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Synthesis of Azapyranosyl Thioglycoside: Novel Pseudo-disaccharide 
Having an Azasugar Residue at the Non-Reducing End 

Katsubiko SUZUKI and Hiroaobu HASHIMOTO* 

Abstract: The first sydesis of aqymcmyl pse&dscW wapdesaibect Glymidatb ofN- 

Boc-s-ltmitmsdeoxy--wlthN-Kuyl4~u-gln tttepresemeof BoHgavcthe 

m l&is Ii&cd Ihioglycoside exhsively. The interglyooaidic linksge was proved to bc stable 

enou&fcdhedepbx&mofN-BocgmpbyTFA. 

Recently, many azasugars (pseudo-sugars with nitrogen in the ring) have shown to be remarkable 

inhibitory activity, due to the strong affinity for the carboxylate group in the active site of gly~osidase,~ against 

glycosidases which hydrolyze the glycocpidic linkage of hexopyranoses having the same configurations as those 

of a2as11gars.~ Oligosacchiuide of this type is expected to be more specific inhibitor than monosaccharide analog. 

Up to now, synthesis of oligosacchatides having ldeoxy-azaaldose* and 2deoxy-azake~~e~ at the mducing 

end have been qortcd, However, azapyranosyl oligosaccharide. even a disaccharide. has not heen synthesized, 

because O-glycoside of IV&c azasugar is easily hydrolyzed in an aqueous solution.4 In this paper, a 

disac&aride having sugar residue at the non-ticing end was fitst synthesized using thioglycosidic linkagr~ 

Our strategy based on the glycosidation of IV-proaecoed azasugar derivative with sugar thiol and successive 

depnXe&on is shown in the following retrosynthetic description (Scheme 1). 

Aza-pymnosyl disaccharide 

Scheme 1 

R = Protective group 

Coupling condition was examined using 2,3,dai~btnzyl-N-prmectbd-5-~~~5~xy-~~b~~ 5. 

6, and 7, which wem synthesized Ma 5-azido-Meoxy-Darabinose 1 from Darabinose as shown in Scheme 2. 

Reactionoftheirl-acetabeswith~p~alcoholsandthiolsin~atrarntemperaaatinthe~senceot 

TMSOTf (1 equiv) gave the camqmnding glycosides 8 - 12 (method A iu Table 1). Under these conditions, 

N-Z (benzyloxycarbonyl) and N-Fmoc (9-flu~nylmethyloxycarbonyl) groups wett stable but N-Boc (t- 

butoxycarbonyl) group was unstable. In the ca% of the N-Boc doncr 7, the dilect coupling proceeded smoothly 

in the presence of TsOH (1 equiv) as a catalysL giving the glyoosi&s 13 -15 in satisfactory yields (method B). 
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---~pr -Bmq;s*.lp Jl gs9b 

1 Bno - Bno = 
3 R=Rmc 55% 6 R=Fmw 91% 

4 R=Boc 50% 7 R=Boc 90% 

(A) l.ncl.Py. 2.AqO.Py. 3.7U%AcOHaq. 4.bWl.P~. s.I’M’bDMso 6.@MXWwH 
(B) 1. NaBH,, ?&OH 2. ‘IKI. Py. 3. BnBr, NaH, DMJ 4.7056 &OH aq. 5. LiM& ‘IHF tbm 

Hfi, ZCl 0rFmacCl or Bo@ (0 (coQ)2. DMW W’J. C&G 

Scheme 2 

Ihble 1. Glycosylation with N-pmected-5-amin~5-deoxy-Darabinoses, 

R 
NuH 

5-7 - 
lctlvator 

BnO 

ElltryDmar MethaP Acccptor(NuH) Yield(%) B : ac 

1 5 A C%h-@ qualt. 1:o II R=Z.Nu=OCH&(CH,), 

2 5 A EtSH qum. 3:1 9 R=Z,Nu=SEt 

3 6 A EtSH 79 2.8 : 1 10 R=Fmoc,Nu=SEt 

4 6 A GhSH 73 3.1 : 1 11 R=Fhc.Nu=SC& 

5 7 Ab EtSH 40 3.8: 1 12 R=Eoc.Nu=SEt 

6 7 B WWH 72 7.3 : 1 13 R=Boc.Nu=SC& 

7 7 B CdwH 73 1:o 14 R=Boc.Nu=~Hll 

8 7 B A&OH 88 1:o 15 R=Boc,Nu=OMe 

a A : 1. -0. F’y. 2. TMSCYI’f (l.lcqiiv). xccptor (3 cquiv). M!%A, CH&. t t 
B : IkOH HCp (1 equiv). accepta (3 cquiv). CH&. I t. 

b TMSOTf (0.3 cquiv). 

The N-Boc gmup of the thioglycoside was successfully dcprotezted, while N-Z and N-Fmoc groups were 

unsuccessful6 due to decomposition of the glycosides. Treatment of the N-Boc thioglycosidc 13 with 2 : 1 ( v / 

v ) TFA - CH2Clz at mom tempaature for 1 h gave N-fiec glycoside7 16 quantitatively as a single anomer. The 

thioaminal structuxe of 16 is supported by 13C-NMR (6 60.04 C- 1 in CDC13).* The NOE observed between 

H-l and H-5 in ‘H-NMR of 16 indiws CZ amformation and 1,2_cir-glycosidc. The confommtional change of 

the azapyranose ring is due to the positive charg of the ring nitrogen atom. The change of ammmic ratio seems 

to indieate the ananaisation of 13 or 16 under the depmtection conditions. 
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16 

The above mentioned glycosylation was applied to synthesis of a pseudo-disaccharide. S-Azide 1 was 

convatcdtoN-Bocaminal17ingoodyitldbycatalytichyQogenatiaaiathe~~dBoc20.Condcnsation 

oftheaminar17withabthioarugsrg18inthepresenceofTsOH(lequiv)atroamtem~~far5-10min 

gave a 1.2~cis lhked thioglycoside 19 exclusively in 8096 yield, which was converted to the pentaacetate7 2 0 

quantitatively. The conformation of the azapyranose ring was confirmed to be IC by small coupling constants 

between H-4 and two H-S protons. ‘lkrefom, the JIQr v alue of 4.61 Hz indicates a 1,2-&s glycosidic linkage. 

The t3C-NMR spectrum of pentsacetate 20 in C!DC!ls shows two signals of thioaminal Cl’ (6 61.60 and 60.95) 

due to amide mesomuism4 of the IV-Boc group (a 1: 1 mixture of E- and Z-isomu-s). Stereoselectivity of this 

glycosidation seems to be controlled by anomuic effect. lo DaO-acetylation of the thioglycoside 19 give 2 1 in 

!W%yieldTheN-Bocgroupof21wascleavedsmoothlyby2: l(v/v)TFA-CHZQZ atroomtemperamnz 

for 1 h to give an azapyranosyl disaccha&Ie7 2 2 quantitatively. A targc coupling constant between H-4 and one 

of two H-5 protons indicates a conformational change of the azapyranose ring from IC to CI. The 

confonnational change was similar to that from 13 to 16. Thus, a disaccharide having azasugar residue at the 

non-reducing end was first synthesized by linking the glycon and aglycon part through a thioglycosidic linkage. 

Iky recently, an alternative possibility to synthesize a pseudosaccharide having azasugar at the non-lcducing 

end was reported using amidine linkage. l1 These methods may provide a new route to develop the specific 

inhibitor of endo-glycosidases. The inhibitay activity of 2 2 rue cunently being evaluated. 

NHAc 

R’ I H. F12 = AC 

NHAc 

18 

CFsCOO 

-NHAc 
22 20 RG3Le 

21 R’ ,Rs, H 
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For example, the lH-NMR spectrum of thioglycoside 11 shows four signals of H-l because both the a- 

and~-anomers(l:3.l)~capoatdofa1:1mix~ofE-aadZ-isanersduetoamidemesomerism 

of the Fmoe group. The anon&c configuration was conlinned by coupling constants of H- 1 (a : Jlz < 

0.3 Hz, p : Jla 5: 5.61 Hz). 
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a common pmduct, ni-0-benzylated 1,2didehydtopiperidine derivative, quantitatively. Treatment of 
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(dd, Jssa = 11.55 Hz, H-5a), 3.10 (m, S-CHc). 20: ‘H-NMR (ninobenzene-ds at 3939: 8 6.45 (br 
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11.00 Hz, H-l), 4.57 (br s, H-l’), 4.17-4.09 (m, H-2’.4’), 3.91 (br s, H-3’). 3.34 (dar,,, = 4.62 

Hz, Jyflc = 12.05 Hz, H-5’e), 3.20 (d, Jaosb = 13.52 Hz, H&I), 3.15 (d, H-db), 3.11 (dd, J,,, = 

10.56 Hz, H-5’a), 2.71-2.57 (m, S-CZf$H~). 1.92 (s. AC), 1.15 (t, S-CH~CZZ~). 
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