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Difficulties in repeating a short synthesis of nojirimycin from
2,3,4,6-tetra-O-benzyl-D-glucono-§-lactone are reported.

Hecently, a short synthesis of nojirimycin (1) from tetra-O-benzyl-glucono-8-lactone’l contained only two
simple - but remarkable - steps. First, the reaction of the lactone (2) with amines under mild conditions
gave the corresponding lactams in which nitrogen had replaced oxygen at C-5 with retention of configuration;
for example, treatment with benzylamine in toluene in the presence of molecular sieve and catalytic amounts
of ion exchange resin gave the pentabenzyl--lactam (3) in 80% yield and with aqueous ammonia in dioxane
afforded the lactam (4). Secondly, hydrogenation of the N-benzyl lactam (3) in the presence of 5% palladium
on carbon in acetic acid gave nojirimycin (1) in 72% vyield. This paper reports the synthesis of the
pentabenzyl lactam (3) by benzylation of the dibenzyl lactam (5); when the lactone (2) was reacted with
berizylamine under a number of conditions, none of the expected lactam (3) was detected, the only product
isolated being the secondary amide (7). Also, hydrogenation of the lactam (3) in the presence of palladium
catalysts resulted in partial debenzylation, or complete debenzylation to give nojirimycin lactam (6); there
was no evidence to indicate the formation of nojirimycin or deoxynojirimycin (9) in the reaction
mixture.
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Preparation of pentabenzyl lactam (3). The dibenzyl lactam (5)2 was added to a suspension of powdered
potassium hydroxide in dry dimethyl sulphoxide and the reaction mixture stirred at room temperature for
30 min; benzyl chloride (10 equivalents) was added and after one hour the reaction was quenched with water
and extracted with ether. The ether layer was then washed with brine, dried and the solvent removed to give,
after purification by flash chromatography (ether/hexane 1:3 to ether/hexane 1:1), the pentabenzyl lactam
(3)3 in 40 % yield together with a more polar product (36% yield) corresponding to an unidentified
tetrabenzyl lactam.4

Beaction of gluconoiactone (2) with benzylamine. The reaction of sugar lactones with ammonia and other
amines in general gives the corresponding open chain amides which are readily recyclised to the starting
lactone; for example, treatment of (2) with dimethylamine gives the tertiary amide (8) which with
Amberlite in dioxan reverts to the lactone (2).5 The lactone (2)6 was treated with benzylamine under the
conditions described by Rajanikanth and Seshadri.! The lactone (2) (50 mg) was" dissolved in dry toluene (3
ml) and treated with molecular sieve, catalytic Amberlite IR 120 H+, and benzylamine (15 pul) and the
mixture was heated under reflux for three hours under dry nitrogen. The reaction mixture was then cooled
and filtered through a celite plug and the filter cake washed with toluene (2 x 5 ml). The soivents were
removed and the residue disselved in dichloromethane (10 ml) and the resulting solution washed with aqueous
hydrochloric acid (2M, 10 ml) and water (10 mi). The solution was dried (magnesium sulphate) and the
solvents removed under reduced pressure to give after purification, by flash chromatography (gradient
elution, 1:3 ether:hexane to ether), the gpen chain secondary amide (7) (13 mg, 21%)7 together with
starting lactone (36 mg, 72%). This reaction was repeated using 45 ul of benzylamine and refluxing the
reaction mixture for 12 h; under these conditions, the open chain amide (7) was isoiated in 82% yield. The
open chain amide (7) was also prepared by reacting the lactone (2) with benzylamine in dry ether to give an
identical product to that prepared under the above conditions.

The authentic lactam (3) was a much less polar compound than the secondary amide (7) and it was
clear that none of the lactam (3) was formed under either of these sets of reaction conditions. In comparing
the 13C NMR spectra of the two compounds, both have relatively high field triplets [5 48.3 for lactam (3)
and & 43.4 for the open chain amide (7)] corresponding to the NCH2Ph group and also both display low field
resonances corresponding to the amide carbonyl functions [5 169.9 for lactam (3) and & 170.9 for the open
chain amide (7)]; a significant difference occurs in the presence of a relatively high field doublet [5 59.0),
corresponding to C-5, in the lactam (3) whereas the highest field doublet in (7) is at § 77.5. The TH NMR
spectra of the two compounds are both complex; a distinctive difference is the relatively low field signal [5
5.25] in the lactam (3) whereas there are no signals below & 4.9 in the spectrum of the amide (7). Further
confirmation for the the structure of the secondary amide (7) is provided by both the ammonia DCI and
positive ion FAB mass spectra. These both show abundant quasi molecular ions MH*+ m/z 646 together with a
fragment ion at m/z 628 for the loss of H2O from the MH* ion which are only consistent with the secondary
amide (7). The microanalytical data for the compound reported by Rajanikanth and Seshadri to be the lactam
(3) approximates to that required for the open chain amide (7) [TABLE]; also the specific fotation reported
by Rajanikanth and Seshadri agrees closely with that found for (7). The 'H NMR spectrum reported by
Rajanikanth and Seshadri- for (3) is: § 7.5 (25H, m) and 4.90 - 3.7 (15H, m), which also fits the data for
(7) more closely than that for (3), in that the two proton signal at lower field than & 5 is not present in the
1H NMR spectrum of their compound.
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TABLE
Found (%) Required (%) m.p.°C {o]D ©

o] H N c H N (c.in CHCI3)
lactam (3) 78.54 6.86 2.09 7844 6.58 223 oil +62.0 (0.97)
open chain amide (7) 76.09 6.63 2.29 76.25 6.71 2.17 81-82 +15.9 (1.0)
data for (3) reported 7558 6.77 227 6264 +14 (1.0
by Rajanikanth and
Seshadri

The possible interconversion of the secondary amide (7) into lactam (3) was investigated. The secondary
amide (7) (26 mg, 0.04 mmol) was dissolved in dioxane (5 ml) and a catalytic amount of Amberlite IR 120
H+ was added. The reaction mixture was refiuxed for 3 h when TLC (ether:hexane, 1:1) showed the absence of
starting material (Rf 0.1) and a single less polar product (R¢ 0.6); this product was isolated and purified by
flash chromatography (ether:hexane,1:3) to give, as expected, tetrabenzyl gluconolactone (2), (19 mg,
88%), There was no evidence for the formation of the lactam (3) under these conditions.

Our experiments indicate that the major product from the reaction of benzylamine with the
gluconolactone (2) is the secondary amide (7); in our hands, the lactam (3) was not formed - neither in the
reaction of benzylamine with the lactone (2), nor from the open chain secondary amide.

Hydrogenation of the per-benzylated lactam (3), The second remarkable step in the preparation of
nojirimycin reported by Rajanikanth and Seshadri was the hydrogenation of (3) to give the expected removal
of the benzyl protecting groups together with the novel reduction of a lactam to a 2-hydroxypiperidine;
normally, amides are not reduced at all by catalytic hydrogenation in the presence of palladium but
additionally the product, nojirimycin, might have been expected to undergo further reduction to
deoxynojirimycin (9).8 In order to investigate this reduction, the benzylated lactam (3) was dissolved in
glacial acetic acid and then hydrogenated in the presence of 10% palladium on carbon for 40 h; the solvent was
removed and examination of the crude reaction mixture by 1H NMR indicated that the removal of the benzyl
groups was incomplete. Accordingly, the lactam (3) was hydrogenated in methanol in the presence of
pafladium black and a small amount of hydrochloric acid. Under these conditions, all the benzyl groups were
removed and nojirimycin lactam (6),9 identical to an authentic sample,2 was formed in good yield. There was
no evidence for the formation of either nojirimycin or deoxynojirimycin under the conditions of this reaction.

In summary, we have found difficulties in repeating the novel chemistry reported by Rajanikanth and
Seshadri! for the preparation of nojirimycin; in our hands, the reaction of benzylamine with the protected
gluconolactone (2) affords the expected open chain secondary amide (7) rather than the reported’ lactam (3)
and furthermore authentic lactam (3) on hydrogenation gives the expected deprotected lactam (6) rather than
the reported! nojirimycin. If the strategy reported by Rajanikanth and Seshadri for the synthesis of
nojirimycin were general, then very easy routes to a number of polyhydroxylated piperidines would be
available giving easy access to this important class of amino sugar glycosidase inhibitors;'0 however, the
work reported in this paper indicates that further study of the procedures indicated by Rajanikanth and
Seshadri is necessary before the viability of that strategy has been demonstrated.
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