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ABSTRACT 

5-Acetamido-3,5-dideoxy-~-arabino-2-heptulosonic acid derivatives 
and analogs (shorter carbon-chain analogs of N-acetylneuraminic acid) were 
synthesized. Periodate oxidation followed by sodium borohydride reduction 
and 2-acetylation of methyl [2-(trimethylsilyl)ethyl 5-acetamido-3,5-dideoxy-g- 
~ycero-a-~-galacto-2-nonulopyranosid)onate (3) , prepared by condensat ion of 
the 2-$-chloro derivative of pentaacetylneuraminic acid methyl ester (1) 
with trimethylsilylethanol and subsequent 2-deacetylation, gave methyl 
(trimethylsilylethyl 5-acetamido-4,7-di-~-acetyl-3,5-dideoxy-~-~-arabino- 
2-heptu1opyranosid)onate (4) .  Starting from compound 4, the 7-bromo, 
2-a-chloro, and 2-p-thio analogs were synthesized. 

INTRODUCTION 

Many derivatives and analogs of N-acetylneuraminic acid play impor- 
tant role in various biological processes' as the terminal units of carbo- 
hydrate chain of cell-surface sialoglycoconjugates. Recently, many kinds 
of free sialic acid have been isolated in nature and characterized. 
In view of these facts, there has been a great deal of activity in recent 
years in the syntheses 2a93-18 of the derivatives and analogs of N-acetyl- 
neuraminic acid. 
4-arabino-heptulosonic acid (C7-NeuSAc) derivatives and the analogs. 

2 

We now describe the synthesis of 5-acetamid0-3~5-dideoxy- 
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126 HASEGAWA ET AL. 

RESULTS AND DISCUSSION 

Koenigs-Knorr reaction of methyl 5-acetamido-4.7.8.9-tetra-e-acetyl- 
2- chloro- 2,3,5 - tr ideoxy -e-glvcero- f3-P-galacto- 2-nonulopyrano~onate~~ (l-) 
with 2-( trimethylsily1)ethanol in dry dichloromethane in the presence of 
silver carbonate, silver perchlorate and powdered molecular sieves 4 A ,  

gave the a-glycoside (2) of N-acetylneuraminic acid derivative in 89% 
yield as crystals, which served as a convenient starting-material for the 
synthesis of the title compounds. 
biguously proved by 
coupling constants of 2 (6  2.57, Jja 

= 12.7 Hz, J = 9.3 Hz for H-4) are characteristic for and 6 4.83, J3a,4 
the a-glycosidic linkage2' of N-acetylneuraminic acid. 2-Deacetylation of 

- 2 with sodium methoxide in methanol gave 2 as needles. When treated with 
sodium metaperiodate in methanol followed by sodium borohydride reduction, 
and acetylated with acetic anhydride in pyridine, compound 2 affordedmethyl 
[ 2- (trimethylsily1)ethyl 5-acetamido-4,7-di-~-acetyl-3 , 5-dideoxy-B-L- 
arabino-2-heptulopyranosid] onate (4) as crystals in good yield. 
NMR spectrum of 4 exhibited four sharp singlets, each integrating for three 
protons, at 6 1.93. 2.06, 2.12, and 3.82, which demonstrated the presence 
of one E-acetyl, two 9-acetyl, and one methyl ester group; H-3e appeared 
at 6 2.56 (J3a,3e = 12.4 Hz, J3e,4 = 4.4 Hz) as a doublet of doublets, and 
H-4 at 6 4.87 (ddd, J3a,4 = 12.1 Hz, J = 10.3 Hz), indicating structure 

- 4. 
are similar to those of the a-glycosidesZ0 of N-acetylneuraminic acid, and 
could be used for determination of the anomeric configuration of the glyco- 
sides. Treatment of compound 5, derived from by 2-deacetylation with 
sodium methoxide in methanol, with E-bromosuccinimide in the presence of 
triphenylphosphine in N,N-dimethylformamide according to the procedure 
described by Hanessian et al. 21 gave methyl [2-(trimethylsilyl)ethyl 5-acet- 
amido-7-bromo-3,5,7-trideoxy-~-L_-arabino-2-heptulopyranosid] onate (a) in 
61% yield as a syrup, which was acetylated to compound 1. 
significant signals in 
6 1.94 (N-acetyl), 2.04 (2-acetyl), and 3.81 (COOMe), a one-proton doublet 
of doublets at 6 2.57 
4.91 (J4,5 = 9.9 Hz, H-4). 

etherate in acetonitrile gave crystalline 5-acetamido-4,7-di-~-acetyl- 
3,5-dideoxy-a-~-arabino-2-heptulopyranosonate (S) in 88Z yield, which was 

The anomeric configuration was unam- 
1 H NMR spectroscopy. The observed chemical shifts and 

= 12.7 Hz, J3e,4 = 4.4 Hz for H-3e, 
, e  

4,5 

The 'H 

4.5 
The observed chemical shifts and coupling constants for H-3e and H-4 

There were five 
1 H NMR spectrum of 1, three three-proton singlets at 

= 12.8 Hz, J3e,4 = 4.8 Hz, H-3e), and at 6 

H "R data are consistent with 7. 
On the other hand, treatmentz2 of compound 4 with boron trifluoride 

1 Other 
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COnMe OSE 

AcHN AcHN 

onc  O R  

1 - 

C02Me 

O R '  

2 R = A c  

3 R = H  

S E = M e 3 S  i C H 2 C H 2  

- 
- 

- 4 R ' = A C ,  R ' = O A ~  

- s R ' = H , R ~ = O H  

- 6 R ' = H , R 2 = B r  

7 R ' = A c , R ' = B r  - 

CO2Me 

Acoz2 OAc AcHN AcoosAc OAc AcHN 

COnMe 

a R = O H  - 
9 R = C 1  - 

1 0  - 

converted into the Pa-chloro derivative 2 of triacetylheptulosonic acid 
methyl ester on treatment with hydrogen chloride in dry dichloromethane. 
When reacted with potassium thioacetate in dry dichloromethane, compound 
- 9 yielded methyl 5-acetamido-4,7-di-~-acetyl-2-~-acetyl-3,5,-dideoxy-2- 
thio-~-~-arabino-2-heptulopyranosonate (2) in 85% yield. 
exhibited five three-protan singlets, at 6 1.94 (AcN), 2-05 (AcO), 2.31 

'H NMR spectrum 

(AcS), and 3.82 (COOMe). H-3e and H-4 appeared at 6 2.75 (J3a,3e = 12.8 
Hz, J3e,4 = 4.5 Hz) and at 6 4.99 (J3a,4 = 11.5 Hz, J 
pectively, indicating of the B-5-acetate structure. 164'ither 
are consistent with structure 2. 

= 10.3 Hz), res- 
NMR data 
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HASEGAWA ET AL. 128 

Compounds,&-s, obtained herein, will be used for the analog synthesis 
of sialoglycoconjugates. 

EXPERIMENTAL 

General Procedures. Melting points were determined with a Yanagimoto 

micro melting points apparatus and are uncorrected. Specific rotations were 
determined with a Union MP-201 polarimeter at 25 OC, and IR spectra were re- 
corded with a JASCO IR-1 spectrophotometer. 
with a JEOL JMN-GX 270 spectrometer. 
formed on silica gel (Waco Co., 200 mesh) with the solvent systems spe- 
cified. 

'H NMR spectra were recorded 
Preparative chromatography was per- 

Concentrations and evaporations were conducted in vacuo. 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-D-~lycero-a-D-~alacto-2-nonulopyosid~ onate (2). A suspension 
of 2-(trimethylsily1)ethanol (5.7 mL), silver carbonate (11 g), silver per- 
chlorate (200 mg), and molecular sieves 4A (4.0 g) in dichloromethane 
(50 mL) was stirred for 5 h at room temperature. A suspension of methyl 
5-acetamido-4,7,8,9-tetra-0-acetyl-2-chloro-2,3,5-trideoxy-~-glycero-~-~- 
galacto-2-nonulopyranosonate1g (1; 10.2 g, 20 mol) and molecular sieves 
4A (4 g) in dichloromethane (50 mL) was stirred for 5 h and the suspension 
was added into the stirred suspension of the glycosyl acceptor. 
ing was continued overnight at room temperature, and the precipitates were 
filtered off on celite 545 pad and washed with dichloromethane. 
trate and washings were combined, and concentrated to a syrup. 
was chromatographed on a column of silica gel (500 g) with dichloromethane 
and 150:l dichloromethane-methanol. 
(10.5 g, 89%) as crystals. Recrystallization from ether-hexane gave 
needles: mp 84-86 OC, [ a ]  

1750 and 1230 (ester), 1660 and 1550 (amide), and 1250, 860, and 840 cm-' 
(TMS); 'H NMR (CDC13) 6 0.88 (m, 2H, Me3SimCH2-), 1.88 ( s ,  3H, AcN), 
2.02, 2.03, 2.13, 2.14 (49, 12H, 4Ac0), 2.57 (dd, lH, J3a,3e = 12.7 Hz, 

HZ ' JOCH , S iCH 
9.3 Hz, H-5), 4.09 (dd, lH, J8,g = 2.7 Hz, Jg,gl f 12.5 Hz, H-91, 4.30 
(dd, lH, H-9'), 4.83 (ddd, lH, J3a,4 = 12.7 Hz, H-4), 5.15 (dd, lH, NH), 
5.32 (dd, lH, J6,7 = 1.7 Hz, J7,8 = 8.3 Hz, H-7), and 5.39 (ddd, lH, H-8). 

C, 50.71; H, 7.05; N, 2.33. 

The stirr- 

The fil- 
The product 

The latter eluant gave compound 2 

- 10.9" (c  0.2, chloroform); IR (KBr) 3280 (NH), D 

= 4.4 Hz, H-3e). 3.79 ( s ,  3H,  MeO), 3.31, 3.88 (2dd, 2H, J = 7.1 
- J3e, 4 gem 

= 9.0 Hz, Me3SiCHmO-), 4.05 (q, lH, J4,5 = J5,6 - J5,NH - 

Anal. Calcd for C25H41N013Si: 

Methyl [2-(Trimethylsilvl)ethyl 5-Acetamido-3,5-dideoxv-D-alycero-a-D- 

C, 50.74; H, 6.98; N, 2.37. Found: 

~alacto-2-nonulopyranosid]onate (2). 
in methanol (100 mL) was added lM sodium methoxide (5 mL), and the mixture 

To a solution of 2 (10.5 g, 17.7 mmol) 
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+ was kept for 3 h, and then treated with Amberlite IR-120 (H ) resin to 
remove the base; the resin was filtered off, and washed with methanol. 
The filtrate and washings were combined, and concentrated to a syrup, 
whereupon the residue crystallized. 
compound 2 (6.9 g, 92%) as needles: mp 170-172 "C; [a], - 0.95" (g 0.21, 
methanol); IR (KBr) 3450 (OH), 3350 (NH), 1740 and 1230 (ester), 1670 and 
1550 (amide), and 840 an-' ('INS); 'H NMR (1:l CDC13-CD30D) 6 0.84 (t, 2H, 

Jgem 
J3a,4 = 11.7 Hz, H-3a), 2.20 (3, 3H, AcN), 2.67 (dd, lH, J3e,4 = 4.4 Hz, 
H-3e), 3.39 (m, lH, H-8). 3.48 (dd, lH, J5,6 = 10.3 Hz, H-6), 3.53 (ddd, 
lH, J = 10.3 Hz, H-4), 3.64-3.72 (m, 2H, H-5,7), 3.80 (my 2H, H-9,9'), 
3.83 ( s ,  3H, MeO), and 3.87, 3.88 .(2q, 2H, Jgem = JSiCHYOCH = 7.7 Hz, 
Me3SiCH2CH20-). 

C, 48.31; H, 7.85; N, 3.26. 

Recrystallization from ether gave 

JOCH , S iCH = 7.7 Hz, Me3SiCH2CH20-), 1.76 (dd, lH, J3a,3e = 12.8 Hz, 

4,5 

Anal.,Calcd for C17H33NOgSi: C, 48.20; H, 7.85; N, 3.31. Found: 

Methyl [ 2- (Trimethylsily1)ethyl 5-Acetamido-4 , 7-di-O-a~etyl-3~5-dideoxy- 
~-L-arabino-2-he~tulo~yranosid]onate (4). 
nnnol) in dry methanol (8 mL) was added sodium metaperiodate (1.5 g), and 
the mixture was stirred for 3 h at room temperature. 
were filtered off, and washed with 5 mL of methanol. To this stirred sol- 
ution was gradually added sodium borohydride (100 me) at 0 "C. After com- 

pletion of the reaction, acetic acid (0.2 mL) was added to the mixture in 
order to decompose the reagent, and the mixture was concentrated. 

residue was treated with acetic anhydride (3 mL)-pyridine (5 mL) overnight 
at room temperature. The mixture was concentrated, the residue extracted 
with chloroform, and the extract successively washed with 2M hydrochloric 
acid, M sodium carbonate, and water, dried (sodium sulfate), and the sol- 
vent was evaporated to leave a syrup. The residue was chromatographed on 

a column of silica gel (100 g) with dichloromethane, and 1:l dichloro- 
methane-methanol. 
crystallization from ether-hexane gave needles: mp 46 "C; [a], - 51.8" (g 
1.2, chloroform); IR (KBr) 3270 (NH), 1750 and 1230 (ester), 1660 and 
1560 (amide), and 860 and 840 cm-' (TMS); 'H NMR (CDC13) 6 0.90 (t, 2H, 

Jgem = JSiCH,OCH 
(2s. 6H, 2AcO), 2.56 (dd, lH, J3a,3e = 12.4 Hz, J3e,4 = 4.4 Hz, H-3e), 
3.82 (s, 3H, MeO), 3.44, 3.88 (2q, 2H, Me3SiCH2CH20-), 4.04 (9, lH, J4,5 = 

J5,6 = Jms5 
H-7'), 4.26 (dd, lH, J 
J3e,4 = 4.4 Hz, J 

To a solution of 3 (1.1 g, 2.6 

The precipitates 

The 

The latter eluant gave compound 4 (620 mg, 53%). Re- 

= 8.4 Hz, Me3SiCH2CH20-), 1.93 ( s ,  3H, AcN), 2.06, 2.11, 

10.3 Hz, H-51, 4.19 (dd, J6,7f = 5.5 Hz, J7,7f = 12.5 Hz, 
= 2.2 Hz, H-71, 4.87 (ddd, lH, J3a,4 5 12.1 Hz, 

687 
= 10.3 Hz, H-4), and 6.19 (d, lH, J Q 10.3 Hz, 

4,5 MI95 
NH) . 
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130 HASEGAWA ET AL. 

Anal. Calcd f o r  C H NO Si: C, 50.98; H, 7.43; N, 3.13. Found: 19 33 9 
C, 50.79; H, 7.50; N,3.15. 

Methyl [Z-(Trimethylsilyl)ethyl 5-Acetamido-3,5-dideoxy-R-D-arabino-2- 
heptulo~yranosid]onate (I). 
methanol (10 mL) was added sodium methoxide (10 mg), and the mixture was 
stirred for one h at room temperature, and then treated with Amberlite 
IR-120 (H') resin to remove the base. The solvent was evaporated to give 
crystalline 5 in quantitative yield. Recrystallization from ether gave 
needles: mp 145-146 "C, [a], - 13.0" (5 0.2, chloroform); IR (KBr) 3470 
(OH), 3280 (NH), 1740 and 1250 (ester), 1650 and 1600 (amide), and 860 
and 850 cm-' (TMS); 'H NMR (1:l CDC13-CD30D) 6 0.86 (t, 2H, J 
JSiCH,OCH = 8.1 Hz, Me3SiCH2CH20-). 1.71 (dd, lH, J3a,3e = 12.5 Hz, J3a,4= 
11.7 Hz, H-3a), 1.97 ( s ,  3H, AcN), 2.59 (dd, IH, J3e,4 = 4.4 Hz, H-3e), 
3.39 (dd, lH, J 
11.7 Hz, J3e,4 = 4.4 Hz, J 
10.1 Hz, H-51, 3.68 (dd, lH, J6,7 
(s, 3H, MeO), and 3.38 and 3.87 (q, 2H, J 
Me3SiCH2CH20-). 

To a solution of 5 (100 mg, 0.22 mmol) in dry 

= 
gem 

= 10.1 Hz, H = 2.2 Hz, H-61, 3.47 (ddd, lH, J3a,4 = 

JSy6 - - 
596 697 

= 10.1 Hz, H-4), 3.59 (t, lH, J4,5 495 
2.2 Ha, J7,7, = 12.8 Hz, H-7), 3.78 

= JSiCH,OCH = 8.1 Hz, gem 

Anal. Calcd for C15H29N07Si: C, 49.56; H, 8.04; N, 3.85. Found: 
C, 49.55; H, 8.18; N, 3.63. 

Methyl [2-(Trimethylsilyl)ethyl 5-Acetamido-4-O-acetyl-7-bromo-3,5,7-fri- 
deoxy-~-L-arabino-2-heptulopvranosid] onate ( I ) .  
mg, 1.0 nnnol) in N,N-dimethylformamide (6 mt) were added, with stirring, 
N-bromosuccinimide (268 mg) and triphenylphosphine (400 mg) at 0 O C ,  and 
the mixture was heated for 1.5 h at 50 OC. Methanol (3 mL) was added to 
the mixture, and concentrated. 
of silica gel (30 g) using (a) dichloromethane, (b) 150:1, and (c) 50:l 
dichloromethane-methanol as the eluants. 
mg. 61%) as a syrup. 
anhydride (1 mL) in pyridine (5 mL) overnight at room temperature. 
product was obtained as a syrup in quantitative yield after purification 
by column chromatography: [a], - 41.0" (2 0.5, chloroform); IR (film) 
3270 (NH), 1740 and 1230 (ester), 1660 and 1550 (amide), and 860 and 840 
cm (TMS); 'H NMR (CDC13) 6 0.90 (t, 2H, Jgem = JSiCHYOCH = 8.8 Hz, 
Me3SiCH2CH20-), 1.94 (s, 3H, AcN), 2.04 (s, 3H, AcO), 2.57 (dd, lH, J3a,3e - 12.8 Hz, J3e,4 = 4.8 Hz, H-3e), 3.81 ( s ,  3H, MeO), 3.93 (my 2H, H-7,7'), 
3.95 (q, lH, J4,5 = J 

12.1 Hz, J3e,4 = 4.8 Hz, J = 9.9 
Hz. NH). 

To a solution of 5 (363.5 

The residue was chromatographed on a column 

Eluant (c) gave compound a (260 
Compound a thus obtained was acetylated with acetic 

The 

-1 

= J 
5,6 5,NH = 9.9 Hz, H-5), 4.91(dddY lH, J3a,4 = 

= 9.9 Hz, H-41, and 5.99 (d, lH, J 4Y5 m.5 
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Anal. Calcd for C17H30N07BrSi: 

Methyl 5-Acetamido-4,7-di-O-acetyl-3.5-dideoxy-a-L-arabino-2-heutulo- 

C, 43.59; H, 6.45; n, 2.99. Found: 

C, 43.63; H, 6.48; N, 3.10. 

Fanosonate (8). 
(10 mL) was added boron trifluoride etherate (0.23 mL), and the mixture 
was stirred for 3 h at room temperature, and then dichloromethane was 
added. The solution was washed with water, dried (sodium sulfate), and con- 

To a solution of 2 (420 mg, 0.94 mol) in acetonitrile 

centrated, whereupon the residue crystallized. Recrystallization from 

ether-hexane gave 8 (285 mg, 88%) as needles: mp 156-158 'C, [a] 
(c - 0.33, chloroform); IR (KBr) 3500 (OH), 3320 (NH), 1730 and 1250 (ester), 
and 1660 and 1540 cm" (amide); 'H NMR (CDCl,) 6 1.95 (s, 3H, AcN), 2.04, 

- 67.1' D 

- 2.07 (2s, 6H, 2Ac0). 3.86 (s, 3H, MeO), 4.09 (9, lH, J4,5 = J5,6 = J5,NH - 
9.8 Hz, H-5). 4.19 (d, 2H, J6,7 
J3a,4 = 11.5 Hz, J3e,4 = 5.1 Hz, J4,5 = 9.8 Hz, H-4), and 5.69 (d, lH, 
J = 9.8 Hz, NH). 

J6,7, = 3.4 Hz, H-7,7'), 5.28 (ddd, lH, 

NH, 5 
Anal. Calcd for C14H21NOg: 

Methyl 5-Acetamido-4.7-di-O-acetyl-2-S-acetyl-3,5-dideoxy-2-thio-~- 

C, 48.41; H, 6.09; N, 4.03. Found: 
C, 48.55; H, 6.13; N, 4.02. 

L-arabino-2-heptulopyranosonate (lo). 
dissolved in dry dichloromethane (5 mL), and hydrogen chloride was bubbled 
through for 10 min at - 20 "C, and the mixture was kept for 24 h at room 
temperature. After completion of the reaction, the solvent and hydrogen 
chloride were removed by evaporation, to give compound 9 as an amorphous 
mass, which was dissolved in dry dichloromethane (2 mL) and dry acetone 

(2 mL). 

and drierite (500 mg), and the mixture was stirred for 24 h at room temp- 
erature; TLC then showed the reaction to be complete. 
filtered, and the solid was washed with dichloromethane. 
washings were combined, and concentrated to a syrup which was chromato- 
graphed on a column of silica gel (30 g) with 1:2, and 1:l ethyl acetate- 
hexane as the eluants. 
as a syrup: [aID + 4.6' (c  2.4, chloroform); IR (film) 3300 (NH), 1750 
and 1230 (ester), and 1660 and 1550 cm-' (amide); 'H NMR (CDC13) 6 1.94 (s, 
3H, AcN), 2.05, 2.10 (29, 6H, 2Ac0), 2.31 (s, 3H, AcS), 2.75 (dd, lH, 

J3a, 3e 
'4,5 = '5,6 - J5,NH 
and 6.13 (d, lH, NH). 

Compound 8 (320 mg, 0.92 mmol) was 

To this stirred solution were added potassium thioacetate (360 mg) 

The mixture was 
The filtrate and 

The latter eluant gave compound lo (318 mg, 85%) 

= 12.8 Hz, J3e,4 = 4.6 Hz, H-3e), 3.82 (s, 3H, MeO), 4.13 (q, lH, 
- = 10.3 Hz, H-5), 4.99 (ddd, lH, J3a,4 11.5 Hz, H-41, 

Anal. Calcd for C16H23NOgS: C, C, 47.40; H, 5.71; N, 3.50. Found: 

C, 47.31; H, 5.86; N, 3.50. 
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