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Abstract The preparation of two analogues of disaccharides containing the structural element of a 

guanidinium ion is described By mimicking the hypothetical transition-state of the heterolysls of a 

disaccharide they stereospecifically inhibit glycosidases 

“Custom tailored” antibodies with glycanase activity may be of interest for the selective cleavage 

of glycasidic bonds within oligo- or polysacchtides Catalytic antibodies have been prepared before for 

non carbohydrate organic substrates as reaction catalysts’. Recently regio- and stereospecific reactions, 

otherwise almost impossible to perform, were catalysed by antibodieg. So far, the only antibody 

assisted cleavage of a very sensitive gyclosidic bond was published by J. L. Reymond et aL”. For the 

preparation of such antibodies, protein linked piperidinium derivatives were used as epitopes 

The principle of catalysis by proteins, be it an enzyme or an antibody, is stabilisation of the 

transition-state by tight, noncovalent binding’. We assume that the transition-state of the heterolysis 

of a given disaccharide resembles a halfchair or envelope conformation of the glyconic unit with a 

developing positive charge around its anomeric center. The properly placed hydroxy groups in the 

glyconic, but also in the aglyconic glycosyl unit would supply by hydrogen bonding a large part of the 

stabiiation energy and at the same time warrant stereospecificity. 

Since sixmembered cyclic N-phenyl-guanidinium ions carrying properly placed hydroxymethyl 

and hydroxy groups like compounds 1 and 2 were shown to be good competitive inhibitors for the 

corresponding glycosidases’, we felt encouraged to synthesise analogous compounds as transition-state 

mimics of an enzymic disaccharide cleavage. 
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For reasons of practicability 1,6-linked structures mimicking gentiobiose and allolactose were chosen. 

Analogous to the synthesis of the cyclic guanidines 1 and 2 the synthesis of the disaccharides 

started from the corresponding diamines 1,3-diamino-2,4-O-benxylidene-1,3-dideoxy-D-erythritol* and 

1,3-diamino-2,4-di-O-benxyl-1,3-dideoxy-D-threitol6. Treatment of the two diamines with 6-deoxy- 

1,2:3,5-di-O-isopropylidened-isothiocyanat~ff-D-glucofuranose’ gave the corresponding thiourea 

derivatives 3 and 4, which were cyclisised in the presence of PbO” to the blocked cyclic guanidines 5 

and 6. 

(ii) 
. 

1. (iv) 

2. (v) 

(iii) 
- 

(i) PbO, EtOH (ii) 50% trifluoroacetic acid (iii) PbO, EtOH (iv) 80% trifluoroacetic acid 

(v) Pd/C, Hz, acetic acid/MeOH 
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Compound 5 was deprotected using 50% aqueous trifluoroacetic acid at 40°C to give 7 with 98 46 yield. 

Compound 6 was partly deprotected with 80% aqueous trifluoroacetic acid at 6O’C to give 8. The 

benzyl groups in compound 8 were removed by hydrogenolysis using PdlC in acetic acid, to give 

compound 9 with 100% yield 

Compounds 7 - 9 were obtained as anomeric mixtures, but could be characterised by their H-H COSY 

spectra and FAB-MS. 

Compounds 7 and 9 were shown to be stereospecific competitive inhibitors of 8- and ru-glycosidases 

IO analogy with the 1,6-linked compounds 7 and 9 the 1,4-liuked isomeres will be prepared and results 

reported elsewhere. 
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Experimental 

General Methods. Thin layer chromatography was performed on Silica Gel 60 Fzu (Merck) with 

detection by quenching of fluorescence and/or charring with 2% H,SO,/MeOH. Column 

chromatography was performed on Silica Gel 32-63 A (KIN). 

Optical rotations were obtained with a Schmidt & Haensch Polartronic I polarimeter, IR spectra with 

a Perkin-Elmer 1320 spectrophotometer. ‘H-NMR spectra were recorded at 400 MHz (Bruker AM 400) 

for solutions in CDCl, (internal Me,Si) or 40 (internal DSS). Mass spectra were recorded on 

Finnigau MAT 312. 

N[3-Amino-2,4-O-benzylidene-I,3-dideoxy-D-erythritylJ-O-isopropylidene-a-D- 

glucojkranosyl]-thiourea 3. To a solution of 1,3-diamino-2,4-O-benzyiidene-1,3-dideoxy-D-erythritol6 

(2.3 g, 11.05 mmol) in dichloromethane (150 ml) was added dropwise at room temperature a solution 

of 6-deoxy-l~:3,5-di-O-isopropylidened-isothiocyanat~a-D-~ucofuranose1 (3.66 g, 12.15 mmol) in 

dicblorometbaue (50 ml). After Zh, ttc. (ethyl acetate/methanol/water 27:2:1) revealed a major 

product (& 0.45). The solvent was evaporated in vacua and the residue was purified by column 

chromatography (ethyl acetate) to afford 3 as a colourless foam, which was used without further 

characterisation to prepare compound 5. 

(4R~S)-2-[N-(6-Deoxy-I.2:3.5-di-O-isopropylidene-ol-D-glucofuranosyl)aminoj-~~~de~-5-o~-~ 

oxymethyl-1,4,.5,6tetrahydropyrimidine 5. The crude thiourea 3 (4.2 g, 8.28 mmol) was dissolved in 

ethanol (250 ml) and yellow PbO (9.3 g, 41 mmol) was added The mixture was heated under reflux 

for 9h when t.l.c. (ethyl acetate/methanol/ammonia (25%) 5:4:1) revealed a single product (R, 0.50). 

After filtration of the mixture the solvent was evaporated in vacua. Purification by column 
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chromatography (ethyl acetate/methanol/ammonia(25 $6) 5:4:1) yielded the guaaidine 4 (3.18 g, 81%) 

as a colourless foam; [a],” +74-O (c, 1.0 in MeOM); v,,(KBr): 3400 (br,NH) 1650 (C=N) 1540 (NH) 

CIII-‘; 6, (400 MHz; CDCl,): 1.32, 1.36, 1.37, 1.49 I4 x 3H, 4 x s, 4 x Me) 3.23 (1 H, dd, Jcos 14.25, JIFJ 

6.75, H6’a) 3.29 (1 H, t, JsW 10.5, Jw 10.5, H-6a) 3.38 (1 H, ddd, J4,. 10.5, J,,ab 4.8, J,_, 8.0, H-4) 3.44 

(1 H, dd, J,,, 3.0, Hd’b) 3.49 (1 H, dd, J, 6.0, H&b) 3.64 (1 H, ddd, JY,4. 7.2, H-5’) 3.70 (1 H, t, J,,, 

10.5, H-era) 3.77 (1 H, ddd, H-5) 4.20 (1 H, d, J,:,. 3.75, H-3’) 4.34 (1 H, dd, H-4’) 4.42 (1 H, dd, H-cub) 

4.57 (lH, d, J2’,1’ 3.75, H-2’) 5.62 (1 H, S, CHPh) 5.98 (1 H, d, H-l’) 7.31-7.53 (5 H, m, ArcLF). (Found: 

C, 60.81; H, 7.02; N, 8.90, C,H,,N,O, requires: C, 60.62; H, 6.99; N, 8.84%). 

(4R,5S)-2-(N-[6-Deoxy-al_B-D-glucu~yranusyl)amino]-5-hydr~xy-4-hydr~xynrc~hyl-l,4,5,6- 

retrahydrumrimidine, tnfluortiucetate Z The guanidine 5 (0.25 g, 0.526 mmol) was dissolved in 50% 

aqueous trifluoroacetic acid (10 ml) and stirred for 2h at 40-C. T-kc. (ethyl 

acetate /methanol/ammotia(25 %) 2:2: 1) indicated complete conversion to a single product (R, 0.23). 

The solvent was removed in wcuu, and the residue was coevaporated with water (4 x 10 ml) to afford 

7 as a colourless oil (0.217 g, 98%); [(Y],” +38.7 (c, 1.60 in H,O); 6, (400MHz; D,O): 3.24 (1 H, dd, 

J 1’(13/2’(1) 7.3, Jz.w+ccrj 9.3, H-2’(&) 3.33 (1 H, t, J,.~p~,y~,x~ = Jwcmj,5.(mj 9.75, H4’W) 3.34 (1 H, dd, Jqj,,‘(a) 

9.3, Jwm aym 4.2, H-4’(8)) 3.31-3.39 (2 H, m, H-6a(s), H-6a(B)) 3.43 (1 H, dd, J6’,C1,,6yll 14.25, J6’tidj,rtdl 

8.25, H-6’aW) 3.44 (W dd, J6’Ma,,6wpj 14.7, J~PWp),Y~I) 6.0, H-d’aW) 3.48 (1 H, t, J3’1njH’cIj = J3’c1jIz’cll 9.3, 

H-3’(h)) 3.53 (1 H, dd, J2.qaj,31pj 9.75 J~~~cr~,,-~cll~ 3.75, H-2’(a)) 3.51-3.58 (7 H, m, H6b(a), Hdb(B), H- 

4)ar), H-4(B), H-S’(B), H6’b(ar), H6’b(B)) 3.57 (1 8, dd, J~~q~,pwp~ 9.75 J_(r,,yo) 3.75, H-ara(a)) 3.44 (1 

H, dd, Jmmrmw 16.5, J,am,q~~ 6.0, H-cxa(8)) 3.65 (1 H, dd, Jab(s~,4(rj 5.25, H-rrb(fl)) 3.67 (1 H, dd, 

J rrMa)lYa!) 5-7, H-ah(a)) 3.71 (1 H, t, J3’~~~,.,.~a~ 9.75, H-3’($) 3.91 (1 H, ddd, JY~a~,4.1~~ 2.7, JS.~P~,6wa~ 9.0, H- 

I’) 4.17 (2 H, m, H-5(a), H-5(B)) 4.64 (1 H, d, H-l’(D)) 5.23 (1 H, d, H-l’(o)); FAB-MS m/z 308 

(M-H)+. 

N(3-A mino-2,4-di-Q-~enzyl-1,3-dideoxy-D-~hreityij-N~-~6-deoxy-~,2:3,5-di-O-isopropylidene-ar-V- 

gluc~~ran~~iJ-thi~ureu 4, To a solution of l,3-diamino-2,4-di-O-benzyl-1,3-dideoxy-D-threitols (1.2 g, 

3.99 mmol) in dichloromethane (75 ml) was added at room temperature a solution of 6-deoxy-12:3,5- 

di-O-isopropylidene~isothiocyanato-c;u-D-glucofuranose’ ( 1.32 g, 4.38 mmol) in dicbloromethane (25 

ml). After 3h tic. (ethyl acetate/methanol/ammonia(25 %) f0:2:1) indicated a major product (R, 0.58), 

and the solution was evaporated in vucuo. The residue was purified by column chromatography (ethyl 

acetate) to afford 4 as a slightly yellow oil (1.92 g, 80%). The crude thiourea was used whithout 

characterisation for the preparation of the guanidine d 
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(4R,5R)-2[N-(6-Deuxy-l,2:3,5-di-O-isopropylidene-a-D-glucof~r~~osyl)~m~no~-5-O-benzyl-4-0- 

bentylmetlryl-l,4~,~fen~ydrogyrimidine 6. The crude thiourea 4 (1.92 g, 3.19 mmol) was dissokxi 

in ethanol (100 ml) and heated under reflux in the presence of yellow PbO (3.6 g, 6 mmol). After 14h 

tic (ethyl acetatelmethandlammonia(25 46) 5:4:1) revealed a single product (& 0.49). After filtration 

the solution was evaporated in wcuo and the residue was purified by column chromatography (ethyl 

acetate /methanol /ammonia(W 96) 5:4: 1) to give the guanidine 6 as a colourless oil (1.35 g, 75 %); ]a],tj 

+9.8 (c, 1.43 in EtOH); v, (KBr): 3300 (br,NH) 1650 (C=N) 1540 (NH) cm-l; S, (4OOMHz; CIXJ,): 

1.20, 1.25, 1.32, 1.50 (4 x 3H, 4 x s, 4 x Me) 3.19 (1 H, dd, lVti% 15.75, Jue 8.25, H6’a) 3.21 (1 H, dd, 

Jbib 13.8, Jti 1.5, Hda) 3.47 (1 H, dd,J,, 2.25, H-6’b) 3.56368 (5 H, m, H-db, H-4, H-aa, H-cub, H- 

5’) 3.79 (1 H, m, H-5) 4.13 (1 H, d, J,,. 4.2, H-3’) 4.22 (1 H, dd, J,.J 7.5, H-4’) 4.40-4.68 (4 H, m, 2 x 

C&Ph) 4.53 (1 H, d, J,,. 3.75, H-2’) 5.95 (1 H, d, H-l’) 7.21-7.38 (10 H, m, AKH). (Found: C, 65.78; 

H, 7.29; N, 7.47. C,,H,,N,O, requires: C, 65.59; H, 7.28; N, 7.40%). 

(4R,5R)-2[N-(6-Dcoxy-arl~-D-glucopyrunosy~)~mino]-5-Q-benzyl-4-O-benzyimethyE-l,4,5,6- 

tetruhydrupytimidine, acetate 8. Compound 6 (0.8 g, 1.41 mmol) was dissolved in 80% tifluoroacetk 

acid (30 ml) and stirred at 60°C. After 3h tk (ethyl acetate/methanot/ammonia(25 %) 5:4:1) 

indicated a major product (& 0.34). The solvent was removed in wcuo and the residue was 

coevaporated with water (4 x 15 ml). Column chromatography (acetonitrile/methanol/acetic acid 

10:2:1) (&O-23) afforded 8 as a colourless oti (0.57 g, 75 X); [(Y]~~ -5.0 (c, 20 in EtOH); S, (400 MHz; 

D,O): 3.25 ( lH, dd, -&s),,.rb, 7.8 J~(~),~(~, 9.0, H-2’(8)) 3.30 (1 H, dd, Jqrr),r[a) 9.75, J,.(oj,rcll) 9.0, H-4W) 

3.35 (1 H, t, Jl’(a,,yc.l,> = Jqr),~~q 9.0, H-4’(8)) 3.32-3.40 (4 H, m, H-6a(s), H-6a(B), H-6b(cr), H-db(B)) 

3.45 (1 H, dd, Jz,<+,q~) 9.75, L(e>,fy.) 3.75, H-~‘(U)) 3.50 (1 H, t, H-3’(8)) 3.50-3.70 (7 H, m, H-4(a), H- 

4(B), H-5’(8), H-d’s(a), H-6’s(B), Hd’b(a), Ha’b(B)) 3.70 (1 H, t, H-3’(cr)) 3.75-3.82 (4 H, m, H-aa( 

H-aa( H-ah(a), H-crb(J3)) 3.88 (I H, ddd, JY(o),o,+,) 2.25, JY~o),6WrrI 6.75, H-5’(a)) 4.044,07 (2 H, m, 

H-S(a), H-5(8)) 4.48-4.72 (8 H, m, 2 x C&Ph (a), 2 x C&Ph (8)) 4.65 (1 H, d H-l’(B)) 5.10 (1 H, d, 

H-l’(a)) 7.35-7.49 (20 H, m, ArCH ((II), ArCH (8)); FAB-MS m/z 488 (M-H)‘. 

tetrahydropyrimidine, acetate 9. The guanidine 8 (0.48 g, 0.876 mmol) was dissolved in a mixture of 

acetic acid (15 ml) and methanol (5 ml) and hydrogenated over Pd/C. After 34 t_Lc (ethyl 

acetate/methanol/ammonia@5 %) 2:2:1) indicated a single product (R, 0.10) .The mixture was filtered 

and the solvent evaporated in vacua Coevaporation with water (3 x 10 ml) afforded 9 as a colourless 

oil (0.321 g, 100%); [a],= +7.9 (c, 2.28 in H,O); 6, (400 MHg D,O): 3.24 (1 H, dd, Jlylj,i~(LI 7.8, 

J 2W13y6) 9.75, H-2’(6)) 3.34 (1 H, dd, J*.(aI,J’[rj 9.75, J+I,~‘(aj 9.0, HQ’(a)) 3.34 (I H, dd, J,,,,,,, 9.0, 
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J 4’(9,1113 9.75, H-4’(B)) 3.37-3.43 (4 H, m, H-6’s(B), Ha’b(B), Haa( H-6a(B)) 3.43-3.51 (3 H, m, H- 

6’b(cY), HBb(a), H-6b(B)) 3.49 (1 H, t, JY<n,zcm = J,TBj,,us, 9.0, H-3’(5)) 3.52 (1 H, dd, &)/,yo) 3.75, 

J w,,w<rj 9.75, H-Z’(a)) 3.53 (1 H, dd, Jsti.,,6%(.) 12.0, Jwmvm 6.0, Haa( 3.54-3.58 (1 H, m, H-5’(E)) 

3.62-3.66 (3 H, m, H-cya(or), H-~(cu), H+(B)) 3.69 (1 H, dd, J.Ma,,ca 7.8, H-ara(8)) 3.70 (1 H, t, H-3’(a)) 

3.84 (1 H, dd, J.b(9,_Nej 10.5, J,,,>,qn 4.5, H-crb(g)) 3.86 (1 H, dd, J.tq.),m,(.j 9.75, J.w.,,q., 4.2, H-orb(a)) 

3.91 (1 H, ddd, Jsy.,w.<., 6.0, Js.wmw.) 2.7, H-I’) 4.26430 (2 H, m, H-~(U), H-5(8)) 4.64 (1 H, d, H- 

l’(B)) 5.23 (1 H, d, H-l’(a)); FAB-MS m/z 308 (M-H)*. 
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