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ABSTRACT

Modifications have been made to the preparation of methyl 4,6-C-benzylidene-
2,3-dideoxy-2,3-epimino-a-D-allopyranoside from derivatives of 2-amino-2-deoxy-
p-glucose, which permut 1t to be prepared mn high yield and on a large scale Further,
ring-opening reactions of the epimine and its N-substituted derivatives have been
studied with halide 10n under neutral and acidic conditions It has been found that
anomalous, diequatonal ring-opening occurs when the free epimune 1s treated with
ammonmum hahdes (except the fluoride) in N,N-dimethylformamide, but, with its
N-substituted derivatives, diaxial ring-opeming predominates, although diequatorial
ring-opening 1s significant 1n many cases Under acidic conditions, the free epimine
undergoes hydrolysis of the benzylidene group, without rupture of the epumine ring,
but 1ts N-substituted derivatives undergo predominant, diaxial nng-opening before
hydrolysis of the benzylidene group

Ring-opening reactions of the N-methanesulphonyl and N-acetyl derivatives
with azide occur frans-diaxially and zrans-diequatorially, respectively

INTRODUCTION

Ring-opening reactions of carbohydrate epoxides have been widely studied?,
whereas those of the recently accessible? ~*° mitrogen-analogues, the epimines, have not
With azide as the nucleophile, the results obtained showed that ring-opening is not
always analogous to that observed 1n the case of epoxides, which affords predomuinantly
trans-diaxial® products For example, whereas the allo-epimine 7 and 1ts N-tosyl and
N-2 4-dinitrophenyl derivatives (11) undergo trans-diaxial ring-opening, the N-benzoyl
derivative 9 gave the trans-diequatorial gluco-stereoisomer’! The corresponding
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manno-epimune and 1ts N-tosyl derivative underwent ring-opemng to give frans-
diaxial products, but the N-benzoyl derivative rearranged mainly to the oxazolne,
although some of the trans-diaxial product was obtained Similar, anomalous ring-
openings occur'? with the N-benzoyl-allo-epimine in the #-p-glycoside series, 1n this
case, trans-diequatorial ring-opening occurred with thiolacetate, azide, and even
hydroxide (from basic alumina)

The above reactions were carried out under neutral or slightly basic conditions
N-Acylepimines are extremely sensitive towards acid'®, and, with hydrogen halides,
they underwent rapid opeming to give frans-diaxial halo-amines m good yields
The three-membered ring was so acid-sensitive that it was possible to effect ring
opemng without hydrolysis of the benzylidene substituent These studies have now
been extended by a study of the allo-epimine 7.

DISCUSSION

Various methods? ~*** available for the preparation of methyl 4,6-O-benzyhdene-
2,3-dideoxy-2,3-epimino-a-pD-allopyranoside (7) are unswtable for large-scale work
One method* utilized the elimination of a sulphonyloxy group situated trans to a
vicinal benzamido substituent ; consequently, the readily available methyl 2-benzamido-
4,6-0-benzyhdene-2-deoxy-3-0O-mesyl-a-D-glucopyranoside (1) should be a convenient
precursor for the eprmine However, previous results showed that the reduction of
compound 1 with Iithium aluminium hydride was unsatisfactory, and treatment with
ethanolic sodium ethoxide, to give the epimine, was complicated by competing
hydrolysis of the sulphonic ester to give alcohol 2 We reasoned that a larger sulphon-
ate group at C-3 and a bulky alkoxide anion would hinder the approach of the base,
and hence prevent competing hydrolysis. Accordingly, the 3-toluene-p-sulphonate 3
was converted almost quantitatively into the epimine 7 by sodium 1sopropoxide
Lithium aluminium hydride was much less convenient and only gave a 60% yield of
the eprmune Furthermore, since higher temperatures might favour the chair-to-boat
conformational change (1—6), a probable prerequisite of epimine formation®, the
action of sodium hydroxide on the compound 1 1n the higher boiling solvent 2-methoxy-
ethanol was examined and found to give the epimine 7 1n 90-95% yield The latter
reaction 1s the method of choice, and the epimine 7 can now be regarded as a useful
and readily obtamnable synthetic intermediate

Base-catalysed epmmne formation from «,f-frans-acylamido-sulphonyloxy
systems probably requires a frans-coplanar arrangement of participating substituents
and the formation of the powerfully nucleophihic amion of the acylarmdo group

OSO,R o (Cosor’
- - ., < -
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R

Thus, under mildly basic conditions, which would not favour amon formation,
predominant attack by the carbonyl oxygen-atom occurs to give the oxazolne, and
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thence the cis-acylamido alcohol'*. Consequently, the rate of formation of the epimine
must be related to the pK, of the amude, and, since acylamude derivatives are con-
siderably weaker acids than are sulphonamide derivatives'®, N-sulphonyl derivatives
(e g, 5) should be converted more readily into epimines than the corresponding
N-acyl denivatives and, furthermore, competing oxazolne formation would be
excluded This approach has been used successfully 1n the furanoside series® and has
now been applied to the preparation of the N-mesyl-allo-epimine 10 from methyl
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38 R=Ac X=I

2-amino-4,6-O0-benzylidene-2-deoxy-a-p-glucopyranoside (4). The latter amine was
obtaimned from the readily available N-benzoyl derivative 2 by hydrolysis with sodium
hydroxide in 95% 2-methoxyethanol, N-benzoyl groups are not usually removed
by aqueous sodium hydroxide!®, conditions which are effective for the removal of
N-acetyl groups'®!? The ammo-alcohol 4 gave the di-N,O-mesyl derivative 5, m
high yield, which was converted into the N-mesyl-allo-epimine 10 by the action of
sodium acetate 1n boiling 95% 2-methoxyethanol This 1s probably the most rehiable
route for epimine synthesis, but the removal of the alkah-stable N-mesyl group
presents difficulties
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The acetylepimuno ring 1s very labile towards acid!®, and the two N-acetyl
epimines 8 and 31 undergo ring-opening with hydrogen halides to give diaxial
acetamido-halo derivatives (e g , 23) before hydrolysis of the benzylidene substituent
Consequently, selective removal of the benzylidene group from these derivatives
was not possible However, the free epimines 7 and 30 are less prone to ring-opening
than are their N-acyl derivatives, so that the benzylidene blocking groups can thereby
be selectively removed. Thus, the allo-epimine 7, upon treatment with hydrochloric
acid 1n acetone, gave a 70% yield of methyl 2,3-dideoxy-2,3-epimino-a-D-allopyranos-
ide hydrochlonide (29) The manno-epimune 32 was sumilarly prepared from com-
pound 30 Intermediates that crystallised from the reaction mixtures were shown to
be the respective hydrochlorides of the starting epimines 7 and 30, since, with alkali,
they could be reconverted into the epimines Despite the fact that the epimines are
very weak bases'®, these salts were stable over periods of several months The stability
of the epimine salts to ring-opening was surprising, since the presence of a positive
charge on mitrogen should weaken the C-N bond

The ring-opening reactions of the allo-epimine and its N-substituted derivatives,
under essentially neutral conditions with ammonmum halides m N,N-dimethyl-
formamide, were then studied as an alternative route to halo-amino-pyranosides,
under comparable conditions, the allo-epimine 7 1s susceptible to frans-diaxial ring-
opening by azide!! With ammonium chloride, the allo-epimine 7 gave a 40% yield of
a chloro-amine, which had not been encountered previously, although the ring-
opening reactions with sodium azide have always been carried out in the presence of
ammonum chloride, which acts as a buffer, presumably because azide 1s a much
better nucleophile than chloride The chloroamine gave a crystalline N-acetyl deniv-
ative, which was different from the syrupy acetamido-chloro-altropyranoside!3 23
Furthermore, when the N-acetyl-allo-epimine 8 was treated with hydrochloric acid
m acetone'?, the syrupy altropyranoside 23 was the major product (80%), but a
munor (3%), 1someric product was also 1solated and was 1dentical with the product
obtamned from the “ammomum chloride reaction” Provided that tranms-opeming
of the epimine ring occurs, the new chloro-amine must be the 2-amino-3-chloro-
glucoside 12 Acid hydrolysis of compound 12 gave methyl 2-amino-3-chloro-2,3-
dideoxy-a-D-glucopyranoside (34), the molecular rotation of which (432 6°) was
similar to that (4308°) of methyl 2-acetamido-2-deoxy-a-D-glucopyranoside!?,
but different from that (421 6°) of the corresponding allopyranoside?® Unequivocal
support for the gluco-stereochemistry was provided by n m r spectroscopy (see below)

The allo-epimine 7 also reacted with ammonium bromide and 10dide to give 52
and 54%, respectively, of the corresponding halo-derivatives The N-acetyl dervative
of the 10do-amine was different from the syrupy 3-acetamido-2-10do-altropyranos-
1de 26, obtained'? by the action of hydriodic acid on the acetylepimine 8 Hence, the
new 1odo-derivative was the glucopyranoside 18 Removal of the benzyhdene group
from the N-acetyl derivative 19 gave methyl 2-acetamido-2,3-dideoxy-3-10do-a-D-
glucopyranoside (38), which again was different from the 3-acetamdo-2-10do-
altropyranoside (40) previously described!® The bromo derivative was also considered
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to be the glucopyranoside 16, since, afier N-acetylation and removal of the benzylidene
group, the molecular rotation of the product (+28 3°) was 1n close agreement with
that (428 6°) of the corresponding 10do-derivative and compared favourably with
the value (+ 30 8°) reported!® for methyl 2-acetamdo-2-deoxy-a-D-glucopyranoside

The structures of the three halo-amines were proved beyond doubt by their
nmr spectra The three products exhibited very similar n m r. spectra (Table I),
suggesting that they were all configurationally 1dentical In all three spectra, the H-1
resonances were low-field doublets at 753 (J 3 5 Hz), which suggested an ax-eq
(c1s)-arrangement of H-1 and H-2 An eg-eq (trans)-relationship, as found in a-D-
mannopyranosides and a-D-altropyranosides, gives rise to a smaller (0 6-1 7 Hz)?*!
coupling constant The highest field resonance due to a single proton was observed
at T ca 7 01n all three spectra as a quartet (J 3 5 and 10 0 Hz), the sphttings of which
suggested 1t to be H-2 In the case of the chloro- and bromo-derivatives, 12 and 16,
this was confirmed by 1irradiation at the frequency of H-1, when the quartet collapsed
to a doublet with a splitting of 10 Hz (Fig 1) The large couphing constant of H-2 and

Irradiated
at B H-3 H-4

H-1 H-5 L Iy s -l J3,4
hoe A A At f;rzdmze/\‘/\
H-2
T 23
(1 {1
( AN
J R 8
53 61 637 665 712 7

Fig 1 The low-field portion of the 100 MHz nm r spectrum of 12 showing the results of decou-
pling experiments

H-3 clearly indicates that these protons possess a trans-diaxial relationship??, thereby
establishing the gluco-stereochemistry of these products The assignment of all
other rning-proton resonances was possible for the chloro denvative (Fig 1) The
triplet at t 6 1 (J 10 Hz) collapsed into a doublet when the H-2 quartet was irradiated,
showing 1t to be due to H-3, and consequently a quartet (J 10 and 7 3 Hz) at 7 6 46
was assigned to H-4 The observed first-order coupling constants are clearly 1n accord
with the CI conformation of the p-glucopyranose ring The H-5 resonance was
observed at = 5 8 as an octet with an increase in mtensity of the hmbs towards the
centre of the multiplet The general structure of thus multiplet was remuniscent of the
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AB part of an ABX system, but integration showed 1t to be due to a single proton
A similar resonance was observed in the bromo and 1odo derivatives, but, 1n these
cases, it was partly overlapped with other resonances

TABLE 1
CHEMICAL SHIFTS (T VALUES) AND FIRST-ORDER COUPLING CONSTANTs (Hz) AT 100 MHz

Compound Chloro-amme Bromo-amme Iodo-amine

a2) 16) (18)
H-1 53 d@ 53 d 532d
H-2 712q 702q 694 q
H-3 610t 596t 586t
H-4 646 q — —
H-5 580 cm 577 cm 578 cm
H-6 _ — —
OMe 665s 6 64s 662s
NH= 840s 838s 840 s
Ji,2 35 35 35
J23 100 101 100
J3,4 100 100 100
Ja,5 73 — —

as = singlet, d = doublet, t = triplet, g = quartet, cm = complex multiplet

Previous results'''*? on the ring-openung of the «- and f-anomers of derivatives
of the D-allo-epimine (7 for the x-anomer) suggested that the N-benzoyl derivatives
were alone 1 bemng anomalous by virtue of diequatorial ring-opening Our results
obtamed with the free epimne were therefore of some note, because they constitute
the first examples of diequatorial ring-opening of the epimine 7. We have therefore
investigated the action of ammomum chloride on the N-substituted allo-epimines
n order to assess whether the anomaly was a function of the reagent or of the substrate,
and find that the N-benzoyl, N-acetyl, and, N-2,4-dimitropheny! denivatives (9, 8,
and 11) each gives mixtures of the gluco- and altro-1somers, m which the latter pre-
ponderated Thus, the N-benzoylepimine 9 gave a mixture of two chloro derivatives,
the mimor component (15%) of which was shown to be the gluco-1somer by comparison
with the N-benzoyl denivative 14 derived from the amno-chloro-glucoside 12 The
syrupy, major product (35%), isolated after chromatography, was identical with
the chloro denivative formed by the action of hydrochloric acid on the N-benzoyl-
epimine 9. It was best characterised by acid hydrolysis to give crystalline methyl
3-benzamudo-2-chloro-2,3-dideoxy-a-D-altropyranoside  (41), which could be
synthesised from the known!'® methyl 3-acetamido-2-chloro-2,3-dideoxy-a-p-altro-
pyranoside (42) by acid hydrolysis followed by N-benzoylation

The action of ammoumium chloride on the N-acetylepimine 8 gave mainly
(42%) the known altropyranoside 23, together with a small proportion of the gluco-
pyranoside 13 Likewise, the N-2,4-dimtrophenyl derivative 11 afforded mainly the
altropyranoside 25, but the overall recovery of products was only 40%. Hence,
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it appears that the pattern by which ammonium hahides react with the allo-epimine
and 1ts derivatives 1s quite different from that for a mixture of sodium azide and
ammonium chloride, where the azide anion 1s the predommant nucleophile

The above results suggest that the reported!! failure to characterise a product
when the N-acetylepimine 8 was heated under reflux with a mixture of sodium azide
and ammonmium chloride in N,N-dimethylformamide for 3 h may well have been
due to ready de-N-acetylation under basic conditions We have now found that,
with a shorter reaction time (5-20 min), the N-acetylepimine 8 undergoes trans-
diequatorial ring-opening to give methyl 2-acetamido-3-azido-4,6-O-benzylhidene-
2,3-dideoxy-a-p-glucopyranoside 21, but that extensive de-N-acetylation of the epi-
mine also occurs Since the free epimine 1s less reactive towards azide than 1s the
N-acetyl denivative, the epimine 7 was obtained as a side product. The gluco-con~
figuration of the azido-pyranoside was shown by its synthesis?® from methyl 2-
acetamido-4,6-O-benzylidene-2-deoxy-3-O-mesyl-a-p-allopyranoside by replacement
with sodrum azide i N,N-dimethylformamide. The preparation of the 3-azide 21
from the N-acetylepimine 8 was not satisfactory, because the yields of 20~30% could
not be maintained on a larger scale

The N-mesylepimuae underwent reaction with sodium azide—ammonium chlor-
ide in N,N-dimethylformamide to give a crystalline azide 1dentical with that obtained
by mesylation of the known!! methyl 3-amino-2-azidv-4,6-O-benzyhdene-2,3-
dideoxy-«-D-altropyranoside (27), hence, normal frans-diaxial ring-opeming had
occurred Surprisingly, the same azide was obtamned by the action of sodium azide
on methyl 4,6-O-benzylidene-2-deoxy-3-O-mesyl-2-methanesulphonamido-a-D-gluco-
pyranoside (8) This observation can be explained by mitial ring closure of com-
pound 5 to the N-mesylepimune 10, followed by frans-diaxial ring-opening This
further illustrates the ease with which the sulphonamido-sulphonate system under-
goes cyclisation to the epimine

The pattern of ring-opening of the allo-epimine and 1its derivatives is confusing
and unpredictable, and it 1s hard to account for the results An Sy2 process would
favour the 2,3-frans-diaxial arrangement, whereas the products arising from an
Syl mechamism would be governed by the relative stabilities of the two possible
carbomium 1ons, and 2,3-cts, as well as 2,3-frans, products might be expected The
tentatively suggested!!, diequatonial ring-opening of the N-benzoylepimine by prior
isomerisation to the oxazoline [namely, methyl 4,6-O0-benzylidene-2,3-dideoxy-3,2-
(2-phenyl-1-oxa-3-azaprop-2-eno)-z-D-allopyranoside], follewed by ring-opening by
azide at C-3 to give the glucopyranoside, is not valid, since the oxazoline derivative,
which can be easily prepared from compound 1 by the action of alkall, is quite stable
towards azide m boiling N,N-dimethylformamide, Dr Guthrie has nformed us that
he has reached the same conclusion. An Sy 1 reaction would nvolve nitial heterolysis
of a C-N bond to give a carbonium 1on at either C-2 or C-3, whichever is the more
favourable. There are two factors which would favour heterolysis of the C-3-N bond.
Firstly, the electron-withdrawing effect of the anomeric acetal group would have a
destabilising effect upon a positive charge situated at C-2, but not at C-3 Secondly,
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cleavage of the C-3-N bond would give the C-3 carbonium 1on 43 having the negatively
charged mitrogen 1n an equatorial positton Molecular models show that, if both
charged centres were 1n a state of sp>-hybridisation, the unoccupied p-orbital at C-3
and the occupied p-orbital on nitrogen could become parallel and that this could
result 1n a certain amount of delocalisation by pr overlap This overlap would be
enhanced if deformation of the C-2-N bond occurred to allow C-3 and the nitrogen
atom to become closer This transition state could be envisaged as an intramolecular

P T H
gl O—CH;
o H\H Y O H
(e} PhCH d!
Q H H H
H H 06’ OMe
) NEO " NH
ooy o ol e s-
/e
43 44 45

1on-pair 45, which would explain why the frans and not the cis product 1s obtained
If cleavage of the C-2-N bond occurred to give the C-2 carbonium 1on 44, molecular
models suggest that no pr overlap could occur, although some po overlap nught be
possible Stabilisation of carbonium ions by orbital overlap with a f-m system has
been previously proposed?* for the homoallylic system

The foregoing discussion merely explains how these rrans-diequatorial products
may arise, but does not explain why ring-opening 1s Sy2 n some cases and Syl mn
others Obwviously, 1t would be dangerous to attempt an explanation of this duality
of mechamism from our qualitative results

No “anomalous” diequatorial ring-openings have been observed for the
corresponding manno-epimine 30 This 1s, perhaps, not surprising, since it would
require the formation of the C-2 carbonium 1on, which, as previously stated, would
be destablished by the adjacent, electron-withdrawing acetal group

EXPERIMENTAL

All evaporations were effected under dimimushed pressure, optical rotations
were determuned for chloroform solutions, unless otherwise stated, and melting points
were determuned on a Kofler micro-heating stage and are uncorrected Thin-layer
chromatography was performed on either Silica Gel G (Merck) or Whatman Chro-
media SG 41, and components were located as brown-black spots by spraying with
10% sulphuric acid m ethanol and heating above 120° Silica gel (Hopkins and
Willizms, or Davison) was utilised for column chromatography

Methyl 2-benzamido-4,6-O-benzylidene-2-deoxy-3-O-tosyl-a-D-glucopyranoside
{3). — A solution of methyl 2-benzamido-4,6-O-benzyhdene-2-deoxy-a-D-gluco-
pyranoside® (2) (50 g) in pyrnidine (700 ml) was treated with toluene-p-sulphonyl
chloride (75 g) and stored for 4 days at room temperature, when t1c (chloroform—
ether. 1 1) indicated that reaction was almost complete The reaction mixture was
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poured mto ice-water, and the crystalline precipitate was recrystallised from ethanol
containing a httle chloroform to give the product (524 g, 75%), mp 179-184°
(decomp) A further recrystallisation from ethanol gave material having m p. 193~
195° (decomp), [a]p +30° (Found C, 621; H, 54, N, 26 C,3H,,NOgS calc
C,623,H,54, N, 26%)

Methyl  2-amino-4,6-O-benzylidene-2-deoxy-a-b-glucopyranoside (4). — A
solution of the amude 2 (10 g) in 95% 2-methoxyethanol (100 ml) containing sodum
hydroxide (8 g) was heated under reflux for 4 h, and was then cooled, diluted with
water, and extracted three times with chloroform The combined extracts were washed
with water, dried (MgSO,), and evaporated Recrystallisation of the residue from
ethanol gave needles (4 8 g, 62%), mp 175°, [«]p +1125° (¢ 1 0) (Found C, 600,
H,69,N, 51 C4H,;NO;calc C,598,H, 68, N, 50%)

Starting mate_1al was recovered when the preparation was repeated by using
2-methoxyethanol without added water

Methyl 4,6-O-benzyhdene-2-deox y-2-methanesulphonamido-3-O-methanesul-
phonyl-a-D-glucopyranoside (5) — Methanesulphonyl chlonde (09 ml) was added
dropwise to a solution of 0 5 g of the amine 4 in pyridine (4 ml), and the reaction
mixture was kept overmight at 4° Addition of i1ce—water to the mixture gave a crystal-
Iine product which was recrystallised from ethanol to give compound 5 as needles
(062 g, 68%), m p 207 5-208 5°, [a]lp, +47° (¢ 1 0) (Found C,441,H,57, N, 32,
S, 142 C;6H,3NOgS, calc C, 439, H, 55, N, 32, S, 14 6%)

Methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epinuno-a-n-allopyranoside (T) —
(a) The sulphonate 3 (10 g) was added to a solution of sodium (1 5 g) in 1sopropyl
alcohol (1 litre) at room temperature The solution was heated under reflux on a water
bath for 1 h, duning which time sodium toluene-p-sulphonate was preciprtated After
filtration, the solution was evaporated to dryness, and the residue was partitioned
between water and chloroform The aqueous layer was extracted with a further
portion of chloroform, and the combined chloroform solutions were washed twice
with water, dried (Na,S0O,), and evaporated to a chromatographically pure syrup
which rapidly crystallised (crude yield, 44 g, 90%) Recrystallisation from ethyl
acetate-light petroleum gave the epimine 7 as needles, m p 154-157° (after crystal
transitions at 125 and 143°), [a], +148° (¢04) It was identical (mixed mp, 11
spectrum, and chromatography) with authentic material®

(b) The sulphonate 3 (02g) was dissolved in tetrahydrofuran (10 ml) and
treated slowly with hthium alumimium hydride (02 g) The mixture was kept for
24 h at room temperature and processed, as described previously®, to give epimine 7
(52 mg, 60%), m p 151-152°

(c) Methyl 2-benzamido-4,6-O-benzylidene-2-deoxy-3-O-mesyl-a-D-glucopy-
ranoside® (1, 60 g) was dissolved 1n a solution of sodium hydroxide (32 g) m 95%
aqueous 2-methoxyethanol (600 ml), and the solution was heated under reflux for
2h It was then diluted with water and extracted with chloroform (3 x 200 mi)
The chloroform extract, after drying (MgSO,), was evaporated, and the residue was
recrystallised from ethyl acetate-hight petroleum to give the epimine 7 as needles
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(31 g, 92%), m p. 141-145°, [a], +147° (c 1.0) The product was identical with the
lower-melting form of the epimine obtamed by Buss et al“, who reported m p
143-145°, [aly +147°.

Methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-(methanesulphonylepimmno)-a-D-allo-
pyranoside (10) — (@) To a solution of 01 g of the 3-O-mesyl-2-sulphonamido-
glucoside 5 1 95% aqueous 2-methoxyethanol (2 ml) was added sodium acetate
(0 1 g), and the mixture was heated under reflux for 1 h Addition of water then gave
a crystalline product (65 mg, 80%) which was recrystallised from ethanol to give the
methanesulphonylepimine 10, mp 161-163°, [«]p, +121° (¢ 10) (Found C, 525,
H,59;N,41,S,92 C;;H,(NOgScalc C,526,H,56,N,41,8S,94%)

(b) The epimune 7 (0 1 g) was methanesulphonylated, in the usual way, to give,
after recrystallisation from ethanol, the N-mesyl derivative 10 (0 1 g,90%), m p 161 5-
162 5°, fo]p +121°(c 1 0)

Ring-opeming reactions of methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epimino-x-
p-allopyranoside (7) and 1ts derwatnes with ammonium halides — (a) The action of
ammonium chloride on the epmune To a solution of epimine 7 (1 g) in N,N-dimethyl-
formamide (50 ml) was added ammonium chloride (04 g), and the mixture was
heated under reflux for 1 h The solution was evaporated to dryness, and a solution of
the restdue i methanol was passed through a column of Amberlhite IRA-400
(OH form) resin The eluate was evaporated to dryness, and the residue was recrys-
tallised from 1sopropyl alcohol to yield methyl 2-amino-4,6-O-benzylidene-3-chloro-
2,3-dideoxy-a-D-glucopyranoside (12), (05 g, 40%), m p 155-162°. Two recrystal-
lisations from ethanol-hight petroleum yielded a sample having m p 162° (very slow
heating), [o]p +42° (c13) More-rapid heating caused partial melting at 155°
with a slow crystal transition to a form melting at 162° Extremely slow heating above
150° allowed the transition to occur without melting, to give a sharp m p of 162°
(Found C, 559, H, 59, ClL, 120, N, 47 C,,H,gCINO, calc C, 561, H, 60,
Cl, 11.8, N, 4 7%)

N-Acetylation of the chloro-amine 12 (30 mg) m ethanol (0 4 ml) with acetic
anhydride (004 ml) gave methyl 2-acetamdo-4,6-O-benzyhdene-3-chloro-2,3-di-
deoxy-a-p-glucopyranoside (13) (from ethanol) (80%), subl 293°, [a], +6° (c0.4)
(Found C, 563, H, 60, Cl, 106, N, 41 C,cH,,CINO;s calc C, 562, H, 585,
Cl, 104, N, 41%)

Similarly the N-benzoylepimine 14 was prepared in 70% yield and had m p
273-274° (from ethanol), [«], +36° (¢05) (Found-C, 624, H 55,CI, 87, N, 36
C,,H,,CINO; calc C,625,H,545,Cl, 88, N, 35%)

The N-2,4-dinitrophenyl derivative 15, prepared in the usual way'?, had m p
301-302° (from chloroform-ethanol), [al, —69° (c04) (Found C, 514, H, 45,
N, 90 C,oH,,CIN;Og calc C, 516,H,43,N, 90%)

(b) The action of ammonum bromide on the epimine A solution of 1 g of the
epimine 7 in N,N-dimethylformamide (10 ml) was heated for 20 min at 130° with
ammonium bromide The addition of water to the reaction mixture gave a crystalline
sohd (07 g, 52%), recrystalisation of which from ethanol-light petroleum gave
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methyl 2-amino-4,6- O-benzyhdene-3-bromo-2,3-dideoxy-a-p-glucopyranoside (16) as
needles, m p. 150~150 5°, fe], +15° (c 074) (Found C, 490; H, 54; N, 41.
C,4H,;g BrNO, calc. C, 48.9, H, 52, N, 4 1%)

The N-acetyl derivative 17, obtained as above, was recrystallised from N,N-
dimethylformamide, and decomposed at ca. 275° without melting; [a], +31° (c 0 5,
N,N-dimethylformamide) (Found C, 498, H, 53, N, 3.6 C,¢H,,BrNO; calc -
C,499, H,52, N, 36%)

(¢) The action of amniomum 1odide on the epunmme The epimune 7 (1 g) was
treated, as above, with ammonium 10dide The product separated out as a gel that
sohidified when filtered Recrystallisation from ethanol gave methyl 2-amino-4,6-0-
benzylidene-2,3-dideoxy-3-10do-a-D-glucopyranoside (18) (0 8 g, 54%), m p 138-140°,
[alp, —20° (c05) (Found C, 434, H, 44, N, 35 C,,H,3INO, calc C, 430,
H,46; N, 36%)

The N-acetyl derivative 19, obtained in the usual way, had m p 271° (decomp )
(from chloroform), [a], +4° (¢ 0 36, N,N-dimethylformamide) (Found C, 441,
H,47, N, 32 C,¢H,0INO; calc- C, 444, H, 46, N, 3 2%)

(d) The action of ammonium chloride on the N-acetylepimme 8 To a solution of
methyl  2,3-(acetylepimino)-4,6-O-benzyhdene-2,3-dideoxy-«-D-allopyranoside  (8)
(05 g 1in N,N-dimethylformamide (50 ml) was added ammonmum chloride (0 2 g),
and the mixture was heated under reflux for 2 h The solution was evaporated to
dryness, and the syrupy residue was partitioned between water and chloroform
The aqueous layer was extracted with a second portion of chloroform, and the
combined organic layers were washed twice with water and dried (Na,SO,) Tlc
(chloroform—ether, 11) indicated the presence of one predominant, fast-moving
component, a small proportion of a shightly slower moving component, and two further
components near the starting ine The mixture was chromatographed on a column of
silica gel with chloroform-ether (1-1) as eluant, and the two fast-moving components
were 1solated i

The major component, obtained as a syrup (0 236 g, 42%), was shown to be
methyl 3-acetamido-4,6- O-benzylidene-2-chloro-2,3-dideoxy-a-D-altropyranoside (23)
by comparison with an authentic sample!3, and was characterised as follows A
solution of the syrup in acetone (15 ml) and conc hydrochloric acid (0 2 ml) was
heated under reflux for 5 mn Excess of solid sodium hydrogen carbonate was
added, and the solution was filtered, and evaporated to an impure, yellow syrup which
could not be crystallised The main component was obtained pure after chromato-
graphy on a column of sitlica gel, and was crystallised from ethyl acetate Recrystal-
Iisation from ethyl acetate yielded methyl 3-acetamido-2-chloro-2,3-dideoxy-e-D-
altropyranoside (42) (18 mg), mp 135-137°, it '3, m p 136-138°

The second component, 1solated in small yield from the column, was recrystal-
lised from 1sopropyl alcohol to give methyl 2-acetamido-4,6-O-benzyhdene-3-chloro-
2,3-dideoxy-a-D-glucopyranoside (13) identical (1 r spectrum and sublimation temp )
with the samples prepared from the chloro-amine 12 (see above), and by the action
of hydrochloric acid 1n acetone on the N-acetylepimine 8 (see below)
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(e) Action of ammonium chloride on the N-benzoylepimme 9 To a solution of
the N-benzoylepimine (0 5 g) m N,N-dimethylformamide (50 ml) was added ammo-
nium chloride (0 2 g), and the mixture was heated under reflux for 1 h and processed
as described for the N-acetylepimine above T Ic¢ (chloroform) showed the presence
of two fast-moving components, coincident with compounds 24 and 14, respectively
Evaporation of the chloroform solution, with recrystallisation of the residue from
ethanol-ether, yielded methyl 2-benzamido-4,6-O-benzylidene-3-chloro-2,3-dideoxy-
a-D-glucopyranoside (14) (85 mg), m p 273-274°, identical (1 r. spectrum and mixed
m p ) with the product prepared above from compound 12

The mother hiquors were subjected to column chromatography to yield methyl
3-benzamido-4,6-0O-benzylidene-2-chloro-2,3-dideoxy-«a-D-altropyranoside (24) as a
syrup (190 mg), [o]p +68° (¢c07) (Found C, 607, H, 55, N, 35 C,;;H,,CINO;
calc C,625,H,55, N, 36%)

(f) Action of ammonium chloride on the (2,4-dinitrophenyl)epimine (11) To a
solution of compound 11 (100 mg) mn N,N-dimethylformamide (5 ml) was added
ammonium chlonde (50 mg), and the mixture was heated under reflux for 1 5h
T 1c (ether-light petroleum, 1 1) indicated the presence of two products, one being
on the starting line The solution was evaporated (to ca half volume) and poured
into water After storage for 1 h at ca 4°, the precipitate was separated by centri-
fugation, washed with water, and then shaken with a 2 1 mixture of acetone-ethanol
(10 ml) T 1c indicated that the extract contained largely the fast-moving component,
and the solid residue consisted largely of the compound which failed to move
durmg tlc

The sohd residue was recrystallised from chloroform—ethanol to yield
methyl 4,6-O0-benzyhidene-3-chloro-2,3-dideoxy-2-(2,4-dimtrophenylamino)-«-p-glu-
copyranoside (15) (12 mg, 11%), mp 300-302°, [a], —69° (c04), 1dentical 1 r
spectrum and muxed m p ) with the product dennved from compound 12

The extract was evaporated to dryness, and the residue was recrystallised from
1sopropyl alcohol to yield methyl 4,6-O-benzylidene-2-chloro-2,3-dideoxy-3-(2,4~
dinitrophenylamino)-e-p-altropyranoside (25) (31 mg, 29%), shghtly contaminated
with the above 1somer. A pure sample was obtamned by extraction with ethanol,
giving granular crystals mp 190-193°, [«], —35° (¢c05) (Found C, 517, H, 45,
N, 89 C,,H,,CIN;Ogcalc C,516,H,43, N, 90%)

The action of hydrochloric acid on (a) methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-
epinmno-o-D-mannopyranoside (30) — (1) A solution of the epimune (0 57 g) 1n acetone
(20 mI) was cooled n an acetone-solid CO, bath, and 4N hydrochloric acid {1 ml)
was added The mixture was then allowed to warm up to room temperature, when
fine needles of methyl 4,6- O-benzyhdene-2,3-dideoxy-2, 3-epimino-a-p-mannopyranos-
1de hydrochloride (0 4 g, 62%) separated, m p 153-165° (decomp ) (Found C, 56 5,
H,63,ClL 115;N,46 C,;H,gCINO, calc C, 561, H, 60, Cl, 118, N, 47%).
The hydrochloride was very soluble 1n water, giving an acidic solution, but was not
very soluble 1in ethanol from which it could, with care, be recrystalhised It was inde-
fimitely stable in the dry, crystalline state, but was unstable in solution Acetylation of
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the hydrochioride, in the usual way, gave a quantitative yield of the N-acetylepimne 31,
and treatment with aqueous alkal: gave the free epimine 30

(1) The epimine (14 g) was dissolved n acetone (250 ml), and conc hydro-
chlonc acid (10 ml) was added The hydrochloride was precipitated mmtially, but,
on bemg shaken vigorously for 15 mun, this was transformed mto an oi1l, and tlc
(chloroform-methanol, 4 ‘1) indicated the presence of a single product The reaction
mixture was diluted with water to dissolve the oily product, sodium hydrogen car-
bonate (15 g) was then added cautiously in small portions, and the solution was
extracted once with ether to remove benzaldehyde and evaporated to dryness The
residue was extracted with hot ethyl acetate (3 x 200 ml), and the combined extracts
were concentrated to ca 125 ml, when scratching induced crystallisation The product,
methyl 2,3-dideoxy-2,3-epimino-«-D-mannopyranoside (32), was usually obtamed,
mitially, as an unstable hydrate, m p 115-117°, v, ca 1650 cm ™' When the product
was kept at room temperature for several days or dried i vacuo for 2 h at 100°,
1t gave the anhydrous product (6 4 g, 68%), m p 150-153°, [a], +107° (¢ 1, water)
(Found- C, 479, H, 735, N, 795 C;H{3NO4 calc C, 479, H, 74, N, 8 0%)

The N-acetylepimine 33, m p 124-125°, [«], +68° (¢ 1 2, water), was prepared,
by the action of acetic anhydride m ethanol, 1n 94% yield (Found C, 49 6, H, 6 95,
N, 6 35 C4H,sNO; calc. C,497,H,69, N, 645%)

(b) Methyl 4,6-O-benzyhdene-2,3-dideoxy-2,3-eptimmno-a-D-allopyranoside (7)
— (t) The epimine (3 5 g) 1 acetone (60 ml) was treated with conc hydrochloric acid
(2 5 ml), and the mixture was shaken for 30 min at room temperature The crystalline
product was filtered off and washed with acetone, to give methyl 2,3-dideoxy-2,3-
epimno-x-D-allopyranoside hydrochloride (29) (224 g, 80%), mp 118-122°, [¢]y
+134° (c 2, water) Recrystallisation from methanol-ether gave the hydrochloride,
mp 120-122° (Found C,399,H,67, N, 67 C,;H,,CiNO,calc C,397,H,66,
N, 6 6%) The hydrochloride was stable 1n the crystalline state for several months,
but underwent a slow transformation 1nto a crisp, amorphous sohd

(1) When a cooled solution of the epimine (50 mg) in acetone (0 5 ml) was
treated with one equivalent of hydrochloric acid in acetone (0 16 ml), methyl 4,6-O-
benzylidene-2,3-dideoxy-2,3-epimino-a-D-allopyranoside hydrochloride crystallised
mmmediately (46 mg, 81%), m p 108-112°, [a], +137° (¢ 1, water) (Found C, 559,
H,62,CL 118, N,47 C,,H,;CINO, calc C,561,H,61,Cl 118, N, 47%)

(¢) Methyl 2,3-(acetylepimino)-4,6-O-benzylidene-2,3-dideoxy-a-p-allopyranos-
1de'® (8) — To a solution of the N-acetylepimine 8 (5 g) 1 acetone (250 ml), conc
hydrochloric acid (1 36 ml, 1 equiv) was added After 3 h at room temperature, the
solution was evaporated to a syrup, which was co-concentrated with water and
partitioned between water and chloroform T 1c (chloroform-ether, 1 1) indicated
the presence of a very small amount of a slower moving product, 1n addition to the
expected chloro-amide 23 Elution from a column of sihica gel, with chloroform-
ether (1 1), yielded the syrupy, faster-moving product (4 5 g, 80%) shown by its 1 r
spectrum fo be methyl 3-acetamido-4,6-0-benzylidene-2-chloro-2,3-dideoxy-a-D-
altropyranoside'® (23) and by conversion'® mto the crystalline methyl 3-acetamdo-
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2-chloro-2,3-dideoxy-a-D-altropyranoside (42) (see above) Distillation afforded an
analytical sample (Found C, 562, H, 5.8, N, 3.9. C,;H,,CINO; calc." C, 562,
H,585,N,41%)

The minor product (0 156 g, 3%) was methyl 2-acetamudo-4,6-O-benzylidene-
3-chloro-2,3-dideoxy-a-p-glucopyranoside (13), which sublimed at 293°, and had
[xlp +6° (c04) The infrared spectrum was identical with that of the N-acetyl
denivative of the chloro-amine 12 described above

(d) Methyl 2,3-(benzoylepimino)-4,6-O-benzylidene-2,3-dideoxy-a-D-allopyranos-
1de (9) — (1) Conc hydrochloric acid (0 454 ml) was dissolved in acetone (10 ml), and
1 ml (1 equv ) of this solution was added to a solution of the N-benzoylepimine 9
(200 mg) 1n acetone (9 ml) T.lc (chloroform-—ether, 1 1) indicated that reaction had
ceased after ca 2 h, the solution then contained a hitle starting matenal, together
with one fast- and one slow-moving component After 3 h, the solution was evaporated,
and co-concentrated with water The residue was fractionated on a column of silica
gel, with chloroform—ether (1 1) as eluant, to give the faster-moving, syrupy chloro-
anude 24, which was dissolved 1n acetone (1 5 ml) to which conc hydrochloric acid
(0 1 ml) was then added After 30 mun, the solution was neutralised (Ag,CO;), and
evaporated to a syrup Benzaldehyde was removed by co-concenfration with water,
followed by co-concentration with ethanol The resulting syrup crystallised spontane-
ously to yield methyl 3-benzamido-2-chloro-2,3-dideoxy-a-p-altropyranoside (41)
(7 mg), m p 154-157° Recrystallisation from ethanol-light petroleum gave a sample
identical (muxed mp and 1r spectrum) with (¢) the slower moving component
1solated from the column by elution with acetone, (11) the product obtained below
from the action of an excess of hydrochloric acid on the N-benzoylepimine 9 and
(i11) the product obtained from the corresponding N-acetyl denvative 42 by deacetyl-
ation, followed by N-benzoylation

(1) To a solution of the N-benzoylepimine 9 (1 g) in acetone (40 ml), an excess
of conc hydrochloric acid (0 6 ml) was added, and the solution was heated under
reflux for 10 min An excess of sohd sodium hydrogen carbonate was added, and the
solution was filtered and evaporated to a crystalline residue The solid was extracted
with chloroform, and the extract was evaporated to a residue (0 47 g, 55%) that was
recrystallised from ethanol-light petroleum to yield methyl 3-benzamido-2-chloro-
2,3-dideoxy-a-D-altropyranoside as needles, m p 159-160°, [«]p +22° (¢ 0 4) (Found
C,533,H,575,CL 108, N, 43 C,,;H,;CINO; calc C,532,H, 57, Cl, 11 25,
N, 44%)

Methyl 3-amino-2-chloro-2,3-dideoxy-a-D-altropyranoside (39) and its N-benzoyl
dernative (41) — Methyl 3-acetamido-2-chloro-2,3-dideoxy-a-D-altropyranoside! (42)
(1 g) was heated for 1 h at 100° with N hydrochloric acid (2 ml) The solution was
evaporated to a syrup which was co-concentrated twice with ethanol The resulting
syrup crystallised on the addition of isopropyl alcohol, yielding compound 39
hydrochloride (0 58 g, 60%), m p 185-190° (decomp ) Recrystallisation from 1so-
propyl alcohol-light petroleum gave granular crystals, mp 192-194° (decomp.),
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[xlp +72° (¢ 08, water) (Found C, 341, H, 60, CI, 284, N, 57 C;H,sCI,NO,
calc C,339,H,6.0,Cl, 286;N, 56%)

A solution of the above hydrochloride (100 mg) in water was passed through
a column of Amberhte IRA-400 (OH™ form) and evaporated Recrystallisation of
the residue from 1sopropyl alcohol gave the free amine 39 (64 mg, 75%), m p 128-130°,
[xlp +87° (¢ 05, water) A further recrystallisation gave an analytical sample, m p
132-134° (Found C, 397; H, 69; N, 655 C;H,,CINO, calc C, 39.7; H, 66,
N, 6 6%)

To a solution of the free amune (20 mg) in ethanol (1 ml), benzoic anhydride
(25 mg) was added After 1 h at room temperature, the solution was evaporated to
a syrup which was partitioned between water (5 ml) and ether (5 ml) The organic
layer was extracted with a further portion of water, and the combined aqueous
layers were washed with ether Evaporation of the aqueous solution, with recrystallis-
ation of the residue from ethanol-hight petroleum, yielded the chloro-amide 41
(14 mg, 47%), m p 158-160°, 1dentical (1 r spectrum and mixed m.p ) with samples
prepared above.

Aeid hydrolysis of 4,6-O-benzylidene deriwatives — (@) Compound 12 (500 mg)
was dissolved in a mixture of acetone (10 ml) and chloroform (10 ml) Conc hydro-
chloric acid (1 ml) was added, and the mixture was shaken for 30 min, when the
crystals that had formed were converted into an o1l The mixture was evaporated to
a syrup, and benzaldehyde was removed by co-concentration with water A solution
of the resulting syrup in methanol was passed through a column of Amberlite IRA-
400 (OH™ form) and evaporated Recrystallisation of the residue from ethyl acetate
gave methyl 2-amino-3-chloro-2,3-dideoxy-a-D-glucopyranoside (34) (200 mg, 57%),
mp 127-128° [], +156° (¢ 1, water) (Found C, 395, H,66,N, 68 C,H,,CINO,
calc C,397,H,67,N, 66%)

() Compound 14 (0 1 g) was dissolved in a 1 1 mixture of chloroform and
acetone (15 ml), and conc hydrochloric acid (0 4 ml) was added The muxture was
shaken for 2 h at room temperature (an oil was mitially deposited, but later crystal-
Iised) and then cooled in the refrigerator to give methyl 2-benzamido-3-chloro-2,3-
dideoxy-o-D-glucopyranoside (36) (39 mg) The mother liquors were evaporated to
dryness, and co-concentrated with water to remove benzaldehyde The residue was
recrystallised from ethanol-hght petroleum, giving a second crop (16 mg, total yield,
55mg, 70%), mp 245-246° (decomp), [¢], +136° (¢ 0,6 methanol) (Found
C 532,H,59,CL 111, N,46 C,,H,sCINOs calc C, 532, H, 57, Cl, 1125;
N, 4 4%)

(¢) A suspension of compound 17 (0 6 g) in a 1% solution of hydrogen chlonide
m methanol (25 ml) was stirred until a clear solution was obtamned (ce 1h) The
neutralised (PbCQOj;) mixture was evaporated to give methyl 2-acetamido-3-bromo-2,3-
dideoxy-a-D-glucopyranoside (37), which, after recrystallisation from ethanol-light
petroleum, gave needles (035g, 76%), mp 185-186° [x]l, +95° (c05, water)
(Found C, 364, H, 55; N, 45 CyH,(BrNO; calc C, 362, H, 54, N, 47%)

(d) Compound 19 (0 6 g) was hydrolysed as in (¢) to give (from ethanol-hght
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petroleum) methyl 2-acetamido-2,3-dideoxy-3-10do-a-D-glucopyranoside (38) (04 g,
84%), m p 189°, [a], +83° (¢ 0 55, water) (Found C,310,H,46,N,39 CoH,(INO;
calc C,313,H,4.6;N,41%)

Merhyl 2-azido-4,6-O-benzylhdene-2,3-dideoxy-3-methanesulphonarmido-a-n-altro-
pyranoside (28) — (a) A solution of the 3-methanesulphonate 5 (80 mg) in N,N-
dimethylformamide (1 ml) was heated under reflux with sodium azide (80 mg) for
10 min. Addition of water to the hot reaction mixture gave a brown solid, recrystal-
Iisation of which from ethanol gave white needles (60 mg, 65%), m p 147-150°,
[elp +54.3° (¢10) (Found- C, 470, H, 52, N, 147, S, 86 C;sH,;(N,OS calc
C,469,H,52, N, 14.6; S, 8.6%)

(b) The methanesulphonylepimine 10 (80 mg) was treated with sodium azide
(80 mg) and ammomum chlonde (5 mg) 1in N,N-dimethylformamde, as above The
product (60 mg, 65%), m p 147-150°, was 1dentical with the product from (@) (i r
spectra and mixed m p )

(c) Methyl 3-amino-2-azido-4,6-O-benzyhdene-2,3-dideoxy-a-D-altropyranos-
1de’* (27) (100 mg) was methanesulphonylated 1n the usual way to give compound 28
as needles (70 mg, 56%), m p 147-149°, 1dentical with the product obtained in
(@) and (&) above

The ring-opening of methyl 2,3-(acetylepimino)-4,6-O-benzylhidene-2,3-dideoxy-
a-D-allopyranoside (8) with azide — A solution of compound 8 (1 g) was heated under
reflux with sodium azide (6 8 g) and ammonium chlonide (0 4 g) 1n N,N-dimethyl-
formarmde (10 ml) for 5 mun Addition of water to the hot solution caused the slow
crystallisation of methyl 2-acetammdo-3-azido-4,6-0-benzylidene-2,3-dideoxy-«-D-
glucopyranoside (21) (0 35 g, 31%) Recrystalisation froin ethanol gave needles,
mp 255-256 5° [a], +36° (¢ 10) (Found C, 5485,H,58, N, 1625 C,(H,(N,O;s
calc C,552,H, 575, N, 16 1%) The 1dentity of the azide was confirmed by com-
parison with a sample prepared by the action of sodium azide in N,N-dimethyl-
formamide on methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-3-0O-mesyl-¢-D-allo-
pyranoside?3

After removal of the azide, the mother hquors were extracted with chloroform
(2x 30 ml), and the dried (MgSO,) extracts were evaporated to dryness to give a
syrup which crystallised from ethanol to give the allo-epimine* (7) (01 g, 12%),
1dentified by comparison with an authentic sample*
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