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ABsl-RAcT 

2-Methyl-(3,4,6-tn-0-benzoyl-l,2-d~deoxy-cr-D-galactopyrano)- [2’,1’ 4,5]-2- 
ovazolme (7) was prepared from I-propeny1 2-acetamldo-3,4,6-trr-0-benzoyl-2- 
deoxy-/I-o-galactopyranos?de (6) The latter was prepared from ally1 2-acetamldo- 
2-deoxy-/I?-D-glucopyranoslde (1) through selective benzoylation at O-3 and O-6, 
converslon mto the 4-p-bromobenzenesulfonate 4, mverslon of configuration at C-4 
to afford ally1 2-acetamldo-3,4,6-tr~-O-benzoyl-~-o-galactopyranos~de (5), and 
subsequent lsomenzatlon with palladium-charcoal to gve 6 

INTRODUCTION 

Sugar oxazolme derivatives have proved useful for the synthesrs of ohgo- 
saccharides contammg 2-acetamldo-2-deoxy sugars’ Recently, Anderson’s group’ 
described a new method for the direct synthesis of 2-methyl-1,2-dldeoxy-cc-D-gluco- 
pyrano-[2’,1’ 4,5]-2-oxazolmes from the correspondmg ally1 j?-glycosldes The 
vahdlty of tlus synthesis as a route to oxazolme denvatlves of other ammo sugars, 
particularly 2-acetamldo-2-deoxy-D-galactose (“N-acetyl-D-galactosamme”), IS stud- 
ied m the present work To accomphsh the ObJeCtlVe of the study it was necessary 
firstly to make a substituted ally1 /J-glycowde (5) of IV-acetyl-D-galactosamme, and 
then to undertake the conversion of 5 mto the galacto-oxazolme 7 Galactosanumde 5 
was prepared from ally1 2-acetamldo-2-deoxy-8_D-glucopyranoslde (1) by eplmenza- 
tlon of the Iatter at C-4 

RESULTS AND DISCUSSION 

It was reported by Wllhams and Rlchardson3, and confirmed m other labora- 
tones3, that the partial benzoylatlon of hexopyranosldes at low temperature yields, 
pnmanly, products unsubstituted at posmon 4 Thus, the partlal benzoylatron of the 
glucosarmmde 1 would be expected to eve the 3,6-dlbenzoate 2, which could be 
sulfonylated on OH4 Epunenzatlon wouId then be accomplished by lsplacement 
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of the 4-sulfonate group with benzoate ion Indeed, the transformation of methyl 
2-benzamrdo-2-deoxy-a-D-glucopyranoside to the correspondmg galactosammlde by 
this route has been descrrbed by Horner et al 4 

The benzoylatron5 of ally1 2-acetamrdo-2-deoxy-/3-D-glucopyranosrde (1) with 
ca two equivalents of benzoyl chlorrde m pyrrdme at -40” gave a single drbenzoate 
as the major product Thus product, isolated by fractional crystallization m 72% 
yield, was shown to be the desired 3,6-dr-U-benzoyl compound 2 by p m r -spectro- 
scopic analysis. The low-field portion of the spectrum Included a l-proton multlplet 
(dd, S 5 43) attributable to a sugar-rmg proton deshrelded by a gemmal acyloxy 
group. Only one such signal was found m the region below 6 5 0, and, on the basrs of 
decouplmg experiments (see Experimental), it was assigned to H-3 The signal for 
H-4 was found at S -3 8, mdrcatmg that O-4 was not acylated Therefore, the 
second benzoyl group must be at positron 6 In corroboratron of these arguments, 
the spectrum of the acetyl derivative (3) of 2 showed an addrtional low-field multrplet 
(t, S 5.37) due to the proton on C-4, now downshrfted by the conversron of OH-4 
into an acetoxy group 

Inversron of configuratron at C-4 m Csulfonates of ct-D-glucopyranosides, 
presumably through an SN~ displacement-reaction, was found largely dependent 
on the nature of the leavmg group and on the solvent used In synthetic work m the 
carbohydrate field, the 4-methanesulfonate6- ’ and 4-(p-toluenesulfonate)’ ’ were 
exammed, m different solvents, as potential leaving-groups, but the desired product 
was not always obtained in satisfactory yield Anderson et al.” and Perlm et al l2 

established optrmal condmons for such nucleophrhc displacements by use of the p- 
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bromobenzenesulfonate leavmg-group and hexamethylphosphorlc trlamlde or NJ- 
dlmethylformamlde as the solvent In the present work, the foregomg condltlons were 
adopted for the converslon of 4 Into 5 Thus, treatment of 2 with p-bromobenzene- 
sulfonyl chIorlde gave the crystalhne ally1 2-acetamldo-3,6-dl-O-benzoyl-4-O-(p-bro- 
mobenzenesulfonyl)-2-deoxy-/J-D-glucopyranoside (4) m - 84 oA yield, which afforded 
ally1 2-acetamldo-3,4,6-tn-U-benzoyl-2-deoxy-P-D-galactopyranoside (5) m - 78 % 
yield upon treatment with sodium benzoate m hexamethylphosphorlc trlamlde at 140° 

The ‘H-n m r spectrum of 5 exhlblted a doublet at 6 5 78 (J3 4 3 7 Hz) that 
was not detected m the spectrum of the precursor 4 This signal may be attributed 
to H-4; the magnitude of J4 5 (< 1 Hz) IS consistent with the assIgned structure 

Isomenzatlon’ 3 of the ally1 ether group to the I-propenyl ether may be ac- 
comphshed conventionally with potassmm tear-butoxlde If the protectmg groups are 
alkah-stable However, this reagent was mapphcable m the present work, as It would 
also saponify the benzoate groups Scheffold et al I4 found that 10% palladnnn- 
activated charcoal 1s a particularly effective catalyst for lsomerizatlon of ally1 ethers 
The latter reagent was thus used for lsomerizatlon of 5 to I-propenyl 2-acetamldo- 
3,4,6-tn-O-benzoyl-2-deoxy-/?-D-galactopyranoslde (6) 

Treatment of 6 with mercuric chlonde and mercunc oxide gave 2-methyl- 
(3,4,6-tr~-O-benzoyl-l,2-dIdeoxy-or-D-galactopyrano)-[2’, 1’ 4,5]-2-oxazohne (7) m 
-86 % yield Its ‘H-n m r spectrum mdlcated a marked devlatlon from the ‘Cl(~) 
conformation of the parent galactoslde Particularly dlagnostlc for the oxazolme 
structure* are the chemical sluft (8 6 09) and coupling constant (J1 t 7 3 Hz) of H-l, 
and the slgnal (6 2 11) for the protons of the 2-methyl group The latter appears as 
a doublet because of long-range couphng (J 1 7 Hz) to H-2 of the sugar. 

The glycosylatmg capablhty of the oxazolme 7 was exammed by bodmg it 
with methyl alcohol m the presence of a catalytic amount of p-toluenesulfomc acid 
Methyl 2-acetamldo-3,4,6-tn-O-benzoyl-2-deoxy-B-D-galactopyranoslde (8) was ob- 
tamed m -89 % yield Compound 8 was conventlonally 0-debenzoylated with 
sodium methoxlde to give methyl Z-acetamido-2-deoxy+D-galactopyranoslde (9). 
Assignment of the j?-D conf?gurabon to 9 1s based on the correspondence of Its 
optlcal rotation and meltmg point with the values reported”, and on the ‘H-n m r 
spectrum, which showed only one anomenc-proton signal, a doublet at b 4 18 havmg 
a large spacmg (J1,2 8 5 Hz) 

EXPERIMENTAL 

General methods - T 1 c plates were prepared from slhca gel G (Merck), and 
column chromatography was performed on slhca gel (Merck) The followmg solvent 
combmations (v/v) were utrhzed for thm-layer and column chromatography A, 19 1 
chloroform-methanol, B, 17 3 chloroform-acetone, C, 9 1 chloroform-methanol, 
and D, 4 I chloroform-methanol Evaporations were conducted under dlmmlshed 
pressure Meltmg pomts were determmed m Pyrex-glass capillanes Immersed m a 
heated oil-bath equipped with a cahbrated thermometer Proton magnetic resonance 
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spectra, determmed at 270 MHz with a Bruker WH-270 mstrument, were provided by 
the Department of Blochemlstry, Umverslty of W~sconsm, Madaon, Wisconsm, 
U S A Spectra are referenced to tetramethylsllane, as the internal standard Optical 
rotations were recorded with a Perkm-Elmer Model 141 polarlmeter Elemental 
analyses were performed by Micro-Tech Laboratones Inc , Skokle, Ilhnols, U S A 

A&I 2-acetamido-3,6-dt-0-benzoJ I-2-deosy-/3-D-ghcopyranostde (2). - Com- 
pound 1 was prepared by de-O-acetylation of its 3,4,6-tnacetate, made as described 
by Lee and Lee5 from 2-acetamldo-3,4,6-tn-0-acetyl-2-deoxy-cc-D-glucopyranosyl 
chloride16; IH-n m r. at 270 MHz (Me$O-(I, + 2 drops of D,O) 6 7 85 (d, 1, 
J2 NH 9 5 Hz, NH), 5 92-5 77 (m, 1, -CH=), 5 27-5-10 (m, 2, CH,=), 4 31 (d, 
1, Jl,z 8 5 Hz, H-l), 4 26-3 94 (m, 2, -CH,-0-), 3 54-3 07 (m, 6, nng protons), 
and 1.85 (s, 3, NCOCrr,) Compound 1 (3 0 g, I1 5 mmol) m anhydrous pyrldme 
(40 ml) was treated at -40” with benzoyl chloride (2 8 ml, 24 mmol) dropwise 
dunng 0.5 h, with the exclusion of moisture The bath temperature was kept for 
an addmonal 2 h below -3O”, and was then allowed to mcrease slowly to room 
temperature After this period, t 1 c (solvent A) showed a smgle, maJor product 
and three mmor components, only one of which (trlbenzoate) moved faster than 
the maJor component, the slowest-moving component was chromatographlcally 
indrstmgulshable from the starting material Most of the pyndme was evaporated 
off (t40“), and the residue was dissolved m chloroform, washed successively with 
2~ hydrochloric acid, water hl sodmm hydrogencarbonate, and water, dried (sodium 
sulfate), and then evaporated The resultant syrup was crystalhzed and recrystallized 
from ethyl acetate-Skellysolve B, glvmg 3 9 g (72%) of 2, m p 197 5-198 So, [a];’ 
-1-4 6”, [a]5:6 f19 8” (c 0 5, chloroform), ‘H-n-m-r (CDCI,) 6 8 03-7 34 (m, 10, 
2 PhCO), 5 88 (d, 1, D,O-exchangeable, Jz NH 8 1 Hz, NH), 5 43 (dd, 1, Jz 3 10 7 Hz 
and J3 4 8 5 Hz, H-3), and 3 81 (d, 1, D,O-exchangeable, OH) On lrradlatlon of 
NH, the pattern of the multlplet at 6 -4 was changed (H-2), then on lrradlatlon of 
H-2, NHcollapsed to s, H-l collapsed to s, and H-3 collapsed to d (J3 s 8 46 Hz, H-l) 
On irradiation at H-3, the patterns at 6 m 4 and 3 8 were changed (H-2 and H-4, 
respectively) Fmally, on lrradlatlon of H-4, H-3 collapsed to d (Jz 3 10 3 Hz) and 
OH collapsed to s 

Anal Calc for C,-,H,,NOs (469.47j- C, 63 95, H, 5 80, N, 2 98 Found C, 
63 96, H, 5 89, N, 2 78. 

AI&I 2-acetanttdo-3,6-dt-O-ben=oyi-4-0-(p-brontobettzenesrt~o~tyl)-2-deo\ty-~-~- 
glttcopyranosrde (4) - p-Bromobenzenesulfonyl chloride (0 45 g, 1 75 mmol) was 
added to a solution of 2 (0 5 g, 1 mmol) in pyndme (3 ml) at 45”, and the rmxture 
was stirred for 24 h, whereupon t 1 c (solvent B) showed that the reaction was almost 
complete Water was introduced dropwlse with coolmg, followed by ice-water, and 
the resultant, sohd precipitate was collected, and washed successively with water, 2~ 
hydrochloric acid, water, hl sodium hydrogen carbonate, and water The dned 
product was crystalhzed from ethyl acetate-Skellysolve B, and recrystalhzed from 
methanol to afford long needles of 4 (0 58 g, 84x), m p 173-175”, [Cc]? -30 9O, 
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[a]:&, -73 1 o (c 0 83, chloroform), ‘H-n m r (CDCI,) 6 8 00 (q, 4, BrC,H,-), 
5 65 (dd, I, JZ 3 9 2 and J3,4 IO 7 Hz, H-31, and 5 11 (t, 1, J 9 6 Hz, H-4) 

Anal Calc for C3,HJ0BrN0,$ (688 54) C, 54 07, H, 4 39, N, 2 03, S, 4 66 
Found C, 53 75, H, 4 36, N, 2 07, S, 4 72 

AlZyl 2-acetamrdo-3,4,6-trr-O-~e~~~oyl-2-deo~y-P-D-galactopyranosrde (5) - A 

solutton of compound 4 (0 5 g) m hexamethylphosphorIc trlamlde (5 ml) was stlrred 
with a suspension of sodium benzoate (0 5 g) for 24 h at 140-145” (bath temp ) At 
this tune, t 1 c (solvent A) showed that the reaction was almost complete The 
mixture was cooled, and poured with stlrrmg into ice-water, and the resultant sohd 
preclpltate was washed several times with water Chromatography of the dried 
product on slhca gel (solvent A) afforded 5 as an amorphous sohd (0 34 g, 77 8 %), 

L-G5 -t-28- I O, [tL-JS& +70 2” (c 0 9, chloroform), ‘H-n m r (CDCI,) S 5 78 
(doublet of wrde Imes, 1, J3 4 33Hz,H-4),and540(dd,1,Jz, llOandJ,,,33Hz, 
H-3) 

Anal Calc for C,,H,,N09 (573 58) C, 67 00, H, 5 45. N, 2 44 Found C, 
66 56, H, 5.50, N, 2 18 

I-Propenyl 2-acetamdo-3,4,6-trAl-betzol I-2-deo \,I -P-D-galac?op_l~ranosIde (6) 
- To a solution of 5 (0 4 g, 0 7 mmol) m methanol (7 2 ml) and water (0 8 ml) was 
added 10 y0 palladmm-activated charcoal (0 15 g) The resulting suspension was 
boiled for 8 h under reflux with stirring T I c (solvent C) (after hydrolysis with 
mercuric chlorrde)’ 7, then showed that lsomerlzatlon was compiete The residue 
obtained by removal of the catalyst and evaporation of the solvents was chromato- 
graphed on a column of sllrca gel (solvent C), to afford 6 as a glassy foam (0 31 g, 

77 %), L-Z];” +37 1 O, cc$,‘, -f-86 4’ (c 0 7, chloroform), ‘H-n m r (CDCl,) 6 6 28 
(dd, I, J 1 5 and 5 9 Hz, -OCH=), 5 95 (d, 1, J, 4 2 9 Hz, H-4), 5 79 (dd, I, J2,3 
llOandJ,. 2 9 Hz, H-3), and 1 64 (dd, 3, J 1 5 and 6 3 Hz, Cff,-CH =) 

Anal Calc for C32H31N09 (573 58) N, 2 44 Found N, 2 40 
2-Met}ty~-(3,4,6-tri-O-benzoyI-I,2-drdeo~y-u-D-galactopylano)- [2’, I’ 4,5)-2- 

o_\azoZme (7) - To a solution of 6 (0 25 g, 0 44 mmol) m dry acetomtrlle (3 ml) 
were added mercuric chloride (0 17 g, 0 63 mmol) and mercuric oxide (0 09 g, 0 42 
mmol) The resulting suspension was boiled for 15 mm under reflux with stlrrmg, 
at which time t 1 c (solvent C) showed that the reaction was complete The rmxture 
was then fiItered through Cehte, washed with acetomtrrle, and the combmed filtrates 
were evaporated The syrupy residue was taken up m dlchloromethane, the solutron 
was washed twice with saturated, aqueous potassmm lodlde and twice with water, 
dried (magnesmm sulfate), and evaporated Chromatography of the residue on sIhca 
gel (solvent C) gave 0 19 g (85 %) of syrupy 7, [XI;’ +21 2”, [LY]:& f 37 2” (c 0 9, 
chloroform), ‘H-n m r (CDCIJ) S 6 09 (d, 1, J1,2 7 3 Hz, H-l), 5 90 (t, 1, J3,4 = 
J = 3 2 Hz, H-4), 5 52 dd, I, J2 3 6 and JS ,4 3 2 Hz, H-3), and 2 11 (d, 3, Jz,CHJ 
l;IHz, oxazohne-CH,) 

Methyl 2-acetamrdo-2-deosy-/I-D-galactopyratzostde (9) - A solutlon of the 
oxazohne 7 (0 2 g) m abs methanol (3 ml) containing p-toluenesulfomc acid (- 5 
mg) was bolIed for 1 5 h under reflux The hght-brown solution was cooled, the acid 
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was neutralized with a drop of pyrrdme, and the solvent was evaporated off The 
residue was chromatographed on s&ca gel with solvent A as eluant to afford 0 18 g 
(88 %) of methyl 2-acetarmdo-3,4,6-trI-O-benzoyl-2-deoxy-~-D-galactopyranoside (8) 
as a glassy foam; [rx]i5 t-23 6”, [E]:& +52 9” (c 0.8, chloroform); ‘H-n m F. 

(CDCl,)- 6 5.90 (d, 1, J3 4 3.4 Hz, H-4), 5 65 (dd, 1, J3,4 3 4 and J,,, 11.6 Hz, H-3), 
4.78 (d, 1, J1,z 8 5 Hz, H-l), 3 59 (s, 3, OCH,), and 1.89 (s, 3, NCOCH,) To compound 
8 (0.12 g) III abs methanol (15 ml) was added 0 1~ sodium methoxlde m methanol 

(3 ml), and the solutron was boiled under reflux The debenzoylatlon was monitored 
by t 1 c (solvent O), which mdlcated disappearance of the startmg matenal after 
0 5 h Sodium Ions were removed with Rexyn-101 (Hf) ion-exchange resm. the 
solution was evaporated, and the residue was crystalhzed and recrystallized from 
methanol-ether, to gve the tnle compound (9) as needles, m p 192-195O, [a]E3 
--I 1 2”, [IX-& -20 S”, (c 0 5, methanol), (lit l5 m.p 191-193”, [a]k3 -12 _t 1” 
m methanol), ‘H-n m r (Me$O-d6 + 2 drops of D,O) 6 4 18 (d, 1, Jl,z 8 5 Hz, 
H-l), 3 33 (s, 3, OCN,), and 1 85 (s, 3, NCOCH,), the signal at S 8 O-7 4 (15H of 
3PhCO) was now absent, and the sugar-ring protons were shlfted upfield 
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