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Abstaret: All stereoisomers with regard to C-1 and 2 of  1-phenyl-2-decanoylamino-3-morpholino-1-propanol 

(PDMP) analogue containing unsaturated (l~-valienamine) and saturated 5a-carba-13-D-glucopyranosylamine 

(13-validamine) residues in place of morpholine moiety were synthesized. Although PDMP is a potent and 

specific glucosylceramide synthase inhibitor, the former valienamine analogues (4a-d) have been shown to be 

strong glucocerebrosidase inhibitors (IC 5o 3-7 x 10 .7 M). The latter validamine analogues (Sa-d) were also 

moderate glucocerebrosidase inhibitors (IC50 5-20 x 10 .6 M). A series of compounds synthesized lacked an 

inhibitory potency against the glucosyltransferase at all. Whereas the analogue 6a composed ofepimeric 
c~-valienamine residue did not possess any potency against both enzymes. © 1997 Elsevier Science Ltd. 

Very potent and specific glucosylceramide synthase inhibitor, PDMP (D-threo-1-phenyl-2-decanoylamino-3- 

morpholino-l-propanol) I and homologues have so far been extensively studied 11-31 in order both to elucidate 

biosynthesis of glycosylceramides and glycolipids, and practically to extend these potential to therapeutic 

agents. We have previously synthesized several 5a-carba-sugar analogues I4'~] 2 (E and Z-isomers) ofglycosyl- 

ceramides to develop new type of glycosidase inhibitors connecting with glycosylceramide biosynthesis. 
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Both E, and Z-isomers of  2 are very potent and specific inhibitors of  glucocerebrosidase. Also, the more 
simple analogue N-octyl-i~-valienamine [6) 3 has been shown to possess about 10-fold higher potency compared 

to 2, indicating the possibility of replacing a complex ceramide moiety by a simple aliphatic chain without 

affecting the inldbitory activity (in vitro). However, either inhibitors completely lack inhibition potential 

against glucosylceramide synthase. Therefore, we became interested in elucidation of the stnlcture-inhibitory 

activity relationship, controlling a mode of the inhibitory action depending on the two enzymes involved in 

biosynthesis of  giucosylceramide. 
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In this paper, the morpholine part of PDMP I was replaced with a 13-valienamine residue, providing the target 

compound 4a. Enzyme inhibitory activity of 4a and its three stereoisomers 4b-d with regard to the 

configurations of the 2-decanoylamino-3-phenylpropan-3-ol moiety initially seemed to shed a light on making 

clear the role of  the morpholine moiety and giving a hint to design new type of inhibitors of  glycosylceramide 

synthase. On the other hand, the analogues 5a-d and 6 similar in kind, containing saturated p-validamine and 

1-epimeric valienamine residues, respectively, were prepared to demonstrate a role of  the unsaturated 5a- 

carba-13-D-glucopyranosylamine part. 
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Incorporation of  four stereoisomeric 2-decanoylamino-3-hydroxy-3-phenylprop-l-yl functions into fl- 

valienamine by way of an imino bridge was carried out conventionally pl by coupling of  2,3:4,6-di-O- 

isopropylidene-I~-valienamine FI 7 and newly prepared aziridines 13a-d. 

We described here a synthesis of  (2S,3S)-isomer 41) as a typical experiment using commercially available 

(1S,2S)-2-amino-l-phenyl-l,3-propanediol (10b). Treatment of l0b  with 2,4-dinitrophenylfluorobenzene gave 

the N-dinitrophenyl derivative p] l i b  (97%). Selective sulfonylation ofthe primary hydroxyl group of  l ib  with 

mesyl chloride (1.1 molar equiv.) in pyridine gave the mesylate 12b (72%), which was subsequently treated 

with DBU (1.5 molar eq.) at 60°C in toluene to afford the aziridine pl 13b. Three stereoisomeric aziridines l~°l 

13a,e,d were similarly prepared starting from the corresponding amino alcohols 10a,e,d derived by 

hydrogenolysis of  the known N-benzyloxycarbonyl derivatives, pl] 

Condensation of 7 and Db  proceeded cleanly in a sealed tube in 2-propanol (3 days, 120°C) to produce the 

coupling product p21 14b (77%). De-O-isopropylidenation of  14b with aqueous 60% acetic acid (2 h, 60°C) 
gave the pentaol 151) (86%), the N-protecting group of which was removed[131 ( --* the f~ee base 16b) by treat- 

ment with Amberlite IRA-400 (OH-) resin in acetone:MeOH:H20 (3:5:2). Treatment of  16b with an excess of 

decanoyl chloride in aqueous 30% NaOAc in THF:H20 (3:2) for 2 h at room temperature gave the bisamide 

17b, which without isolation was subjected to a preferential hydrolysis of  the tertiary amido group in aqueous 

M KOH-t-butanol (1:9) at 60°C for 12 h, affording desired compound p3] 4b in 9°/0 isolated yield based on 15b. 
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Three stereoisomers [~4] 4a,e,d were similarly synthesized [ls] from the coupling products 15a,e,d in 9, 17, and 

200/0 over-all yields, respectively. 

• The saturated analogues [16] 5a-d were similarly obtained from the respective coupling products 18a-d (-80%) 

of the protected validamine [sl 8 and the azin'dmes 13a-d. 

The l-epimer t~a 6a of Sa was similarly prepared starting from the coupling product 19a (85%) of  the protected 

a-valienamine In] 9 and the aziridine 13a. 

Table 1. Inhibitory activity (ICs0, M) of  N-(2-decylamino-3-hydroxy-3-phenylprop-l-yl)-~valienamines 
4a-d and its related saturated compounds 5a-d, and the 1-epimer 6a a~ain~ two enzymes [19] 

Compound Inhibitory activity (/Cs0, M) 

13-Glucocerebrosidase Glucosylceramide synthas¢ 

1 NI 2.3 × 10 .5 

4a 7.0 × 10 .7 NI 

4b 3.0 x 10 .7 NI 
4¢ 7.0x 10 .7 NI 

4d 5.0 x 10 .7 NI 
5a 1.0 x 10 .5 NI 

5b 2.0x 10 "5 NI 

5e 7.0 x 10 "6 NI 

5d 5.0x 10 ~s NI 
6a NI NI 

NI: No inhibitory activity at 1.0 x 10 "4 M. 

All stereoisomers 4a-d were demonstrated to be strong I~-glucocerebrosidsse inhibitors (Table 1). Whereas the 

saturated validamine-anaiogues S a d  were moderate inhibitors and the l-epimer 6a completely lost the 

potency, demonstrating that the 5a-carba-[~-D-glucopyranosylamine moiety is indispensable to the glucocere- 

brosidsse inhibitor and the unsaturated flattened half-chair conformation is certainly effective due to more 

resemblance to the postulated glucosyl cation formed during hydrolysis. Concerning inlu'bitory potency for the 

glucosylceramide synthase, all PDMP analogues synthesized have been shown to be inactive. Among four 

stereoisomers of  PDMP, only D-threo isomer 1 possesses an inhibitory potency against the synthase. There- 

fore, the morpholine part presumably enhances a binding and/or an interaction existing between the synthase 

and the D-threo-2-decylamino-3-hydroxy-3-phenylpropane group, however, by contraries, the carba-sugar 

residue is likely to prevent it from fimtioning as the synthaso-inhibitor. The 2-decylamino-3-hydroxy-3- 
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phenylpropane moieties, independent of its absolute configuration, seem to play a role as a simple hydrophobic 

portion when the analogues act on [;-glucocerebrosidase as inhibitors. 

The present results conceivably suggest that an approach to design new potent inhibitors of the glycosyltraus- 

ferases in future should be based on mimicking whole molecular features of the substrates, especially the 

ceramide hydrophobic parts, rather than the postulated structures of activated donor glycopyranosyl cations. 
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