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ABSTRACT 

Glycosides of 2-acetamido-2-deoxy-D-glucopyranose were treated with tri- 

phenylphosphine and N-bromosuccinimide to form the 6-bromo-6deoxy deriva- 

tives. These, on hydrogenolysis in the presence of a palladium catalyst, yielded 

glycosides of 2-acetamido-2,6-dideoxy-D-glucopyranose (~-acetyl-D-quinovos- 

amine). When the benzyl P-D-glycoside was the starting material, the product was 

free N-acetyl-D-quinovosamine. The ally1 6-bromo-6-deoxy-cY- and -@glycosides, 

after partial benzoylation, were reduced by tributyltin hydride to ally1 2-acetamido- 

3-O-benzoyl-2,6-dideoxy-a- and -/3-D-glucopyranoside. The LY anomer was con- 

verted into ally1 2-acetamido-2,6-dideoxy-a-D-galactopyranoside ((u glycoside of N- 

acetyl-D-fucosamine) by successive trifluoromethylsulfonylation, displacement 

with cesium benzoate, and 0-debenzoylation. 

INTRODUCTION 

Following the early synthetic work of Kuhn et al.‘,’ and More13, frequent re- 

ports of the occurrence of 2-amino-2,6-dideoxy-D-glucose (D-quinovosamine) and 

2-amino-2,6-dideoxy-D-galactose (D-fucosamine) in bacterial polysaccharides have 

sustained interest in the preparation of these deoxyhexosamines. As might be ex- 

pected, published syntheses of D-quinovosamine have employed derivatives of the 

readily available 2-amino-2-deoxy-D-glucose (D-glucosamine) as starting materials. 

In the first stage, the primary hydroxyl group of the starting material has been re- 

placed by halogen, via 6-p-toluenesulfonates’*“-’ or 4,6-benzylidene acetals”,‘, or 

directly’. Following this, the 6-deoxy-6-halogen0 compounds have been reduced, 

and protecting groups have been removed to give 2-amino-2,6-dideoxy-D-glucose 

or its N-acetyl derivative. 

*On leave from the Department of Chemistry. Faculty of Science, Alexandria University, Alexandria, 

Egypt. 
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Similar synthexa of I>-lucosaminc have heen reported”. hut the difficulty of 

carrying out displacement< at (‘-6 in pfac~to compounds. :md the high cost of r)- 

galactosamlne. have made aitt’rnativc routes attractive in this c;~w. Thu\. I)- 

fucoxamine has also been obtained from 5-d~~~u~-I~-lyx~s~“’ by &an elongation. 

and from n-glucosaminc ’ ’ i t>\ incerslon of configur:ltion at C-4 after cleoxygena- 

tic>)n at <‘-h. 

To facilitate work on the iipopoly~ac~haridc of KI11:,,hizrr~l rqfoiri and its PO+ 

xibie roic in blnding cio~cr lectin’ ‘. we uishcd to prepare samples ot ?-acetamldo- 

7,6-didesxy-t>-~lu~(~s~ <I\ the free sugar and 3~; simple giyccklc~ habins both the a 

and fj configuration. WC. therefore. sought ;I ~~YKxIII~ appiicablc prclcedurc for 

the conversion of glycosidc\ ol’ hiacct\,I-n-giucc~samlnr. in 3 rninlmai number ol 

qtcps. into the desired .Y-accttvi-t,-quinc,L’c,san7ine dcri\:ativc‘t;. As described tn the 

present paper. this objective &as achtc\ed b! the use ot a modern mL,thod for the 

repiaccment of ;I primary hydrou\i group. bv bromine, folioued 1~1 culaiq.tlc hqdro- 

grnoiysis of the intermkiatc ~-acet3n~ido-h-brt,mo-?.h-didci~~~-L~-plucc~sitics;. In 

addition. the employment ol tribut;itin hydride In the reduction step made it post- 

hit to preparc the allvl w and fi-glycoside~ ot (3-~Mx3lzo~l! :V-‘icct)‘l-l)- 

quinovosamine. which &tr~‘ sultabie tar elaboration into affinity iigand\’ ’ “‘. Chcc 

the partially protected ally1 glycos~des were available, the i’on\~cr4l~~n of one of 

them into the corresponrtlng glycoside of ,~-3cetyl-n-tuco4amill~ W;~L readily :K- 

comphshed. Parallel work by G:ilemmo and Horton on dcrivarl\ t‘s tj! X-act’tyi-T)- 

quinovosaminr is reported in an accompanying paper”. 

Several methods arc presently available for the direct repiaccmcnt of the pn- 

mary hydroxyl group of sugar derivatives by halogen”‘. The procedures of Hanes- 

sian. Ponpipom, and Lavailec” employing triphenylphoxphinc and an .V-halasuc- 

cinimide. and of Anisuz7aman and Whistleri employing trlphrnyiphosphinc and ;I 

carbon tetrahaiide. appeared most suitable and uerr therefore csplot-tad. Our at- 

tempts to convert ally1 3-Llcetamidu-7-deoxy-P-I~-~i~l~~pyr‘inosid~ ( 1 ) to the h- 
chloro- or 6-hrotno-deoxy compound by treatment with triph~n)iph~)sphiri~--o3r- 

bon tetra-chloride or -brtrmide acre unsuccessful (houever. SW (;alrmmo and 

Horton”), but we rc>adiiy obtained the bromo derivative 4 with rriphcnpiphos- 

phinc-.V-bromosuccinimldc. We then applied the method to the mcthyi U- (2). 

benzvl /?- (3). and ~111~1 (t- (13) congcncr-s of I, wtth gencrallv aatisfactc>rb results. 

Crystaliinc h-bromo-h-dt‘oxq rieri\~atives were tsoiatcd in aI1 CBW.‘s. and for the two 

ally1 glycosides and the bcn7yl /Gglycosidc the y~ids ranged from tli to 81 (i The 

yield of bromodeox> compound 5 from the mcth!i rti-gl>coside was lower (50’: ). 

and not marhcdly better than that obtained by C;aiemmo and Horton” from ;I 5: 1 

miuturc of methyl a- and ii-n-giycosides. The mixture IS ;L more rt~lil~ accr\sibltz 

starting m;rtrri;li than the ptire u anomer. 



~-ACETAMIDO-2,6-DIDEOXY-D-GI~~~OS~ 223 

as the catalyst, instead of the Raney nickel more commonly used for the hydro- 

genolysis of deoxyhalogeno sugars. At atmospheric pressure and room tempera- 

ture, the hydrogenolysis of 5 proceeded slowly, but completely, to furnish the 

known methyl 2-acetamido-2.6-dideoxy-~-D-glucopyranoside (8). Compound 4 

provided the propyl p-glycoside ‘7 by concomitant saturation of the allytic double 

bond, as expected. In the case of 6, the benzyl group was removed much more 

rapidly than the bromine atom*, to give the free 6-bromod-deoxy sugar Il. This 
intermediate was also obtained from 4 by successive treatments with Wilkinson’s 

catalyst’s and aqueous methanolic hydrochloric acid. The further hydrogenolysis of 

11 over palladium~harcoal gave free 2-ace~mido-2,6-dideoxy-D-glucose (12). 

Since the bromodeoxy sugar 11 does not need to be isolated, the synthesis of 
~-acetyl-D-quino~~osamine from ~-acetyl-D-gIucosamine could be accomplished in 

three steps by use of benzyl2-acetamido-2-deoxy-a-n-glucopyranoside as an inter- 

mediate instead of the /3 anomer 3. The (Y anomer can be prepared directly from N- 

acetyt-D-ghtcosamine by Fischer glycosidation . ly Its 6-bromo-6-deoxy derivative is 
described by Galemmo and Hortonls. 

For reductive debromination without modi~cation of the ally1 group, we 

sought a derivative of 4 that could be treated with tributyltin hydride in benzene. 

Compound 4 itself was not sufficiently soluble, and to our surprise we found that 

--- 
‘Kolesmkov ef al.’ observed the oppostte selectivity (preferential removal of the halogen group) when 
they subjected the 6-iodo a congener of 6 to hydrogenolysis over palladium-charcoal in the presence of 
sodium acetate. 
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the 3,4-diacetate and 3,4-dibenzoate of 4 are also very poorly soluble in benzene, 
even at reflux temperature. However, the 3-monobenzoate 9, formed in 63% yield 
by the low-temperature partial benzoylation of 4, was more tractable. It was 
smoothly debrominated to allyl 2-acetamido-3-O-benzoyl-2,6-dideoxy-~-D-gluco- 
pyranoside (10). Similarly, the a anomer 14 gave the 3-monobenzoate 15 in good 
yield, after separation from some accompanying 3,4-dibenzoate (16) by chro- 
matography. On treatment with tributyitin hydride, 15 was quantitatively con- 
vetted into allyl 2-acetamido-3-O-benzoyl-2,6-dideoxy-a-D-glucopyranoside (17). 

CH2~r CH2Br 

HO Bz O . ~ l i l i l l  ~ "J" BzO HO no 

~,cNH I 
CAll C)AI I OAII O~.11 

13 1 ~  15 1t5 

BzO H 0 

B z O ~  [~zO HO 

AcNHJ ~.cNH I 
OAII OAI I OAII O, ~ 

17 I@ lg 20 

Tf ~ tr i f luoromethylsul lonyl 

For conversion into an N-acetyl-D-fucosamine derivative, by inversion of 
configuration at C-4, 17 was treated with trifluoromethanesulfonic (triflic) anhyd- 
ride. This gave, in quantitative yield, an intermediate formulated as the 4-triflate 
18. The latter, without purification, was treated with cesium benzoate in N,N-di- 
methylformamide. The combination of triflate as the leaving group and benzoate as 
the nucleophile provided an excellent yield of the displacement product 19. The 
characterization of compound 19 was based on its ]H-n.m.r. spectrum, in which the 
signal for H-3 showed a large (Jz.3 11.3 Hz) and a small (J3.4 3.2 Hz) spacing, and 
that for H-4 was the broadened doublet (J 3.2 Hz) typical of H-4 ofgalacto deriva- 
tives. On catalytic O-debenzoylation, 19 furnished allyl 2-acotamido-2,6-dideoxy- 
a-D-galactopyranoside (20). 

EXPERIMENTAL 

General methods. - -  The instrumental and chromatographic procedures em- 
ployed were those previously listed 2°, 1H-N.m.r. spectra "for the record" were de- 
termined at 270 MHz, with decoupling as required for the identification of signals 
that could not be assigned unambiguously by inspection. Chromatography on silica 
gel was accomplished with mixtures of ethyl acetate and chloroform, acetone and 
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chloroform, or methanol and chloroform. Elemental analyses were done at the 

Galbraith Laboratories, Inc., Knoxville, TN 37821. 

Preparation of 6-hromo-6-deoxy derivatives. - The procedure used was es- 

sentially that given by Hanessian et al. l6 for the bromination of methyl cu-D-gluco- 

pyranoside and its 2-acetamido-2-dcoxy congencr*, with reduction of the working 

temperature from 50” to -25”. The reaction proceeded much more cleanly at the 

lower temperature. Reaction was initiated by dissolving the starting glycoside and 

triphenylphosphine in N,N-dimethylformamide, cooling the solution to 0”, and ad- 

ding N-bromosuccinimide portionwise over a period of several minutes. The reac- 

tion mixture was allowed to warm to room temperature, and kept until the bromi- 

nation was complete (-24 h) as judged by t.1.c. (3: 1, v/v. chloroform-methanol). 

Methanol was then added to destroy the excess reagents, and the solvents were 

evaporated under diminished pressure. Residues from the evaporation of the reac- 

tion mixtures were directly chromatographed on columns of silica gel, which were 

eluted first with chloroform to remove noncarbohydrate compounds, then with 

chloroform containing 15-200/o (v/v) methanol. 

Hydrogenolysis. - A solution of 6-bromo-6-deoxyglycoside in a minimal vol- 

ume of methanol (-50 mL/g) was placed in a hydrogenation flask (a modified, 

heavy-walled Erlenmeyer flask with side arm), and the vessel was flushed with ni- 

trogen. Portions (0.5-l x the weight of bromodeoxy compound; a second portion 

was added later if the reaction was sluggish) of 10% palladium-on-charcoal and 

finely ground 4A molecular sieves (to absorb hydrogen bromide) were added, the 

flask was evacuated, and hydrogen was admitted at 0.1 MPa pressure. The suspen- 
sion was vigorously stirred, and samples were withdrawn periodically for t.1.c. (3: 1, 

v/v, chloroform-methanol); 16-24 h were usually required for completion of the re- 

duction. The product was recovered by evaporation of the solvent after removal of 
the solids by filtration through a bed of Celite. 

Allyl2-acetamido-6-bromo-2,6-dideoxy-~-D-glucopyranoside (4). - Ally1 2- 

acetamido-2-deoxy-/?-D-glucopyranoside2”,” (1) (8.4 g, 32 mmol) was treated with 

triphenylphosphine-N-bromosuccinimide according to the general procedure. The 

yield of chromatographed title compound was 8.2 g (79%). After recrystallization 

from ethanol, the substrance had m.p. 16%169”, [cr]$ -13.0“. [a]& -23.9” (c 1.0, 

methanol); ‘H-n.m.r. [(CD,)+0 + D,O]: S 7.91 (d, JNH,? 10.0 Hz, NH), 5.91- 

5.77 (m, =C&), 5.265.10 (m, -CI_iz=), 4.39 (d, J,,? 8.1 Hz, H-l), 4.24-3.98 (m, 

OCH,CH=), 3.8G3.10 (m, sugar CHand CH,), and 1.82 (s, CH,CO). 

Anal. Calc. for C,,H1sBrNOS (324.18): C. 40.76; II, 5.60; N, 4.32. Found: C, 

40.37; H, 5.20; N, 4.30. 

Propyl 2-acetamido-2,6-dideoxy-/3-D-glucopyranoside (7). - The hydro- 

genolysis of 4 according to the general procedure gave 7 in quantitative yield. After 

recrystallization from methanol, the compound had m.p. 164--165”, [a]k5 -37.8”, 

*After brommating methyl 2-acetamido-2-deoxy-a-Dglucopyranoslde (2), Hanessian et al.” Isolated 
the product as its 3,4-diacetate. which was not further processed. 



[fy]& -85.5” (c 0.65, rn~th~~n~~l~; ‘J-I-n.m.r. [(CDI)TSCI + D,O] similar to that of 

4 except for the ahscncc of signals for UN== and =Cff,. and the ;Ippearance c>f ;5 

3.X7 ft. C)CffZ of propyl), 1.45 fm. CfflCI~$?HT), 1. Iti (d. J7 5 HT. Clfi of sugar). 

and 0.83, (t, <‘H_lCII;). 

Anal. Calc. for C11J12,NOs . 0.75 F-f70 (260.X0): C. SO.hh; H. X 70: ?:. 5.37 

Found: C, 50.X2: J-1, X.41 ; N, 5.30. 

Mf?th_Yl ~-arrlamido-i,-hrott~od.6-riideo.~~-cr-D-~I~4c~~p~rfft~o.~id~ (5). - On 

reaction with triphenylphoqphine-N-bromosuccinimide according to the general 

procedure. mot hyl 3-acet~tmiclu-~-dcr,xy-Lr-r>-glucopvr~ (2: 1. Ih g. 4.93 

mmol; the preparation of the compound is d~scusscd by Gakmmo and IIorton’5). 

furnished 5 (0.73 p> 50% ). The compound, after r~cryst~lIiz~ti(~n from ethanol. had 

m.p. Jh7-16X”. [a],7 + JW, ia]& t-351” (c’ 0.5. ~Tl~tJ~~n~~J)~ ~~;~~l~rnrn(~ and Jtor- 

ton” reported m.p. 175. 176”. Jcy]$ + 175”); “I-i-n.m.r. j(CDifZSO -+I9,0]: 87.7X 

(d. -INEr,? X.1 Hz. N/l). 4.56 fd. J, 7 3.3 Hz. H-l). 3.94-3.15 (m, supnr C’lf and 

CN,). 3.3X (q;. OCjJ_O, and J.X-I (s. CII,{c’O). 

Anal. Calc. for C,H,&!rNO, (IYX.14): C. 36.36: FJ, 5.11: Rr. 36.X0: N. 1.70. 

Found: C, 36.34; H. 5.54: Hr. ;I6 4X; N. -!.67. 

Methyl 3-uct~tattu&-.?. h-didro.rrl-n-L)-Rl14cop\‘rcrnoside (8). -- J’he hydra- 

genolysis of s according to the general procedure $ave 8 in quantitstice yield. m.p. 

16X-l 70”, uf’tcr recrystallization from methanol (Kuramitsu“ reported m.p. 17?- 

17-1”, and Gatemmo and F-Iortnn’5 m.p. 177-173”for the anhydrous substance): ‘JI- 

n.m.r. [(CTk,)$O + D,<)]: similar ti3 that of 5, but showing rcduccd intensity, and 

~jrnpli~~~ti~n. in the i5 5.04.0 range (toss of J-J-6 and -6’). and the addttion of 6 

1.16 (d. J 6.2 Hz, CHCH;). 
1 

Arzaf. Calc. tor C,H,7n10, - 0.5 H:O (22X.14): C, 37.36; H. 7.M: N, h.14. 

Found: C. 47.73; f-I. 7.74; N, 6.1’. 

Berl:_vl ~-at~etcrn~ido-6-hrc,mo-i3,6-did~o.~~~~;n-~l~4c~~~~rar~osiriu (6). -- Ben- 

zyl 7- acctamido-~-droxy-P-D-glucopyranosidc- ’ (3) (1 t L-l g. 3.M mtnol) was 
treated with triphrnylphosphine--N-bromosuccinimidc according IO the general 

procedure. After isoltition by chromatography, the product has rrcrystalllzed from 

methanol (yield (1.X6 g, 63’i,), m.p. 1X4-1X5.5”. [a)$ -75.1”. ~(Y]& -hT.h^ ((‘1).9, 

methanol); ‘H-n.m.r. I(CID1)$O t D&9]: ii 7.61-7.35 (m. Ph-f-1). 4.6-l (AR. J 13.0 
Hz, PhCfI,). 4.46 (d, J I.J X.4 Hz, H-l), 3.9X- 3.17 (m. sugttr Cff and (‘II,). and 
I .83 fs. c’rf&32). 

Ad. Caic. for C15H?,,RrN0, (374.34): C. 4X. 14; H. 5 3Y: N’, 3.7-J. Fou~~tf: C. 
4X.07_; H, 5.63: N, j.60. 

A 11~1 3-ncetatnido-~~-O-hm=(~~l-6-hro,no-,’, 6-didec,.u~-~-r,-~li4rttpvrmlo.~irir 

(9). - A solution of 4 (500 mg. 1.53 mmol) in pyridine (5 mL) was cooled to -.#’ 

in a Dry-ice bath, and bcnzoyl chloride (0.21 mL. 1.2 molar eq.) WAS ad&xl drop- 

wise. The solution was :tJJowed to warm to 15” over ;t period of 7 h, &then t.1.c. 

<howed complrte disappeu-;mce of the starting material. h4ethanoJ W;I> added to 

remove CXCCSS benzoyl chloride. and the mixture was evaporated to dryness under 

diminished precsurc. Chromatography of the residue on ;f column ot silic;i get p;gvc 
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a fast moving fraction (250 mg, probably the 3.4-dibenzoate), then 415 mg (63%) 

of the title compound, which was recrystallized from ethyl acetate-hexane, [(~]:j5 

0”; ‘H-n.m.r. (CDCI,) similar to that of 4 except for the disappearance of one OIi 

signal and the appearance of 6 8.10-7.34 (m, C,II,CO) and 5.43 (dd, J 9.0 and 10.5 

Hz, downshifted signal for H-3). 

Anal. Calc. for Cr8HZ2BrNOf, (428.28): C, 50.48; H, 5.18; Br, 18.66; N, 3.27. 
Found: C, 50.23; H, 5.04; Br, 18.87; N, 3.14. 

Ally1 2-acetamido-3-O-benzoyl-2,6-dideoxy-~-r~-glz~copyranoside (10). - A 

solution of 9 (500 mg, 1.17 mmol), 2,2’-azoisobutyronitrile (130 mg, 0.68 molar 

es.), and tributyltin hydride (0.92 mL, 2.9 molar eq.) in benzene (10 mL) was 

placed in a round-bottomed flask equipped with a reflux condenser. The mixture 

was covered with a nitrogen atmosphere, boiled overnight, and evaporated to dry- 

ness. The residue was taken up in acetonitrile, tin compounds were extracted with 

hexane, and the solution was again evaporated. Chromatography of the residue 

(9:1, v/v, chloroform-ethyl acetate) then gave the title compound in quantitative 

yield*. After recrystallization from ethyl acetate-hexane, it had m.p. 205-206”, 

[a]$ -22.7”, [LY]& -41.9” (c 0.7, methanol); ‘H-n.m.r. (CDCIs) similar to that of 

9, except for the appearance of 6 1.42 (d, J 5.7 Hz, CHCI13). 

Anal. Calc. for C,,H,,NO, (349.38): C, 61.88; H. 6.64; N, 4.01. Found: C, 

61.92; H, 6.56; N. 4.00. 

2-Acetamidod-bromo-2,6-dideoxy-D-glucose (11). - (a) From the benzyl 
g6_ycoside. The hydrogenolysis of a sample of 6 for 2 h (see general procedure) 

caused its complete conversion into the title compound. After recrystallization 

from methanol, the substance had m.p. 149-152”, [a]? +43.4”, [a];&, +82.8” 

(equilibrium, c 1, water); ‘H-n.m.r. [(CD&SO + D70] similar to that of 6 except 

for the loss of signals for Ph-H and PhCH,; a doublet at 6 -5.0 (J 3.7 Hz) could 

be assigned to H-la. 

Anal. Calc. forCsH,4BrNOS(284.11): C.33.82;H,4.97;Br,28.13;N,4.93. 

Found: C, 33.55; H, 4.87; Br, 28.74; N. 4.95. 

(b) From the alfyf glycoside. A solution of 4 (300 mg, 0.92 mmol). 1,4-di- 

azabicyclo[2.2.2]octane (60 mg, 0.54 mmol), and tris(triphenylphos- 

phine)rhodium(I) chloride (120 mg, 0.13 mmol) in absolute ethanol (12 mL) was 

boiled for 2 h under reflux. The conversion of the starting material into a readily 

hydrolyzed (1-propenyl) glycoside was confirmed by the t.1.c. of a sample treated 

with mercuric chloride-mercuric oxide in aqueous acetone2”. After the addition of 

M hydrochloric acid in methanol (2 mL), the mixture was boiled under reflux until 

hydrolysis was complete (t.1.c.). The acid was neutralized with sodium hydrogen- 

carbonate, the solvents were evaporated off, and the residue was chromatog- 

raphed. The product was identical (t.1.c.j with that prepared by method a. 
2-Acetamido-2,6-dideoxy-n-glucose (12). - A sample of 11, subjected to hy- 

*Alternatively, the reaction residue could be chromatographed directly. In this case the column was first 
eluted with hexane. to remove tm compounds. then with chloroform-ethyl acetate. 



drogenolysis for 48 h according to the general procedure, gave 12 in quantitative 

yield, m.p. 189-192” (after recrystallization from methanol) [lit.’ m.p. 209-211” 

dec.: lit.” m.p. 210-211” dec.; lit.’ m.p. 192-193” (natural materialj], [(Y]? + 15.9”. 

[a]:$, +24.-l” (equilihr+um. c 1. water) [lit.’ [a];3’ + IS +I”: lit.3 [a];;’ + 15.3”; lit.’ 

I&? +ll” (natural inatcrial)]; ‘II-n.m.r. [(CDJ),SO + DJ)] showed signals for 

both the LY (major) and p (minor) anomers: 6 3.86 (d. J 3.3 ~II. T-I-1~). 3.42 (d. I 

X.1 Hz. H-l/Y), I.88 (s. C!&COcr). 1.X7 (s. CFf,(‘OP). I.16 (d.Jh.7 Hr. <‘HCFf,fi). 

and 1,12(d,J6.:!H7,(IHCf~~~~). 

Ally1 2-acctamrdo-6-~rot~~o-~,6-dicfco.u~-cu-~-~l~~~~~p~~r~i~~~~~~i~l~ (14). -- Ally1 2- 

acetamido-2-deoxy-cw-t)-glucopyranoside” (13) (10 g. 3X.3 mmol) treated with tri- 

phenylphosphine-N-bromosuccinimidc by the general procrdurt: furnished 14 

(10.1 g. Xl %). A sample was recrystallized from ahs. ethanol. [Q],?: 4 117’. ILY],$,, 

+25? (c I .2. methanol); ‘H-n.m.r. ((CX3j7S0 t DJ)]: 6 h.78 id, JNt, 2 X.0 IIz. 

NII). 6.0GS.80 (m. -CM==), 5.32-5.12 (m, (‘If,=). 3.71 (d, J3.3 Hz. 11-l j, .i.15-- 

3.02 (m. OCHzCFI=. sugar CII and C1/?). and I.80 (s, CII,<‘O). 

Anal. Calc. for C, ,H~xBrNO_i (393. IX): C. 30.76: H, S.i>O; Br. 24.65; N. 1.3’. 

Found: C. 40.79: H. 5.62; Rr. 23.68: N. 1.3 I. 

Ally1 _‘-aceturnido-.~-O-h~t~~ct~l-6-hror~~~-~,6-~lidP~~.~~~-~-l~-gli~~~op)‘TUIIoSi~i~~ 

(15). - Compound 14 (6.5 g, _ W mmol) was acylated with- benzoyl chloride (3.5 

mL. I .5 molar eq.) as described for the preparation of 9. Column chromatography 

of the crude product. with 19: I (v/v) chloroform-methanol as the rluting solvent, 

provided 5.4 g (637,) of the title compound. A sample was recqstalllzt‘d from abs. 

ethanol, [cy];; -t-123”. [a].$-:,, +23l” (c‘ I. chloroform); ‘H-n.m r. (CYXI,): 8 X.12-- 

7.30 (m, C,HCO), 6.13-5.89 (m, --CII-). 5.85 (cl. JN,j,7 7.5 H7. XI/). 5.5G5.3 

(m. CFf:= and H-3), 5.00 (d, J,,, 3.7 Hz. H-l), -J.59-+.49 (m. H-2). -! .1;11.0-4 (m. 

OCN,CII=). 3.00-3.62 (m. sugar CIf and (‘[I?). 3.09 (bh. Of!). and I.87 (s. 

CH,CO). 

Anal. Calc. for C,,H,IBrNO, (42X.28): C. 50.-W: H, 5. IX; N. 3.27. Found: C. 

49.93; H. 5.1-1; N. 3.19. 

Ally1 2- acc~tamido-3,-I-rli-O-h~r~zo~l-h-hrorno-17.6-ci~dro.\-~-~~-~~-~l~~~~o~~r~~t~~~- 

side (16). ~- Acylation of 14 (990 mg. 3.1 mmol) with benzoyl chloride (O.d.3 ml., 

I.8 molar eq.), under the aforementioned conditions, furnished. rn 3iri yield, di- 

benzoate 16 along with 15 (X3X mg. h3?? ). The dibenzoatc was recrystallized trom 

methanol, m.p. 307-20X’. [cY];: - 1.4” (c 1.1. chloroform): ‘H-n.m.r. (CDCI,): 

similar to that of 15, except t’<c,r increased signal intensity in the aromatic region. 

loss of the OH signal. and appearance of a downshifted signal for H--1 at ii S.hti (dd. 

& 9.X andJ5.5 IO.5 Hz). 

Awl. Calc. for C,,H,,BrN07 (532.39): C. 56.-W: H. J.92: Hr. 15.01: N. 2.63. 

Found: C. 56.85; H, 5.01; Br. lJ.85; N. 2.59. 

Ally1 ~-acetamido-3-O-hcn=ovl-~, 6-didcox~-cu-D-Kllr(‘ol,?‘rtazosidc, ( 17). - 

The reduction of 15 (500 mg) with trihutyltin hydride. as descrihcd for the p 

anomer (preparation of 10) gave a quantitative yield (115 mg) of the title com- 

pound. amorphous solid, [u]:; + 105”. [u]& +X7” (c I .O. chloroform): ‘FI-n.m.r. 
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(CDCI,): similar to that of 15 with the addition of 6 1.35 (d, CHCH,). 
Anal. Calc. for C1sH7sNOh . 0.5 H20 (358.39): C, 60.32; H, 6.75; N, 3.91. 

Found: C, 60.74; H, 6.79; N. 3.81. 

Ally1 2-acetamido-2,6-dideoxy-cu-D-galactopyranoside (20). - A stirred solu- 

tion of trifluoromethanesulfonic anhydride (0.32 mL, 1.9 mmol) in di- 

chloromethane (5 mL) was maintained at -15” during the dropwise addition of 

pyridine (0.32 mL, 4.0 mmol, diluted with a little dichloromethane) and of 17 (450 

mg, 1.26 mmol) in dichloromethane (5 mL). After a further 20 min at -15”, t.1.c. 

indicated the reaction was complete. The mixture was diluted with chloroform, 

washed with 5% aqueous sodium hydrogencarbonate and water, and dried (mag- 

nesium sulfate). Evaporation gave a residue of ally1 2-acetamido-3-0-benzoyl-2- 
deoxy-4-O-triJiuoromethylsulfonyl-cw-D-glucopyranoside (18). 

The triflate 18 was dissolved in a minimal volume of NJ-dimethylfor- 

mamide, and dry cesium benzoate” (3 molar eq.). was added. The mixture was 

stirred at 120” until displacement was complete (36 h, t.1.c.). It was then diluted 

with chloroform and the chloroform solution was washed with water, dried, and 

evaporated. Dissolution of the residue in hot ethyl acetate and addition of hexane 

to the solution gave a solid product that could be characterized as aZfyl2-acetamido- 
3,4-di-O-henzoyl-2,6-dideoxy-a-D-gafactopyranoside (19), ‘H-n.m.r. (CDCI,): 

6 5.64 (bd, J 3.2 Hz, H-4) and 5.57 (dd, JZ,3 11.3 and 53,j 3.2 Hz, H-3). The overall 
yield from 17 was 80%. 

Catalytic O-debenzoylation in methanolic sodium methoxide converted 19 

quantitatively into 20. The compound had m.p. 195-197” (after recrystallization 

from ethyl acetate), [a]fi’ +210” (c 1, methanol); ‘H-n.m.r. [D20, sodium 4,4-di- 

methyl-4-sila(2,3-‘H,)pentanoate as standard]: 6 6.04-5.81 (m, -(Xl=), 5565.13 

(m, (X2=), 4.90 (d, J1,2 3.7 Hz, H-l), 4.37-3.75 (m_ OCfI,CH= and sugar Cfl), 

2.08 (s, CH,CO), and 1.24 (d, J 6.6 Hz, CHCI13). 

Anal. Calc. for CllH19N05 (245.28): C, 53.87; H, 7.81; N, 5.71. Found: C, 

53.63; H, 7.85; N, 5.61. 
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