55.6, 32.8, 32.3, 30.0, 30.0, 30.0, 29.8, 29.7, 29.5, 29.3, 23.0, 14.5.; 

HRMS(ESI) m/z found [M+Na]+ 466.3040, C26H41N3O3 calcd for [M+Na]+ 466.3038. 
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(2S,3R,4E)-2-Azido-3-O-(4-methoxybenzyl)-4-octadecene-1,3-diol (121) 

Ar 119 (2.00 g, 4.51 mmol) CH2Cl2 (150 mL) MS4Å 

(3.00 g) 1 -78 °C Et3SiH (2.16 mL, 13.5 mmol)

AlCl3 (722 mg, 5.41 mmol) -78 °C 3.5 TLC (n-

hexane/Et2O = 6:1) TEA MeOH CHCl3

satd NaHCO3 brine Na2SO4

 (n-

hexane/Et2O = 9:1) 121 (1.83 g, 92%)  

[α]D -75.3° (c 2.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.25-6.86 (2 d, 4 H, Ar), 5.77 (dt, 1 H, 

J4,5 =15.0 Hz, J5,6 = J5,6’ = 7.0 Hz, H-5), 5.42 (dd, 1 H, J3,4 = 8.5 Hz, H-4), 4.55-4.27 (2 d, 2 H, Jgem = 

11.5 Hz, CH2), 3.87 (dd, 1 H, J2,3 = 6.0 Hz, J3,4 = 8.5 Hz, H-3), 3.79 (s, 3 H, OMe), 3.71-3.68 (m, 2 

H, H-1, H-1’), 3.46 (m, 1 H, H-2), 2.33 (s, 1 H, OH-1), 2.12 (m, 2 H, H-6, H-6’), 1.43-1.26 (m, 22 

H, 11 CH2), 0.88 (t, 3 H, CH3); 13C NMR (125 MHz, CDCl3) δ 160.5, 138.1, 130.2, 127.8, 126.3, 

114.0, 101.4, 82.1, 69.4, 57.8, 55.6, 32.9, 32.3, 30.0, 30.0, 29.9, 29.8, 29.7, 29.6, 29.0, 23.0, 14.4; 

HRMS(ESI) m/z found [M+Na]+ 468.3197, C26H43N3O3 calcd for [M+Na]+ 468.3198. 

 

 

2-O-Benzoyl-4-O-tert-butyldimethylsilyl-3,6-di-O-(4-methoxybenzyl)-β-D-glucopyranosyl-

(1→1)-(2S,3R,4E)-2-azido-3-O-(4-methoxybenzyl)-4-octadecene-1,3-diol (124) 

Ar 123 (85.8 mg, 112 μmol) 121 (50.0 mg, 112 μmol)
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CH2Cl2 (4.48 mL) MS4Å (336 mg) 2,6-di-tert-butyl-4-methylpyrimidine (92 mg, 448 

mol) dimethyl disulfide (29 L, 0.34 mmol) methyl 

trifluoromethanesulfonate (38 L, 0.34 mmol) 0 °C 7

TLC (toluene/EtOAc = 20:1 ) satd NaHCO3

AcOEt satd 

NaHCO3 H2O brine Na2SO4

 

(CHCl3/EtOAc = 70:1) 124 (109 mg, 92%)  

[α]D +17.0˚ (c 2.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.97-6.63 (m, 17 H, 4 Ar), 5.39 (dt, 1 

H, J4,5 = 13.5 Hz, J5,6 = J5,6’ = 7.0 Hz, H-5Sph), 5.36-5.23 (m, 2 H, H-2Glc, H-4Sph), 4.60-4.54 (m, 4 H, 

H-1Glc, CH2), 4.46-4.10 (3 d, 3 H, Jgem = 6.0 Hz, CH2), 4.20 (dd, 1 H, J1,2 = 5.5 Hz, Jgem = 10.0 Hz, 

H-1Sph), 3.78-3.48 (m, 15 H, 3 OMe, H-3Glc, H-4Glc, H-5Glc, H-6Glc, H-6’Glc, H-3Sph), 3.52-3.49 (m, 2 

H, H-1’Sph, H-2Sph), 1.93-1.90 (m, 2 H, H-6Sph, H-6’Sph), 1.44-1.25 (m, 22 H, 11 CH2), 0.85 (s , 12 H, 

tBu, CH3), 0.01 (s, 3 H, 2 CH3); 13C NMR (125 MHz, CDCl3) δ 164.9, 159.2, 159.0, 137.8, 133.0, 

130.3, 130.1, 130.0, 129.7, 129.2, 129.2, 129.1, 128.3, 125.7, 113.8, 113.4, 101.0, 82.9, 79.4, 76.7, 

76.4, 74.4, 74.1, 73.1, 71.2, 69.8, 69.0, 67.8, 63.9, 55.2, 55.2, 55.1, 32.3, 31.9, 29.7, 29.5, 29.4, 29.2, 

29.0, 25.9, 22.7, 18.0, 14.1; HRMS (ESI) m/z found [M+Na]+ 1088.6002, C61H87N3O11Si calcd for 

[M+Na]+ 1088.6002. 

 

 

2-O-Benzoyl-3,6-di-O-(4-methoxybenzyl)-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-2-azido-3-O-

(4-methoxybenzyl)-4-octadecene-1,3-diol (92) 
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Ar 124 (848 mg, 0.795 mmol) THF (16 mL) 1 M 

tetra-n-butylammonium fluoride THF  (2.39 mL, 2.39 mmol) 45

TLC (toluene/EtOAc = 3:1) AcOEt satd 

NaHCO3 brine Na2SO4

 (toluene/EtOAc = 

15:1) 92 (754 mg, 99%)  

[α]D 13.0˚ (c 2.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.05-6.69 (m, 17 H, 4 Ar), 5.40 (dt, 1 H, 

J4,5 = 13.6 Hz, J5,6 = J5,6’ = 6.7 Hz, H-5Sph), 5.28-5.21 (m, 2 H, H-4Sph, H-2Glc), 4.67-4.60 (2 d, 2 H, 

Jgem = 11.0 Hz, CH2), 4.56-4.49 (m, 3 H, J1,2 = 8.0 Hz, H-1Glc, CH2), 4.35-4.10 (2 d, 2 H, Jgem = 11.0 

Hz, CH2), 3.91 (dd, 1 H, J1,2 = 5.6 Hz, Jgem = 10.2 Hz, H-1Sph), 3.86-3.72 (m, 13 H, H-4Glc, H-6Glc, 

H-6’Glc, H-3Sph, 3 OMe), 3.64 (t, 1 H, J2,3 = J3,4 = 9.2 Hz, H-3Glc), 3.57 (m, 1 H, H-5Glc), 3.55-3.47 

(m, 2 H, H-1’Sph, H-2Sph), 2.77 (s, 1 H, OH-4Glc), 1.93-1.90 (m, 2 H, H-6Sph, H-6’Sph), 1.31-1.26 (m, 

22 H, 11 CH2), 0.88 (t, 3 H, CH3); 13C NMR (125MHz, CDCl3) δ 167.9, 159.4, 159.2, 159.0, 137.9, 

133.1, 130.3, 130.1, 130.0, 129.6, 129.1, 128.4, 125.6, 113.9, 113.8, 113.7, 101.2, 81.6, 79.3, 76.7, 

74.0, 74.0, 73.5, 73.3, 72.5, 70.1, 69.8, 68.1, 63.8, 55.3, 55.2, 55.1, 32.3, 31.9, 29.7, 29.7, 29.5, 29.4, 

29.2, 28.9, 22.7, 14.1; HRMS (ESI) m/z found [M+Na]+ 974.5137, C55H73N3O11 calcd for [M+Na]+ 

974.5137. 

 

 

(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-benzoyl-β-D-galactopyranosyl-

(1→4)-2-O-benzoyl-3,6-di-O-(4-methoxybenzyl)-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-2-azido-
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3-O-(4-methoxybenzyl)-4-octadecene-1,3-diol (125) 

Ar 43 (60.1 mg, 54.6 μmol) 92 (78.0 mg, 81.0 μmol)

CH2Cl2 (2.7 mL) MS AW-300 (200 mg)

TMSOTf (1.0 μL, 5.5 μmol) 0 °C 1 TLC 

(toluene/EtOAc/MeOH = 1:1:0.1 ) TEA

CHCl3 satd NaHCO3 brine

Na2SO4

 (CHCl3/MeOH = 90:1) 125 (94.8 

mg, 92%)  

[α]D 31.4˚ (c 0.7, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.18-6.61 (m, 28 H, 6 Ar, NH-9b), 5.41-

5.30 (m, 3 H, H-5Sph, H-8b, H-2a), 5.22 (dd, 1 H, J3,4 = 8.7 Hz, J4,5 = 15.5 Hz, H-4Sph), 5.17 (t, 1 H, 

J1,2 = J2,3 = 8.4 Hz, H-2c), 5.09 (d, 1 H, J1,2 = 7.9 Hz, H-1a), 5.08 (d, 1 H, J3,4 = 3.4 Hz, H-4a), 5.01 

(d, 1 H, JNH,5 = 10.5 Hz, NH-5b), 4.86 (dd, 1 H, J6,7 = 2.6 Hz, J7,8 = 10.3 Hz, H-7b), 4.84-4.80 (m, 2 

H, H-4b, CH2), 4.65 (dd, 1 H, J2,3 = 10.0 Hz, H-3a), 4.62-4.44 (3 d, 3 H, Jgem = 11.1 Hz, CH2), 4.36 

(d, 1 H, H-1c), 4.33-4.07 (m, 6 H, H-1’Sph, H-9b, H-6a, H-6’a, CH2), 3.98 (q, 1 H, J4,5 = J5,6 = 10.5 

Hz, H-5b), 3.86-3.81 (m, 2 H, H-4c, H-5a), 3.77-3.63 (m, 15 H, 3 OMe, COOMe, H-3Sph, H-3c, H-

6c), 3.60 (dd, 1 H, J5,6’ = 5.0 Hz, Jgem = 11.1 Hz, H-6’c), 3.54 (m, 1 H, H-5c), 3.47 (dd, 1 H, H-6b), 

3.39-3.35 (m, 2 H, H-1’Sph, H-2Sph), 2.59 (near d, 1 H, H-9’b), 2.51 (dd, 1 H, J3eq,4 = 4.6 Hz, Jgem = 

12.7 Hz, H-3eq-b), 2.10-1.59 (m, 18 H, 5 Ac, H-6Sph, H-6’Sph, H-3ax-b), 1.31-1.25 (m, 22 H, 11 

CH2), 0.89-0.83 (m, 3 H, CH3); 13C NMR (125 MHz, CDCl3) δ 172.6, 170.9, 170.3, 170.2, 170.1, 

167.7, 165.6, 164.9, 164.8, 159.0, 158.9, 158.8, 158.0, 157.7, 137.8, 133.3, 133.1, 132.9, 130.5, 

130.4, 130.3, 130.2, 130.1, 130.0, 129.8, 129.7, 129.6, 129.2, 129.1, 128.8, 128.5, 128.3, 125.5, 

117.0, 114.7, 113.7, 113.6, 113.4, 100.9, 100.2, 97.0, 80.0, 79.3, 76.7, 76.1, 75.1, 73.7, 73.2, 72.7, 

72.1, 71.8, 71.7, 70.5, 69.7, 69.3, 68.3, 67.9, 67.6, 67.1, 66.7, 63.7, 61.3, 55.2, 55.1, 55.0, 53.0, 48.8, 
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38.2, 37.2, 37.1, 32.3, 31.9, 30.0, 29.7, 29.7, 29.6, 29.6, 29.4, 29.3, 29.1, 28.9, 23.0, 22.7, 21.0, 20.7, 

20.7, 20.6, 14.1, 1.0; HRMS (ESI) m/z found [M+Na]+ 1912.7706, C97H118F3N5O30 calcd for 

[M+Na]+ 1912.7709. 

 

 

(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-benzoyl-β-D-galactopyranosyl-

(1→4)-2-O-benzoyl-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-2-azido-4-octadecene-1,3-diol (130) 

Ar 125 (30.0 mg, 15.8 μmol) CH2Cl2 (0.13 mL) TFAcOH 

(1.3 mL) H2O (0.26 mL) 0 °C 1 TLC (CHCl3/MeOH 

= 20:1 ) satd NaHCO3 CHCl3

satd NaHCO3 brine Na2SO4

 (CHCl3/MeOH = 40:1 to 30:1) 130 (23.7 mg, 98%)  

[α]D +33.1° (c 4.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.21-7.34 (m, 15 H, 3 Ar), 7.15 (m, 1 

H, NH-9b), 5.58-5.48 (m, 2 H, H-5Sph, H-8b), 5.38-5.34 (m, 2 H, H-4Sph, H-2a), 5.20 (t, 1 H, J1,2 = 

J2,3 = 8.5 Hz, H-2c), 5.07 (d, 1 H, J3,4 = 3.5 Hz, H-4a), 5.00 (d, 1 H, JNH,5 = NH-5b), 4.97 (d, 1 H, J1,2 

= 8.0 Hz, H-1a), 4.94 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 10.2 Hz, H-7b), 4.81 (dt, 1 H, J3eq,4 = 4.5 Hz, J4,5 

= 11.8 Hz, J3ax,4 = 12.0 Hz, H-4b), 4.74 (dd, 1 H, J2,3 = 10.0 Hz, H-3a), 4.55 (m, 1 H, H-6a), 4.54 (d, 

1 H, H-1c), 4.15-4.06 (m, 4 H, H-6’a, H-9b, H-5a, H-3Sph), 3.99-3.88 (m, 3 H, H-3c, H-1Sph, H-5b), 

3.84-3.80 (m, 4 H, H-4c, COOMe), 3.58 (dd, 1 H, J1’,2 = 4.5 Hz, Jgem = 10.0 Hz, H-1’Sph), 3.52-3.42 

(m, 4 H, H-6c, H-6’c, H-2Sph, H-6b), 3.36 (m, 1 H, H-5c), 2.86 (m, 1 H, H-9’b), 2.53 (dd, 1 H, Jgem = 
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12.5 Hz, H-3eq-b), 2.17-1.55 (m, 18 H, 5 Ac, H-3ax-b, H-6Sph, H-6’Sph), 1.30-1.26 (m, 22 H, 11 

CH2), 0.94-0.84 (m, 3 H, CH3); 13C NMR (125 MHz, CDCl3) δ 172.2, 170.8, 170.7, 170.3, 170.1, 

167.8, 166.2, 165.2, 164.9, 158.2, 157.9, 136.0, 133.5, 133.3, 133.0, 130.2, 129.9, 129.8, 129.6, 

129.0, 128.5, 128.4, 128.3, 127.3, 119.2, 116.9, 114.7, 101.7, 100.9, 96.9, 80.9, 74.3, 73.2, 73.1, 

72.2, 71.8, 71.5, 71.3, 70.8, 69.3, 68.5, 67.6, 67.3, 66.7, 64.7, 62.4, 60.6, 53.3, 48.7, 39.1, 37.2, 37.1, 

32.7, 32.2, 31.9, 30.0, 29.7, 29.6, 29.6, 29.6, 29.4, 29.3, 29.2, 28.8, 27.1, 23.0, 22.7, 21.2, 20.7, 20.6, 

20.6, 19.7, 14.1; HRMS (ESI) m/z found [M+Na]+ 1552.5980, C73H94F3N5O27 calcd for [M+Na]+ 

1552.5980. 

 

 

(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5,9-trideoxy-9-trifluoroacetamido-D-glycero-α-D-

galacto-2-nonulopyranosylonate)-(2→3)-4-O-acetyl-2,6-di-O-benzoyl-β-D-galactopyranosyl-

(1→4)-2-O-benzoyl-β-D-glucopyranosyl-(1→1)-(2S,3R,4E)-2-[16-(3-methyl-3H-diaziren-3-

yl)hexadecanamido]-4-octadecene-1,3-diol (131) 

Ar 130 (30.0 mg, 15.8 μmol) 98% THF  (1.2 mL)

114 (16.6 mg, 34.8 μmol) HOOBt (5.7 mg, 35 μmol) PBu3 (8.6 μL, 35 μmol)

26 TLC (toluene/AcOEt/MeOH = 1:1:0.1 )

AcOE H2O brine Na2SO4

 (toluene/AcOEt/MeOH = 4:1:0.13 to 4:1:0.25) 131 (10.8 mg, 52%)

 

[α]D +25.6° (c 0.8, CHCl3); 1H NMR (600 MHz, CDCl3) δ 8.21-7.29 (m, 15 H, 3 Ar), 7.19 (m, 1 
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H, NH-9b), 5.74 (d, 1 H, J2,NH = 8.2 Hz, NHSph), 5.65 (dt, 1 H, J4,5 = 15.8 Hz, J5,6 = J5,6’ = 6.8 Hz, H-

5Sph), 5.51 (m, 1 H, H-8b), 5.40 (dd, 1 H, J3,4 = 6.8 Hz, H-4Sph),  5.36 (t, 1 H, J1,2 = J2,3 = 8.2 Hz, H-

2a), 5.15 (t, 1 H, J1,2 = J2,3 = 8.9 Hz, H-2c), 5.06-5.04 (m, 2 H, NH-5b, H-4a), 4.97 (d, 1 H, J1,2 = H-

1a), 4.94 (dd, 1 H, J6,7 = 2.7 Hz, J7,8 = 9.7 Hz, H-7b), 4.81 (dt, 1 H, J3ax,4 = 12.4 Hz, J3eq,4 = 4.9 Hz, 

J4,5 = 11.7 Hz, H-4b), 4.74 (dd, 1 H, J3,4 = 2.8 Hz, H-3a), 4.52 (m, 1 H, H-6a), 4.43 (d, 1 H, H-1c), 

4.16-4.02 (m, 5 H, H-5a, H-6’a, H-9b, H-1Sph, H-3Sph), 3.98-3.90 (m, 3 H, H-5b, H-3c, H-2Sph), 3.81-

3.79 (m, 4 H, H-4c, COOMe), 3.54-3.50 (m, 4 H, H-6b, H-6c, H-6’c, H-1’Sph), 3.34 (m, 1 H, H-5c), 

2.87 (m, 1 H, H-9’b), 2.54 (dd, 1 H, Jgem = 12.4 Hz, H-3eq-b), 2.17-1.58 (m, 22 H, 5 Ac, H-3ax-b, 

H-6Sph, H-6’Sph, 2 CH2), 1.40-1.07 (m, 48 H, 24 CH2), 0.99 (s, 3 H, Me), 0.89-0.87 (m, 3 H, Me); 13C 

NMR (125 MHz, CDCl3) δ 173.2, 172.3, 170.9, 170.8, 170.3, 170.2, 167.8, 166.1, 165.6, 164.9, 

134.4, 133.6, 133.3, 130.3, 129.9, 129.8, 129.7, 129.6, 129.0, 129.0, 128.7, 128.6, 128.5, 128.5, 

128.3, 101.7, 101.2, 96.9, 81.0, 79.2, 77.6, 76.6, 74.4, 73.5, 73.0, 72.8, 71.8, 71.6, 71.3, 70.8, 69.3, 

68.8, 67.6, 67.3, 66.7, 62.4, 60.7, 53.3, 52.8, 48.7, 39.0, 37.2, 37.1, 36.3, 34.3, 32.3, 31.9, 30.0, 29.6, 

29.5, 29.4, 29.4, 29.3, 29.3, 29.3, 29.2, 29.2, 27.1, 25.9, 25.5, 24.0, 23.1, 22.7, 21.2, 20.7, 20.7, 20.6, 

19.9, 14.1, 1.0; HRMS (ESI) m/z found [M+Na]+ 1818.8590, C91H128F3N5O28 calcd for [M+Na]+ 

1818.8590. 

 

 

(5-Acetamido-9-amino-3,5,9-trideoxy-D-glycero-α-D-galacto-2-nonulopyranosylonic acid)-

(2→3)-(β-D-galactopyranosyl)-(1→4)-(β-D-glucopyranosyl)-(1→1)-(2S,3R,4E)-2-[16-(3-methyl-

3H-diaziren-3-yl)hexadecanamido]-4-octadecene-1,3-diol (132) 

Ar 131 (10.0 mg, 5.56 μmol) MeOH/THF (1.0 mL/1.0 mL)
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1 M NaOH  (111 μL) 17 TLC 

(CHCl3/MeOH/5% CaCl2 aq. = 5:3:0.2) Muromac C101

 (CHCl3/MeOH/H2O = 5:1.6:0.1 to 5:2.5:0.12) 132 (6.7 mg, quant.)

 

[α]D +3.7° (c 0.7, CHCl3/MeOH = 1:1); 1H NMR (600 MHz, CDCl3/CD3OD = 1:1) δ 5.70 (dt, 1 

H, J4,5 = 15.2 Hz, J5,6 = J5,6’ = 6.8 Hz, H-5Cer), 5.46 (dd, 1 H, J3,4 = 7.6 Hz, H-4Cer), 4.39 (d, 1 H, J1,2 

= 7.5 Hz, H-1a), 4.31 (d, 1 H, J1,2 = 7.5 Hz, H-1c), 4.25-3.31 (m, 22 H, H-2a, H-3a, H-4a, H-5a, H-

6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-8b, H-9b, H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-

1’Cer, H-2Cer, H-3Cer), 2.91 (br dd, 1 H, H-9’b), 2.85 (dd, 1 H, Jgem = 12.4 Hz, J3eq,4 = 4.8 Hz, H-3eq-

b), 2.17 (t, 2 H, NHCOCH2
Cer), 2.04-2.01 (m, 5 H, Ac, H-6Cer, H-6’Cer), 1.77 (t, 1 H, J3ax,4 = 12.4 Hz, 

H-3ax-b), 1.63-1.17 (m, 50 H, 25 CH2
Cer), 0.99 (s, 3 H, MeCer), 0.89 (s, 3 H, MeCer); 13C NMR (150 

MHz, CDCl3/CD3OD = 1:1) δ 175.2, 175.1, 174.0, 135.0, 130.1, 104.6, 104.6, 100.6, 100.5, 80.4, 

78.6, 77.2, 76.4, 75.3, 75.2, 74.0, 72.5, 71.7, 70.0, 69.2, 68.4, 68.2, 68.2, 62.1, 61.1, 53.7, 53.1, 49.8, 

49.7, 49.5, 43.6, 41.2, 36.9 34.8, 32.9, 32.4, 30.2, 30.1, 30.1, 30.0, 29.9, 29.9, 29.8, 29.7, 26.5, 26.3, 

24.5, 23.2, 22.5, 20.0, 14.3, 1.3; HRMS (ESI) m/z found [M-H]- 1204.7437, C59H107N5O20 calcd for 

[M-H]- 1204.7437. 

 

 

594-S9-diazirine(FA)-GM3 (133) 

Ar 132 (2.0 mg, 1.65 μmol) DMF/H2O (154 μL/14 μL)

TEA (4.6 μL, 33 μmol) ATTO594 N-succinimidyl ester (3.4 mg, 2.5 μmol)
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1 TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)

 (LH-20, CHCl3/MeOH = 1:1) PTLC (CHCl3/MeOH/H2O = 5:4:0.5)

133 (2.8 mg, 88%)  

1H NMR (800 MHz, CD3OD) δ 7.75-7.37 (m, 4 H, ArATTO594), 7.34 (s, 1 H, ArATTO594), 7.33 (s, 1 

H, ArATTO594), 6.81 (s, 1 H, ArATTO594), 6.79 (s, 1 H, ArATTO594), 5.90 (s, 1 H, CHATTO594), 5.88 (s, 1 H, 

CHATTO594), 5.68 (dt, 1 H, J4,5 = 15.1 Hz, J5,6 = J5,6’ = 6.6 Hz, H-5Cer), 5.43 (dd, 1 H, J3,4 = 7.8 Hz, H-

4Cer), 4.35-3.19 (m, 35 H, H-1a, H-2a, H-3a, H-4a, H-5a, H-6a, H-6’a, H-4b, H-5b, H-6b, H-7b, H-

8b, H-9b, H-9’b, H-1c, H-2c, H-3c, H-4c, H-5c, H-6c, H-6’c, H-1Cer, H-1’Cer, H-2Cer, H-3Cer, 3 

NCH2
ATTO594, 2 CH2SO3

ATTO594), 2.84 (dd, 1 H, Jgem = 13.0 Hz, J3eq,4 = 3.6 Hz, H-3eq-b), 2.70/2.65 (s, 

3 H, NMeATTO594), 2.16 (t, 2 H, NHCOCH2
Cer), 2.04-1.98 (m, 5 H, Ac, H-6Cer, H-6’Cer), 1.78-1.15 (m, 

73 H, H-3ax-b, 25 CH2
Cer, 4 MeATTO594, NCH2CH2

ATTO594, NCH2CH2CH2
ATTO594, 2 NCH2CH3

ATTO594) 

0.97 (s, 3 H, MeCer), 0.90 (m, 3 H, MeCer); 13C NMR (200 MHz, CD3OD) δ 176.0, 175.4, 171.2, 

159.1, 159.1, 154.8, 154.2, 154.2, 138.5, 138.4, 135.0, 132.2, 131.7, 131.5, 131.1, 130.7, 126.1, 

124.1, 122.9, 122.9, 115.0, 115.0, 105.0, 104.6, 97.2, 97.1, 80.9, 77.7, 77.0, 76.5, 76.2, 74.8, 72.9, 

71.9, 70.9, 70.1, 69.4, 69.0, 64.4, 62.7, 62.0, 61.8, 61.7, 54.7, 54.0, 53.9, 53.8, 49.5, 49.4, 49.3, 49.3, 

49.2, 49.2, 49.1, 49.0, 48.9, 48.8, 48.7, 47.6, 43.9, 42.0, 41.5, 38.8, 37.4, 35.3, 33.6, 33.5, 33.1, 30.9, 

30.9, 30.9, 30.8, 30.7, 30.6, 30.5, 30.5, 30.5, 30.3, 29.5, 29.4, 29.3, 29.3, 27.2, 26.6, 25.1, 23.8, 23.7, 

22.7, 20.0, 14.5, 13.8, 13.7; HRMS (ESI) m/z found [M-2H]2- 995.4981, C100H152N8O29S2 calcd for 

[M-2H]2- 995.4981. 
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Biotin-S9-diazirine(FA)-GM3 (135) 

Ar 132 (1.0 mg, 0.83 μmol) DMF/H2O (154 μL/14 μL)

TEA (2.3 μL, 17 μmol) 134 (0.7 mg, 1 μmol) 40

TLC (CHCl3/MeOH/5% CaCl2 aq. = 5:4:1)

 (LH-20, CHCl3/MeOH = 1:1)  (CHCl3/MeOH/H2O 

= 5:3:0.15) 135 (1.2 mg, 86%) HRMS (ESI) m/z found [M-H]- 

1677.9632, C80H142N8O27S calcd for [M-H]- 1677.9632. 
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