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ABSTRAGT 

Benzyl 2-[(benzyloxycarbonyl)methylammo]-2-deoxy-~-~-mannopyranos~de 
(10) and its furanose Isomer (9), the derived N-methyloxazohdmones 11 and 6, benzyl 
2-[(benzyloxycarbonyl)methylam~no]-2-deoxy-~-~-glucofuranos~de (15) and methyl 
2-deoxy-2-methylacetamrdo-fl-n-galactofuranosrde (20), were prepared from 
approprrate drethyl drthroacetals They were consrdered the most sunable startmg 
materrals for syntheses of U-methyl-2-deoxy-2-methylammo-hexoses because of therr 
ease of prepraratron and the presence of suitable blocking groups Oxazohdmones 
were prepared from N-benzyloxycarbonyl derrvatrves of %ammo-2-deoxy-D-mannose 
by usmg methanohc sodmm methoxlde Theu use m preparation of 2-deoxy-2-methyl- 
ammo denvatrves IS drscussed The Kuhn reagent was used m these syntheses for 
N-methylatmg amides However, certam amides contammg comparatrvely bulky 
substrtuents m the vrcmrty of the NH group are resrstrint to methylatron 

INTRODUCTION 

Methyl ethers of 2-deoxy-2-methylammo-D-glucose1 and 2-deoxy-2-methyl- 
ammo-D-galactose2 have been prepared for use as chromatograpluc standards 
These can be used m rdentrficatron of fragments arrslng from polysaccharrdes con- 
tammg 2-acetamrdo-2-deoxy-o-glucopyranosyl and 2 acetamrdo-2-deoxy-D-galacto- 
pyranosyl resrdues, respectrvely, when the polysacchancles are successrvely methylated 
by the Kuhn3 or Hakomorr4 procedure and hydrolysed This study IS bemg extended 
to the preparation of methyl ethers that can arise, by a srmrlar procedure, from 
2-acetamrdo-2-deoxy-D-glucofmanose, 2-acetamldo-2-deoxy-D-galactofuranose, 2- 
acetamido-2-deoxy-D-mannopyranose, and 2-acetanudo-2-deoxy-D-mannofuranose 
resrdues The last two named are possrble structures m 2-acetamrdo-2-deoxy-n- 
mannose-contarmng polysaccharrdes of bacteria ’ 6 In order to prepare the methyl 
ethers rt IS necessary to obtam glycosrdes of correspondmg 2-deoxy-2-methylamino- 
hexosrdes The expenments are presented as follows 

*Issued as NRCC No 13009 
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Preparatron of the N-methyl oxazohdrnone 11 and benzyZ 2[(benzyZoxycarbonyl)- 

methylammo]-Z-deoxy-a-rwnannopyranoszde (10) - As the N-benzyloxycarbonyl 
derivative of 2-ammo-2-deoxy-D-mannose (2) could not be prepared by the action of 
benzyl chloroformate on 2-ammo-2-deoxy-D-mannose m aqueous sodmm hydrogen 
carbonate, an altematrve method of mtroducmg the substrtuent was devised 2-[(Ben- 
zyloxycarbonyl)ammo]-2-deoxy-D-mannose diethyl dithioacetal (1) was prepared by 
the reaction of 2-ammo-2-deoxy-D-mannose hydrochloride with ethanethrol in the 
presence of hydrochloric acid (saturated at O”) followed by treatment with benzyl 
chloroformate It was purified by chromatography on SI~CIC acid and then converted 
mto 2-[(benzyloxycarbonyl)ammo]-2-deoxy-orJ?-D-mannose (2) by using aqueous 
acetone-mercuric chloride m the presence of cadmium carbonate7. 

The N-benzyloxycarbonyl denvative 2 was converted mto benzyl Z[(benzyloxy- 
carbonyl)ammo]-2-deoxy-a-D-mannopyranoside (3) by the action of benzyl alcohol- 
hydrogen chlonde at 60” The product (3) was purified by chromatography on 
SI~CIC acid, and converted into its crystalline tnacetate 5 (30% yield based on 2-ammo- 
2-deoxy-D-maMose hydrochloride) Deacetylatron gave 3, whose specific rotation of 
i64” corresponded to an a anomer The tn-O-ace@1 denvatlve proved resistant to 
N-methylanon by the Kuhn procedure*, and rt was necessary to find another route 
for mtroducmg the N-methyl group 

Compound 3 was prepared* from 2-[(benzyloxycarbonyI)ammo]-2-deoxy-D- 
mannose diethyl dithroacetal (1) with benzyl alcohol-mercuric chloride at 60”, but 
t I c showed several components, and column chromatography gave an mcomplete 
separatxon. The product had a specific rotation of +50” and thus was not pure 

The acetate 5, or its parent glycosrde 3, was treated with refluxmg methanohc 
sodium methoxrde Benzyl alcoho1 was ehmmated and a mrxture of the N-methoxy- 
carbonyl derivative 7 and the oxazohdmone 8 was obtamed After resolutron of a 
portion of the mixture, p m r spectra of the products were obtamed and found to be m 
accord wrth the proposed structures The acetates obtamed by acetylation of the 
rmxture both underwent N-methylatron when treated wrth NJ&-drmethylformamrde- 
methyl iodide-silver oxrde as the N-methyloxazohdmone 11 was obtained m 70% yield 
on treatment of the product with methanohc sodium methoxrde The N-methoxy- 
carbonyl-N-methyl intermediate obtained from 7 apparently underwent a facile 
cychsanon to give the same product as that obtained from the oxazohdmone 8 

The N-methyloxazohdmone 11 was converted mto benzyl 2-[(benzyloxy- 
carbonyl)methylammo]-2-deoxy-ar-D-mannopyranosrde (10) as follows The oxa- 
zohdmone rmg was split by hot aqueous barmm hydroxide, the formation of carbon 
droxrde from the intermediate carbarmc acid bemg evident by the production of a 
precipitate of barium carbonate Thrs method of scission was easier to control than 
that of Gross et al g, who used hot aqueousp-droxane contammgpotassmm hydroxide, 
as the former reagent 1s more really removed The resultmg benzyl2-deoxy-2-methyl- 

*The tri-O-acetyl denvatlve of benql 2-acetarmdo-2-deoxy-a_D-mannopyranoslde was slrmlarly 

resrstant to IV-methylation 
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gave formaldehyde It was converted Into Its fnacetate, whch, In contrast to rts 
pyranoslde Isomer, could be IV-methylated by the Kuhn procedure Treatment of 
the product with methanohc sodium methoxlde eliminated benzyl alcohol forming 
the oxazohdone 6 Cleavage of the latter with aqueous barmm hydroxide yielded 

benzyl 2-deoxy-2-methylammo-cc-D-mannofuranoside with formatIon of banum 
carbonate, and treatment of the sugar with benzyl chloroformate provided benzyl 
2-[(be~~oxycarbonyI)methylamlno]-2-deoxy-a-D-ma~ofuranos~de (9) 

By reactions startmg with 2-[(benzyloxycarbonyl)ammo]-2-deoxy-D-mannose 

dlethyl dlthloacetal, and by a slmllar route to that already described, crystalline methyl 
2-[(benzyloxycarbonyl)amlno]-2-deoxy-cr-ofuranoslde and rts syrupy mauno- 
pyranoade counterpart were prepared As the benzyl glycoslde senes proved more 
useful as mtermedlates m syntheas, further work on the methyl glycosldes was not 
conducted 

Preparation of benzyI Z-[(ben~yloxycarbonyl)methylammol-Z-deoxy-~-~-g~uco- 
fzzranoszde (15) - 2-[(Benzyloxycarbonyl)]ammo-2-deoxy-D-gIucose dlethyl dlthlo- 
acetall’ (12) was treated with mercunc chloride-benzyl alcohol m the presence of 
mercuric oxide glvmg a mixture of benzyl 2-[(benzyloxycarbonyl)ammo]-2-deoxy-j?- 
D-glucofuranoslde (13,21%) and the correspondmg P-D-glucopyranoslde (14, 14%)’ 2, 
wluch was resolved chromatographlcally on SI~CIC acid Treatment of 13 with lead 

tetraacetate m acetlc acid resulted m the formation of formaldehyde The furanoslde 
had a speck rotation of -36”, and gave an n m r spectrum m accord with Its 
proposed structure It was converted m 47% yield mto benzyl2-[(benzyloxycarbonyl)- 
methylammo]-2-deoxy-/3-D-glucofuranoslde (15), by successive acetylation, Kuhn 
methylatlon, and deacetylatlon 
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Scheme 2 Reaction scheme for preparation of benzyl2-[(benzyloxycarbonyl)methylammo]-2-deoxy- 
B-D-glucof’anoslde 
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Preparatron of methyl 2-deoxy-2-met frylacetarmdo+mgaiactofi (20) and 

other related galactofzrrranoszde derrvatwes - 2-[(Benzyloxycarbonyl)ammo]-2-deoxy- 
D-galactose dlethyl dlthloacetal(16) was prepared from 2-ammo-2-deoxy-D-galactose 
hydrochlonde by successive treatments with ethanethlol-hydrochloric acid (saturated 
at O”) and benzyl chloroformate The crystalhne product gave the antlclpated p m r 
spectrum and elemental analyses, but surprlsmgly had a m p and specific rotation 
dlffermg from those of the crystalhne compound asslgned structure 16 by Whltehouse 
et al 11, who prepared It by the same procedure Their product was therefore not 
compound 16 
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Scheme 3 Reactlon scheme for preparation of methyl glycosldes based on galactosamme and 
2-deoxy-2-methylammo-D-galactose 

Compound 16 was treated with benzyl alcohol-mercunc chloride-mercunc 
oxide ovemlght The product was not benzyl2-[(benzylouycarbonyl)ammo]-D-galacto- 
furanoslde, as evidenced by Its p m r spectrum In another synthesis, use of methanol 
m place of benzyl alcohol resulted m a more successful ehmmatlon, although It was 
evident that formatlon of the glycoslde was much slower than m the mannofuranoslde 
and galactofuranoslde series The product, methyl 2-[(benzyloxycarbonyI)ammo]-2- 
deoxy-/?-D-galactofuranoslde (17), had a specific rotation of - 39”, and treatment with 
lead tetraacetate resulted m formatlon of formaldehyde m accord with the proposed 
structure Its acetate was subJected to the Kuhn procedure but unfortunately N- 
methylatlon proceeded very slowly and simultaneous deacetylatlon and O-methylatlon 
took place 

An attempt was made to prepare benzyl2-[(benzyloxycarbonyl)ammo]-2-deoxy- 
D-gaiactofuranoade from 2-ammo-2-deoxy-D-galactose dlethyl dlthloacetal hydro- 
cblonde by treatment with benzyl alcohol-mercunc chloride-mercmc oxide and 
reactlon of the product w&b benzyl chloroformate The crystallme product, isolated 
by chromatography on slhclc acid, was Impure as :ts m p was mdef?mte and It was not 
free from sulfur 



314 P.A J GORIN 

Methyl 2-acetarmdo-2-deoxy-P-D-galactofuranoslde (19) was prepared m good 
yield from 2-acetamldo-2-deoxy-D-galactose dlethyl dlthroacetal’ 3 (18) by the action 
of methanol-mercunc chloride-mercunc oxide Its specific rotation of -73”, p m r 
spectrum, and Its liberation of formation of formaldehyde on periodate oxidation 
agreed with the proposed structure Successive acetylatlon, Kuhn methylatlon 
and deacetylation gave a product havmg [a], -89”, correspondmg to methyl 2- 
deoxy-2-methylacetardo-j&D-galactofuranoslde (20) Its p m r. spectrum was 

complex, many signals such as those of H-l, OMe, and NMe were broad doublets 
One explanation IS that restnctlve rotation of the C-2 to mtrogen bond occurs so that 
both rotamersJ4 are detected 

Replacement of methanol by benzyi alcohol-N,N-dlmethylformamlde m the 
foregomg reaction was carried out m an attempt to obtain benzyl 2-acetarmdo-2- 
deoxy-P-D-galactofuranoside An impure crystallme product was IsoIated m low 
yield, and it was not investigated further 

Factors afictmg N-methylatron zurth the Kth reagent - The foregomg expen- 
ments on preparation of startmg materials m synthesis of U-methyl 2-deoxy-2- 
methylamino-hexoses provide mformatlon on factors govermng the Kuhn N-methyla- 
tlon of amides It 1s evident that N-methylatlon does not occur when comparatively 
bulky substltuents are m the v~clmty of the NH group Several compansons demon- 
strate this The tn-0-acetyl derivative of methyl 2-acetamido-2-deoxy-P-D-galacto- 
furanoslde can be readdy N-methylated, whereas Its 2-(benzyloxycarbonyl)ammo 
analogue can not In the mannose series, neither the 2-acetamldo- nor 2-(beuzyloxy- 
carbonyl)ammo denvatlves of benzyl tn-0-acetyl-2-deoxy-a-D-mannopyranoside are 
susceptible to N-methylation, m contrast to the less stencally hmdered benzyl tn-O- 
acetyl 2-[(benzyloxycarbonyl)amino]-2-deoxy-a-D-glucopyranos~de The same inert 
N-acetyl denvatlve can be compared m the same way with the susceptible 2-acetamldo- 
1,3,4,6-tetra-O-acetyl-2-deoxy-~-D-mannopyranoslde, m which the 0-beuzyl group IS 
replaced by a smaller acetyl group It IS also slg&cant that, m contrast with com- 
pound 5, the peracetates of the N-methoxycarbonyl denvatrve 7 and oxazohdmone 8, 
both lacking the bulky N-benzyloxycarbonyl group, are readdy N-methylated It 
folIows therefore that data on the Kuhn methylation obtained from naturally occur- 
nng polysacchandes contammg 2-acetarmdo-2-deoxy-hexose and particularly 
Z-acetamldo-2-deoxy-mannose residues must be stencally evaluated m order to 
Judge whether undermethylatlon of OH or NH groups IS possible 

General - T 1 c was camed out with s&a gel Merck 0 05-O 2 mm (70-325 
mesh ASTM). Spots were revealed by spraymg with 50% sulfunc acid and chamng 
the products for 30 mm at 120” Column chromatography was performed on Mallmck- 
rodt S&XC acid of 100 mesh 

2-Amino-2-deoxy-D-mannose hydrochloride and %.mmo-2-deoxy-D-galactose 
hydrochlonde were suppled by Sigma Chemical Company, St LOUIS, MO U S A 
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and 2-ammo-2-deoxy-D-glucose hydrochloride by Eastman Orgamc Chemrcals, 
Rochester, New York, U S A 

P m r spectra were recorded at 25” unless otherwrse stated with a Varran IOO- 
MHz n m r spectrometer Tetramethylsrlane was used as external standard for 
compounds m D20, Me,SO-de, or m mrxtures of the two solvents (I 9 v/v), and as 
an mtemal standard for determmatlons m chloroform-d Chemrcal shrfts are expressed 
on the 5 scale 

Glycol cleavage reachons were conducted m 5-mm dtameter n m r tubes, and 
productton of formaldehyde detected with a Vanan XL-loo-15 n m r spectrometer 
wrth Founer transform To a sample of sugar (2 mg) m D,O (0 5 ml), sodmm penod- 
ate (10 mg) was added and after 18 h formaIdehyde was detected as a stgnal344 Hz 
upfield from that of an Internal standard of HCO,D Sugars (2 mg) msoluble m D,O 
were drssolved m CD,CO,D (0 5 ml) and lead tetraacetate (15 mg) was added 
After 2 days, formaldehyde could be detected as a signal 323 Hz downfield from the 
central signal of CHD,CO,D, present as an tmpunty m the solvent In both types of 

determmatlon, the number of transients used was 100, the sweep wrdth was 5000 Hz 
with a sweep offset of 45447 Hz from the deutenum lock, the acqutsltron time was 
2 set, and the pulse-wrdth 50 psec 

Z-[(~enzy~oxycarbonyl)a~zztzo]-2-deoxy-D-nzan~zose drethyl d&roacetal (1) - 
2-Ammo-2-deoxy-D-mannose hydrochlonde (10 g) was shaken wrth hydrochlonc 
acrd (saturated at 0”, 80 ml) and ethanethlol (30 ml) for 18 h The mrxture was 
neutralized by addttlon to ethanol (500 ml) contammg lead carbonate, the solutron 
was fihered and the f&rate evaporated to a syrup contauung 2-ammo-2-deoxy-o- 
maunose dtethyl dlthroacetal hydrochlonde Thus was dissolved m water (100 ml), 
sodmm hydrogen carbonate (10 g) and beruyyl chloroformate (10 ml) were added, and 
the mrxture was shaken for 18 h It was extracted wrth ethyl acetate and the extract 
was evaporated to a mobrle syrup Fractronatron on a column of SI~CIC acid was 
carried out by using chloroform-Skellysolve B (1 1 v/v) as eluant followed by 
chloroform contarmng 2% of methanol The latter eluted compound 1 (12 8 g) 
having [a]“, +22” (c 0 8, ethanol), p m r data (dlmethyl sulfoxrde-de-D,0 at 70”), 
z 2 17 (5 aromatlc protons), 4 26 (N-benzyloxycarbonyl CH,), complex at 8 21-8 40 
(2Me groups) 

Anai Caic for C,,H,,0,NS2 C, 5152, H, 6 97, N, 3 34 Found C, 51 17, 
H, 6 80, N, 3 13 

BenzyZ 2-[(benzyZoxycarbo~zy~a~z~o]-2-deoxy-a-D-mannopyranosrde (3) - Mer- 
cunc chlonde (8 g) 111 benzyl alcohol (25 ml) was added to benzyl alcohol (25 ml) 
contamng compound l(4 59 g), both solutions being mamtamed at 60”. After 20 mm 
at this temperature, the solutton was cooled and acetone (200 ml) contanung pyndme 
(3 ml) added Th e solutron was titered and evaporated, and t 1 c of the product 
[solvent, 9 1 (v/v) chloroform-ethanol] revealed two spots Chromatography on 
slhc~c acrd [eluant, 49 1 (v/v) chloroform-methanol], provrded the maJor faster- 
moving component (2 34 g) havmg [ali -i-50” (c 3 0, ethanol), which corresponded 
to compound 3 Its p m r spectrum was rdentrcal with that of a pure sample, but 
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Its specific rotation was less than ~64” (see below) thus showing it to be Impure A 
rmxed fraction (1 30 g) was also obtamed 

Compound 3 could be prepared free of the slower-movmg matenal by the 
followmg Zstep process Mercuric chloride (35 g) was dissolved In acetone (200 ml) 
and cadmium carbonate (50 g) added Compound l(28 g) m acetone (200 ml) contam- 
mg water (20 ml) was then added and the mixture shaken overmght Pyrldme (15 ml) 
was added to remove excess mercunc chloride as its msoluble pyndme complex, and 
the solution was filtered One tenth of the product obtamed on evaporation was 
fractionated on a cellulose column (eluant acetone) and syrupy 2-[(benzyloxycar- 
bonyl)ammo]-2-deoxy-a&D-mannose (2) was obtamed having [a]:” -4” (c 1 0, 
ethanol) The p m r spectrum indicated that It consisted of 60% of the a- and 40% of 
the p-anomer of the pyranose form, p m r data (DzO) T 2 12 (5 aromatic protons), 
4 40 (benzyl CH2 and H-l of a-form), 4 56, J 2 Hz H-l of p-form) 

Anal Calc for C,,H,9N0, C, 53 67, H, 6 11, N, 4 47 Found C, 53 23, 
H, 6 34, N, 4 16 

The remanung material was converted mto Its benzyl glycoslde by dlssolvmg It 
m benzyl alcohol containing 2% of hydrogen chloride (100 ml) and heating for 
30 mm at 60” The solution was neutrahzed by addition to excess aqueous sodmm 
hydrogen carbonate, and the product was extracted with ethyl acetate The extract 
was evaporated to a syrup that gave one black spot on t 1 c Column chromatography 
on SI~ICIC acid (foregoing condltlons) provided a fractron contalmng the benzyl 
glycoslde 3 (8 18 g) having [a]E5 t45” (c 3 0, ethanol), p m r data (dimethyl sul- 
foxlde-&-DtO at 70”) T 2 13 (10 aromatic protons), 4 52 (N-benzyloxycarbonyl 
CH1), 4 79, J 1 5 Hz (H-l), z 4 84, 4 96, 5 07, 5 18 (CLbenzyl CH,) 

The compound was punlied as follows The benzyl glycoslde (3, 8 18 g), was 
acetylated with acetic anhydride (20 ml)-pyridme (20 ml) overmght at room temper- 
ature The reagent was decomposed by addition of ice-water, and the product was 
extracted with chloroform, which was evaporated to a syrup Crystalllzatlon from 
ethyl acetate-Skeliysolve B provided benzyl3,4,6-trl-O-acetyl-2-[(benzyloxycarbonyl) 
ammo]-2-deoxy-a-D-mannopyranoslde (5, 6 80 g) having m p 11 l-l 12”, [ali f43” 
(c 9 3, chloroform), p m r data (CDCl,) T 2 68, 2 70, 2 77 (10 aromatic protons, 
NH), 4 91 (N-benzyloxycarbonyl CH,), 5 00, J 3 2 Hz (H-l), 5 21, 5 33, 5 43, 5 55 
(O-benzyl CH2), 7 97, 7 99, 8 01 (3 acetates) 

Anal Calc for C,,H,,NO,, C, 6124, H, 5 90, N, 2 70 Found C, 6101, 
H,583,N,251 

From the mother liquors was recovered 0 80 g of acetate, and deacetylatlon by 
0 lnl sodium methoxlde m methanol provided the benzyl glycoslde 3 having [a]? + 64” 
(c 3 0, ethanol), p m r data (dimethyl sulfoxlde-&-D,O at 70”) 5 2 19 (10 aromatic 
protons), 4 52 (N-benzyloxycarbonyl CH,), 4 81, J 1 2 HZ (H-l), 4 81, 4 93, 5 07, 
5 19 (O-benzyl CH2) 

Azzal Calc for C,,H,,NO, C, 62 52, H, 6 25, N, 3 47 Found C, 62 11, 
H,603,N,322 

BenzyZ 2-[(bezzzyloxycarbozzy~amzno]-2-deoxy-c (4). - Mer- 
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curlc chlonde (7 1 g) was dissolved m bewl alcohol (60 ml) and mercunc oxide 
(6 4 g) added To thus mrxture 2-[(benzyior ycarbonyl)ammo]-2-deoxy-D-mannose 
drethyl drthroacetal (1, 5 8 g) m benzyl alcohol (60 ml) was added and the mixture 
shaken overmght The reactlon mixture was diluted wth acetone, the solutlon filtered 
and pyndme (3 ml) added to the filtrate to remove mercurrc chloride as Its msoluble 
pyrrdme complex The solutron was filtered and evaporated, m the presence of 
barium carbonate, to a syrup that gave a smgle black spot on t 1 c column chromato- 
graphy on SI~ICIC acid, wrth chloroform-methanol (49 1 v/v) as eluant, provided a 
fraction that contained at least two compounds, according to the H-l regron of the 
p m r spectrum Crystalhzatron from ethyl acetate-Skellysolve B gave the benzyl 
glycosrde 4 (1 64 g) having m p 138”, [a];f’ t81” (c 0 3, ethanol), p m r data (dimethyl 
sulfoxrde-d,) r 2 50, J 9 Hz (NH), (dimethyl sulfoxrde-d,-deutermm oxide at 70”) 
2 30, 2 25 (10 aromatic protons), 4 47 (N-benzyloxycarbonyl CH,), 4 50 J approx 
5 Hz (H-l), r 4 82,4 93, 5 01,5 13 (O-beuzyl CHI) 

Anal Calc for CZ1 HZ5N0, C, 62 52, H, 6 25, N, 3 47 Found C, 62 26, 
H, 6 12, N, 3 36 

The trracetate of 4, obtamed from ethanol, had m p 152”, [LY]~~ +103” (c 0 9, 
chloroform), pm r data (chloroform-d), r 2 73 (10 aromatrc protons, 4 95 (N- 
benzyloxycarbonyl CH2), 8 00, 8 01, 8 04 (3 AC groups) 

Anal Calc for CP,H,lNO,o C, 6124, H, 5 90, N, 2 70 Found C, 6104, 
H,577N,245 

N-~Metl~yloxazolrd~?lo?~e 11 - As benzyl 3,4,6-trr-O-acetyl-2-[(benzyloxy- 
carbonyl)ammo]-2-deoxy-U-D-mannopyranosrde (5) could not be iV-methylated by the 
Kuhn procedure m order to provide an Intermediate for the preparatron of compound 
10 or the IV-methyloxazohdmone 11, and alternatwe syntheses was devised 

The acetate 5 (2 0 g) was treated for 3 h with refluxmg 0 1~ methanohc sodmm 
methowde (50 ml) The solution was neutrahzed with acetic acid and evaporated to 
a residue that was partltroned between ethyl acetate and water Evaporatron of the 
ethyl acetate layer, provided a mixture, shown by t 1 c (solvent chloroform-ethanol, 
9 1 v/v), to consist of two materials Column chromatography on slhc~c acid of 5% 
of the product (eluant chloroform-methanol, 49 1 v/v) prowded m the first fractron 
the 2,3-oxazoudmone derlvatwe (8) of benzyl2-ammo-2-deoxy-cr-D-mannopyranosrde, 
p m r data (drmethyl sulfoxrde-&), r 1 90 (NH), (dimethyl sulfoxrde-de-D20 at 
70”), 2 15 (5 aromattc protons), 4 57, J 0 Hz (H-l), 4 73, 4 84, 4 97, 5 09 (U-beuzyl 

CHI) 
Anal Calc for C,,H,,NO, C, 5694, H, 5 80, N 474 Found C, 56 50, 

H,567,N,451 
The second fraction had a p m r spectrum corresponcimg to benzyi 2-[(carboxy- 

methyl)ammo]-2-deoxy-E-D-mauuopyranoside (7)) p m r data (drmethyl sulfoxrde- 

&), r 2 93 (NH), (d lmethyl sulfoxrde-d,-D=O at 700), r 2 13 (5 aromatic protons), 
4 69, J 0 Hz (H-l), 4 75,4 87,4 97, 5 09 (O-benzyl CH,), 5 90 (OMe) 

Anal Calc for C15Hz1N07 C, 55 04, H, 6 47, N, 4 28 Found C, 54 59, 
H, 6 22, N, 3 98 
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Comparrson of the H-l srgnals m the p m r spectrum of the unresolved mixture 
shows it contained 50% of oxazohdmone 8 and 50% of the Wmethoxycarbonyl 
denvatrve 7 

A mixture of compounds 7 and 8 obtamed from the acetate 5 was treated 
overnight m a 1 1 mixture of acetic anhydride and pyndme (IO ml) Excess reagent 
was decomposed with ice-water and the acetate was isolated by extraction with 
chloroform It was N-methylated by shaking overnight m a solutron of NJV-drmethyl- 
formamide (10 ml) and methyl iodide (10 ml) contarmng silver oxrde (2 0 g) The 
mixture was diluted wrth chloroform, which was filtered and evaporated to a syrup 
Deacetylation was effected with 0 1~ methanohc sodrum methoxrde (30 ml) for 
30 mm The solution was neutralized (acetic acid), evaporated, and the resulting 
residue partitioned between ethyl acetate and water. The ethyl acetate layer was 
evaporated to a syrup, which was chromatographed on a cohnnn of SI~CIC acid 
(eluant chloroform-methanol, 49 1 v/v) The resulting N-methyloxazohdmone (11, 
0 78 g) had [a]g -l-52” (c 1 0, ethanol) and showed infrared absorptron at 1750 cm- ‘, 
p m r data (dimethyl sulfoxlde-d6-D20 at 70”) r 2 12 (5 aromatic protons), 4 38 
J 1 Hz (H-l), 4 68,4 78,4 88, 5 00 (U-benzyl CH2), 6 73 (NMe) 

Anal CaIc for C,,H, sN06 C, 58 24, H, 6 19, N, 4 53 Found C, 57 93, 
H,590,N,411 

N-Methyloxa~ohdmone 6 - Benzyl 3,5,6-tri- O-acetyl-2-[(benzyloxycarbonyl)- 
ammo]-2-deoxy-g-n-mannofuranoslde (tnacetate of 4) (0 35 g) was converted by 
Kuhn methylation followed by deacetylatron (methodology, see previous procedure) 
into the oxazohdone 6 It crystallized (0 12 g) from ethyl acetateSkellysolve B and 
had m p 107”, [ali’ 1-37” (c 0 3, ethanol) and absorbed at 1750 cm-l m the 1 r , 

p m r data (dimethyl sulfoxide-as-D20 at 70”). z 2 19 (5 aromatic protons) 4 31, 
J 0 Hz (H-l), 4 81,4 93, 4 98, 5 08 (O-benzyl CH2), 6 69 (NMe) 

Anal Calc for C1sH1aN06 C, 58 24, H, 6 19, N, 4 53 Found C, 57 90, 
H, 621, N,446 

Benzyl Z-[(benzyloxycarbonyl~me~?zyZaz~zzno]-2-aeoxy-~-D-?nannopyranosrde (10) 
- To the N-methyloxazohdmone derivative (11, 344 mg), barium hydroxrde (0 5 g) 
m water (40 ml) was added and the reactron mrxture was heated for 18 h at 100” 
During this period, a precipitate of banum carbonate formed Excess aIkah was 
removed with carbon dioxide and the solution was evaporated to a residue, which was 
extracted with ethanol The resulting benzyl 2-deoxy-2-methylammo-W-n-manno- 
pyranoside (322 mg) did not absorb m the carbony region of the infrared and had 
[a]F t53” (c 0 4, ethanol), p m r. data (dunethyl sulfoxidc-a,) r 2 28 (5 aromatic 
protons), 4 79, J 2 Hz (H-l), 4 86, 4 98, 5 13, 5 25 (O-benzyl CH2) 

Anal Calc for Cr4H3rN05 C, 59 35, H, 7 47, N, 4 94 Found. C, 59 01, 
H, 7 22, N, 4 77. 

The product (0 30 g) was shaken m a solution of sodium hydrogen carbonate 
(0 3 g) m water (5 hters) wrth benzyl chloroformate (0 3 ml) After 18 h the solution 
was extracted with ethyl acetate which was evaporated to a syrup. Followmg exhaus- 
trve removal of volatile material the resuitmg compound 10 (0 27 g) crystallized from 
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ethyl acetate-Skellysolve B The product had m p 159”, [I@ +87” (c 0 3, ethanol), 
p m r data (dlmethyl sulfoxlde-de-D,0 at 70”) f 2 20 (10 aromatic protons), 4 46 
(N-beuzyloxycarbonyl CH2), 4 63, J 2 2 Hz (H-l), 4 80, 4 91, 5 02, 5 14 (0-benzyl 
CH,), 6 57 (NMe) 

Anal Calc for CZ2H2,N07 C, 63 30, H, 6 52, N, 3 36 Found C, 63 37, 
H,643,N,348 

Be/zzylZ-[(&enzy~oxycarbonyZ~~e~~zyZ~zno]-2-deoxy-~-D-~zon~zofur~oszde (9) - 

Followmg a procedure slrmlar to that Just described for the converston of compound 
11 into compound 10, benzyl 2-[(benzyloxycarbonyl)methylammo]-2-deoxy-a-D- 
mannofuranoslde (9,O 13 g) was prepared from the N-methyoxazohdmone denvatlve 
6 (0 15 g) The product, wbch crystalhzed from ethyl acetate-Skellysolve B, had 
m p 114”, [a]; f 1 IO” (c 0.3, ethanol), p m r data (dimethyl sulfoxlde-&D,O at 
70”) z 2 17, 2 21 (10 aromatic protons), 4 10, J 4 0 Hz (H-l), 4 40 (N-benzyloxycar- 
bony1 CH,), 4 78,4 88,4 95,5 07 (0-benzyl CH,), 6 61 (NMe) 

Anal Calc for C,,H,,NO, C, 63 30, H. 6 52, N, 3 36 Found C, 63 08, 
H, 642, N, 3 53 

Methyl 2-[(benzyloaycarboltyl)onwlo]-2-deoxy-a-D-~nopyranoszde - By a 
method analogous to that used for the preparation of the benzyl glycoslde 3 m which 
bewl alcohol-mercunc chlonde was used, 2-[(benzyloxycarbonyl)ammo]-2-deoxy- 
D-mannose dlethyl dlthloacetal (1, 0 75 g) was converted by the actlon of methanol- 
mercuric chlonde mto a mixture It gave, on t I c (solvent chloroform-ethanol, 
9 X v/v) a mam spot and a faster-movmg, mmor spot Column chromatography on 
s~lrc~c acid (eluant. chloroform-methanoI, 49 1 v/v) gave the required methyl glycoslde 
as the mam component (0 45 g) having [ali -1-22” (c 2 0, ethanol), p m r data 
(dxmethyl sulfoxxde-d6-D20 at 70”) z 2 20 (5 aroma& protons), 4 52 (N-benzyloxy- 
carbonyl CH2), 5 02, J 1 4 Hz (H-l), 6 27 (OMe) 

Anal Calc for C,,H,,NO, C, 55 04, H, 6 47, N, 4 28 Found C, 54 77, 
H,64l;N,396 

Methyl 2-[(be~zzyloxycnrbonyl)ammol-2-deoxy-a-D-?n~no~iranoslde - Thus 
matenal was prepared from 2-[(benzyIoxycarbonyI)ammoJ-2-deoxy-D-mannose 
dlethyl dlthloacetal (I 53 g) by a method analogous to that used m preparation of 
the beuzyl analogue 4 T 1 c of the crude product (solvent as previously used) gave a 
mam spot and a trace of faster-movmg matenal CoIumn chromatography on s111c1c 
acid (precedmg eluant) provided a fraction (0 49 g) that crystalhzed from ethyl 
acetate-Skellysolve B The crystals (0 25 g) gave nse to two H-l signals m the n m r. 
spectrum, but a pure methyl glycoslde (0 12 g), m p 137”, [a]$ +73” (c 1 0, ethanol) 
could be obtamed on a further recryst.aIhzatlon from ethyl acetate, p m r data 
(dunethyl sulfoxlde-d,-D20 at 70”) r 2 20 (5 aromatlc protons), 4 50 (N-benzyloxy- 
carbonyl CH,), 4 74, J 5 Hz (H-l), 6 28 (OMe) 

Anal CaIc for C1sHZ1N07 C, 55 04, H, 6 47, N, 428 Found C, 55 16, 
H. 6 56, N. 4 01 

2-Acetanzrdo-2-deoxy-D-nzannose dIethy dzthzoacetal - 2-Ammo-2-deoxy-D- 
mannose hydrochlonde (5 0 g) was converted mto Its dlethyl dlthloacetal hydrochlonde 
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as described earher, and converted mto a mixture contalmng 2-acetamldo-2-deoxy- 
D-mannose dlethyl dlthroacetal by the followmg method described for the D-galactose 
Isomer The product gave by t 1 c (solvent chloroform-methanol, 4 1 v/v) two spots, 
the faster major one berng the reqmred matenal Crystalhzatlon from ethanol- 
ethylacetate gave 2-acetamldo-2-deoxy-D-mannose dlethyl dithloacetal (3 5 g), m p 
145”, [Eli’ - 15” (c 0 3, ethanol), p m r data (dlmethyl sulfoxlde-&) T 2 25, J 10 Hz 
(NH), 6 88, 6 95, 7 03, 7 10 (2 CH2 groups), 7 72 (NAc), 8 30, 8 34, 8 37, 8 41, 8 45, 
8 49 (2 Me groups) 

Anal Calc for C,,H2,N0& C, 44 01; H, 7 70, N, 4 28, S, 19 58 Found 
C,4383,H,781;N,401,S,1930 

Be?lzyl 2-acetanudo-3,4,6-tr~-O-acety~-2-deoxy-a-D-ma~~~~opyra~~oslde - 2-Aceta- 
mxdo-Z-deoxy-D-mannose dlethyl dlthloacetal(3 5 g) was treated with benzyl alcohol- 
mercunc chloride, as already described for the preparation of benzyl 2-[(benzyloxy- 

carbonyl)ammo]-Z-deoxy-a-D-mannopyranoslde from 2-[(benzyloxycarbonyl)ammol- 
2-deoxy+-mannose dlethyl dlthloacetal, and converted mto a mixture contammg 
benzyl 2-acetamldo-2-deoxy-a-D-mannopyranoslde This was acetylated with acetlc 
anhydnde-pyrldme to sve a mixture of acetates, whrch was chromatographed on a 
column of SIIICIC acid (eluant chloroform The second fraction contamed the required 
syrupy tn-0-acetyl derlvatlve (1 43 g) havmg [a]:’ t43” (c 2 3, chloroform), p m r 
data (CDCIJ T 2 71 (5 aromatlc protons), 3 89, J 10 Hz (NH), 5 20, J 1 6 Hz (H-l), 
5 27,5 38,5 44, 5 56 (0-benzyl CH?), 7 91,7 98, 8 00, 8 04 (4 AC groups) 

Anal Calc for CZIH,,N09 C, 57 66, H, 6 22, N, 3 20 Found C, 57 21. 
H, 605, H, 301 

Attempted N-nrethylatron of benzyl 2-acetamdo-3,4,6-frl-O-acetyl-2-deoxy-a-D- 
mannopyranoszde - The trl-0-acetyl denvatlve (700 mg) was treated overmght with 
the Kuhn reagent and the product deacetylated with methanohc sodium methoxlde 
An aqueous solution of the deacetylated matenal was delomzed with mixed-bed 
resms to give a syrup (0 32 g) havmg [a];’ t-44” (c 1 4, ethanol) and the p m r 
spectrum correspondmg to benzyl 2-acetamldo-2-deoxy-cc-D-mannopyranoslde and 
not its N-methyl denvatlve; p m r data (D,O) 7 2 20 (5 aromatlc protons), 4 73, 
J 1 5 Hz (H-l), 4 84,4 95, 5 05,5 16 (0-benzyl CH,), 7 54 (NAc) 

BenzyI 2-[(benzyloxycarboizyryl)amulo]-Z-deoxy-~-D-gIz~co~franos~de (13) - Crude 
2-ammo-2-deoxy-D-glucose dlethyl dlthloacetal hydrochlonde was prepared from 
2-ammo-2-deoxy-D-glucose hydrochlonde by the method of Whltehouse et al ’ 1 It 
was then converted mto 2-[(benzyloxycarbonyl)ammo]-2-deoxy-D-glucose drethyl 
dltluoacetal (12), which was purified by column chromatography on SI~ICIC acid 
(eluant chloroform-methanol, 49 1 v/v), and crystalhzed from ethyl acetate-Skelly- 
solve B Its m p and specific rotation corresponded to those of known material 

2-[(Benzyloxycarbonyl)ammo]-2-deoxy-D-glucose dlethyl dlthloacetal (12, 
3 55 g) was converted Into 13 by the method already described for the mannofurano- 
side analogues The crude product gave on t 1 c (solvent chloroform-methanol, 
9 1 v/v) 2 spots havmg R, 0 3 and 0 6 Column chromatography on slhcrc acid (eluant 
chloroform-methanol, 49 1 v/v) gave 0 72 g of the faster-movmg matenal Crystalhza- 
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tlon from ethyl acetate gave compound 13 (0 54 g), m p 128”, [ali -36” (c 0 6, 
ethanol), p m r data (dlmethyl sulfoxlde-d,-D,O at 70”) 7 2 61, 2 64 (10 aromatlc 
protons), 4 88 (IV-benzyloxycarbonyl CH?), 4 98, J 2 Hz (H-l), 5 08, 5 30, 5 41, 5 53 
(0-benzyl CH,) 

Anal Calc for CzrHzsNO, C, 62 52, H, 6 25, N, 3 47 Found C, 62 34, 
H, 6 13, N, 3 24 

Further elutlon of the column (eluant chloroform-methanol, 19 1 v/v) gave 
benzyl2-[(be~loxycarbonyl)am~no]-2-deoxy-P_~-glucopyranos~de (14,O 50 g) which 
crystalhzed from ethyl acetate (yield 0 30 g) and had m p 182-184”, [or];’ -42” 
(c 0 3, pyrldme) Gross and Zlmmerman’2 reported m p 190-191”, [& -47” 
(pyndme) Its p m r spectrum was ldentlcal with that of authentic material, p m r 
data (dlmethyl sulfoxlde-de--D20 at 70”) T 2 66, 2 70 (10 aromatlc protons), 4 98 
(ZV-benzyloxycarbonyl CH?), 5 58, J 8 2 Hz (H-l), 5 12, 5 24, 5.41, 5 53 (0-benzyl 
CW 

Anal Calc for C,, Hz5N07 N, 3 47 Found N, 3 27 
In another preparation, crystallme /I-furanoslde (2 0 g) and ,&pyranoslde 

(1 07 g) was obtained from 5 3 g of starting materral (12) 
Bejr=JpI 2-[(benzyZoxycarborzy2yl)metl?ylannno]-2-deoxy-~-D-gfuco~fr~oszde (15) - 

Compound 13 (I 10 g) was converted Into Its tn-0-acetyl denvatlve (1 57 g) by treat- 
ment with pyndme-acetlc anhydnde The resultmg syrup was N-methylated by the 
Kuhn procedure and deacetylated with sodmm methoxlde m methanol The procedure 
was ldentlcal with that used m the converslon of compounds (7fS) mto the N-methyl 
oxazohdmone 11 The product (0 54 g) crystalhzed from ethyl acetate-Skellysolve B, 
and followrng column chromatography on slhcrc acid (eluant chloroform-methanol, 
49 1 v/v) a further 0 23 g of crystals could be obtamed from the mother hquors 
Compound 15 had m p 79”, [LX]; -55” (c 0 7, ethanol), p m r data (dimethyl 
sulfoxlde-de-D,0 at 70”) T 2 67, 2 71 (10 aromatlc protons), 4 91 (N-benzyloxy- 
carbonyl CH2), 4 97, J4 Hz (H-l), o 5 25,5 36,5 45,5 57 (0-benzyl CH,), 6 15 (NMe) 

Anal Calc for C2tH27N07 C, 63 30, H, 6 52, N, 3 36 Found C, 63 65, 
H,657,N,326 

Z-[(BenzyZoxycarbonyl)a??z~no]-Z-deoxy-~-gaIactose dzetizyI dhoacetal (16) - 
This compound was prepared from 2-ammo-2-deoxy-D-galactose hydrochlonde (10 g) 
via Its dlethyl dlthloacetal hydrochloride by the method of WhItehouse et al l1 The 
product was pur&ied by column chromatography on S&XC acrd (eluant chloroform- 
methanol, 49 1 v/v) and crystalhzed from ethyl acetate-Skellysolve B The crystals 
(6 9 g) had m p 110-l 1 l”, [aIF -22” (c 0 6, ethanol), and [a]E5 -22” (chloroform) 
jJ%%tehouse et al l1 reported m p 59-61” and [a];’ +33” (c 0 3, chloroform)], 
p m r data (dImethy sulfoxlde-d,)- z 2 68 (5 aromatlc protons, NH), 4 80,4 92,4 97, 
5 10 (N-benzyloxycarbonyl CH,), 8 76, 8 78, 8 85, 8 90, 8 93 (2 Me groups) 

AnaZ Calc for C18H2906NSZ C, 51 52, H, 6 97, N, 3 34, S, 15 29 Found 
C, 51 64, H, 6 90, N, 3 20, S, 15 03 

Because of the difference of the spectic rotation and meltmg pomt, the com- 
pound Isolated by Whtehouse et al IS consldered not to be compound 16 
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MethyI 2-[(benzyloxycar~ony~~ino]-2-deoxy-8 (17) - 

Compound 16 (0 88 g) was converted into compound 17 by the actron of mercunc 
chlonde and methanol m the presence of mercuric oxrde (see conversion of compound 
1 mto 4) After 2 h the reactron was mcomplete, but was complete after 20 h A httle 
pyrrdme was added and the solutron evaporated The resrdue was partrtroned between 
ethyl acetate and water, and the aqueous layer was evaporated Crystalhzatron of the 
resrdue (0 42 g) from ethyl acetate-Skellysolve B gave the methyl glycosrde 17 (0 28 g), 
m p 106”, [LX];’ -39” (c 0 4, ethanol), p m r data (drmethyl sulfoxrde-d,-D,O at 
70”) z 2 64 (5 aromatrc protons), 4 96 (%benzyloxycarbonyl CH,), 5 35, J 3 Hz 
(H-l), 6 75 (OMe) 

Anal Calc for CrsH,,NO, C, 55 04; H, 647, N, 428 Found C, 5474, 
H,665,N,410 

In a srmrlar reactron wrth beuzyl alcohol m place of methanol, two products 
were obtamed on t 1 c whrch could be partrahy separated by column chromato- 
graphy on SI~ICIC acrd The mam fractron drd not have the reqmred structure as Its 
p m r spectrum drsplayed two large upfield signals m the CH, and CH3 regrons 

MethyI 2-acetaznzdo-2-deoxy-/3-~-gaIactofirr (19) - 2-Ammo-2-deoxy- 
D-galactose hydrochloride (5 0 g) was converted mto Its crude drethyl drthroacetal, 
which was acetylated with ace& anhydrrde-pyrrdme at room temperature The 
resultmg acetate was deactylated with sodmm methoxrde m methanol, the solutron 
neutralized wrth acetrc acrd, and evaporated The resrdue was dissolved m water, and 
treated wrth Amberhte IR-120 (H+ form) Followmg Ghratron, the solutron was 
evaporated to a residue that crystallized from ethyl acetate to grve 2-acetamrdo-2- 
deoxy-D-galactose drethyl drthroacetal (18, 4 35 g), m p 160”, [ali -28” (c 0 4, 
ethanol) Wolfrom and Onodera13 reported m p 163-165” and [c&’ -32” (ethanol) 
P m r data (dnnethyl sulfoxrde-d,) r 2 02, J 8 Hz (NH), 7 72 (NAc) complex at 8 34 
to 8 52 (2 Me groups) 

The drethyl drthroacetal (18, 1 0 g) was converted mto the methyl glycosrde by 
the actron of mercunc chloride m methanol overmght m the presence of mercurrc 
oxrde The mrxture was filtered and the filtrate evaporated to a small volume Water 
and ethyl acetate were added, and after shakmg the water layer was deromzed and 
evaporated to a syrup that crystalhzed Recrystalhzatron from ethanol afforded 
compound 19 (19, 0 41 g), m p 171°, [@ -73’ (c 0 3, water), p m r data (DzO) 
r 4 64, J2 Hz (H-l), 6 16 (OMe), 7 52 (AC) 

Anal Calc for C,H,,NO, C, 45 95; H, 7 28, N, 5 96 Found. C, 45 47, H, 
701, N, 559 

Acetylatron of 19 (0 20 g) followed by Kuhn methylatron, deacetylatron, and 
treatment m aqueous mrxed-ben resins provrded methyl 2-deoxy-2-methylacetmrdo- 
8-D-galactofuranosrde (20, 0 13 g) having [a]E5 - 81” (c 0 2, water) It gave a smgle 
spot on a paper chromatogram (solvent butanol-ethanol-water, 40.11.19 v/v/v, 
spray ammomacal srlver mtrate) moving shghtly faster than the non-N-methylated 
derrvatrve, p m r. data (D20 at 70”) r 4 25,4 63 (H-l), 6 05, 6 08 (OMe), 6 40, 6 56 
(NMe), 7 28 (AC) 
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Anal Calc for C, ,H,,NOs C, 48 18, H, 7 68, N, 5 62 Found C, 47 73; 
H, 7 54, N, 5 31 

Attempted preparation of benzyl Z-acetammdo-Z-deoxy-D-galucrofirranoslde - 
Preparation of the benzyl glycoslde from the dIethy dlttioacetal was carried out m 
benzyl alcohoi-N,N-dlmethylformarmde A small amount of product was obtamed 
after two recrystalhzatlons from ethyl acetate-methanol, but as Its m p was not 
sharp (152-157”) It was not further Investigated 

Attempted preparation of benzyZ 2-[(benzyZoxycarbonyZ)amwzo]-2-deoxy-D- 
galactofitranoszde - The dlethyl dltboacetal was prepared from %ammo-Zdeoxy-D- 
gaIactose hydrochloride (1 0 g) and demercaptalated overmght m benzyl alcohol 
contammg mercuric chlonde and mercunc oxide mamtamed at ioom temperature 
by the general method already described The product was dispersed between water 
and ethyl acetate and the water layer was treated with benzyl chloroformate The 
product was fractionated on a column of slhc~c acid (eluant chloroform-methanol, 
49 1 v/v) The syrupy product (0 67 g) crystalhzed from ethyl acetate-Skellysolve B 
and had m p 173-179”, [a]” - 25” (c 0 3, ethanol); p m r data (dimethyl sulfoxlde-d,- 
D20 at 50”) two sets of benzyl CH, signals observed, one a singlet, the other a 
quadruplet (T 4 88 and 4 37, J 12 Hz) Based on 10 protons for the aromatlc proton 
signal at 7 2 57, the H-l slgnal at z 5 06 (J= 3 4 Hz) represented 0 7 protons The 
other H-l signal was partly obscured by the N-benzyloxycarbonyl CHI signal at 
T 4 88 The crystals contained 0 30% of S The data therefore suggest a mixture , 
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