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ABSTRACT

The N-glycopeptides «-Gle-(1— Asn and 2-Gle-(1 —6)-5-Gle-(1 »6)-a-Gle-(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-D-glucosyl-asparagine link, and () stereo-controlled construction of the
glycan backbone a-Gle-(1-6)--Gle-(1 —6)-Gle in which the reactivity of each pentenyl glycosyl donor is
controlled by an appropriate promoter. This strategy minimizes the number of changes of protecting groups
that is required.

INTRODUCTION

It is well established that naturally occuring N-glycopeptides contain character-
isticstructural features, the most notable being the 2-acetamido-1-N-(L-aspart-4-oyl)-2-
deoxy-f-D-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 z-Gle-(1—6)-§-Gle-(1—6)-Glc and a
glycan—-protein o-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, a-Gle-(1—6)-§-
Gle-(1 -»6)-a-Gle-(1 > Asn® (2), and the smaller sub-unit a-Gle-(1—»Asn’® (3). From
degradation studies of nephritogenoside, a-Glc-(1- 6)-8-Glc-(1-6)-a-Glc-(1 - Asn-
Pro has been isolated™, and details of the synthesis of this N-glycopeptide have
appeared recently®.

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.
' To whom correspondence should be addressed.
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The usual strategy for obtaming the N-x-p-glucosyl-asparagine inkage mvolves
reduction of the corresponding z-D-glucopyranosvt azide and condensation of the
resulting amine with a protected 1-uspartate. However, in practice. the reduction of
z-n-glucopyranosyl azides feads to x f-mixtures of amines und thence to x fi-ghycopep-
tides. which require chromatographic separation® ”

We now report details of « synthesis of 3in which x f-imictures are not encouns
tered. Fxtension to the svnthesis of 27 which incorporates new applications of pent--

{

H
3

cnyl glveosides for the consiruction of ohgosaccharides, iy alse discissed

RESULTS ANDY DISCUISSION

Svathesisof x-Gle-¢ 1— 4 (3). - We have reported that treatment of pent-4-cnvi
2. 3.4 6-tetra-O-benzyl-o- or -f-u-glucopyranoside (4b) with V-bromosuccinimide and
2-chlorobenzotcacid in dry ucetonitrile led stereaspecifically to the - N-acetyl-2-chloro-
benzamide 6a’. the nitrilium fon” 8 being the logical intermediate, This result contrasts

T

with expectations based on the reverse anomeric effect™ cad differs from resutits on the
trapping of acetonitrilium 1ons with carboxylic acids .

Towas shown further” that the Veacotyl moiety of 6a was cleaved spectficaily by
sodium methoxide' to give the »-2-chlorohenzanide 6b.

In subsequent experiments directed at the svathesis of 3. replacement of 2-
chlorobenzoic acid with a-henzyl- V-benzvioxycarbonyvie ~aspartic acid (7) alforded”
the corresponding imide 8 (532 1 and none of the £ anomer was detected ¢ Honr
analysis),

Attempts to selectively N-deacetylate 8 by treatment with sodium methoxide led

to complex mixtures. i contrast to the results obtained” with 6a. However, N-deacetvla-
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tion could be achieved with secondary amines in N,N-dimethylformamide. Thus,
reaction of 8 with diethylamine for 39 h afforded the known™ x-linked asparagine
derivative 9 (71%) and the acetamide 10 (12.5%). The use of piperidine led 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 ammonium formate", removed the protecting groups to furnish 3, which
exhibited spectroscopic data [notably, H-1 J 5.48 (d, J 5.4 Hz), C-1 6 79.04] in accord
with those reported by Ogawa and co-workers™. 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-workers® 4
butdiffered considerably from those reported by Takeda’s group™*®. 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-Gle-(1-6}-p-Gle-( 16 )-a-Gle-( 1 Asn (2). — The desired N-
aspartoyl component 14¢ was prepared as follows. Pent-4-enyl o, 8-D-glucopyranoside®
(4a) was rert-butyldiphenylsilylated at the primary position' to give 11 (82%) then
benzylated to afford 12 (83%). Reaction of 12 with x-benzyl N-benzyloxycarbonyl-L-
aspartate' (7) and N-bromosuccinimide in acetonitrile gave only the a-imide 14a (61%)
which, on treatment with piperidine in ¥, N-dimethylformamide, led exclusively to the
N-deacetylated glycopeptide 14b (89%).
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Initial attempts to desilylate either the z-imide 14a or the glycopeptide 14b with
tetrabutylammonium fluoride gave complex mixtures. However. desilvlation of 14b
with hydrogen fluoride in pyridine'” afforded 14e (95% ). the protecting groups i the
peptide chain being unaffected'.

The “middle” component of 2 was conceived as the 2.3.4-tribenzoate 13b.
Benzoylation of 11 enabled convenient separation of the zand ff anomers and facilitated
interpretation of the 'H-n.m.r. spectra of the products {rom the subsequent coupling
reactions. Desilylation of the » anomer 13a, using hyvdrogen fluoride i pyridine'”
afforded 13b (41% from 4a),

t
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We recently adumbrated the concept of “armed” and “disarmed™ glycosyl
donors in oligosaccharide coupling!”. whereby the presence of an cther or an ester.
respectively, at position 2 controls the reactivity of the pent-d-enyl glycosides and hence
the coupling process(es). Since the disclosure of these armed disarmed effects for
saccharide coupling, the phenomenon has been identified in other glveosyl donors in
other laboratories”™. and we have rationalized these phenomena ™.

Thus, the disarmed benzoylated aleohol donor 13b was coupled with the armed
benzylated glycosyl donor 4b 1 the presence of wodomum dicollidine perchlorawe in
ether-dichloromethane to give the g-linked disacchande derivative 15 (63700 together
with minor products that were not investigated (ether has been used previoushy™ to
induce preferential z-coupling). The x configurations at C-1b and - of 15 were
assigned™ on the basis of the UC resonances at 4 97 13 and 95 36 respectively
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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”. 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
glycosigation. Consequently, the desired § linkage was created by use of the 2-ben-
zoylated glycosyl donor 15.

Thus, coupling of the disaccharide derivative 15 with 14¢ proceeded in the
presence of N-iodosuccinimide-trifluoromethanesulfonic acid” to give the trisaccha-
ride derivative 16 (42%). The modest yield in this step reflects the instability of the
benzyloxycarbonylamino moiety to trifftuoromethanesulfonic acid®. The § configura-
tion of the newly formed glycosidic bond in 16 was evident from the n.m.r. spectra which
contained a resonance for H-1b at 6 5.14 (d, J 7.9 Hz), and for C-1c and C-1b at 6 95.99
and 99.79, respectively.

O-Debenzoylation of 16, using methanolic sodium hydroxide, proceeded
smoothly but, unlike in the conversion $—3, 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-1a, H-1b, and H-1c at 6 5.46 (d, J4.9 Hz), 4.37 (d, J 7.1 Hz), and 4.86 (d, J 2.3 Hz),
respectively, and for C-1a, C-1b, and C-Ic at 6 79.09, 105.21, and 100.38, respectively,
similar to those reported®.

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 promoter® is a
development which promises to simplify saccharide coupling reactions.
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EXPERIMENTAL

General methods. Column chromatography was carried out on Kieselgel
230 400 mesh). All reactions that required anhyvdrous conditiens were conducted inan
oven-dried apparatus under argon. Organic cxtracts were dried over MgSO, and
concentrated atl aspirator pressure using a rotary evaporator. unless otherwise stated,
Light petroleum refers to the fraction b.p. 33-60 . Belore use. nyridine. prperidine,
dichloromethane, acetoniinle. triethyviamine. mtz':m}s,h"xmzr;iis.. amgd NV oV-dimethyifor-
mamide were dried and distilled. asing standard methods . V-Bromosuecininide was
recrystallized from hot water and dried @ racio over phosphorus pentaexide, V-
lodosuccinmmude was recrvaiatlived from dioxane carbon teirachloride. H-N mor,
spectra were recorded at 200 MHz with a Varian XL-300 specirometer on solutions i
CDCE (internal Me,St). When (CD,),S0 was the solvent, the reference was the Me SO

stgnal at 2.49 p.pom. When 2.0 was the solvent. the reference was the water signal at

463 ppm. UC-Nomor speetra were recorded at 75 MMz with o Varian XL-300
spectrometer. The solvent was used as internal standard when spectra were recorded in
CDCILHTT0p p.m)or(CD 50 39 3 popm. s rerr-butyi alcohol 632 2 vop oy was used
as the internal standard for solutions i DO, Optical rotations were measured on o
Perkin - Elmer 297 instrument. Cli-mass spectra were recorded with a ¥WiG-708 .
strument {70eV and ~ 10 060 resolutiony and Ca. b ~mass specira with dithioervihrito!

dithiothreitol as the matrix. Tohe was conducted on Kioselgel 60F gt Merek 3554 and
detection with 2.5% ammoeniim molvbdatei VI and 1 0% coriumi IV sulphaie wetra-
hydrate maqueous 10 suiphuric acid, Mop swere yecorded with o Bicht ST appars-

tus and are uncorrected. Elemental combustion analyses were performed by Athntic
Microtab, Inc. 'P.(), Box JI08%, .\k‘»rcrmsx, GAG

N-Aeeryt2 34 Geteira-O-henzvi-NedhenzvI-Nebenzvioyvearbony i -fleas parivi-
'M)-g/!m’u/n'runu\_\.‘./(:m'zuu' {4 To u miulmn of 4b {337 my. 555 mmall m dey

acetonitriie (11 mbLy was added 7 (213 mg. 6.60 mmobh and V-hromuosucanunide (136
mg, ()XK mn‘mi The mixture was stirred i the dark at room temperature une !u argon

Atter 273 haqueous 1075 MNa 5.0, (2 miy was added 1o the hal the

bulk of organic solvent was z:‘wm('n‘atcd under reduced pressure, and the z’«:sl«.iuc Wity

f

partitioned between water (30 mLy and chloroform (50 miy The aqueous laver was
extracted with chlorolorm ¢4« Mml), and the combined orgunic selutons weredried
and then concentrated under reduced pressure. Flash-column chromatography ichioro-
form acetone. 80:1 then 4t Ty of theresiduc gave 8 (27 Hing, 5290, wolawed as an o, |2

17 e 0.6y, THAN L data (CDCT Y 8 7
NAHCOBN), 2.59¢d. F HO /57 Hz H-1y, 5,20
SH. 4O0CH Phand COCH .CHY, 417 4. id(m. .
32V H 6 He, H-25, 272364 (m. 2 HL H-406a). 3.5610dd. %i_i HS
H-6b). 3.34 (dd. T H /178 and 4.2 Hz. COCH H,CHy 326 (dd L 7178
COCH A CHY. and 20240 3 TR NAC, Flasb-mass specirum: o 2
and 92 1003,

HL 200007 Phy :4.'7‘? 439 (.
%-Efw
9 Hy.
;md \iﬁHL

1
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Anal. Cale. for C;;H,N,O,,: C,71.72; H, 6.13; N, 3.04. Found: C, 71.79; H, 6.17;
N, 2.98.

Reactions of 8 with piperidine. — A solution of 8 (282 mg, 0.31 mmol) in dry
N,N-dimethylformamide (9 mL) and dry piperidine (0.1 mL, 1.01 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-O-benzyl-N-(benzyl N-benzyloxycarbonyl-L-
B-aspartyl)-a-D-glucopyranosylamine (9; 239 mg, 89%), isolated as an oil, [a]3 +44.5°
(¢ 0.75); lit.™ [of% +40.8° (¢ 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, [«];] + 55° (¢ 1.08). '"H-N.m.r. data (CDCL,): §
7.34-7.11 (m, 20 H, 4 Ph), 6.14 (d, 1 H, J 6.6 Hz, NHACc), 5.78 (t, t H, J 5.9 Hz, H-D),
4.954.45 (m, 8 H, 4 CH,Ph), 3.86-3.61 (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 (calc. for C,;H;,NO,: m/z 581.2768).

N-(L-f-Aspartyl )-a-D-glucopyranosylamine (3). — A mixture of 9 (135 mg, 0.15
mmol)and 10% Pd/C (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 30mL, 1:1), and
the combined filtrate and washings were concentrated under reduced pressure. A
solution of the residue in methanol-water (2mL, 1:1) 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, 1:1). The appropriate fractions were concentrated to give 3 (29 mg, 64%) as a
colorless glass, [a]; +88° (¢ 0.43, water); lit.”™ [«]5 + 106.9° (water); 1lit.™ [«]¥ +34.1°
(water). N.m.r. data (D,0): '"H,65.48 (d, 1 H,J 5.4 Hz, H-1),3.92(dd, | H, /7.2 and 4.2
Hz, COCH,CH),3.71-3.55 (m, 4 H, H-2,3,64,6b), 3.43-3.38 (m, 1 H, H-5),3.30(t, 1 H,J
9.4Hz H-4),2.95(dd.1 H,J17.1 and 4.2 Hz, COCH , H,CH) and 2.84(dd, | H.J 17.3
and 7.3 Hz, COCH,H,CH), "*C, § 175.86, 175.62 (C=0), 79.04 (C-1), 75.54, 75.23,
71.89, 63.03, 53.58 (COCH,CH), and 37.51 (COCH,CH). F.a.b.-mass spectrum: m/z
295(37%, M* + 1) and 115 (100).

Anal. Cale. for C,)H (\N,0,-2H,0: C, 36.36; H, 6.71: N, 8.48. Found: C, 36.72; H,
6.34; N, 8.51.

Pent-4-enyl 6-O-tert-butyldiphenylsilyi-p-glucopyranoside (11). — To a solution
of 4a’ (1.06 g, 4.27 mmol) in dry triethylamine (1.5 mL) and dry dichloromethane (10
mL) and 0° under argon was added terz-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,SO,), 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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Anal. Cale. for C,;H,0O,Si: C. 66.30; H. 7.87. Found: C. 66.53: H. 7.88.

Pent-4-cnyvl 2.3 4-1ri-O-benzyl-6-O-tert-butvidiphenylsilyl--glicopyranoside
(12). - Toa solution of 11(1.07 g, 2.20 mmol) in dry & N-dimcthylformamide (15mL)
under argon were added tetrabutylammonium iodide {105 mg) and sodium hydride
(60% dispersion in ¢il, 453 mg. 11.33 mmol). After coolmg the stirred suspension to 0
benzyl bromide was added (1.5 mL, 12.61 mmol)., and the mixture wux stirved for
another 1.5 h in the cold. then at room temperature for 16.3 b The solvent was then
evaporated at 0.1 mmHg. and the residue was partitioned between water ( 100 mb)and
chloroform (100 mL). The agueous layer was extracted with chloroform (3 = 100 mL).
and the combined organic solutions were dried and concentrated undcr rcduccd pres-
sure. Flash-column chromatography (light petroleum cthyl acetate. 4001, 2001 and
10:1) of the residuc gave 12 (1.38 g, 83%). 1solated as an otl.

Anal. Cale. for C, H, OS1: C. 76,15 H. 745 Found: €. 7601 H. 7.4

Pent-d-enyl 2.3 4-1r1-O-benzovi-6-O-tert-hut vidiphenvisilvi-z-p-glucopvranoside
(13a). To a solution of 11 (1.02 g 2,10 mmob i drv pyridine were added 4-
dimethylamiopyridine (2534 mg) and benzoyl chloride (1.5 mL}. The solution was
stirred under argon at room temperature for 12 h, the solvent was evaporated at 0.1
mmHg. and the residue was partitioned between cold (8 ) saturated agueous NaHC O,
(100 mLjand cold (0 Ychloroform (100 mL). The agucous Lever was extracted with cold
(07) chloroform {4 » 100 mL), and the combined organic solutions were dried and
concentrated under reduced pressure. Flash-column chromatography (light petro-
leum-ethyi acetate, 19:1 then 9:1) of the residue gave 13a {884 myg. 53% 1 ssolated as an
oil. [al;; +60 (¢ 0.49). "H-Nm.r. data {CDCLy: J 801 (dd. 2 xi J 7.7 and 1.3 Ho
0-CO.Ph), 7.69 (dd, 2 H. 7 7.6 and 1.7 Hyz, 0-PAS), 760 (dd. 2 M. 7 74 and 1.3 He
o-PhS1). 752720 (m. 1S5S HL 3 - and p-CO.Phand 2o and p-PASH. 618 (L T HLJ 9.8
Hz. H-3), 574 (qt. T H 160, 107 and 6 SHy, CH=CH.5. 564 (1. T H.J D9 Hy  H-4,
537(d. 1V H. /3.7 Hz H-1 "%()(dd PHL. /10 dnd T Hz H-23 494 488 (mL 2 H,
CHCH.). 424 408 (m. | { H-5). 3.92 380 (m, 3 H. IH»;LM and QCH HCH..
3.52-344 (m. 1 H. OCH, H,CH,), 215207 (m. 2 H, OCH.CH.CH.CH=CH.).
1.77-1.67 (m. 2 H, OCH.C//.CH.CH = ('H.). and O6 (s 9 H. CMe.)

Anad. Cale. for C,,H_ OS50 C.72.16: H. 6,31 Found: . 72.10: H, 6.36,

Pent-4-envl J..?.%*!M-«.)-MHn(;_! I’*/ﬁl3—_(//£l(‘()‘{)7!‘f'(1i1ti‘,\/((’a’" {13b). To a sotution of
13a (876 mg. 1. 10 mmol)indry tetrahyvdrofuran (10 mLj and drv pyvridine ¢ 10 mby a0
was added hydrogen Huonde pyridine {6 mL). The solution was stirred jn the cold
under argon. Atter 1.5 h. cold water (0, 25 mL) was added, foliowed by solid NaHCO,
to pH ~7 (pH paper). The aqueous solution was diluied with cold water {76 mby and
then extracted with chloroform (4 x 100 mL), and the combined organic selutions were
dried and concentrated at 6.1 mmHg. Flush-column chromatography dight petrofeum
ethylacetate. 4:1) of the residue gave 13b (576 mg, 94%). isokated asan ot {2];; + 65 (¢
0.72). Nomur, data (CDCLY: ' H o 8.00(dd, T HL Jo8and 2.0 Hz, o-CO Ph 799 (dd.L |
H.o/8.0and 1.6 Hz 0-CO,PAYL 789 (dd. L HLJ 7 9und 14 Hz o-CO. P T84 7.250m, ¢
H. 3m-and p-COPH.6.26{L TH. J9 8 Hz H-3). 574 (qr. | H. /176,90, ;m(i 6.6 H'/
CH=CH) 853 TH /98 Hy H-, 338 (d, T HL A3 T Hz M-t S 3 dd T I
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and 3.8 Hz, H-2), 4.98-4.87 (m, 2 H, CH= CH,), 4.12-4.08 (m, 1 H, H-5), 3.86-3.71 (m,
3 H, H-6a,6b and OCH ,H,CH,), 3.53-3.45 (m, 1 H, OCH,H,CH,),2.85(t, L H, J 6.6
Hz, OH), 2.16-2.03 (m, 2 H, OCH,CH,CH,CH=CH,), and 1.77-1.67 (m, 2 H,
OCH,CH,CH,CH=CH,); *C, § 95.98 (C-1).

Anal. Cale. for C,,H,,0,: C, 68.56; H, 5.75. Found: C, 68.47; H, 5.76.

N-Aceryl-2,3 4-tri-O-benzyl-N-{ benzyl N-benzyloxycarbonyl-L-f-aspariyl)-6-O-
tert-butyldiphenylsilyl-a-D-glucopyranosylamine (14a). — To a solution of 12 (1.25 g,
1.65 mmol) in dry acetenitrile (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,0, (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 75mL)and dried, and the solvent was removed under reduced pressure.
Flash-column chromatography (light petroleum—ethyl acetate, 4:1) of the residue gave
14a (1.08 g 61%), isolated as an oil, [«]% ~11° (¢ 0.54). 'H-N.m.r. data (CDCL,): §
7.64-7.60 (m, 4 H, 2 0- PASi), 7.39-7.18 {m, 31 H, 3 CH, Ph, 2 CO,CH, Ph, and 2 m- and
p-PhSi), 5.80(d, 1 H, J8.5Hz, NHCO,CH,Ph), 5.61 (d, 1 H, J 5.8 Hz, H-1), 5.21-5.00
(m,4H,2CO,CH,Ph),4.78-4.42(m,7H, 3 CH,Phand COCH,CH), 4.08-4.02(m, 2 H,
H-3,5), 3.91-3.77 (m, 4 H, H-2,4,6a,6b), 330 (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,HN,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-O-benzyl-N-(benzyl N-benzyloxycarbonyl-L-B-aspartyl)-6-O-tert-bu-
tyldiphenylsilyi-a-D-glucopyranosylamine (14b). — A solution of 14a (1.06 g, 0.99 mmol)
in dry N,N-dimethylformamide (15 mL) and dry piperidine (0.35 mL, 3.54 mmol) was
stirred under argon for 3.7S h. The solvent was then evaporated at 0.1 mmHg and the
restdue 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, 10:1) of the residue gave 14b (908 mg, 89%), m.p. 128-129° (from
dichloromethane-light petroleum), [a]% +29° (c 0.64). 'H-N.m.r. data [(CD,),SO]: ¢
8.68 (d, 1H, J9.0 Hz, NHCOCH,), 7.71 (d, 1 H, J 7.9 Hz, NHCO,CH,Ph), 7.62(d, 2 H,
J 7.9 Hz, 0-PhSi), 7.59 (4, 2 H, J 6.6 Hz, 0-PASi), 7.45-7.12 (m, 31 H, 3 CH,Ph, 2
CO,CH,Ph,and 2 m- and p-PhS1), 5.82 (dd, 1 H,J8.7and 5.4 Hz, H-1), 5.14-4.52 (m, 11
H, 3 CH,Ph,2CO,CH,Ph),and COCH,CH),4.09(t,1H,J9.1Hz,H-3),3.87(dd, 1H,J
11.1and 1.8 Hz, H-6a), 3.75-3.54 (m, 4 H, H-2,4,5,6b), 2.82 (dd, 1 H, J15.4 and 5.9 Hz,
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%, M* +1) and 92 (100).

Anal. Calc. for C,0,N,0,,Si: C, 72.49; H, 6.47; N, 2.73. Found: C, 72.34; H,
6.52; N, 2.78.
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2.3 4-Tri-O-hbenzyl-N-ihenzvl N-benzvioxycarbonvi-y -f-uspartyi ~a-D-glucop -
ranosyiamine (14¢). - Toa solution of 14b (865 mg, 0.84 mmuoly i dry tetrehydroturan
(25 mL)yand dry pyridine 114 mL) at O was added hydrogen fluonde pyvridine (7 mbLy
The solution was then allowed to warm to room temperatere and surred under argon,
After 2.75 h, the mixture was coeled (0 ). saturated aqueous NaHCO 1300 mL) was
added slowly. the aqueous solution was cx!mctcd with chlerotorm (6~ 100 mi L and
the combined organic solutions were dried and concentrated under ='cduccd pressure
(<43). Flash-column chromatography thight petroleun ¢thylacetate. 90t then T of
the residue provided 14e (628 mg. 93% ). m.p. 139 140 {{rom mmcnc;. i"j]’;{ AR e
0.59). ' H-Nomor data (CDSOL 872 (L L /9 H NICOGOH L 7 78 id T HL S
Hz, NHCO.CH,Ph), 739 732 (2SS H. 3 CH.PH imd 200L H\Pi:z, ST Iddl T HL R
and 5.4 Hz. H-1), 5321 ._(L tm. 4 H. 2 COCH.Phy 492 458 gmo s H 3 CH.Ph
COCH.CH. and OH). 4.08 (1. F HL /K8 Hz, H-3). 267 (dd. T HL J96and 3.3 He W2
3.60-3.40 (m. 4 H, }'i-4.5«(xx\,()h ) 285(dd T HL /156 and 5.6 He COCH H CHY und
272(dd t HOJ 156 and 78 He. COCH  H,CHY. Faadh -mass spectrume e 2 87 01704,
M7+ Tyand 92 (100).

Anal Cale for C,H N.O, C. 7004 H. 63 N 3SS Found: C. 7019 Ho o 16!
N.3.47.
Pent deenyl 2.2 4-10i-O-henzoyt-6-0-7/2 3 4 S-t1etra-O-benzvl-u-v-ylucopyrano-

svli-a-D-glucopvranaside (15). To 13h (576 my., 1.03 mmoly, flame-dried 4A molee-
ular sieves (2 g), and iodonium dicothdine perchlorate (773 myg. .63 mmold was added o
solution of 4b” (762 mg. | 25 mmol) in dry ether dichloromethane (37,8 mbL. 41y, The
mixture was stirred under argon in the dark at room temperature. After 10 h, aqueous
10% Na,S.0, (10 mL) was added. the mixture was filtered. and the 4A molecular sieves
were washed with chloroform (100 mL). The combined filtrate and washings were
washed with cold (0") aqueous 1% HCH {100 mL) and the agueous phase was extracted
with chloreform (3 x 100 mL). The combimed organic extracts were washed with cold
{07y aqueous 10% NaHCO, (100 mL). then dried. and the sobvent was removed under
reduced pressure, Flash-column chromatography (light petrolcum-cthyl acetate. V11
then 4:1) of the residue gave shghtly mmpure 15 (808 migy. Further flash-column
chromatography (chlorcform 0.75% of ethanol) vieided 15 {701 myg. 63% ) 1solated s
anoil, [2]5] +69 (¢ 0.83) Nomr. data (CDCLy H.oo 799 (d, 2 WL /8 R Hz 2 0-CO P,
796 (dd.2H. /8 7and L1 Hz 2 0-CO. PR 787 (ddo T HO/ 7. 7and 1.2 Hze 2 o-COPIn.
T 29 M. 3 - and p-COPhand A CH. Py, 616 (10T HLLZ 98 Hzo H-3u. 568
(qu TH.J 17993 and 6.3 Hz, CH = CH, ). 554 (0 L H. /99 Hy o Hedan 330 (d P HL Y
3.7 Hz o H-lay, .23 (dd, T HL /102 and 3.8 Flz, H-2ap 4 LM 4.3 omo 11 HL 4 CH P
CH=CH, and H-1b), 397 (. + H. J 93 Hz H-3 2182 338 (m. {0 H.
H-5a.6a,6'a.2b.4b.5b.6b.6'b and OCH.CH,), 208 200 (m, 2 H. OCH.CH.CH.--
CH=CH,). and 1.69-1.61 (m. 2 H, OCH,CH,CH.CH=CH,): "'C. ¢ 16575 16572
T(C=0). 1489 (CH = CH.), 9713 (C-1b). and 9539 (C-lay
Anal. Cale. for C H,, O, C. 73018 H, 6.14. Found: . 72.81: H. 6.16
O-12.3.4.6-Tetra-O-henzvl-a-D-glicopyranosyl -0 {-+63-0-. 2 3 4-i0/-O-benzoy i-
B-D-glucopyranosyi-: 16 -2, 3 4-1r-O-benzvl-N-7 henzvi Nepenzvioxvearbonyvi -1-fi-
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aspartyl-a-p-glucopyranosylamine (16). — To 15 (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.l.c. (light petroleum--ethyl
acetate, 33:17) indicated total consumption of 15. The mixture was filtered and the
collected 4A molecular sieves were washed with chloroform (100 mL). To the combined
filtrate and washings were added cold (0°) aqueous 10% Na,S,0, (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 9:1 to 13:7) of the residue gave 16 (172 mg, 42%),
isolated asan oil, [a]; +30° (¢ 1.11). N.m.r. data [(CD,),SO]: 'H, §8.58 (d, 1 H, /8.6 Hz,
NHCOCH.CH),5.98(t,1 H,J9.6 Hz, H-3b), 5.64-5.57 (m,2H, H-1a,4b), 5.37(t, | H,J
8.8 Hz, H-2b), 5.14 (d. 1 H, J 7.9 Hz, H-1b), 2.76 (dd, 1 H, J 15.3 and 5.8 Hz,
COH,H,CH), and 2.54 (dd, 1 H,J15.4and 7.7 Hz, COCH,H,CH); "*C, § 99.79 (C-1b)
and 95.99 (C-1c¢). F.a.b.-mass spectrum: m/z 1870 (2%, M* + 23) and 475 (100).

Anal. Calc. for C,;H,,N.O,;: C, 71.96; H, 5.87; N, 1.57. Found: C, 71.91; H, 5.95;
N, 1.53.

O-(a-D-Glucopyranosyl)-( 16 )-O-( f-D-glucopyranosyl )-( 1 —6)-N-(f-L-aspar-
tyl )-a-D-glucopyranosylamine (2). — To 16 (105 mg, 0.06 mmol) was added 0.18m
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% HCI to pH 6 (pH paper). The aqueous phase was
extracted with chloroform (3 x 50 mL), the combined organic solutions were dried
(Na,S0O,), 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% Pd/C (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,
1:1), and the combined filtrate and washings were concentrated under reduced pressure.
A solution of the residue in methanol-water (2 mL, 1:1) 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, [«]5 + 30° (¢ 0.41, water); lit.** [«]%) +72.8° (water). N.m.r.
data (D,0): 'H, 6 5.46 (d, 1 H,J4.9 Hz, H-1a),4.86 (d, 1 H, J2.3 Hz, H-1c),4.37(d, l H,
J 7.1 Hz, H-1b),2.92 (dd, 1 H, J17.2 and 3.5 Hz, COCH ,H,CH) and 2.82 (dd, 1 H, J
17.3and 7.3 Hz, COCH,H,CH); “C, 6 105.21 (C-1b), 100.38 (C-1c¢), 79.09 (C-1a), 53.60
(COCH,CH), and 37.60 (COCH,CH).
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