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Abstract: 13-L-xylopyranosides of a number of both known and new hydroxypyrrolidines were prepared. 

In recent years much attention has been given to the development of selective glyeosidase inhibitors, 

because such compounds have many interesting potential applicationsl. However, the attention has been 

directed mainly towards compounds that mimic a monosaccharide and thus often act as broadspectrurn 

inhibitors. Little attention has been given to compounds that mimic both the glycon and the aglycon during 

glycoside cleavage, even though such compounds have a potential of much more specificity. Such 

compounds could also be useful as haptens for production of catalytic antibodies. We have recently been 

pursuing this goal in various ways, one of them being using known monosaeeharide type glycosidase 

HO 

inb_ibitors and extending them to mimic the aglyeon as well. Hydroxypyrrolidines are particularly interesting 

in this context because they are believed to resemble the glycon during glycoside cleavage quite well 2. In 

this communication we describe an attempt of incorporating an aglyeon mimic into a monosaccharide-type 

glycosidase inhibitor, such as a hydroxypyrrolidine, by simple O-glycosidation with a carefully selected, 

possibly unnatural, monosaceharide. Since modelling studies indicated that a L-xylopyranoside of a 
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hydroxypyrrolidine would mimic cleavage of  cellobiose quite well, we have chosen the synthesis of  a 

number of L-xylopyranosides of  hydroxypyrrolidine inhibitors. 

RESULTS AND DISCUSSION 

L-xylose and L-xylopyranosides are rare and nonatttrally occuring compounds. We found that the 

best way to prepare L-xylose was from sorbitol, from which it can be prepared in three easy steps 3. 

L-Xylose was then benzoylated 

I) BzCI, pyridine 
O Ol-I 81-91% f ~ O , , ~ O  CCh 

2) HBr-HOAe 
76-92% 

i'D OH ~ 8zO" Y 

~d 3) Ag2CO3, H20 08z 
68-91% 

L-xylose 4) CCI3CN, DBU 
53-66% 1 

in pyridine to the tetrabenzoate 

(mp 116-7 °C, [a]D "146.5° 4) in 

81-91% yield, followed by 

treatment with HBr in acetic 

acid to give the 1-bromide 

(mp 134-6 °C, [•]D -116.7 ° 5) in 76-92% yield. Hydrolysis of  the bromide gave the l-hydroxysugar (mp 

180-2 °C, [¢X]D -23 ° 6) in 68-91% yield, which finally was converted to a 53-68% yield of  the 

trichloroacetimidate 1 (a:13 8:1, 13: Mp 157-9 °C, [¢X]D +33.10 (c 2.4, CHC13) ) by using CC13CN and DBU. 

COOBn_.. 
OH 1) BnOCOCI, NaHCO3 ~OOBn I) BzCI, pyridine R ~ / ~ . J  t'~ 

R . . . ~  65-74% R . . . . ~ )  98% 

2) Me2C(OMe)2 or 2) H30 + 
+ o ...... Bzd OH 

HO OH Me2CO, H ,76-98 ~ 86-89% 

2, R=H 3, R=H 4, R=H 
5, R=CH2OH 6, R=CH2OH 7, R=CH2OBz 

To achieve the desired regioselective glycosidation, the known hydroxypyrrolidines 27 and 58 were 

partially protected. Dissolving 2 in NaHCO3-solution and treating with BnOCOCI gave the Cbz protected 

compound in 74% yield, which by reaction with 2,2-dimethoxypropane and HCI was converted to the 

aeetonide 3 in 76% yield. Benzoylation and hydrolysis of  the aeetonide gave 4. Similarly, 5 was converted to 

TMSOTf, CH2CI2 
41-70% z 

4, RffiH 8, R=H 
7, RfCH2OBz. 5R 10, R=CH2OBz. 5R 
12. R=CH2OB~ 5S 13, RffiCH2OBz. 5S 

I ) NaOMe,48-95% ~ ~  f . ~ . ~ O  

2) 1-12, Pd/C 
60-92% 

9, R=H 
11, R:ffiCH2OH. 5R 
14, R=CH2OH. 5S 
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the dibenzoate 7. 

Selective glyeosidation of 4, 7 and 129 with 1 in CH2CI 2 and TMSOTf as catalyst at room 

temperature proceeded smoothly to the I~-L-xylosides 8, 10 and 13 in 41%, 67% and 70°/, yield, 

respectively. Deproteetion was performed by debenzoylation with NaOMe in methanol followed by 

hydrogenation (1 atm., Pd/C 5%, EtOH) to give the target compounds 9, 11 and 14 l°. 

Bn Bn 

1 O I) NaOMe, 86% 
ik • 

TMSOTf, CH2C12 2) H2, Pd/C 
93% 

O~....._b 56% d~....._O OOz 3)HCI, 76% 
'.._ 

15 16 

NH 

HO OH OH 

17 

Furthermore the protected pyrrolidine 15 I1 was glycosylated using the same conditions to give the 13-L- 

o xyloside 16 in 56 ~A yield. Debenzoylation using NaOMe in MeOH, followed by debenzylation by 

hydrogenation (1 atm., Pd/C 5%, EtOAe) and finally removal of the aeetonide using HC1 (1M, 25 °C, 3h) 

gave the glycoside 17 l°. 

Screening of 9, 11, 14 and 17 gave the following preliminary Ki -values (mM) against ct-glucosidase 

(Type 1 from bakers yeast, p-NO2PhO-ct-Glu as substrate, pH 6.8, 22 °C12) and 13-glucosidase (from 

almonds, p-NO2PhO-13-Glu as substrate, pH 6.8, 22 °C12): 9:0.60 & 3.18; 11:1.38 & 6.89; 14:2.05 & no 

inhibition; 17:0.96 & 0.58. These rather high K i -values are very surprising and indicates a poor fit into 

these two enzymes catalytic pockets. Particularly the very high Ki -values of 11 compared with those of 

parent pyrrolidine 5 s (300-500 fold difference) are extremely intriguing, because one would expect a high 

tolerance for steric bulk in that end of the molecule, as both enzymes are fairly undemanding regarding the 

structure of the aglycon of their substrates. Therefore this seems to suggest that 5, contrary to general belief, 

does not fit into enzyme in the expected manner and thus is a poor transitionstate analog. On the other hand 

9 has somewhat lower K i -values than its parent pyrrolidine 27, indicating some of the expected fit in that 

case. 

These new imino sugar derivatives described in this paper represents a novel attempt of preparing 

glycoside bond cleavage transition state analogues, where an unnatural sugar, L-xylose, has been used to 

mimic a ghicose-aglyeon. Preliminary inhibition studies suggests, however, that hydroxypyrrolidines might 

not be very good glycon mimics for this type of analogues. The concept can however readily be extended to 

other potential glycon mimics, such as other hydroxypiperidines or hydroxypiperidines, and further studies 

will explore these possibilities. 



6544 

REFERENCES 

1. Jacob, G. S.; Scudder, P.; Butters, T. D.; Jones, I.; Tiemeier, D. C. in Natural Products as Antiviral 
Agents Ed. Chu, C. K.; Cutler, H. G. Plenum Press, New York, 1992. Karlsson, G. B.; Butters, T. D.; 
Dwek, R. A.; Platt, F. M. J.Biol.Chem. 1993 268 570-576. Bernacki, R. J.; Niedbala, M. J.; Korytnyk, 
W. Cancer and Metastasis Rewievs 1985 4 81-102. Winchester, B.; Fleet, G. W. J. Glycobiology 1992 2 
199-210. 

2. Sinnott, M. L. Chem.Rev. 1990 90 1171-1202. 
3. Hess, R. K. Methods Carbohydr. Chem. 1964 1 90-93. 
4. c 2, CHCI3, D-form: Mp 119-20 °C, [Ct]D +149.6 ° (C 2.09, CHCI3). Fletcher, H. G.; Hudson, C. S. 

JAm.Chem.Soc. 1947 69 921-924. 
5. c 2.2, CHCI 3, D-form: Mp 136-7 °(2, [Ct]D +118.7 ° (C 2.15, CHCI3). Reference 4. 
6. c 2, CHCI3, D-form: Mp 181-3 °C, [Ct]D +23 ° (CHCI3). Batey, J. F.; Bullock, C; O'Brien, E.; 

Williams, J. M. Carbohydr. Res 1975 43 43-50. 
7. Buchanan, J. G.; Lumbard, K. W.;Sturgeon, R. J.; Thompson, D. K.; Wightman, R. H. 

J. Chem.Soc.Perkin Trans I 1990 699-706. 
8. Lin, K. -C.; Kajimoto, T.; Chen, L.; Zhong, Z.; Ichikawa, Y.; Wong, C.-H. J.Org.Chem. 1991 56 6280- 

9. 
6289. 
Protected iminoiditol 12 was 
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669-672.) using the 9 step 
sequence shown fight. 
Further details will be 
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~ o  1) H2, P~C ,~,....~t 
- 0 I)TMSN3 ~ O 95%) 

BF3 2) KOH, H20 0 
2)H20 3) EtOl.l, H + 

8 ~  36% 

H÷, 73.10(p~ I) BzCI ) 

2) NaBi.h, EtOH 2) H30 + 
3) anoCOCl, 45-62% 

58% .: 

I1 

10. 9: 13C-NMR(D20) 8 104.1, 77.3, 77.1, 76.4, 73.8, 70.0, 69.1, 65.9, 60.3, 51.4; 9,HCI: [Ct]D -5.7 ° (C 1.0, 
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BnNH2 ! H +, 40.5004 I ) NaIO4 
ID lk ID '" 

2) MeCOOH 2) NaBH4 

96% 50% 
'.%, 

12. Halvorson, H.O. Methods Enzymol. 1966 8 559-562. 
15 

(Received in UK 15 May 1995; revised 4 July 1995; accepted 7 July 1995) 


