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Studies on the synthesis of, and specific a-L-fucosidase inhibition 

by. some 2,6-imino-2,6,7-trideoxy-iminoheptitols are described7 none 
of the compounds showed significant mannosidase inhibition. 

Both deoxynojirimycin (1) and a-homonojirimycin (21, the first example of a naturally 

occurring azapyranose analogue of a heptose recently isolated from EmHhalea diandra _-__--------- 

L,, are potent inhibitors of a-glucosidase activity. 
1 

Iminoheptitols such as (2) 

provide the opportunity for the synthesis of a class of stable aza-disaccharides such 

as (3) which may confer additional potency and/or specificity in comparison with the 

corresponding azapyranose analogues such as deoxynojirimycin; for example, the B-D- 

glucopyranosyl derivative (3) of a-homonojirimycin was first designed as a synthetic 

transition state inhibitor of a-glucosidases 
2.3 and is in clinical trials in relation 

to the treatment of diabetes mellitus. 
4 

Deoxyfuconojirimycin (DFJ) (41, 
5 

readily prepared from D-lyxonolactone, is a 

very powerful and highly specific inhibitor of a number of mammalian a-L-fucosidases; 

some fucosidase inhibitors may have potential as antiretroviral agents. 
6 

This paper 

describes an attempted synthesis of a-L-homofuconojirimycin (5). the azaheptose 

analogue of DFJ (41, which resulted in the synthesis of 6-epi-a-L-homofuconojirimycin 

(6)~ the preparations of B-L-homofuconojirimycin (71, which may also be considered as 

H-methyl deoxymannojirimycin, together with S-ethyl (8) and S-phenyl (9) derivatives 

(I) R=II (4) R=H 
(2) R=CHrOH 
(3) R=Cll,O~glucopyranosyl 

(5) R=CH,OH 
(6) (7) I~=hlcp-I.-i,omolucollajirim)cin 

(8) R=EI 0-1 -C-clilyl-dcoxymarirlojiriln)cin 
6’) R=Ph P-I-C-phellyl-deoxymannoj~inlycin 
(10) R=H 
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of deoxymannojirimycin (lo), are also reported. The three contiguous chiral centres 

bearing the the secondary hydroxyl groups on the piperidine rings of both DFJ (4) and 

deoxymannojirimycin (DMJ) (10) are the same and DMJ has been shown to inhibit bovine 

a-L-fucosidase 
7 

as well as mannosidase I of glycoprotein processing; this paper also 

examines the ability of these compounds to act as inhibitors of glycosidases. 

(11) (12) (13) (14) (15) 

,si,oI;‘:.. ‘si1% lsiJ2 Jsi,o~~~ [SiJ=SiMcZt-Bu 

H ' H 

(16) (17) (18) R=Me (21) R=Me 
(19) R=CH=CH1 (22) R=Et 
(20) R=Ph (23) R=Ph 

anthetic work. __----_-- The syntheses of the iminoheptitols were achieved by intramolecular 

reductive aminations by hydrogenation of protected 6-azido-6-deoxy-heptul-2-oses. An 

attempted synthesis of a-L-homofuconojirimycin (5) resulted in the preparation of the 

epimeric compound (6). The partially protected mannonolactone (ll), m.p. 131°-1320C 

flit.8 m.p. 133Oc1, was reacted with Left-butylchlorodimethylsilane (in order to 

protect the primary hydroxyl group), esterified with trifluoromethanesulphonic 

anhydride and then treated with aside ion to afford the azidolactone (12) a* an oil, 

IalD2o +78.5O (c, 1.56 in CHC13), 165% yield from (11)). Reaction of (12) with methyl 

lithium in tetrahydrofuran gave the protected heptulose (13) [82% yield1 which on 

hydrogenation in ethyl acetate in the presence of platinum oxide gave a single major 

product (14), m.p. 98°-990C, [alD2’ +40.7O (c, 1.17 in CHC13), in 47% yield; the 

approach of hydrogen to the carbon-nitrogen double bond of the intermediate imine 

(15) was determined by the protected hydroxymethyl substituent on the piperidine 

ring, rather than the isopropylidene group. The stereochemical result of the 

hydrogenation.of the intermediate imine (15) was indicated by the coupling constants 

in the free base (6) (J5 6 I = 10.3 Hz1 and in the hydrochloride of (6) (J5 6 = 10.7 
, 
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us1 showing the trans-diaxial relationship betweeen H-S and H-6. No ---- compound 

corresponding to (161, which would lead to a-L-homonojirimycin (5) and which would be 

formed if either complexation to the free hydroxyl group or the steric bulk of the 

isopropylidene ketal function in (15) controlled the stereochemistry of the addition 

of hydrogen, was isolated from the reaction; reduction of the imine intermediate (15) 

appears to be determined solely by steric bulk, rather than by chelation of any of 

the oxygen functions to the heterogeneous catalyst. 
9,lO 

Removal of the protecting 

groups in (14) by aqueous trifluoroacetic acid in quantitative yield gave (6),ll m.p. 

61° -64OC, [alD2* +40.3O cc, 0.90 in H20f, which formed an easily crystallised 

hydrochloride, m.p. 190°-1920C. 

Short syntheses of l3-L-homofuconojirimycin (7) and the other l-B-C-substituted 

deoxymannojirimycins (81 and (9) began from the azidolactone (17).1L Thus addition of 

methyl lithium to (17) gave the adduct (18) in 72% yield which on hydrogenation in 

the presence of a catalyst of platinum(IVf oxide gave a single piperidine (21). m.p. 

93O -94Oc. WD20 -47.3O (c. 1.06 in CHC13f, in 86% yield. Both the silyl and iso- 

propylidene protecting groups were removed from (211 to give B-L-homofuconojirimycin 

[fl-l-C-methyl deoxymannojirimycinl (7),13 m.p. 97°-980C, [alD2' -21.5O (c, 1.07 in 

H2Gf, in 95% yield. Addition of vinyl magnesium bromide to azidolactone (17) gave the 

monoadduct (19) (90%) which on hydrogenation gave (221, m.p. 55 O-56OC. [al 2o 
D 

-37.7O 

(C. 1.26 in CHC13), in 80% yield. Subsequent acid hydrolysis of (221 gave S-l-C-ethyl 

deoxymannojirimycin (8),14 m-p. 54°-560C, [*ID20 -6.S" cc, 1.07 in H20), in 95% 

yield. Similarly, addition of phenyl magnesium bromide to (17) gave (20) (86% yield) 

which on hydrogenation gave (231, m.p. 86O-87OC, lalD2' O.O" (c, 1.05 in CHC13), in 

81% yieldr hydrolytic removal of the protecting groups afforded B-1-C-phenyl 

deoxymannojirimycin (9),15 m.p. 77O-79Oc, WD20 +62.0° (c, 0.57 in H20), in 90% 

yield. For each of the protected heptitols the small value of the coupling constant 

between H-l and H-2 (J1 2 2.5-2.6 Hz) in contrast to that between the trans-diaxial --_-- , 
protons, H-4 and H-5 tJ4,s = 10.0-10.1 Hz) indicates a cis relationship between H-l --- 

and H-2; thus the hydrogenation of the C=N proceeds consistently and exclusively from 

the least hindered face. 

(0 (9) 

1.0x 1O’“M l.OxIO*M 7.0 x IO-“M 1.0x 106M 5.0 x 1C6M 5.0 x 1O'M 

KiforinhibiIionofbumanLivet ol-l-fucosidasecatllyred hydrolysis of4-umhdlifeeryl o-L-fucopymnoside 

Glycosidase Inhibition. -- -----_--__------ The compounds were assayed as inhibitors of 12 human liver 

glycosidases. 
16 

All the compounds prepared were potent and specific competitive 

inhibitors of human liver a-L-fucosidase (see figure)1 thus the introduction to DFJ 

(4) of an anomeric hydroxyl group with the wrong configuration to give H-L- 
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homonojirimycin (7) did not diminish the inhibition of a-L-fucosidase. When the 

methyl group in (7) was substituted for ethyl, it was found that a-ethyl DMJ (8) was 

still a very powerful fucosidase inhibitor. Even 8-phenyl DMJ (91, with the methyl 

group substituted by a large aromatic group, is a more potent fucosidase inhibitor 

than is DMJ (lo), where the methyl group is replaced by hydrogen. The 6-epi-a-L- 

homonojirimycin (6), with the correct anomeric hydroxyl group but with the wrong 

stereochemistry of the methyl group, is 500 times weaker an inhibitor than is (71 

with the correct methyl chirality but the wrong anomeric configuration. It is 

noteworthy that only DMJ (10) showed any inhibition of mannosidase activity; none of 

the other compounds caused any significant inhibition of mannosidase activity. Since 

none of the alkylated deoxymannojirimycins are mannosidase inhibitors but all are 

fucosidase inhibitors, it is apparent that the ability of derivatives of DMJ (10) to 

inhibit mannosidases is highly sensitive to substituents at the C-l position. A full 

account of the inhibition of glycosidases by these compounds will be published 

elsewhere." Further attempts to synthesise a-L-homofuconojirimycin (5) are in 
18 

progress. 
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