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ABSTRACT

Selective tosylation of methyl 2-benzamido-2-deoxy-x-b-glucopyranoside at
room temperature gave a muxture of the 6-sulphonate and the 3,6- and 4,6-disul-
phonates in yields of 25, 20, and 12%, respectively Treatment of the 4-acetate of the
3,6-disulphonate with 10dide 10n gave the 3,6-di-10do-D-gluco derivative, with overall
retention of configuration mvolving participation of the 2-benzamido substituent in
the substitution of the 3-tosyl group and formation of an intermediary oxazolinium
1on Reduction of the 3,6-di-10do derivative gave methyl! 2-benzamido-2,3,6-trideoxy-
a-D-ribo-hexopyranoside The disulphonates, characterised as their monoacetates,
were synthesised from methyl 2-benzamido-4,6-O-benzylidene-2-deoxy-a-D-gluco-
pyranoside by unambiguous routes, each of which was superior to selective tosylation

INTRODUCTION

Apart from derivatives encountered in the synthesis of kasuganobiosamine?,
2-amino-2,3,6-trideoxyhexoses are unknown, although several isomers occur natu-
rally> and have been synthesised*>, including 2-amino-2,4,6-trideoxy-p-xylo-
hexose® Ring opening of 2,3,6-trideoxy-2,3-epimino-g-D-allopyranoside” 1s a possible
route to the required 2-amnotrideoxyhexoses A more-promising route appeared
to be wvia selective tosylation of methyl 2-benzamido-2-deoxy-a-D-glucopyranoside,
which would be expected to yield the 3,6- and 4,6-d1-O-tosyl derivatives by analogy
with selective benzoylation®, followed by sequential nucleophilic substitution with
10odide 10n and reduction of the 3,6- and 4,6-substituents

RESULTS AND DISCUSSION

Selective tosylation of methyl 2-benzamido-2-deoxy-a-D-glucopyranoside® in
pyridine afforded a mixture containing three major products which were subsequently

*Present address Tate and Lyle Research Centre, Westerham Road, Keston, Kent (Great Britain)
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separated and 1dentified as the 6-sulphonate!® (25%), the 3,6-disulphonate (20%),
and the 4,6-disulphonate 1 (12%;) The relative reactivities of the hydroxyl groupsin
methyl 2-benzamido-2-deoxy-e-D-glucopyranoside are therefore in the order HO-6>
HO-3>HO0-4 Studies!***? of the selective benzoylation of hexopyranosides have
shown that the 4-hydroxyl group 1s the least reactive because of steric hindrance
from the large substituent at C-5, and parallel results were reported® for methyl 2-
benzamido-2-deoxy-«-D-glucopyranosides

Acetylation of the 3,6-disulphonate gave methyl 4-O-acetyl-2-benzamido-2-
deoxy-3,6-di- O-tosyl-o-D-glucopyranoside (2) and, hkewise, the 4,6-disulphonate
afforded the 3-O-acetyl derivative 3 The structures of the acetates 2 and 3 were
confirmed by their n m r spectra and by unequivocal syntheses from methyl 2-benza-
mido-4,6- O-benzylidene-2-deoxy-3- O-tosyl-a-D-glucopyranoside!® and methyl 3-O-
acetyl-2-benzamido-4,6- O-benzylidene-2-deoxy-«-D-glucopyranoside (4), respectively
In each case, these syntheses were better than those based on selective tosylation
Thus, hydrolysis of the benzylidene group of 4 with aqueous acetic acid, followed by
tosylation at 4°, gave the 4,6-disulphonate 3 Similar hydrolysis of methyl 2-benza-
mido-4,6- O-benzylidene-2-deoxy-3- O-tosyl-a-D-glucopyranoside '3, followed by selec-
tive tosylation at HO-6 and then acetylation, gave the 3,6-disulphonate 2 Comparison
of the n m r spectra of the 4,6-diester 3 with the 3,6-diester 2 revealed that the H-3
signal for 3 appeared at lower field strength, and that the aryl methyl protons for 2
gave two distinct signals, whereas for 3 the signals overlapped

TsOCH, O—CHaj RCH, ICH,
o] H O, O, )—O

or' CR R OAc

RO OMe Ph (@] OMe AcO OMe TsO OMe
HNBz HNB2 HNBz HNBz2
1R=Ts,R'=H 4R=Ac 5 R=I,R=0Ts 9
2R=Ac.R,=Ts 6 R=H,R=0Ts
3R=Ts,R=Ac 7 R=R=1
8 R=R=H

Replacement of the primary sulphonate group 1n 2 by treatment with sodium
1odide 1n butanone was selective, giving the expected 6-deoxy-6-1odo derivative 5
which was converted into the 6-deoxy derivative 6 by reduction with Raney nickel
In the n mr spectrum of 6, the signal for Me-6 appeared as a doublet at 1 88 (J5 ¢
6.4 Hz) Under more-forcing conditions, the secondary sulphonate group in 2 (and
5) was replaced by 1odide to give the 3,6-dideoxy-3,6-di-10do derivative 7 The struc-
ture of 7 was confirmed by its 100-MHz spectrum, H-1 appearing as a doublet at
7 539, H-3 as a triplet at 5 86, and H-4 as a quartet to lower field at 5 06 because of
the deshielding effect of the 4-acetoxyl group The derived first-order coupling con-
stants (Jy » 33, J34 110, J, 5 90, and J5 ¢ 6 0 Hz) provided proof for the gluco
configuration and the C§ conformation for 7 Clearly, the 2-benzamido group parti-
cipated 1n the ehmination of the neighbouring trans-3-tosyloxy substituents of 2 (and
5) to give a cyclic oxazolinium cation intermediate, which then underwent ring-opening
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by nucleophilic attack at C-3 to give the 3,6-d1-10do derivative 7 with overall retention
of configuration

O, NH
Oy
Ph
10 11 12

Examples of the solvolysis of sulphonyloxy groups by participation of neigh-
bouring trans-acylamido groups are well-established !4, but there are few examples!®
where an oxazolinium intermediate 1s 1mplicated giving a product with retention of
configuration Reduction of the 3,6-di-10odo substituents of 7 with Raney nickel
afforded methyl 2-benzamido-2,3,6-trideoxy-a-D-ritbo-hexopyranoside (8) The nmr
spectrum revealed first-order coupling constants (J; » 34, J3.4 50, J3.3, 110,
Jis 5100, Js ¢ 60, and Juy cu 9 0 Hz) that were consistent with the structure 8 and
the C§ conformation

The 4,6-disuiphonate 3 underwent selective, nucleophilic substitution with
sodium 1odide 1n butanone to give the 6-deoxy-6-10do derivative 9

EXPERIMENTAL

The general experimental data are as described previously*°.

Tosylation of methyl 2-benzamido-2-deoxy-a-D-glucopyranoside — To a solution
of methyl 2-benzamido-2-deoxy-a-D-glucopyranoside® (20 g) in pyridine (400 ml) was
added toluene-p-sulphonyl chloride (50 g) in pyridme (50 ml) at 15° over a period
of 2 h The solution was stored at room temperature for 24 h, and t1 ¢ (chloroform—
acetone, 4 1) then revealed three major products along with a minor, fast-moving
component After addition of water (10 ml), the solution was concentrated to a thick
syrup A solution of this residue in chloroform was washed successively with 2M
hydrochloric acid, aqueous sodium hydrogen carbonate, and water, dried (INa,SO,),
and concentrated The residue was eluted from a column of silica gel (Mallinckrodt,
800 g) with chloroform-light petroleum (101) to give two major fractions The
first, after several crystallisations from ethanol, afforded methyl! 2-benzamido-2-
deoxy-4,6-di- O-tosyl-a-D-glucopyranoside (1), (5g, 12%), mp 102-104°, [a]p
+564° (¢ 1 3, chloroform) (Found C, 551, H,50,N,23,8,110 C,,H,,NO,S,
calc C,555,H,51,N,23,8, 106%)

The mother liquor from the crystallisation of 1 was concentrated to a syrup
(8 g, 20%) which could not be crystallised Consequently, 1t was acetylated 1n pyridine
(100 ml), using acetic anhydride (16 ml) at room temperature for 40 h The reaction
mixture was then poured into ice—water, and the precipitate was collected, washed
well with water, and dried at 30° i acuo The residue, on crystallisation from ethanol,
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gave methyl 4-0-acetyl-2-benzamido-2-deoxy-3,6-di- O-tosyl-a-p-glucopyranoside (2)
8 g,93%), mp 171-172°, [ajp +126° (c2 07, methylene chloride) (Found . C, 557,
H,52;N,22,8,11.6 C;,H;;NO,,S,calc C,556;H,51,N,22,8,99%)

Nmr (60 MHz) data © 516 (4, 1 proton, J; , 3 5 Hz, H-1), 4 87 (¢, 1 proton,
Js 490 Hz, H-3), 502 (z, 1 proton, J, 59 0 Hz, H-4), 3 37 (d, 1 proton, Jyy cu8 ¢ Hz,
H-N), 6 65 (s, 3 protons, OMe), 756, 77 (2 s, 6 protons, 2 Me-Ph), and 8 09 (s, 3
protons, Ac)

The second fraction afforded syrupy methyl 2-benzamido-2-deoxy-6-0-tosyl-
a-D-glucopyranoside (8 g, 25%), which was characterised as the 3,4-di-Q-acetyl
denivative!®, m p and mixed m p 129-131°, [«]p +115° (¢ 1.39, chloroform)

Methyl 3-O-acetyl-2-benzamido-4,6-O-benzylidene-2-deoxy-«-D-glucopyranoside
(4) — Methyl 2-benzamido-4,6-O-benzylidene-2-deoxy-a-D-glucopyranoside® (3 g)
mn pyridine (20 ml) was treated with acetic anhydride (8 ml) at room temperature
for 20 h The reaction mixture was worked up as described above to give a sohd
resitdue Crystallisation from acetone gave 4 (2 g, 60%), m p 225-226° [o]p, +756°
(¢ 282, methylene chlonide) (Found C, 646, H, 57; N, 36 C,;H,;NO, calc
C,646,H,59, N, 33%)

Methyl 3-O-acetyl-2-benzamido-2-deoxy-4,6-di-O-tosyl-a-D-glucopyranoside (3).
— (a) The 4,6-disulphonate 1 (4g) in pyndme (50 mi) was treated with acetic
anhydride (10 ml) at room temperature for 40 h The reaction mixture was poured
on to ice-water, and the precipitate was filtered off, washed well with water, and
dried overnmight at 30° iz vacuo Recrystallisation from ethanol gave the 3-acetate 3
(41¢2,93%), mp 162-163°, [a], +82 5°(c 1 88, chloroform) (Found C,555,H,50,
N,20;:;8S,117 C36H33NOy;Scale C,556, H,51, N,22,8,99%)

Nmr (60 MHz) data = 536 (d, 1 proton, J; , 3 3 Hz, H-1), 471 (g, 1 proton,
Js . 100 Hz, H-3), 541 (2, 1 proton, J, s 10 0 Hz, H-4), 3 75 (d, 1 proton, Jyg.cu
9.0 Hz, H-N), 6 75 (s, 3 protons, OMe), 7 58 (s, 6 protons, Me-Ph), 8 23 (s, 3 protons),
Ac)

(b) A suspension of the 4,6-O-benzylidene derivative 4 (1 5 g) 1n 50% aqueous
acetic acid was refluxed for 5 min The solution was cooled to room temperature and
concentrated to a mobile syrup which was washed with light petroleum to remove
benzaldehyde, and dried overnight at 30° iz vacuo The syrup was then dissolved 1n
pyridmme (15 ml) and treated at 4° with toluene-p-sulphonyl chloride in pyridine The
reaction mixture was stored at room temperature for 48 h and worked up 1n the usual
way to give a syrup which was crystallised from ethanol, yield, 800 mg (35%)
Recrystailisation afforded needles of 3, mp and nmixed mp 161-163°, [«],+82 9°
(c 209, chloroform) The nmr spectrum was 1dentical with that of the previously
prepared sample

Methyl 4-O-acetyl-2-benzamido-2-deoxy-3,6-di-O-tosyl-a-D-glucopyranoside (2)
— Methyl 2-benzamido-4,6-0-benzylhidene-2-deoxy-3- O-tosyl-a-D-glucopyranoside 3
{l g;mp 193-195° [o], +30° (ch]oroform)} was treated with boiling 50% aqueous
acetic acid for 5 min The solution was concentrated, and the residue was washed well
with hight petroleum and dried overmight at 30° iz vacuo. A cooled (—10°) solution of
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the syrup in pyridine was then treated with toluene-p-sulphonyl chlonide (1 g) for
24 h at 0°. The reaction was worked up as previously to give a syrup (800 mg, 71%),
[elp +90° (¢ 1 77, methylene chloride) A solution of the syrup in pyridine (10 ml)
was then acetylated using acetic anhydride (2 ml), and the reaction mixture, after
storage at room temperature for 48 h, was poured on to 1ce~water The precipitate
was collected, washed well with water, dried, and crystallised from ethanol to give
2 (750 mg, 87%), m p and mixed m p 171-172°, [«], +126° (c 1 88, methylene chlo-
ride), the n m r spectrum of which was identical with that of the sample prepared
previously

Methyl 4-O-acetyl-2-benzanudo-2,6-dideoxy-6-10do-3-O-tosyl-a-D-glucopyranosi-
de (5) — The 3,6-disulphonate 2 (1 g) was treated with a boiing solution of sodium
iodide (1 mol) in butanone (50 mi) for 24 h Sodium toluene-p-sulphonate was
filtered off and the filtrate concentrated to dryness The residue was partitioned
between water and chloroform The chloroform layer was washed with aqueous
sodium thiosulphate and water, dried (Na,S0O,), and concentrated The resulting,
colourless syrup was crystallised from ethanol to give the 6-10do derivative 5 as fine
needles (700 mg, 75%), mp 173-175° [«]p; +114° (¢ 146, methylene chloride)
(Found C,460,H,43,1,210,N,22,8,52 C,;H,;,INOgScalc C,458,H,43,
I,210,N,23,8,53%)

Nmr (100 MHz) data- t 5 16 (d, 1 proton, J; », 3 3 Hz, H-1), 5 54 (in, 1 proton,
H-2), 49 (¢, 1 proton, J5 4 9 0 Hz, H-3), 6 29 (mn, 1 proton, Js ¢ 8 0 Hz, H-5), 6 95
(g, 1 proton, Jg 4. 10 5 Hz, H-6), 6 75 (g, 1 proton, J5¢. 30 Hz, H-6"), 318 {d, 1
proton, Jyy cy 9 0 Hz, H-N), 6 6 (s, 3 protons, OMe), 7 76 (s, 3 protons, Me-Ph),
8 08 (s, 3 protons, Ac)

Methyl 4-O-acetyl-2-benzamido-2,6-dideoxy-3-O-tosyl-o-D-glucopyranoside (6)
— A solution of 5 (500 mg) 1n ethanol (50 ml) contaiming freshly prepared Raney
nickel (2 g) was refluxed for 5h T 1c (chloroform) revealed that the product 6 and
starting material 5 were coincident but distinguishable by the marked difference in
colour formation with sulphuric acid The catalyst was filtered off, and the filtrate was
concentrated Recrystallisation of the residue from ether—light petroleum afforded 6
(250 mg, 63%), mp 159-160°, [«]p +1144° (c 189, methylene chloride) (Found
C,578,H,57; N,31,8,65 C,3H,,NOgScalc C,579,H,57,N,29,8,67%)

Nmr (60 MHz) data 75 16 (d, 1 proton, J; , 33 Hz, H-1), 6 16 (in, 1 proton,
Js ¢ 64 Hz, H-5), 3 34 (d, 1 proton, Jyy cu 8 S Hz, H-N), 6 63 (s, 3 protons, OMe),
8 8(d, 3 protons, J5; ¢ 6 4 Hz, Me-5),7 71 (s, 3 protons, Me-Ph), 8 08 (s, 3 protons, Ac)

Methyl 4-O-acetyl-2-benzamido-2,3,6-trideoxy-3,6-di-10do-a-D-glucopyranoside
(7) — A solution of the 3,6-disuiphonate 2 (3 g) in N,N-dimethylformamide-buta-
none (100 ml, 1 1) contamning sodium 10dide (2 g) was refluxed at 125-130° for 6 days
The solution was then concentrated to dryness by codistillation with toluene, and
traces of N,N-dimethylformamide were removed by stormng overnight at 30° 2 vacuo
The reaction mixture was worked up as described previously, and the syrup obtamed
after concentration of the chloroform extract was crystallised from ethanol-light
petroleum to give 7 (1 g, 39%), mp 235-237°, [a]lp +1132° (¢, 176 chloroform)
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(Found: C,344;H,34,1,444;N,23, C;¢H;,I,NOscalc C,344,H,34,1,454;
N, 2 5%)

Nmr data (100 MHz) 7 539 (d, 1 proton, J; » 33, H-1), 586 (¢, 1 proton,
J3 4 11 0 Hz, H-3), 506 (g, 1 proton, J, s 9 0 Hz, H-4), 6 49 (0, 1 proton, J5 ¢ 9 0 Hz,
Js ¢+ 3.0 Hz, H-5), 6.99 (g, 1 proton, Js ¢ 11 0 Hz, H-6), 9 81 (g, 1 proton, J3 0 and
11 0 Hz, H-6"), 7 94 (s, 3 protons, Ac)

Methyl 4-O-acetyl-2-benzamido-2,3,6-trideoxy-u-D-r1ibo-hexopyranoside (8) —
A solution of the 3,6-di-10do derivative 7 (500 mg) in methanol (50 ml) was refluxed
with freshly prepared Raney nickel (ca 2 g) for 12 h The catalyst was filtered off and
the filtrate concentrated to dryness A solution of the residue 1n chloroform was was-
hed with water, dried (Na,SO,), and concentrated to a syrup which crystallised from
ether-light petroleum (150 mg, 54%), m p 193-194°, [«], -+ 138 8° (¢ 1 38, methylene
chlonde) (Found C,622;H,66,N,49 C;4H,;;NOscalc C,625,H,68,N,46%)

N mr (100 MHz) data t 542 (d, 1 proton, J, , 3 4 Hz, H-1), 7 74 (sx, 1 proton,
Jz. 4 50Hz, J3, 3. 11 0 Hz, H-3¢), 8 24 (p, 1 proton, J5,,3. 11 0 Hz, H-3a), 542
(sx, 1 proton, J, 5 100 Hz, H-4), 376 (d, 1 proton, Jyycy 9 0 Hz, H-N), 6 63 (s,
3 protons, OMe), 8 83 (4, 3 protons, J5 ¢ 6 0 Hz, Me-5), 8 0 (s, 3 protons, Ac)

Methyl! 3-O-acetyl-2-benzanido-2,6-dideoxy-6-10do-4-O-tosyl-«-D-glucopyranosi-
de (9) — The 4,6-disulphonate 3 (900 mg) was treated with a boiling solution of
sodium 10dide (I mol) i butanone (20 ml) for 24 h T1c¢ (chloroform) revealed a
fast-moving product The reaction was worked up as described previously to give a
syrup which was crystallised from acetone-light petroleum to yield 9 (500 mg, 59%),
mp 78-81° [«]p +74 5° (¢ 2 51, methylene chloride) (Found C,455;H,41,1,21 3,
N,22,8,51. C,3H,cINOgS cale C,458, H,43,1,210,N,23,8S,53%)

Nmr (60 MHz) data = 523 (4, 1 proton, J, , 34 Hz, H-1), 47 (g, 1 proton,
J3 4 8 7Hz, H-3), 525 (¢, J4 s 8 7 Hz, H-4), 6 6 (s, 3 protons, OMe), 7 6 (s, 3 protons,
Me-Ph), 8 27 (s, 3 protons, Ac)
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