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ABSTRACT 

The N-glycopeptides a-Glc-( 1 +Asn and r-Glc-( I-6).B-Glc-( 1+6)-a-Glc-( 1 +Asn have been syn- 

thesized efficiently from pent-4-enyl p-glucopyranoside derivatives. The methodology illustrates (a) a novel 

route for formation of the N-a-p-glucosyl-asparagine link. and (h) stereo-controlled construction of the 

glycan backbone a-Glc-( I +6)-&Glc-( l-6).Glc in which the reactivity of each pentenyl glycosyl donor is 

controlled by an appropriate promoter. This strategy minimizes the number ofchanges of protecting groups 

that is required. 

INTRODUCTION 

It is well established that naturally occuring N-glycopeptides contain character- 

istic structural features, the most notable being the 2-acetamido-I -N-(r_-aspart-4-oyl)-2- 

deoxy-P-r>-glucopyranosylamine unit (1) that links the oligosaccharide and polypeptide 

components’. Consequently, the isolation’ and identification’ of an N-glycopeptide, 

named nephritogenoside, from the glomerular basement membrane of rats that con- 

tained a glycan backbone which corresponded to a-Glc-( 1+6)-j%Glc-( l-+6)-Glc and a 

glycan-protein cc-linkage through the amido nitrogen of an N-terminal asparagine 

residue belonging to a 21-amino acid peptide, was a noteworthy exception. The pro- 

posed structure has been supported by synthesis of the model structure, cc-Glc-( l-+6)-8- 

Glc-( 1+6)+Glc-( 1 +Asn4 (2), and the smaller sub-unit a-Glc-(1 +Asn’ (3). From 

degradation studies of nephritogenoside, a-Glc-( 1 --) 6)-/J-Glc-( l-+6)-a-Glc-( 1 -+Asn- 

Pro has been isolated3d.‘, and details of the synthesis of this N-glycopeptide have 

appeared recently6. 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 

’ To whom correspondence should be addressed. 
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/” R = H 

tion could be achieved with secondary amines in ~,~-dimethylformamide. Thus, 
reaction of 8 with diethylamine for 39 h afforded the knowr? u-linked asparagine 
derivative 9 (71%) and the acetamide 10 (I 2.5%). The use of piperidine Ied to higher 
selectivity and shorter reaction times, and gave 9 (89%) and 10 (3.5%) after only 5.75 h. 
The use of diisopropylamine resulted in no reaction. 

Catalytic hydrogenolysis of 9 in the presence of 10% Pd/C, or transfer hydroge- 
nolysis using ammoniuin formate”, removed the protecting groups to furnish 3, which 
exhibited spectroscopic data [notabiy, H-1 ci 5.48 (d, J 5.4 Hz), C-I 6 79.041 in accord 
with those reported by Ogawa and co-workers5”. Compounds 2 and 3 were purified by 
chromatography on ion-exchange resins, and the chemical shifts of the “C resonances 
for the aspartoyl residue accorded with those reported by Ogawa and co-workers4a.4h,Sa 
but differed considerably from those reported by Takeda’s group’c.‘h. This situation may 
be a result of different distribution of charges within the amino acid chain, resulting 
from the different modes of preparation and purification of 2 and 3. 

Synthesis of a-Glr-jl+6}-P-Glc- (l--+6)-cx-Glc-i I -+ Am (2). - The desired N- 
aspartoyl component 14~ was prepared as follows. Pent-4-enyl or&u-glucopyranoside’ 
(4a) was beak-butyldipheny~silylated at the primary position” to give 11 (82%) then 
benzylated to afford 12 (83%). Reaction of 12 with r-benzyl ~-benzyloxy~arbonyl~L- 
aspartate’” (7) and N-bromosuccinimide in acetonitrile gave only the cr-imide 14~3 (61%) 

which, on treatment with piperidine in NJ-dimethylformamide, led exclusively to the 
N-deacetylated glycopeptide 14b (89%). 
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In the original armed/disarmed concept”, changing the 2-substituent from O-acyl 

to O-alkyl would be required in order to activate the disaccharide derivative for further 

coupling. However, this transformation is no longer necessary because efficient cou- 

pling of disarmed pent-4-enyl glycosides occurs in the presence of iodonium ion, 

generated from N-iodosuccinimide and trifluoromethanesulfonates’*. The lower po- 

tency of the iodonium dicollidine perchlorate may be due to the collidine ligands that are 

necessary in order to stabilize iodonium perchlorate, which is otherwise explosive’3. The 

advantages of this development are not only that two steps are saved, but that neigh- 

boring group participation of the ester at C-2 will control the stereochemistry of the 

glycosidation. Consequently, the desired p linkage was created by use of the 2-ben- 

zoylated glycosyl donor 15. 

Thus, coupling of the disaccharide derivative 15 with 14c proceeded in the 

presence of N-iodosuccinimide-trifluoromethanesulfonic acid2’ to give the trisaccha- 

ride derivative 16 (42%). The modest yield in this step reflects the instability of the 

benzyloxycarbonylamino moiety to trifluoromethanesulfonic acid14. The p configura- 

tion of the newly formed glycosidic bond in 16 was evident from the n.m.r. spectra which 

contained a resonance for H-lb at 6 5.14 (d, J7.9 Hz), and for C-lc and C-lb at 6 95.99 

and 99.79, respectively. 

O-Debenzoylation of 16, using methanolic sodium hydroxide, proceeded 

smoothly but, unlike in the conversion 9 43, transfer hydrogenolysis with ammonium 

formate/Pd/C caused decomposition. However, catalytic hydrogenolysis of the crude 

debenzoylated product gave the target compound 2 (71%), which had resonances for 

H-la,H-lb,andH-lcat65.46(d,J4.9Hz),4.37(d,J7.1 Hz),and4.86(d,J2.3 Hz), 

respectively, and for C-la, C-lb, and C-lc at 6 79.09, 105.21. and 100.38, respectively, 

similar to those reported4. 

The above efficient regio- and stereo-controlled route to the glycopeptide 2 

illustrates the potential of pent-4-enyl glycosides in coupling reactions. Other notable 

features are the ability to trap the nitrilium ion intermediate with an aspartic acid 

derivative, and the selective N-deacetylation. The ability to change a disarmed (2- 

acylated) substrate to a reactive substrate by altering the inorganic promoter2* is a 

development which promises to simplify saccharide coupling reactions. 
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Anal.Ca1c.forC,,H,,N~0,,:C,71.72;H,6.13;N,3.04.Found:C,71.79;H,6.17; 

N, 2.98. 

Reactions of 0 with piperidine. ~ A solution of 8 (282 mg, 0.31 mmol) in dry 

N,N-dimethylformamide (9 mL) and dry piperidine (0.1 mL, 1 .Ol mmol) was stirred 

under argon for 5.75 h, then concentrated at 0.1 mmHg. The residue was partitioned 

between water (50 mL) and chloroform (50 mL), the aqueous layer was extracted with 

chloroform (4 x 50 mL), and the combined organic solutions were dried and concen- 

trated under reduced pressure. Flash-column chromatography (toluene-ethyl acetate, 

5: 1) of the residue afforded 2,3,4,6-tetra-0-benzyl-N-(benzyl N-benzyloxycarbonyl-L- 

/?-aspartyl)-cc-D-glucopyranosylamine (9; 239 mg, 89%), isolated as an oil, [a]: f44.5” 

(c 0.75); lit.5” [~]g +40.8” (c 0.6). 

Further elution provided N-acetyl-2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl- 

amine (10; 6 mg, 3.5%), isolated as an oil, [u]:; + 55” (c 1.08). ‘H-N.m.r. data (CDCl,): 6 

7.34-7.11 (m,20H,4Ph),6,14(d, 1 H,J6.6Hz,NHAc), 5.78(t, 1 H,J5,9Hz,H-l), 

4.954.45 (m, 8 H, 4 CH,Ph), 3.863.61 (m, 6 H, H-2,3,4,5,6a,6b), and 2.04 (s, 3 H, 

NAc), E.i.-mass spectrum: m/z’ 581.277 (talc. for C,,H,,NO,: m/z 581.2768). 

N-(L-,&Asparty/)-z-D-gfucopyranosylmine (3). ~~ A mixture of 9 (135 mg, 0.15 

mmol) and 10% PdjC (183 mg) in tetrahydrofuran (8 mL), ethanol (6 mL), and water (9 

mL) was hydrogenated at 25 p.s.i. at room temperature. After 30 h, the mixture was 

filtered, the 10% Pd/C residues were washed with ethanol-water (2 x 30 mL, 1: l), and 

the combined filtrate and washings were concentrated under reduced pressure. A 

solution of the residue in methanol-water (2 mL, 1:l) was treated with sodium methox- 

ide to pH 8 (pH paper). The mixture was sitrred for 1 h, concentrated to -0.5 mL, and 

passed through a column (0.5 x 2.5 cm) of Dowex 50-X8-100 (H+) resin (methanol- 

water, 1:l). The appropriate fractions were concentrated to give 3 (29 mg, 64%) as a 

colorless glass, [cc]: f88” (c 0.43, water); lit.5” [a]g + 106.9’ (water); lit.5b [r]g -t 34.1” 

(water).N.m.r.data(D,O):‘H,65.48(d,lH,J5.4Hz,H-l),3,92(dd, lH,J7.2and4.2 

Hz,COCH,CH),3.71~3.55(m,4H,H-2,3,6a,6b),3.43-~3.38(m, 1 H, H-5),3.30(t, 1 H, J 

9.4Hz,H-4),2,95(dd, 1 H,Jl7.1 and4.2Hz.COCH,HBCH)and2.84(dd, 1 H. J17.3 

and 7.3 Hz. COCH,H,CH); “C, 6 175.86, 175.62 (C=O), 79.04 (C-l), 75.54, 75.23, 

71.89, 63.03, 53.58 (COCH,CH), and 37.51 (COCH&H). F.a.b.-mass spectrum: m/z 

295 (37%, M’ + 1) and 115 (100). 

Anal. Calc. for C,,H,,N20,.2H20: C, 36.36; H, 6.71; N, 8.48. Found: C, 36.72; H, 

6.34; N, 8.51. 

Pent-4-enyl6-O-tert-butyldiphenylsi/yb-glucopyranoside (11). - To a solution 

of 4a7 (1.06 g, 4.27 mmol) in dry triethylamine (1.5 mL) and dry dichloromethane (10 

mL) and 0” under argon was added tert-butyldiphenylsilyl chloride (1.2 mL, 4.62 mmol) 

and 4-dimethylaminopyridine (53 mg). The solution was stirred and allowed to warm to 

room temperature. After 9 h, saturated aqueous NaHCO, was added (50 mL), followed 

by dichloromethane (100 mL). The aqueous layer was extracted with dichloromethane 

(3 x 100 mL). The combined organic solutions were dried (Na$O,), and concentrated 

under reduced pressure. Flash-column chromatography (ethyl acetate-dichlorometh- 

ane, 1: 1) of the residue gave 11 (1.71 g, 82%), isolated as an oil. 
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and3.8Hz,H-2),4.98~.87(m,2H,CH=C~,),4.12~.08(m,lk,H-5),3.8~3.7l(m, 

3 H, H-6a,6b and OCH,H,CH,), 3.53-3.45 (m, 1 H, OCH,H,CH,), 2.85 (t, 1 H, J 6.6 
HZ, OH), 2.162.03 (m, 2 H, OCH,CH,CH,CH = CH,), and 1.77-l .67 (m, 2 H, 
OCH,CH,CH,CH = CH,); 13C, 6 95.98 (C- 1). 

Anal. Calc. for C,,H,,O,: C, 68.56; H, 5.75. Found: C, 68.47; H, 5.76. 
N-Acetyl-2,3,4-tri-0-benzyl-N-(benzyl N-benzyloxycarbonyl-L-/3-aspartyl)-6-O- 

tert-butyldiphenylsilyl-a-D-glucopyranosylamifle (14a). - To a solution of 12 (1.25 g, 

1.65 mmol) in dry acetonitrile (30 mL) were added 7 (652 mg, 1.83 mmol) and 
N-bromosuccinimide (444 mg, 2.50 mmol). The mixture was stirred in the dark at room 

temperature under argon. After 1 h, aqueous 10% Na,S,O, (10 mL) was added, the bulk 
of organic solvent was evaporated under reduced pressure, and the residue was parti- 

tioned between water (100 mL) and chloroform (100 mL). The aqueous layer was 
extracted with chloroform (3 x 100 mL). The combined organic layers were washed 
with water (2 x 75 mL) and dried, and the solvent was removed under reduced pressure. 
Flash-column chromatography (light petroleumethyl acetate, 4: 1) of the residue gave 
14a (1.08 g 61%), isolated as an oil, [cc]: - 11” (c 0.54). ‘H-N.m.r. data (CDCI,): S 
7.6447.60 (m, 4 H, 2 o-PhSi), 7.39-7.1X (m, 31 H, 3 CH,Ph, 2 CO,CH,Ph, and 2 m- and 

p-P/&i), 5.80 (d, 1 H, J8.5 Hz, NHCO,CH,Ph), 5.61 (d, 1 H, J5.8 Hz, H-l), 5.21-5.00 
(m, 4 H, 2 C0,CH2Ph), 4.78-4.42 (m, 7 H, 3 CH2Ph and COCH,CH), 4.08-4.02 (m, 2 H, 
H-3,5), 3.91-3.77 (m, 4 H, H-2,4,6a,6b), 3.30 (dd, 1 H, J 17.7 and 4.6 Hz, 

COCH,H,CH), 3.22 (dd, 1 H, J 17.6 and 4.5 Hz, COCH,H,CH), 2.10 (s, 3 H, NAc), 
and 1.02 (s, 9 H, CMe,). F.a.b.-mass spectrum: m/z 1069 (6%, M+ + 1) and 57 (100). 

Anal. Calc. for C,,H,,N,O,,Si: C, 71.88; H, 6.41; N, 2.62. Found: C, 71.95; H, 
6.44; N, 2.63. 

2,3,4-Tri-0-benzyl-N-(benzyl N-benzyloxycarbonyZ-L-/?-aspartyl)d-O-tert-bu- 

tyldiphenylsilyl-a-D-glucopyranosylamine (14b). -A solution of 14a (1.06 g, 0.99 mmol) 

in dry N,iV-dimethylformamide (15 mL) and dry piperidine (0.35 mL, 3.54 mmol) was 
stirred under argon for 3.75 h. The solvent was then evaporated at 0.1 mmHg and the 

residue partitioned between water (100 mL) and chloroform (100 mL). The aqueous 
layer was extracted with chloroform (4 x 100 mL). The combined organic solvents were 
dried and concentrated under reduced pressure. Flash-column chromatography (tolu- 
ene-ethyl acetate, 1O:l) of the residue gave 14b (908 mg, 89%), m.p. 128-129” (from 

dichloromethane-light petroleum), [a]g + 29” (c 0.64). ‘H-N.m.r. data [(CD,),SO]: 6 
8.68 (d, 1 H, J9.0 Hz, NHCOCH,), 7.7 1 (d, 1 H, J7.9 Hz, NHCO,CH,Ph), 7.62 (d, 2 H, 

J 7.9 Hz, o-PhSi), 7.59 (d, 2 H, J 6.6 Hz, o-PhSi), 7.45-7.12 (m, 3 1 H, 3 CH,Ph, 2 

CO,CH,Ph, and 2 m- andp-PhSi), 5.82 (dd, 1 H, J8.7 and 5.4 Hz, H-l), 5.14-4.52 (m, 11 
H, 3 CH,Ph, 2 CO,CH,Ph), and COCH,CH), 4.09 (t, 1 H, J9.1 Hz, H-3), 3.87 (dd, 1 H, J 
ll.land1.8Hz,H-6a),3.75~3.54(m,4H,H-2,4,5,6b),2.82(dd,lH,J15.4and5.9Hz, 

COCH,H,CH), 2.63 (dd, 1 H, J 15.7 and 7.3 Hz, COCH,H,CH), and 0.98 (s, 9 H, 
CMe,). F.a.b.-mass spectrum: m/z 1027 (18%, Mt + 1) and 92 (100). 

Anaf. Calc. for C,,O,,N,O,,Si: C, 72.49; H, 6.47; N, 2.73. Found: C, 72.34; H, 

6.52; N, 2.78. 
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uspavt~l-cc-~-.4I”copyranos)‘lamine (16). - To 25 (250 mg, 0.23 mmol), N-iodosuccini- 

mide (195 mg, 0.87 mmol), 14c (204 mg, 0.26 mmol), and flame-dried 4 A molecular 

sieves (1 g) was added dry dichloromethane (25 mL). The mixture was stirred at room 

temperature under argon. After 0.5 h, a saturated solution of trifluoromethanesul- 

phonic acid in dichloromethane was added dropwise until t.1.c. (light petroleum-ethyl 

acetate, 33: 17) indicated total consumption of 15. The mixture was filtered and the 

collected 48, molecular sieves were washed with chloroform (100 mL). To the combined 

filtrate and washings were added cold (OO) aqueous 10% Na,S,O, (50 mL) and aqueous 

10% NaHCO, (50 mL). The aqueous layer was extracted with chloroform (3 x 100 

mL), the combined solutions were washed with water (2 x 100 mL), and dried, and the 

solvent was removed under reduced pressure, Flash-column chromatography (light 

petroleum-ethyl acetate, gradient 9:l to 13:7) of the residue gave 16 (172 mg, 42%), 

isolatedasanoil,[cc]z +30”(c1.11).N.m.r.data[(CD,),SO]:’H,68.58(d,1 H,J8.6Hz, 

NHCOCHJH), 5.98(t, 1 H,J9.6Hz,H-3b),5.6&5.57(m,2H,H-la,4b), 5.37(t, 1 H,J 

8.8 Hz, H-2b), 5.14 (d, 1 H, J 7.9 Hz, H-lb), 2.76 (dd, 1 H, J 15.3 and 5.8 Hz, 

COH,H,CH), and 2.54 (dd, 1 H, J 15.4 and 7.7 Hz, COCH,H,CH); “C, 6 99.79 (C-lb) 

and 95.99 (C-lc). F.a.b.-mass spectrum: m/z 1870 (2%, Mf + 23) and 475 (100). 

Anal.Calc.forC,,,H,,,N20z,:C,71.96;H,5.87;N, 1.57.Found:C,71.91;H,5.95; 

N, 1.53. 

O-(~-~-Gl~~0pyran0.~yl~-(1~6)-O-(~-D-gluc~pyranos~l~-( 1+6)-N-(P-L-aspar- 

tyl)-r-D-glucopyranosylumine (2). - To 16 (105 mg, 0.06 mmol) was added 0.18~ 

NaOH in methanol (3.5 mL). After stirring at room temperature for 0.75 h, the bulk of 

methanol was removed under reduced pressure and to the residue was added water (25 

mL), followed by aqueous 1% HCl to pH 6 (pH paper). The aqueous phase was 

extracted with chloroform (3 x 50 mL), the combined organic solutions were dried 

(Na,SO,), and the solvent was removed under reduced pressure. A solution of the white 

solid residue in tetrahydrofuran (8 mL), ethanol (6 mL), and water (9 mL) containing 

10% PdjC (184 mg) was hydrogenated at 25 p.s.i. at room temperature. After 24 h, the 

mixture was filtered, the 10% Pd/C residue was washed with ethanol-water (2 x 30 mL, 

1: l), and the combined filtrate and washings were concentrated under reduced pressure. 

A solution of the residue in methanol-water (2 mL, 1:l) was treated with sodium 

methoxide to pH -8 (pH paper). After stirring for 1 h, the mixture was concentrated to 

-0.5 mL and passed through a column (0.5 x 2.5 cm) of Dowex 50-X8-100 (H+) resin 

with methanol-water (1: 1). The appropriate fractions were concentrated to give 2 (26 

mg, 71%) as a colorless glass, [xl; + 30” (c 0.41, water); lit.4b [u]: + 72.8” (water). N.m.r. 

data(D,O): ‘H, 85.46(d, 1 H,J4.9Hz,H-la),4.86(d, 1 H,J2.3Hz,H-lc),4.37(d, 1 H, 

J7.1 Hz,H-lb),2.92(dd, 1 H,J17.2and3.5Hz,COCN,HBCH)and2.82(dd, 1 H,J 

17.3 and 7.3 Hz, COCH,H,CH); 13C, 6 105.21 (C-lb), 100.38 (C-lc), 79.09 (C-la), 53.60 

(COCHJH), and 37.60 (COCH,CH). 
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