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Summary. The synthesis of N-diphenylmethylene-O-(methyl(2,3,4-tri-O-acetyl)-/3-D-glucurono- 
syl)-threonine benzyl ester (2) and N-diphenylmethylene-O-(methyl(2,3,4-tri-O-acetyl)-cd/3-D-glu- 
curonosyl)-serine benzyl ester (3) by Hanessian's modification of the Koenigs-Knorr reaction is 
presented. Highly nucleophilic benzophenone Schiff bases are used for the protection of the N- 
moiety of serine and threonine. 
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Glucuronidierung von Serin und Threonin (Kurze Mitt.) 

Zusammenfassung. Die Synthese yon N-Diphenylmethylen-O-(methyl(2,3,4-tri-O-acetyl)-/3-D- 
glucuronosyl)-threonin-benzylester (2) und N-Diphenylmethylen-O-(methyl(2,3,4-tri-O-acetyl)-cx/ 
/3-D-glucuronosyl)-serin-benzylester (3) dutch die Hanessian-Variante der Koenigs-Knorr-Reaktion 
wird vorgestellt. Als Schutzgruppen des N-Restes des Serins und des Threonins wurden stark nukleo- 
phile Schiffsche Basen (Benzophenonderivate) eingesetzt. 

Introduction 

In the recent years, biologically active O-glycosyl amino acids and peptides have 
gained increasing interest due to their numerous functions in the biological systems 
[ 1-3]. In order to design some potential inhibitors of UDP-glucuronosyltransferase,  
we wanted to find the optimal method and appropriate protection groups for 
O-glucuronidation of serine and threonine. The synthesized compounds  may also 
be used as building blocks in solid phase peptide synthesis [3]. 

The synthesis of  O-linked glycosyl amino acids is hampered by the acid lability 
of the glycosidic linkage and the base lability of the/3-hydroxy amino acid residue 
(/3-elimination). Additional complications arise due to the poor nucleophilicity of 
the usual N-acylated (Boc, Z, Fmoc) serine and threonine derivatives and the 
fast hydrolysis of glucuronosyl bromide, causing low yields and poor cd/3 
selectivity [4, 5]. Here we report the synthesis of N-diphenylmethylene-O- 
(methyl-(2,3,4-tri-O-acetyl)-/3-D-glucuronosyl)-threonine benzyl ester (2) and N- 
diphenylmethylene - O - (methyl(2, 3,4 - tri - O - acetyl) - c~ //3- D-  glucuronosyl)  - serine 
benzyl ester (3). 
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Results and Discussion 

O-glucuronidation (Scheme l) was achieved by Hanessian's modification of 
the Koenigs-Knorr reaction [8]. Highly nucleophilic o~-imino esters (O'Donnell's 
Schiff bases) were used for the protection of the N-moiety of serine and threonine 
[6, 7]. 
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Scheme 1 

The preparation of N-diphenylmethylene-serine benzyl ester was carried out as 
described by Polt et al. [8]. N-Diphenylmethylene-threonine benzyl ester (1) was 
prepared in a similar way. The reaction was performed at room temperature during 
24 h. Recrystallization from cyclohexane provided pure 1 in 82% yield. On the 
basis of its 1H NMR spectrum in dimethylsulfoxide, 1 can be proposed to exist as 
an oxazolidine tautomeric form. The peak with the highest intensity (m/z = 
210.15) in its mass spectrum is probably due to the loss of the diphenylmethylene 
group. 

The O-glycosylation of N-diphenylmethylene-threonine benzyl ester (1) with 
methyl(2,3,4-tri-O-acetyl-oz-D-glucuronosyl bromide)-uronate [9, 10] was carded 
out in dichloromethane at room temperature [8]. The reaction was promoted 
by silver trifluoromethanesulfonate, and a reaction time of 10-12h was needed 
for the completion of the glycosylation. The reaction was quenched with Et3N, 
and the crude product was purified on SiO2 by flash chromatography to afford 
N-diphenylmethylene-O-(methyl(2,3,4-tri-O-acetyl)-/3-D-glucuronosyl)-threo- 
nine benzyl ester (2) in 71% yield. None of the corresponding 1,2-cis 
product (c~-glycoside) could be detected by 1H NMR or by thin layer chromato- 
graphy. 

In a similar way, N-diphenylmethylene-O-(methyl(2,3,4-tri-O-acetyl)-odfl-D- 
glucuronosyl)-serine benzyl ester (3) was obtained from N-diphenylmethylene- 
serine benzyl ester and methyl(2,3,4-tri-O-acetyl)-o~-D-glucuronosyl bromide)- 
uronate in 64% yield. In this case, poor oJ/3 selectivity was observed. The 1H NMR 
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spec t rum o f  3 shows a pa t te rn  o f  over lapping ,  un reso lved  signals  (3 .5 -5 .5  ppm) ,  

indica t ing  a mix tu re  o f  o~- and ;3-isomers.  The  MS p e a k  at m/z = 512.00 can  be  

exp la ined  by  the loss o f  the d i p h e n y l m e t h y l e n e  g roup  jus t  as for  1. It  was  

imposs ib l e  to separa te  the two  enan t iomer s  b y  flash or p repa ra t ive  l iquid 

ch roma tog raphy .  The  new der iva t ives  were  T L C  pure  and  were  charac te r i zed  by  

i H N M R  and M S  analysis .  

Experimental 
All amino acid derivatives were purchased from Bachem Biochemica GmbH (Heidelberg). Silver 
triflate and D-glucurono-"/-lactone was obtained from Merck. The melting points were measured 
with a Kofler hot-stage apparatus. TLC analyses were performed on DC-Alufolien Kieselgel 60 F254 
(Merck). The compounds were visualized by UV light or by spraying with the appropriate reagents 
(Reindel [1 l], ninhidrin). For flash chromatography, Merck Kieselgel 60 (76-230 mesh ASTM) was 
employed. Optical rotation was determined with a Polamat A Carl Zeiss-Jena instrument. The 
~H NMR spectra were recorded on a Bruker DRX 250 MHz instrument. Mass spectra were detected 
with a Jeol JMS 100 spectrometer. 

N-Diphenylmethylene-L-threonine benzyl ester (1; C24H23NO3) 

L-Threonine benzyl ester hemioxalate (4.58 g, 20retool) and Ph2C = NH (3.02ml, 18 retool) were 
stirred in CH2C12 (20 ml) at room temperature for 24 h under exclusion of moisture. The reaction 
mixture was diluted with CH2C12 and filtered to remove the precipitated NH4C1. The filtrate was 
washed with 5% NaHCO3 solution and then with water. The organic solution was dried over 
anhydrous Na2SO4 and evaporated. The resulting solid was recrystallized from cyclohexane to afford 
6.12 g (82%) of 1. 

M.p.: 60-64°C; [ct]~ ° = -36.38 (e = 1.0,DMF);Rf = 0.66 (PE/EtOAc, 8:2), Rf = 0.74 (PE/ 
EtOAc, 6:4); ~H NMR ((CD3)2SO) :6 (ppm)=l.28 (d, 3H, CH3, J~,cH3 = 6.1 Hz), 3.65 (dd, 1H, H- 
c~, J~,~ = 7.2 Hz, J~ ,~  = 11.2 Hz), 3.92 (d, 1H, NH, J~,yH = 11.2 Hz), 4.05 (m, 1H, H-/3, J~,9 = 7.2 
Hz, J~,cH3 = 6.1 Hz), 5.06 (dd, 2H, CHz-benzyl, AB-system, JA,B = 12.4 Hz), 7.5-7.2 (m, 15H, H- 
arom); MS (ES+): m/z = 210.15 (100%), 183.15 (31%). 

N-Dipheny~methy~ene-~-(methy~(2~3~4~tri-~-acety~)-/3-D-glucur~n~syl)-L-thre~nine benzyl ester 
(2; C37H39NO12 ) 

N-Diphenylmethylene-L-threonine benzyl ester (1, 0.75 g, 2 mmol), methyl(2,3,4-tri-O-acetyl-ct-D- 
glucuronosyl bromide)-uronate (0.95 g, 2.4 retool), and oven-dried 4A molecular sieve (2.0 g) were 
stirred at 0°C in dichloromethane (10 ml) for 10 min under argon. Silver triflate (0.62 g, 2.4 retool) 
was added in portions over 10rain, and stirring was continued for 12h at room temperature. The 
reaction was quenched with Et3N (0.63 ml, 4.6retool), diluted with CH2C12, and filtered through 
Celite. The filtrate was washed with 5% NaHCO3 solution and then with water. The organic solution 
was dried over anhydrous Na2SO4 and evaporated. The crude product was purified by flash 
chromatography on SiO2 with PE/EtOAc (6:4) as eluent. 

Yield: 0.98g (71%); m.p.: 122-127°C; [c~]~ ° = -84.22 (e = 1.O, DMF); Rf = 0.40 (PE/EtOAc, 
6:4); ~H NMR ((CD3)2SO): ~ (ppm) = 1.0 (d, 3H, CH3), Jc~, CH3 = 6.3 Hz), 1.95 (s, 3H, OAc), 1.96 
(s, 3H, OAc), 1.99 (s, 3H, OAc), 3.44 (s, 3H, OCH3), 3.97 (d, 1H, H-c~, J~,~ = 6.5 Hz), 4.29 (m, 1H, 
H-9), 4.32 (d, 1H, H-5, J5,4 = 10.1 Hz), 4.72 (dd, 1H, H-2, J2,1 = 8.0 Hz, J2,3 = 9.8 Hz), 4.86 (t, 1H, 
H-4, J4,5 = 10.1 Hz, J4,3 = 9.6 Hz), 5.02 (d, 1H, H-l, J1,2 = 8.0 Hz), 5.03 (d, 1H) and 5.12 (d, 1H), 
CH2-benzyl, AB-system, JA,B = 12.5 Hz), 5.36 (t, 1H, H-3, J3,4 = 9.6 Hz, -/3,2 = 9.6 Hz), 7.11-7.51 
(m, 15H, H-arom). 
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N-Diphenylmethylene-O-(methyl(2,3,4-tri-O-acetyl)-d/%D-glucuronosyl)-L-serine benzyl ester 
(3; C36H37NO12 ) 

N-Diphenylmethylene-L-serine-benzyl ester (0.61g, 1.7retool), methyl(2,3,4-tri-O-acetyl-c~-D- 
glucuronosyl bromide)-uronate (0.79 g, 2.0 retool) and oven-dried 4 ]~ molecular sieves (2.0 g) were 
stirred at 0°C in dichloromethane (10ml) for 10rain under argon. Silver triflate (0.50g, 2.0mmol) 
was added in portions over 10 rain, and stirring was continued for 12 h at room temperature. The 
reaction was quenched with Et3N (0.54ml, 3.9 mmol), diluted with CH2C12, and filtered through 
Celite. The filtrate was treated as described for 2. The crude product was purified by flash chromatog- 
raphy on SiO2 with PE/EtOAc (6:4) as eluent. 

Yield: 0.74g (64%, syrup); Rf : 0.40 (PE/EtOAc, 6:4); MS (ES+): m/z = 512.08 (100%), 
452.11,317.00 (58%), 257.07, 183.14; MS (EI): M/z : 556,514, 496, 450, 432, 402, 360, 342, 328, 
317, 257, 224, 206, 194, 165, 127, 91 (100%), 77, 43. 
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