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ERRATUM

The following manuscript was first published in the 8 (4) issue,

pp 579-588 (1989). A page of the original Experimental was deleted in

the original published version. The complete manuscript is printed

here.
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Akira Hasegawa, Minoru Morita, Hideharu Ishida, and Makoto Kiso
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Gifu University, Gifu 501-11, Japan
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ABSTRACT

Various types of the O-protected derivatives and the 9-bromo analogs
of methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-D-Rlycero-g-D-
galacto-2-nonulopyranosid]onate were synthesized from methyl [2-(trimetnyl-
silyl)ethyl 5-acetamido-4,7-di-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-
2-nonulopyranosid]onate (1_) or methyl [2-(trimethylsilyl)ethyl 5-acetamido-
8,9-di-0-isopropylidene-D-glycero-q-D-galacto-2-nonulopvranosid]onate (3_).

INTRODUCTION

1-3
Recently, many kinds of biological functions of sialoglycoconju-

gates such as gangliosides and glycoproteins have been revealed. In order

to elucidate the structure-function relationship of gangliosides, synthe-

sis of a variety of gangliosides and their various types of analogs are

necessary. Naturally occuring sialo-compounds contain sialic acids in an a-

glycosidic linkage at the C-3 or C-6 position of galactose moiety, at C-6

of the glucose, N-acetylglucosamine or N-acetylgalactosamine moiety, and

at the C-8 or C-9 position of the sialic acid skeleton.
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346 HASEGAWA ET AL.

In the previous papers, we have demonstrated the stereoselective and

high yield syntheses of a-glycosides and a-thioglycosides of N-acetyl-

neuraminic acid, and synthesized gangliosides GM4 and its position isoraer,

GM3, and GM4 thio-analog. We describe here the synthesis of suitably

protected sialic acid derivatives as the glycosyl acceptors, for obtaining

a-Neu5Ac-(2-»8)-Neu5Ac, a-Neu5Ac-(2-*9)-Neu5Ac, and S_-a-Neu5Ac-(2-*9)-Neu5Ac.

RESULTS AND DISCUSSION

Treatment of methyl [2-(trimethylsilyl)ethyl 5-acetaraido-4,7-di-0-

acetyl-3.5-dideoxy-D-glycero-a-D-galacto-2-nonulopvranosidlonate (1_)

with tert-butyldimethylsilyl chloride (TBDMS chloride) in pyridine at room

temperature gave the 9-O-TBDMS derivative £ in 97% yield as crystals.

When reacted with benzyl chloromethyl ether or 2-(trimethylsilyl)ethoxy-

methyl chloride using N,N-diisopropylethylaraine in dichloromethane at 45

•C, methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-8,9-0-isopro-

pvlidene-D-glvcero-a-D-galacto-2-nonulopvranosidlonate (3) gave the 4,7-

di-O-benzyloxymethyl derivative (4_) or the 4,7-di-O-2-(trimethylsilyl)

ethoxymethyl derivative (5) in high yield, respectively. O-Deisopropylide-

nation of compound 4_ by mild, acid hydrolysis afforded £ in good yield,

which was converted by selective benzyloxymethylation to methyl [2-(tri-

methylsilyl)ethyl 5-acetamido-4,7,9-tri-0-benzyloxyraethyl-3,5-dideoxy-D-

glycero-a-D-galacto-2-nonulopyranosid]onate (8) in 66% yield. Compounds

£ and £ were acetylated to J_ and 9_, respectively. The structures of com-

pounds (6-9) were unambiguously proved by 270-MHz H NMR spectroscopy.

There were four significant signals in H NMR spectrum of compound 7_, three

three-proton singlets at 6 1.75 (N-acetyl), 2.05 and 2.06 (O-acetyl), and

H-8 (ddd, J? g - 7.3 Hz, Jg g - 5.4 Hz, Jg gl - 2.0 Hz) at 6 5.29.
 XH NMR

of compounds (6_, S_, and 9) are given in the Experimental Section and are

consistent with structures assigned. When heated for one h at 45 °C in

90% aqueous acetic acid, compound £ gave methyl [2-(trimethylsilyl)ethyl

5-acetamido-3,5-dideoxy-4,7-di-0-2-(trimethylsilyl)ethoxymethyl-D-glycero-

q-D-galacto-2-nonulopyranosid]onate (lj)), which was acetylated to compound

11. The H NMR spectrum of n_ exhibited four sharp singlets, each integ-

rating for three protons, at 6 1.95, 2.04, 2.09, and 3.75, which showed the

presence of one N-acetyl, two O-acetyl, and one methyl ester group; H-8

appeared at 6 5.28 (ddd, J, 0 - 7.7 Hz, J_ - - 4.8 Hz, Jo ., - 2.2 Hz).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHETIC STUDIES OF SIALOGLYCOCONJUGATES 7 347

OR OH

AcHN
5Ac

1 R = H

2 R = TBDMS

SE = Me3SiCH2CH2-

TBDMS = Me3C(Me)2Si-

AcHN

3 R = H

4 R = BOM

5 R = SEM

BOM = C6H5CH2OCH2-

SEM = Me3SiCH2CH2OCH2-

C02MC
BrH2C

6 R1 = BOM , R2 = R3 = H

7 R1 = BOM , R2 = R3 = Ac

8 R1 = R3 = BOM . R2 = H

9 R1 = R3 = BOM , R2 = Ac

10 R1 = SEM . R2 = R3 = H

11 Ri = SEM , R2 = R3 = Ac

12. R1 = SEM . R2 = H . R3 = BOM

13 R1 = SEM . R2 = H , R3 = TBDMS

OAc

!«. R = H

15 R = Ac

Treatment of compound 1J) with benzyl chloromethyl ether or tert-butyl-
dimethylsilyl chloride gave the corresponding, desired 8-hydroxyl free de-
rivatives (.1£,13) in high yields, respectively. On the other hand, when
treated with N-bromosucciniraide in the presence of triphenylphosphine in
N,N-dimethylformaraide according to the procedure described by Hanessian et
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348 HASEGAWA ET AL.

al. , compound 1_ gave methyl [2-(trimethylsilyl)ethyl 5-acetaraido-4,7-di-

C-acetyl-9-bromo-3,5,9-trideoxy-p-glycero-a-D-galacto-2-nonulopyranosid]

onate (14) as crystals in 82% yield, which was acetylated to compound 15.

EXPERIMENTAL

General Procedures. Melting points were determined with a Yanagimoto

micro melting point apparatus and are uncorrected. Specific rotations

were determined with a Union PM-201 polarimeter at 25 °C, and IR spectra

were recorded with a Jasco IRA-1 spectrophotometer. H NMR spectra were

recorded with a Jeol JNM-GX270 (270 MHz) spectrometer, and the NMR data

were confirmed by use of decoupling techniques. Preparative chromato-

graphy was performed on silica gel (Waco Co.; 200 mesh) with the solvent

systems specified. Concentrations and evaporations were conducted jji vacuo.

Methyl [2-(Trimethyisilyl)ethvl 5-Acetamido-4,7 - di-O-acetyl-9-O-

tert-butvldimethylsilyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosid]

onate (2). To a stirred solution of methyl [2-(trimethylsilyl)ethyl 5-

acetamido-A.7-di-O-acetyl-3.5-dideoxy-D-glycero-a-D-Ralacto-2-nonulopyra-

nosid]onate (1_; 507 mg, 1 mmol) in dry pyridine (3 mL) was added tert-

butyldimethylsilyl chloride (302 mg, 2 mmol), and the mixture was stirred

for one h at room temperature, and then methanol (1 mL) was added. The

mixture was concentrated to a syrup which was extracted with dichloro-

methane. The extract was successively washed with 2 M hydrochloric acid,

and water, dried (sodium sulfate), and concentrated to a syrup, which was

chromatographed on a column of silica gel (50 g) using (a) dichloromethane,

(b) 100:1, and (c) 60:1 dichloromethane-methanol as the eluants. Eluant

(c) gave compound 3_ (540 mg, 877.) as crystals. Recrystallization from

ether-hexane gave needles: mp 117-119 °C, [a]Q -17° (c 1.0, chloroform);

IR (KBr) 3550 (OH), 3200 (NH), 1750 and 1240 (ester), 1670 and 1550 (amide),

and 840"1 (TMS); *H NMR (CDC13) 6 0.86-0.90 (m, 11H, Me3SiCH2CH2O), Me^CSi),

1.84 (s, 3H, AcN), 1.92 (dd, 1H, J3a 3 Q « 12.8 Hz, J^ 4 = 11.7 Hz, H-3a),

2.01, 2.06 (2s, 6H, 2AcO), 2.63 (dd.'lH, J3e 4 = 4.8 Hz, H-3e), 3.39, 3.82

(2q, 2H, Jgem - JSiCH>CH0 = 7.7 Hz, M e ^ C H ^ O ) , 3.52-3.61 (m, 2H, H-9,9'),
g

3.85 (s, 3H, MeO), 3.90 (dd, J5 g - 10.3 Hz, Jfi ? - 1.8 Hz, H-6), 4.07 (q,

1H, J4 5 - J5 6 = J5 m = 10.3 Hz, H-5), 4.80 (ddd, 1H, H-4), 4.99 (dd, 1H,

J, „ =»'8.8 Hz! H-7),'and 5.90 (d, 1H, NH).
/ ,8

Anal. Calcd for C27H5QNO11Si2: C, 52.23; H, 8.11; N, 2.26. Found:

C, 52.31; H, 8.06; N, 2.33.
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SYNTHETIC STUDIES OF SIALOGLYCOCONJUGATES 7 3A9

Methyl [2-(Trimethylsilvl)ethyl 5-Acetamido-A,7-di-0-benzyloxymethYl-

3t5-dldeoxy-8,9-0-lsopropyHdene-D-glycero-a-D-galacto-2-nonulopyranosld1

onate (A). To a stirred solution of methyl [2-(trimethylsilyl)ethyl 5-

acetamido-S.S-dideoxy-S.g-O-isopropvlidene-g-glycero-a-g-galacto^-nonulo-

pyranosid]onate (3_; 770 nig, 1.7 mraol) in dry dichlorotnethane (20 mL)

were added benzyl chloromethyl ether (1.1 g, 7 mmol) and N,N-diisopropyl-

ethylamine (2.7 g), and the mixture was heated, with stirring, for 1A h at

A5 °C (bath), and more benzyl chloromethyl ether (1.0 g) was added to the

mixture. Stirring was continued for 12 h at the same temperature; the

course of the reaction being monitored by TLC. Methanol (1 mL) was added

to the solution, and the mixture was heated for.30 min at AS °C, and cooled.

Dichloromethane was added, and the solution successively washed with 2M

hydrochloric acid, M sodium carbonate, and water, dried (sodium sulfate),

and concentrated. The residue was chromatographed on a column of silica

gel (70 g) with dichloromethane, and 120:1 dichlororoethane-roethanol. The

latter eluant gave compound A_ (1.07 g, 91.52) as a syrup: [o]_ -2A.6" (£

0.75, chloroform); IR (film) 3300 (NH), 1750 and 12A0 (ester), 1660 and

1550 (amide), 860 and 8A0 (TMS), and 7A0 and 700 cm"1 (Ph); *H NMR (CDCl-j)

6 0.87 (m, 2H, Me,SiCH,CHo0), 1.36, 1.39 (2s, 6H, Me.C), 1.56 (s, 3H, AcN),

1.73 (dd, 1H, J3a 3 e - 12.7 Hz, J^ A - 12.2 Hz, H-3a), 2.82 (dd, 1H,

J3e,A " A'8 Hz> H' 3 e ) ) 3'23 (ddd> JA,5 " J5,6 " 10'3 Hz> J5,NH " 7A Hz*
H-5), 3.39, 3.82 (2q, 2H, Jgen - JSiCT,CHO "

 8*1 Hz> M e
3
S i C H

2 — 2
0 ) > A t 4 7

(ddd, 1H, H-A), 5.70 (d, 1H, NH), and 7.1A-7.A0 (m, 10H, 2Ph).

Anal. Calcd for C36H53NO11Si: C, 61.Al; H, 7.59; N, 1.99. Found:

C, 61.A0; H, 7.73; N, 1.85.

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-3,5-dideoxy-8,9-0-iso-

propylidene-A,7-di-0-2-(trimethylsilyl)ethoxvmethyl-D-glycero-a-D-galacto-

2-nonulopyranosldionate (5_). To a stirred solution of 2 (927 mg, 2 mrool)

in dry dichloromethane (20 mL) were added 2-(trimethylsilyl)ethoxymethyl

chloride (1.5 g, 8.8 mmol) and N,N-diisopropylethylamine (2.A g), and the

mixture was stirred for 1A h at A5 °C, and then more 2-(trimethylsilyl)

ethoxymethyl chloride (500 mg) was added. The solution was heated, with

stirring, for 2 h at A5 °C. After completion of the reaction, methanol (2

mL) was added to the mixture, and the mixture was heated for one h at A5 °C;

and cooled. The mixture was extracted with dichloromethane (100 mL), and

the extract was successively washed with 2M hydrochloric acid, M sodium

carbonate, and water, dried (sodium sulfate), and concentrated to a syrup,
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350 HASEGAWA ET AL.

which was chrotnatographed on a column of silica gel (100 g) with dichloro-

methane and then 120:1 dichloromethane-methanol as the elutants. The latter

eluant gave compound £ (1.12 g, 77Z) as a syrup: [a]D -23° (c 0.46, chlo-

roform); IR (film) 3300 (NH), 1745 and 1250 (ester), 1660 and 1550 (amide),

and 860 and 840 cm"1 (TMS, Me2O;
 XH NMR (CDCLj) « 0.82-0.96 (m, 6H,

1.35, 1.38 (2s, 6H, Me2O, 1.64 (dd, 1H, J3a 3 e - 12.5 Hz,

J3a 4 - 11.4 Hz, H-3a), 1.92 (s, 3H, AcN), 2.81 (dd, lH,j3 e A - 5.1 Hz,

H-3e), 3.80 (s, 3H, MeO), 4.05-4.08 (m, 2H, H-9,91), 4.48 (ddd, 1H, J^ 5 -

10.3 Hz, H-4), and 6.16 (d, 1H, J™ ,. - 10.3 Hz, NH).

Anal. Calcd for C32H65NOnSi3: C, 53.07; H, 9.04; N, 1.93. Found:

C, 53.14; H, 9.21; N, 1.95.

Methyl f2-(Trimethvlsilyl)ethyl 5-Acetamido-4,7-di-0-benzyloxyn)ethyl-

D-glycero-a-D-galacto-2-nonulopyranosid]onate (6_). A solution of £ (620 mg,

0.88 mmol) in 80% aqueous acetic acid (20 mL) was heated for 1.5 h at 45 °C,

and concentrated.The residue was chromatographed on a column of silica gel

(50 g) with (a) dichloromethane, (b) 100:1, and (c) 50:1 dichloromethane-

methanol. Eluant (c) gave compound 6_ (430 mg, 74Z) as a syrup: [a]^ -0.9°

(c 0.44, chloroform); IR (fiLn) 3500 (OH), 3300 (NH), 1740 and 1230 (ester),

1660 and 1550 (amide), 860 and 840 (TMS), and 740 and 700 cm"1 (Ph); XH NMR

(CDC13) 6 0.87 (t, 2H, Jgem - JsiCH>CH0 " 8.1 Hz, M e ^ i C H ^ O ) , 1.73 (s,

3H, AcN), 1.83 (dd, 1H, J3a 3 e - 12^ Hz, J3a A - 11.7 Hz, H-3a), 2.80 (

dd' m' J3e,4 - 4-9 Hz' H"3«)' 3-37 <<• 1H« Jgem " JSiCH,CHO " 8A te' M V
SiCHjCH^), 3.58 (q, 1H, JA 5 - 9.8 Hz, J5 g - 10.0 Hz, H-5), 3.79 (s, 3H,

MeO), 4.10 (near dd, 1H, Jg'7 - 1.7 Hz, H-6), 4.17 (ddd, 1H, H-4), 4.51,

4.59, 4.66 (2), 4.69, 4.75,'4.83, and 4.88 (8d, 8H, 2PhCH2OCH2O), 6.60

(broad d, 1H, NH), and 7.21-7.39 (m, 10H, 2Ph).

Anal. Calcd for C33HA9NOnSi: C, 59.71; H, 7.44; N, 2.11. Found:

C, 59.55; H, 7.65; N, 2.08.

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-8,9-di-0-acetyl-4,7-di-0-

benzyloxymethvl-3,5-dideoxv-D-glycero-a-D-galacto-2-nonulopyranosidlonate

(7j. Compound 6_ (35 mg) was acetylated with acetic anhydride (0.5 mL) in

pyridine (1 mL) in the usual way, to give 7. a s a syrup quantitatively:

(ct]D +2.3" (c 0.7, chloroform); IR (film) 3300 (NH), 1750 and 1240 (ester),

1660 and 1550 (amide), 860 and 840 (TMS), and 740 and 700 cm"1 (Ph); XH NMR

(CDC13) 6 0.85 (m, 2H, Me3SiCH2CH2O), 1.75 (s, 3H, AcN), 2.05, 2.06 (2s,

6H, 2AcO), 2.76 (dd, 1H, J3a 3g - 12.7 Hz, J3g 4 = 4.6 Hz, H-3e), 3.31 (q,

1H, J - Jc._, r u. - 9.0 Hz, Me_SiCH-CH-O), 3.55 (ddd, 1H, J. , - 10.3 Hz,
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j - 10.5 Hz, J5 m - 7.3 Hz, H-5), S.75 (s, 3H, HeO), 3.90 (dd, 1H, Jfi ? -

1.7 Hz, J? 8 - 7.3 Hz, H-7), A.14 (ddd, 1H, J3a A - 11.7 Hz, H-4), A.22

(dd, 1H, Jg>9 - 5.A Hz, Jg^, - 12.2 Hz, H-9), 4.24 (dd, 1H, Jg g, « 2.0

Hz, H-8), 5!68 (d, 1H, NH)| and 7.25-7.71 (m, 10H, 2Ph).

Anal. Calcd for C37H5;jNO13Si: C, 59.A2; H, 7.14; N, 1.87. Found:

C, 59.31; H, 7.25; N, 1.95.

Methyl [2-(Trlmethylsllyl)ethyl S-Acetamido-A^.g-tri-O-benzvloxy-

methyl-3,5-dideoxy-D-glycero-a-D-Ralacto-2-nonulopyranosid1onate (£). To

a stirred solution of £ (663 ng, 1 mrool) in dry dichlororoethane (10 mL)

were added benzyl chloromethyl ether (235 rag, 1.5 nmol) and N,N-diisopro-

pylethylamine (400 mg), and the stirring was continued for 12 h at room

temperature. Benzyl chloromethyl ether (200 mg) and N,N-diisopropylethyl-

amine (300 mg) were added to the solution, and the mixture was stirred for

another 7 h at room temperature; methanol (1 mL) was added, and the so-

lution was kept for 30 min at room temperature. Dichloromethane (100 mL)

was added, and the solution successively washed with 2M hydrochloric acid,

M sodium carbonate, and water, dried (sodium sulfate), and concentrated to

leave a syrup, which was chromatographed on a column of silica gel (50 g)

with (a) dichloromethane, (b) 150:1, and (c) 120:1 dichloromethane-methanol.

Eluant (c) gave compound J5 (520 mg, 66%) as a syrup: [a]_ -8.5° (c 0.66,

chloroform); IR (film) 3500 (OH), 3300 (NH), 1730 and 1240 (ester), 1660

and 1550 (amide), 860 and 840 (TMS), and 740 and 700 cm'1 (Ph); *H NMR

(CDC1,) 6 0.87 (t, 2H, J - J,,.,™ -„_ - 7.8 Hz, Me,SiCH,CH,O), 1.73 (s,J gem oiLH.LHU , J —2. /

3H, AcN), 1.85 (dd, 1H, J3a 3<j • 12.7 Hz, J3a A - 12.4 Hz, H-3a), 2.85 (dd,

1H, J3e>4 - 4.6 Hz, H-3e),
a3.38. 3.89 (2q, 2H| Jgem - JSicH>CH0 - 7.8 Hz,

Me3SiCH2CH2O), 3.62 (ddd, 1H, Ĵ  5 - 10.0 Hz, J5 6 - 10.7 Hz, J$ m - 8.1

Hz, H-5), 3.80 (s, 3H, MeO), 4.00 (dd, 1H, J, , - 2.7 Hz, H-6), 4.11 (ddd,
0,7

1H, J? g - 7.8 Hz, Jg 9 - 2.7 Hz, Jg gl » 5.1 Hz, H-8), 4.16-4.28 (m, 2H,

H-4,7)! 4.51-4.91 (m,'l2H, 3PhCH2CCH2O), 5.82 (d, 1H, NH), and 7.26-7.35

(m, 15H, 3Ph).

Anal. Calcd for CA1H57NOnSi: C, 62.81; H, 7.33; N, 1.79. Found:

C, 62.63; H, 7.48; N, 1.77.

Methyl [2-(Trimethylsilvl)ethyl 5-Acetamido-8-0-acetyl-4.7,9-tri-0-

benzvloxymethvl-3,5-dideoxv-D-glvcero-a-D-galacto-2-nonulopyranosidlonate

(£). Acetylation of 8_ (20 mg) with acetic anhydride (0.2 mL)-pyridine (0.5

mL), by heating for 3 h at 45 "C, gave 9 quantitatively: [a]D -14.5" (c 0.5,

chloroform); IR (film) 3300 (NH), 1750 and 1250 (ester), 1660 and 1550
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(amide), 860 and 840 (IMS), and 740 and 700 cm"1 (Ph); XH NMR (CDCLj) 6

0.84 (t, 2H, J = JQ.rM „ = 7.8 Hz, Me.SiCH CH_O), 1.71 (s, 3H, AcN),
gem oiLH,LnU J i. L

2.09 (s, 3H, AcO), 3.30, 3.88 (2q, 2H, Jgeffl =
 J

S i C H t C H 0 - 7.8 Hz, He3SiCH2"

CH2O), 3.47 (ddd, 1H, JA 5 = J5 6 = 10.0 Hz, J5 m '* 7.8 Hz, H-5), 3.75

(s, 3H, MeO), 4.28-4.34 (m, 2H,'H-4,6), 4.49-4.95 (m, 12H, 3PhCH2OCH.2O),

5.26 (ra, 1H, H-8), 5.68 (d, 1H, NH), and 7.25-7.38 (m, 15H, 3Ph).

Anal. Calcd for C^H^NO^Si: C, 62.53; H, 7.20; N, 1.70. Found:

C, 62.34; H, 7.35; N, 1.75.

Methyl [2-(Trimethvlsilyl)ethyl 5-Acetamido-3,5-dideoxy-4,7-di-0-2-

(trimethylsilyl)ethoxymethyl-D-Rlycero-a-D-galacto-2-nonulopyranosid1onate

(1£). A solution of 5_ (1.15 g, 1.6 mmol) in 90% aqueous acetic acid (50 mL)

was heated for one h at 45 °C, and concentrated to leave a syrup, which was

chromatographed on a column of silica gel (100 g) using (a) dichloromethane,

(b) 100:1, and (c) 40:1 dichloromethane-methanol as the eluants. Eluant

(b) gave the starting material 5_ (350 mg, 30%), and eluant (c) gave com-

pound iP_ (670 mg, 62%) as a syrup: [a]^ -2.0° (£ 0.7, chloroform); IR (film)

3500 (OH), 3300 (NH), 1740 and 1250 (ester), 1660 and 1560 (amide), and

860 and 840 cm"1 (TMS); XH NMR (CDCLj) 6 0.81-0.96 (m, 6H, 3Me3SiCH2CH2O),

1.74 (dd, 1H, J3a 3 e = 12.9 Hz, J3a A = 12.5 Hz, H-3a), 1.93 (s, 3H, AcN),

2.70 (dd, 1H, J3e'A - 4.6 Hz, H-3e)! 3.35 (q, 1H, Jgem » JSiCH>CH0 = 7.8 Hz,g

Me3SiCH2CH2O), 3.82 (s, 3H, MeO), 3.47-3.97 (m, 12H, H-4-H-9
1,

4.63, 4.67 (2), 4.74 (4d, 4H, 2OCH2O), and 6.56 (d, 1H, J ^ 5 = 8.3 Hz, NH).

Anal. Calcd for C2 H61NOnSi3: C, 50.91; H, 8.98; N, 2.05. Found:

C, 51.15; H, 9.05; N, 2.13.

Methyl [2-(Trimethvlsilyl)ethvl 5-Acetamido-8,9-di-0-acetyl-3,5-di-

deoxy-417-di-0-2-(trimethylsilyl)ethoxymethyl-P-glycero-n-p-galacto-2-nonu-

lopyranosid1onate (1^). Acetylation of HD (30 mg) with acetic anhydride

(0.2 mL)-pyridine (1 mL), by heating for 3 h at 45 °C, gave 11 as a syrup

quantitatively: [a]D -8.0° (c 0.8, chloroform); IR (film) 3280 (NH), 1750

and 1220 (ester), 1650 and 1550 (amide), and 860 and 840 cm"1 (IMS); XH NMR

(CDC13) 6 0.77-0.98 (m, 6H, 3Me3SiCH2CH2O), 1.65 (t, 1H, J3a 3 e = J3 4 =

12.3 Hz, H-3a), 1.95 (s, 3H, AcN), 2.04, 2.09 (2s, 6H, 2AcO)! 2.74 (dd, 1H,
J3e 4 = 4*A H z > H"3 e )' 3'75 (s« 3H« M e 0 ) > 4' 1 6 ̂ dd' 1H« J8 9' = 4*8 H z >

Jg g, = 12.5 Hz, H-9
1), 4.25 (dd, 1H, J5 fi = 10.6 Hz, Jg ?'= 1.5 Hz, H-6),

4.57 (dd, 1H, Jg g = 2.2 Hz, H-9), 4.63,'4.68 (2d, 2H, OCH2O), 4.73 (s, 2H,

OCH_O), 5.28 (ddd, 1H, J7 D = 7.7 Hz, H-8), and 5.88 (d, 1H, J.m c = 5.9 Hz,i- / ,0 NH,o
NH).
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Anal. Calcd for C33H65NO13Si3: C, 51.60; H, 8.52; N, 1.82. Found:

C, 51.65; H, 8.73; N, 1.70.

Methyl [2-(Trimethylsilvl)ethyl 5-Acetamido-9-0-benzvloxymethyl-3,5-

dldeoxy-At7-di-0-2-(trimethylsilyl)ethoxymethyl-D-glvcero-n-D-galacto-2-

nonulopyranosid]onate (̂ 2_). To a stirred solution of H) (685 tog, 1 mraol)

in dry dichlororaethane (10 mL) were added benzyl chloromethyl ether (235

mg, 1.5 nmol) and N,N-diisopropylethylamine (400 mg), and the mixture was

stirred for 24 h at room temperature; the course of the reaction being

monitored by TLC. Methanol (1 mL) was added to the solution, and the mix-

ture was stirred for one h to decompose the reagent. The extractive pro-

cessing and column chromatography, as described for the preparation of 8_,

gave compound JL2_ (650 mg, 81%) as a syrup: [o]D +0.1° (c 0.4, chloroform);

IR (film) 3500 (OH), 3300 (NH), 1730 and 1240 (ester), 1660 and 1550

(amide), 860 and 840 (TMS), and 740 and 710 cm"1 (Ph); XH NMR (CDC13) 6

0.83-0.97 (m, 6H, 3Me3SiCH2CH2O), 1.74 (t, 1H, J3a 3 e =* J3a 4 " 12.7 Hz,

H-3a), 1.95 (s, 3H, AcN), 2.77 (dd, 1H, J3e ^ - 4.9 Hz, H-3e), 3.84 (s, 3H,

MeO), 3.33-4.22 (m, 13H, H-4-H-91, SMe^iCH^CH^O), 4.58-4.81 (m, 8H, 2OCH2O,

PhCH,OCH,O), 6.29 (d, 1H, J ^ , - 7.8 Hz, NH), and 7.24-7.35 (m, 5H, Ph).

Anal. Calcd for C^HggNO^SLj: C, 55.26; H, 8.65; N, 1.74. Found: '

C, 55.10; H, 8.79; N, 1.70.

Methyl [2-(Trlmethylsilvl)ethyl 5-Acetamido-9-0-tert-butyldin)ethyl-

silvl-3,5-dideoxy-4,7-di-0-2-(trimethylsilyl)ethoxymethyl-D-glycero-a-D-

Ralacto-2-nonulopyranos id]onate (13). To a solution of 10 (570 mg, 0.83

mmol) in dry pyridine (6 mL) was added tert-butyldimethylsilyl chloride

(253 mg, 1.68 mmol), and the mixture was stirred for 1.5 h at room tempera-

ture; methanol (1 mL) was added, and the solution was concentrated to a

syrup which was extracted with dichloromethane. The extract was successive-

ly washed with 2M hydrochloric acid, M sodium carbonate, and water, dried

(sodium sulfate), and evaporated to leave a syrup, which was chromatographed

on a column of silica gel (50 g) with dichloromethane and then 100:1

dichloromethane-methanol. The latter eluant gave compound 13 (640 mg, 96%)

as crystals: mp 92-94 °C, [a]D -23.0° (c 0.8, chloroform); IR (KBr) 3540

(OH), 3290 (NH), 1730 and 1240 (ester), 1660 and 1560 (amide), and 860 and

840 cm"1 (TMS, Me2Si);
 XH NMR (CDCLj) 6 0.80-0.98 (m, 15H, 3Me3SiCH2CH2O,

Me3C), 1.69 (dd, 1H, J3a 3 e = 12.8 Hz, J3a ^ • 11.7 Hz, H-3a), 1.88 (s, 3H,

AcN), 2.80 (dd, 1H, J3e \ = 4.8 Hz, H-3e),*3.22-3.90 (m, 11H, H-5, H-7-H-9
1,

3Me3SiCH2CH2O), 3.80 (s, 3H, MeO), 4.21 (d, 1H, J5 fi - 10.6 Hz, H-6), 4.40
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(ddd, 1H, J3e A = 4.8 Hz, J^ 5 = 10.3 Hz, H-4), 4.65, 4.69, 4.72, and 4.79

(4d, 4H, 2OCH2O), and 6.17 (d, 1H, J ^ 5 = 7.1 Hz, NH).

Anal. Calcd for C35H75NOnSi4: C,' 52.65; H, 9.46; N, 1.75. Found:

C, 52.61; H, 9.45; N, 1.70.

Methyl [2-(Trimethvlsilyl)ethyl 5-Acetamido-4,7-di-0-acetyl-9-bromo-

3,5t9-trldeoxy-D-Rlvcero-a-D-galacto-2-nonulopyranosid]onate (14). To a

solution of 1̂  (130 mg, 0.26 mmol) in N,N-dimethylformamide (2 mL) were

added, with stirring, N-bromosuccinimide (69 mg) and triphenylphosphine

(103 mg) at 0 °C, and the mixture was heated for 1.5 h at 50 °C. Methanol

(1 mL) was added to the mixture, and concentrated to a syrup, which was

chromatographed on a column of silica gel (20 g) using (a) dichloromethane,

(b) 150:1, and (c) 50:1 dichloromethane-methanol as the eluants. Eluant

(c) afforded compound 1± (120 mg, 82%) as crystals: mp 68-70 °C, [o]D -14.5°

(c 1.1, chloroform); IR (KBr) 3480 (OH), 3280 (NH), 1740 and 1230 (ester),

1660 and 1550 (amide), and 860 and 840 cm"1 (TMS); 1H NMR (CDCl-j) 6 0.86

(t, 2H, Jgem = JSiCH>CH0 - 8.1 Hz, Me3SiCH2CH2O), 1.86 (s, 3H< AcN), 1.95

(dd, 1H, J3a 3 e = 1 2 ^ Hz, J3a 4 =• 11.7 Hz, H-3a), 2.01, 2.11 (2s, 6H,

2AcO), 2.65 (dd, 1H, J3e 4 = 4*.8 Hz, H-3e), 3.31 (dd, 1H, Jg gI » 7.3 Hz,

J9>9, - 11.0 Hz, H-9-),
e3.37 (q, 1H, Jgem = JSiCH>CH0 - 8.1 Hz, Me^iCH.,-

CH2O), 3.45 (dd, 1H, Jg 9 = 2.2 Hz, H-9), 3.84 (s, 3H, MeO), 3.87 (dd, 1H,

J5 6 - 10.3 Hz, Jg 7 " 1.8 Hz, H-6), 4.09 (m, 1H, H-8), 4.13 (q, 1H, J4 5 =

J5*6 " J5 NH = 10'^ H z > H'5)> 4 # 8 ° ( d d d > 1H* H"4)> 5 - 0 A ( d d > 1H> J7 8 =>

8.5 Hz, H-7), and 5.85 (d, 1H, NH).

Anal. Calcd for C21H36NOnBrSi: C, 44.21; H, 6.36; N, 2.46. Found:

C, 44.33; H, 6.36; N, 2.35.

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-4.7,8-tri-0-acetyl-9-bromo-

3,5,9-trideoxv-D-glycero-a-D-Ralacto-2-nonulopyranosid]onate (JJ5). Acetyl-

ation of 14_ (10 mg) with acetic anhydride (0.2 mL)-pyridine (1 mL) overnight

at room temperature, "gave 15 (in quantitative yield) as a syrup: [a]Q -6.5°

(c 0.15, chloroform); IR (film) 3270 (NH), 1750 and 1230 (ester), 1660 and

1550 (amide), and 860 and 840 cm"1 (TMS); XH NMR (CDC13) 6 0.9 (m, 2H, Me.j-

SiCH2CH2O), 1.87 (s, 3H, AcN), 2.03, 2.15, 2.16 (3s, 9H, 3AcO), 2.59 (dd,

1H, J3a 3 e = 12.8 Hz, J3e 4 = 4.8 Hz, H-3e), 3.81 (s, 3H, MeO), 4.84 (ddd,

1H, J- ' = 12.5 Hz, J. '= 10.3 Hz, H-4), 5.28 (d, 1H, J.ra _ = 10.3 Hz,
jS,*4 ** t~* nil) J

NH), and 5.30-5.39 (m, 2H, H-7,8).

Anal. Calcd for C23H3gNO11BrSi: C, 45.09, H, 6.25; N, 2.29. Found:

C, 45.30; H, 6.38; N, 2.21.
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