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ABSTRACT 

Selectrve tosyIatron of methyl 2-benzamrdo-2-deoxy-a-D-glucopyranosrde at 
room temperature gave a mxture of the 6-sulphonate and the 3,6- and 4,6-daul- 
phonates m yields of 25, 20, and 12%, respectively Treatment of the 4-acetate of the 

3,GdlsuIphonate with lodlde ion gave the 3,6-dl-lodo-D-gluco denvatlve, with overall 
retention of configuratron mvolvmg parhctpatron of the 2-benzanudo substttuent m 
the substrtutron of the 3-tosyl group and formation of an intermediary oxazohmum 
ion Reductton of the 3,6-dl-rodo derivative gave methyl 2-benzamtdo-2,3,6-trrdeoxy- 
a-D-r&o-hexopyranosrde The drsulphonates, charactensed as thetr monoacetates, 
were synthestsed from methyl 2-benzamrdo-4,6-O-benzyhdene-2-deoxy-a-D-gluco- 
pyranosrde by unambrguous routes, each of whrch was supenor to selective tosylatton 

INTRODUCTION 

Apart from derrvatrves encountered m the syntheses of kasuganobrosamme’, 
2-ammo-2,3,6-trideoxyhexoses are unknown, although several Isomers occur natu- 
rally 3 and have been synthesised ‘, mcludmg 2-ammo-2,4,6-tndeoxy-D-,rylo- 
hexose6 Rmg openmg of 2,3,6-tndeoxy-2,3-epnnmo-a-D-allopyranoside’ IS a possible 

route to the required 2-ammotndeoxyhexoses A more-promnmg route appeared 
to be vza selective tosylatron of methyl 2-benzamido-2-deoxy-a-D-glucopyranosrde, 
which wouId be expected to yield the 3,6- and 4,6-di-O-tosyl derivatives by analogy 

with selective benzoylation’, followed by sequential nucIeoph&c substnutron with 
rodrde eon and reductron of the 3,6- and 4,6-substttuents 

RESULTS AND DISCUSSION 

Selective tosylatlon of methyl 2-benzamrdo-2-deoxy-a-D-glucopyranoslde’ m 
pyrldme afforded a mixture contalmng three maJor products which were subsequently 
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separated and rdenttied as the 6-sulphonate lo (25%), the 3,6_duulphonate (2WJ, 
and the 4,6_drsulphonate 1 (12%) The relatrve reactlvrtres of the hydroxyl groups m 
methyl 2-benzamrdo-2-deoxy-or-D-glucopyranosrde are therefore m the order HO-6 > 
HO-3~H0-4 Studlesr1’r2 of the selective benzoylation of hexopyranosides have 
shown that the 4-hydroxyl group IS the least reactrve because of sterlc hmdrance 
from the large substrtuent at C-5, and parallel results were reported* for methyl 2- 
benzamrdo-2-deoxy-a-D-glucopyranondes 

Acetylatron of the 3,6-dlsulphonate gave methyl 4-0-acetyl-2-benzamtdo-2- 
deoxy-3,6-dl-0-tosyl-a-D-glucopyranosrde (2) and, hkewise, the 4,6-duulphonate 
afforded the 3-0-acetyl derivative 3 The structures of the acetates 2 and 3 were 
co&med by then n m r spectra and by uneqmvocal syntheses from methyl 2-benza- 
m~do-4,6-O-benzyl~dene-2-deoxy-3-O-tosyl-a-D-glucopyranos~de’o and methyl 3-0- 
acetyl-2-benzam~do-4,6-O-benzyl~dene-2-deoxy-ar-D-glucopyranos~de (4), respectrvely 
In each case, these syntheses were better than those based on selectrve tosylatron 
Thus, hydrolyses of the benzyhdene group of 4 with aqueous acetrc acid, followed by 
tosylatlon at 4”, gave the 4,6-dtsulphonate 3 Smular hydrolysis of methyl 2-benza- 
m~do-4,6-O-benzyl~dene-2-deoxy-3-O-tosyl-a-D-glucopyranos~de’3, followed by selec- 
trve tosylatron at HO-6 and then acetylatron, gave the 3,6-drsulphonate 2 Comparrson 
of the n m r spectra of the 4,6-dlester 3 with the 3,6-dlester 2 revealed that the H-3 
signal for 3 appeared at lower field strength, and that the aryl methyl protons for 2 
gave two drstmct srgnals, whereas for 3 the srgnals overlapped 

:;&oMe H$;ao_ Acobo_ r.o!.F?& 

HNBZ HNBz HNBr HNBz 

1 R=Ts,R’=H 4 R=Ac 5 R=I, R=OTs 9 
2 R=Ac.R =Ts 6 R=H,R=oTs 
3R=Ts,R’=Ac 7 R=R=I 

8 R=R=H 

Replacement of the pnmary sulphonate group m 2 by treatment wrth sodmm 
rodrde m butanone was selectrve, Bvmg the expected 6-deoxy-6-lodo denvative 5 
wluch was converted into the 6-deoxy denvatrve 6 by reductron with Raney nickel 
In the n m r spectrum of 6, the srgnal for Me-6 appeared as a doublet at T 8 8 (Js 6 
6.4 Hz) Under more-forcmg condmons, the secondary sulphonate group m 2 (and 
5) was replaced by rodrde to grve the 3,6-drdeoxy-3,6-dl-rodo derrvatrve 7 The struc- 
ture of 7 was con&med by Its loo-MHz spectrum, H-l appeanng as a doublet at 
T 5 39, H-3 as a triplet at 5 86, and H-4 as a quartet to lower field at 5 06 because of 
the deshreldmg effect of the 4-acetoxyl group The derived first-order couphng con- 
stants (J1,2 3 3, J3,4 11 0, J4,5 9 0, and Js,6 6 0 Hz) provided proof for the glllco 
cotiguratron and the Cf conformanon for 7 Clearly, the 2-benzamrdo group parti- 
crpated m the ehmmatlon of the nelghbourmg trans-3-tosyloxy substrtuents of 2 (and 
5) to @ve a cychc oxazohmum cation intermedrate, which then underwent nng-openmg 
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by nucleophzhc attack at C-3 to give the 3,6-dz-zodo denvatzve 7 wrth overall retentzon 
of cotiguratzon 

Ph Ph 

Examples of the solvolys~s of suiphonyloxy groups by partrcrpatron of nergh- 
bourmg trans-acylamrdo groups are well-establ~shed14, but there are few examples” 
where an oxazohnmm mtermedzate IS rmphcated gzvmg a product wrth retentron of 
configuratzon Reductzon of the 3,6-dr-zodo substztuents of 7 wzth Raney mckel 
afforded methyl 2-benzamzdo-2,3,6-trzdeoxy-a-D-nbo-hexop~anoside (8) The n m r 
spectrum revealed f&t-order couplmg constants (J1 Z 3 4, Jsr 4 5 0, J3c,3n 11 0, 
J45 100, Js6 60,andJ,,,, 9 0 Hz) that were consrstent wrth the structure 8 and 
the Cf conformatron 

The 4,6-dzsulphonate 3 underwent selectzve, nucleophthc substltutron with 
sodmm rodlde m butanone to grve the 6-deoxy-6-zodo derivative 9 

ExPFiRmENfAL. 

The general expenmental data are as described prevzously16. 
Tosylatzon of methyl 2-benzamzdo-2-deoxy-a-D-glrtcopyranoszde - To a sohztron 

of methyl 2-benzamrdo-2-deoxy-cr-D-glucopyranosrde’ (20 g) m pyndme (400 ml) was 
added toiuene-p-sulphonyl chlorrde (50 g) m pyndme (50 ml) at 15” over a period 
of 2 h The solutron was stored at room temperature for 24 h, and t 1 c (chloroform- 
acetone, 4 1) then reveaied three maJor products along with a mmor, fast-movmg 
component After addrtron of water (IO ml), the soiutron was concentrated to a thick 
syrup A solution of thus resrdue m chloroform was washed successrvely wzth 2M 

hydrochlorrc acrd, aqueous sodmm hydrogen carbonate, and water, dried (Na,SO,), 
and concentrated The resrdue was eluted from a column of srhca gel (Malhnckrodt, 
800 g) with chloroform-light petroleum (10 1) to grve two major fractions The 
ftrst, after severa crystalhsatzons from ethanol, afforded methyl 2-benzamzdo-2- 
deoxy-4,6-dr-O-tosyl-cc-D-glucopyranosrde (I), (5 g, 12%), m p 102-104”, [a], 
+ 56 4” (c 1 3, chloroform) (Found C, 55 1, H, 5 0, N, 2 3, S, 11 0 C,,H,,NO,,S, 
caic C,555,H,51,N,23,S,106%) 

The mother hquor from the crystalhsatron of 1 was concentrated to a syrup 
(8 g, 20%) whrch could not be crystalhsed Consequently, It was acetylated m pyndme 
(100 ml), using acetrc anhydnde (16 ml) at room temperature for 40 h The reactron 
mixture was then poured into ice-water, and the precrpztate was collected, washed 
well wrth water, and drred at 30” ztz LUCUO The resrdue, on crystahrsatzon from ethanol, 
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gave methyl 4-U-acetyl-2-benzarmdo-2-deoxy-3,6-d~-O-tosyl-cx-D-glucopyranoslde (2) 
(8 g, 93%), m p 171-272”, [c& + 126” (c2 07, methylene chloride) (Found. C, 55 7, 
H, 5 2; N, 2 2, S, 11.6 C,,,H33N011S2 talc C, 55 6; H, 5 1, N, 2 2, S, 9 9%) 

N m r (60 MHZ) data z 5 16 (d, 1 proton, .il 2 3 5 Hz, H-l), 4 87 (t, 1 proton, 
.rj 4 9 0 Hz, H-3), 5 02 (t, 1 proton, J 4 s 9 0 Hz, H-4), 3 37 (d, 1 proton, JNH cH8 6 Hz, 
H-N), 6 65 (s, 3 protons, OMe), 7 56, 7 7 (2 s, 6 protons, 2 Me-Ph), and 8 09 (s, 3 
protons, AC) 

The second fraction afforded syrupy methyl 2-benzarmdo-2-deoxy-6-O-tosyl- 
a-D-glucopyranoslde (8 g, 25%), which was characterlsed as the 3,Pdl-Gacetyl 
denvatlvel’, m p and mlxed m p 129-131”, [aJD + 115” (c 1.39, chloroform) 

Methyl 3-O-acetyI-2-benzamrdo4,6-O-benzylrdene-2-deoxy-u-~-g~ucopyra~os~de 

(4) - Methyl 2-benzarmdo-4,6-O-benzyhdene-2-deoxy-oc-D-glucopyranosldeg (3 g) 
m pyrldme (20 ml) was treated with acetlc anhydride (8 ml) at room temperature 
for 20 h The reactlon rmxture was worked up as described above to @ve a sohd 
residue Crystalhsatlon from acetone gave 4 (2 g, 60%), m p 225-226” [c& +75 6” 
(c 2 82, methylene chloride) (Found C, 64 6, H, 5 7; N, 3 6 C,,HZ5N0, talc 
C, 64 6, H, 5 9, N, 3 3%) 

Methyl 3-O-acetyl-2-benzamrdo-2-deo;ry-4,6-dz-O-tosyZ-~-D-gIz~copy~ anosrde (3). 

- (a) The 4,6-dlsulphonate 1 (4 g) m pyrldme (50 ml) was treated with acetlc 
anhydnde (10 ml) at room temperature for 40 h The reactlon rmxture was poured 
on to Ice-water, and the preclpltate was filtered off, washed well with water, and 
dried overnight at 30” ~rz tacuo Recrystalhsatlon from ethanol gave the 3-acetate 3 
(4 1 g, 93%), m p 162-163”, [c& +82 5” (c 1 88, chloroform) (Found C, 55 5, H, 5 0, 
N, 2 0; S, 117 C30H33NOllS talc C, 55 6, H, 5 1, N, 2 2, S, 9 9%) 

N m r (60 MHz) data T 5 36 (d, 1 proton, J1,2 3 3 Hz, H-l), 4 71 (4, 1 proton, 
J 10 0 Hz, H-3), 5 41 (t, 1 proton, J4 5 10 0 Hz, H-4), 3 75 (d, 1 proton, JNH cH 
9-y&, H-N), 6 75 (s, 3 protons, OMe), 7 58 (s, 6 protons, Me-Ph), 8 23 (.s, 3 protods), 
Ac) 

(b) A suspension of the 4,6-O-benzyhdene derivative 4 (1 5 g) m 50% aqueous 
acetic acid was refluxed for 5 mm The solution was cooied to room temperature and 
concentrated to a mobile syrup which was washed with hght petroleum to remove 
benzaldehyde, and dned ovemlght at 30” ztz vacua The syrup was then dissolved m 
pyndme (15 ml) and treated at 4“ with toluene-p-sulphonyl chloride m pyndme The 
reaction rmxture was stored at room temperature for 48 h and worked up m the usual 
way to sve a syrup whch was crystalhsed from ethanol, yield, 800 mg (35%) 
Recrystalhsatlon afforded needles of 3, m p and mured m p 161-163”, [a],+82 9” 
(c 2 09, chloroform) The n m r spectrum was ldentlcal with that of the previously 
prepared sample 

Methyl 4-O-acetyl-2-benzamido-2-deoxy-3,6-dr-O-tosy~-a-D-g~ucopyranos~de (2) 
- Methyl 2-benzarmdo4,6-O-benzyhdene-2-deoxy-3-O-tosyi-cc-D-gIucopyranoside13 
(i g; m p 193-195”, [c& +30” (chIoroform)) was treated with bolhng 50% aqueous 
acetic acid for 5 mm The solution was concentrated, and the residue was washed well 
with light petroleum and dned overmght at 30” m vacua. A cooled (- loo) solution of 
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the syrup m pyndme was then treated wrth toluene-p-sulphonyl chlonde (1 g) for 
24 h at 0”. The reaction was worked up as prevrously to grve a syrup (800 mg, 71%), 
[a& +90” (c I 77, methylene chloride) A solutton of the syrup m pyridme (10 ml) 
was then acetylated usmg acetrc anhydrrde (2 ml), and the reactron mrxture, after 
storage at room temperature for 48 h, was poured on to Ice-water The precrprtate 
was collected, washed well wrth water, dried, and crystalhsed from ethanol to grve 
2 (750 mg, 87%), m p and mrxed m p 171-172”, [z]n + 126” (c 1 88, methylene chlo- 
nde), the n m r spectrum of whrch was Identical with that of the sample prepared 
prevrously 

Methyl 4-O-acet~~l-2-benzamrdo-2,6-dideoxy-6-~odo-3-O-tosyl-~-~-gZucopyranos~- 
de (5) - The 3,6-drsulphonate 2 (I g) was treated wrth a borhng solutron of sodmm 
iodrde (1 mol) m butanone (50 ml) for 24 h Sodmm toluene-p-sulphonate was 
filtered off and the titrate concentrated to dryness The resrdue was partltroned 
between water and chloroform The chloroform layer was washed with aqueous 
sodmm throsulphate and water, dned (Na$O,), and concentrated The resuhmg, 
colourless syrup was crystalhsed from ethanol to give the 6-rodo dertvatrve 5 as fine 
needles (700 mg, 75%), m p 173-175”, [a],, + 114” (c 1 46, methylene chloride) 
(Found C,460,H,43,1,2lO,N,22,S,52 C,,H,,MO,Scalc C,458,H,43, 
I, 21 0, N, 2 3, S, 5 3%) 

N m r (100 MHz) data- r 5 16 (d, 1 proton, J1 2 3 3 Hz, H-l), 5 54 (in, 1 proton, 
H-2), 4 9 (t, 1 proton, .I3 4 9 0 Hz, H-3), 6 29 (m, 1 proton, J5 6 8 0 Hz, H-5), 6 95 
(rl, 1 proton, J6 6p 10 5 Hz, H-6), 6 75 (4, 1 proton, JS 6, 3 0 Hz, H-6’), 3 18 (d, 1 
proton, JNH CH 9 0 Hz, H-N), 6 6 (s, 3 protons, OMe), 7 76 (s, 3 protons, Me-Ph), 
8 08 (s, 3 protons, AC) 

ikfetlryl 4-O-acetyl-2-benzanlrdo-2,6-drdeoxy-3-O-tosy[-ff-~-gIucopyranoslde (6) 

- A solutron of 5 (500 mg) n-r ethanol (50 ml) contammg freshly prepared Raney 
mckel (2 g) was refluxed for 5 h T I c (chloroform) revealed that the product 6 and 
starting material 5 were comcldent but drstmgurshable by the marked drfference m 
colour formatron wrth sulphurrc actd The catalyst was filtered off, and the filtrate was 
concentrated Recrystalhsatron of the resrdue from ether-light petroleum afforded 6 
(250 mg, 63%), m p 159-160”, [&, -I- 114 4” (c I 89, methylene chloride) (Found 
C, 57 8, H, 5 7; N, 3 1, S, 6 5 Cz3Hz7NOsS talc C, 57 9, H, 5 7, N, 2 9, S, 6 7%) 

N m r (60 MHz) data z 5 16 (d, 1 proton, Jl 2 3 3 Hz, H-l), 6 16 (m, 1 proton, 
J,- 6 6 4 Hz, H-5), 3 34 (d, 1 proton, JNH CH 8 5 Hz, H-N), 6 63 (s, 3 protons, OMe), 
8 8 (d, 3 protons, J, 6 6 4 Hz, Me-5), 7 71 (s, 3 protons, Me-Ph), 8 08 (.s, 3 protons, AC) 

Methyl 4-O-acetyl-2-be~tzamIno-2,3,6-trzdeoxy-3,6-dl-zodo-u-~-g~ucopyranos~de 

(7) - A sol&on of the 3,6-drsulphonate 2 (3 g) m N,N-drmethylformamrde-buta- 
none (100 ml, 1 1) contammg sodmm Iodide (2 g) was refluxed at 125-130” for 6 days 
The solutron was then concentrated to dryness by codrstrllatron with toluene, and 
traces of N,iV-dimethylformamrde were removed by storing overnight at 30” m ~acuo 
The reaction mixture was worked up as described prevrously, and the syrup obtamed 
after concentratron of the chloroform extract was crystalhsed from ethanol-light 
petroleum to gave 7 (I g, 39%), m p 235-237”, [aID + 113 2” (c, 1 76 chloroform) 
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(Found: C, 34 4; H, 3 4, I, 44 4; N, 2 3, C16Hi&N05 talc C, 34 4, H, 3 4, I, 45 4; 
N, 2 5%) 

N m r data (100 MHz) 7 5 39 (d, 1 proton, JI,2 3 3, H-l), 5 86 (t, 1 proton, 
J3 4 I1 0 Hz, H-3), 5 06 (4, 1 proton, J 4 5 9 0 Hz, H-4), 6 49 (o, 1 proton, J5,6 9 0 Hz, 
Js,6, 3.0 Hz, H-5), 6.99 (4, 1 proton, J6,6 11 0 Hz, H-6), 9 81 (q, 1 proton, J 3 0 and 
11 0 Hz, H-6’), 7 94 (.s, 3 protons, AC) 

Methyl 4-O-acetyZ-2-benzamido-2,3,6-~rzdeoxy-cr (S) - 

A solution of the 3,6-dl-lodo denvatxve 7 (500 mg) m methanol (50 ml) was refluxed 
with freshly prepared Raney mckel (ca 2 g) for 12 h The catalyst was filtered off and 
the filtrate concentrated to dryness A solution of the residue m chloroform was was- 
hed with water, dried (Na,SO,), and concentrated to a syrup which crystalhsed from 
ether-hght petroleum (150 mg, 54%), m p 193-194”, [LX],, + 138 8” (c 1 38, methylene 
chloride) (Found C, 62 2; H, 6 6, N, 4 9 C16H21N05 talc C, 62 5, H, 6 8, N, 4 6%) 

N m r (100 MHz) data T 5 42 (d, 1 proton, Ji 2 3 4 Hz, H-l), 7 74 (sx, 1 proton, 
J 3.2 4 5 0 Hz, J3,3c 11 0 Hz, H-3e), 8 24 (p, 1 proton, J3a,3c 11 0 Hz, H-3a), 5 42 

(sx, 1 proton, J4 s 10 0 Hz, H-4), 3 76 (d, 1 proton, JNH,CH 9 0 Hz, H-N), 6 63 (s, 
3 protons, OMe), 8 83 (d, 3 protons, J5,6 6 0 Hz, Me-5), 8 0 (s, 3 protons, AC) 

Methyl 3-O-acetyl-2-benzamzdo-2,6-dzdeoxy-6-zodo~-O-tosyI-~-~-gI~copyranosz- 

de (9) - The 4,6-dlsulphonate 3 (900 mg) was treated with a bolhng solution of 
sodium lodlde (1 mol) m butanone (20 ml) for 24 h T 1 c (chloroform) revealed a 
fast-movmg product The reactlon was worked up as described previously to give a 
syrup which was crystallxsed from acetone-hght petroleum to yield 9 (500 mg, 59%), 
m p 78-81”, [orID +74 5” (c 2 51, methylene chloride) (Found C, 45 5; H, 4 1, I, 21 3, 
N, 2 2, S, 5 1. C2,H&N0,S talc C, 45 8, H, 4 3, I, 210, N, 2 3, S, 5 3%) 

N m r (60 MHz) data P 5 23 (d, 1 proton, J,,, 3 4 Hz, H-l), 4 7 (q, 1 proton, 
J3 4 8 7 Hz, H-3), 5 25 (t, J4 5 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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