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ABSTRACT 

3,4-O-Isopropyhdene-D-arabinose (3) was transformed by a Wittig reaction into (E/Z)-2,3,4-tride- 
oxy-6,7-0-isopropylidene-D-urabino-act-3-enose propane-IJdiyl acetal (SC). The 8benzoate (7~) of SC 
reacted with 3chloroperoxybenzoic acid to give 3,4-anhydro-8-0-benzoyl-2-deoxy-6,7-0-isopropylidene 

-u-g/~,cero-D-gulo-octose propane-l ,3-diyl acetal(9). Treatment of the S-trichloroacetimidate (11) of9 with 

boron trifluoride etherate gave a 2-oxazoline 12. Acid-catalysed opening of the oxazoline ring in 12 gave 

8-O-benzoyl-2,4-dideoxy-6,7-O-isopropylidene-4-trichloroacetamido-o-gl~cero-D-ga~~acto-octose pro- 

pane-l .3-diyl acetal(15) which, with tributyltin hydride-azoisobutyronitrile yielded the 4-acetamido deriv- 

ative 17. Treatment of 17 with methanolic hydrogen chloride gave the title compound. 

INTRODUCTION 

Recent interest in sialyl transferases and sialidases has led to an extensive search 
for neuraminic acid derivatives that influence the activity of these enzymes’-‘. The 
structural modifications are based mainly on neuraminic acid (l), which has limited 
availability from various natural sources’. Syntheses of neuraminic acid and its deriv- 
atives have been based on chain elongation of readily available C, sugars, to give C, 
species, then diastereospecific functionalisation8-I’. However, the transformation of a 
2-amino-2-deoxyglucose derivative into a 2-amino-2-deoxymannose derivative and the 
subsequent stereoselective conversion into a D-glycgro-D-gala&o C, species, which 
necessitates further modifications based on selective O-protection, is a stimulus to 
search for other approaches. 

An alternative retrosynthesis strategy is based on a C, building block2’y2’ which 
comprises the stereochemistry of the C-6,7,8 moiety of neuraminic acid and is shown in 
Scheme 1. Thus, a c&selective Wittig reaction of a D-arabino derivative C and a 
/?-nucleophilic propanone species D (where X is oxygen or its equivalent) provides the 
intermediate B. Diastereoselective epoxidation of B yields A, and an appropriate 
epoxide cleavage reaction then gives 1. The application of this strategy for the synthesis 
of “decarboxyneuraminic acid” (2) is now reported. An O-benzyl protected decarboxy- 
neuraminic acid analogue has been described by Walliman and Vasella’. 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 
’ To whom correspondence should be addressed. 
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epoxide ring and gave the 2-oxazoline derivative 12 with the desired D-glycero-D-galacto 

configuration. Acetylation of 12 gave the 3-acetate 13 as indicated clearly by the 
‘H-n.m.r. data. The cis-2-oxazoline structure of 12 and 13 was indicated by the typical37 
J4,5 values of 9.5 and 9.7 Hz, respectively (c$ 5-6 Hz for truns-2-oxazolines). p- 
Toluenesulfonic acid-catalysed ring opening”’ of the oxazoline derivative 12 provided 
the trichloroacetamido-octose derivative 15, which was converted into the 3,5-diacetate 
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petroleum was 40-70”. The ozonolysis reactions were carried out with a Fischer 
ozoniser (model 501). 

(Z)- (6~) and (E)-5,8-Di-0-acetl?l2,3,4-rrideoxy-6, 7-O-isopropyl&tie-D-arabino- 
act-3-enosepropane-1,3-diyl acetal(6t). - A 0.1~ solution of potassium tert-butoxide in 
tetrahydrofuran (540 mL) was added to a stirred suspension of [2-(1,3-dioxan-2-yl)- 
ethylltriphenylphosphonium bromide’4 (123.5 g, 270 mmol) in dry tetrahydrofuran (200 
mL) to give an orange phosphorane. Stirring was continued at room temperature for 30 
min and then a solution of 323 (16 g, 90 mmol) in tetrahydrofuran (30 mL) was added. 
The mixture was stirred for 10 min, then poured into aqueous NH&l, and extracted 
twice with ether. The combined extracts were dried (MgSO,) and concentrated in uacuo. 
Column chromatography (ethyl acetate) of the residue provided a crude mixture (14.8 g, 
57%) of 5c and 5t, R, 0.29. 

A solution of the crude mixture (350 mg, 1.2 mmol) in pyridine (15 mL) and acetic 
anhydride (15 mL) was stirred for 2 h at room temperature, then diluted with toluene (30 
mL), and concentrated in vacua. This procedure was repeated thrice. Column chroma- 
tography (2:l light petroleumethyl acetate) of the residue under elevated pressure 
yielded 6c (380 mg, 84.1%) and 6t (40 mg, 8.9%). 

Compound 6c had [a], +25.5” (c I), R, 0.42. ‘H-N.m.r. data (400 MHz): 6 
5.77-5.71 (dt, 1 H, Jj,4 11 Hz, H-3), 5.57-5.47 (m, 2 H, H-4,5), 4.564.54 (dd, 1 H, J,,,, = 
J I ,Zb = 5 Hz, H-l), 4.31-4.20, 4.07-4.00, 3.7663.68 (3 m, 8 H, H-6,7,8a,8b and 2 
0CH2CH2), 2.54-2.51 (m, 2 H, H-2a,2b), 2.1 l-1.97 (m, 7 H, 2 AC and OCH&H,), 
1.4771.22 (2 s, m, 7 H, 2 CH, and OCH,CH2). 

Anal. Calc. for C,,H2,0,: C, 58.06; H. 7.53. Found: C, 57.95; H, 7.62. 
Compound 6t had [cr], -6.5” (c 1). R, 0.34. ‘H-N.m.r. data (400 MHz): 6 

5.90-5.82 (m, 1 H, H-3), 5555.49 (dd, 1 H, J3.4 15.6, J4,5 7.5 Hz, H-4), 5.36533 (dd, 1 
H, J,,,7.5Hz, H-5),4.53-4.51 (dd, 1 H, J,,>;, = J,,2h = 5.1 Hz, H-I),4.304.22,4.08-4.02, 
3.7443.68 (3 m, 8 H, H-6,7,8a,8b and 2 OCH&H:), 2.37-2.30 (m, 2 H, H-2a,2b), 
2.12-1.98 (m, 7 H, 2 AC and OCHCH,), 1.46, 1.34, 1.31-1.23 (2 s. m, 7 H, 2 CH, and 
OCH,CH,). 

Anal. Found: C, 57.96; H, 7.64. 
(E/Z)-2,3,4-Trideoxy-6,7-O-isopropylidene-D-arabino-ocr-3-enose propane-1,3- 

diyl metal (5cj5t). ~ A solution of the crude mixture 6c/6t (446 mg, 1.2 mmol) in 
methanol (20 mL) containing sodium methoxide (0.02 mmol was kept for 1 h at room 
temperature, then neutralised with ion-exchange (H+) resin, and concentrated. Column 
chromatography (ethyl acetate) of the residue gave oily 5c/5t (350 mg, 99%) R, 0.29. 
‘H-N.m.r. data (400 MHz): 6 5.78-5.66 (m, 2 H, H-3,4), 4.58-4.50 (m, 2 H, H-1,6), 
4.204.06 (m, 4 H, H-5,7,8a,8b), 3.763.68 (m, 4 H, 2 0CH2), 3.4553.32 (bs, 1 H, OH), 
2.82-2.78 (bs, 1 H, OH), 2.58-2.51 (m, 1 H, H-2a), 2.42-2.36 (m, 1 H, H-2b), 2.08-1.99 
(m, 1 H, OCH,CH,),. 1.4991.29 (m, 7 H, 2 CH, and OCHQY,). 

Anal. Calc. for C,,H,,O,: C, 58.33; H, 8.33. Found: C, 58.20; H, 8.49. 
(2)-8-0-Benzoyl-2,3,4-trideoxy-6,7-0-isopropylidene-r>-arabino-oct-3-enose pro- 

pane-Z,3-diyl acetal (7~). ~ To a solution of crude 5c/5t (8.6 g, 30 mmol) in dry 
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3,4-Anhydro-8-O-benzoyl-2-deoxy-6,7-0-isopropylidene-5-O-trichloroacetamido- 

D-glycero-D-gulo-octose propane-1,3-diyl acetaf (11). - To a solution of 9 (9.4 g, 23 
mmol) in dry dichloromethane (70 mL) was added trichloroacetonitrile (3.5 mL, 35 
mmol) followed with vigorous stirring by potassium hydride (70 mg, 3 mmol) to give a 
brown mixture. More potassium hydride (35 mg, 1.5 mmol) was added, stirring was 
continued for 10 h, and the mixture was diluted with dichloromethane (50 mL), filtered 
through Celite, and concentrated in uacuo. Column chromatography (3:l light pet- 
roleum-ethyl acetate) of the residue gave 11 (10.9 g, 86%), [a], f2.2” (c l), R, 0.44. 
‘H-N.m.r. data (400 MHz): 6 8.57 (s, 1 H, NH), 8.08-8.01,7.5557.01, 7.42-7.38 (3 m, 5 
H,Ph), 5.37-5.34(d, 1 H, J,,,8SHz,H-5),4.734.71 (dd, 1 H, J,,z,3.2, J,,2b5.9Hz, H-l), 
4.59~.40(m,4H,H-6,7,8a,8b),4.11~.05,3.77~3.68(2m,4H,2OCH~CH~),3.48-3.45 
(dd, 1 H, J3,4 4.2 Hz, H-4), 3.263.22 ( m, 1 H, H-3), 2.10-1.93 (m, 3 H, H-2a,2b and 
OCH&X& 1.60, 1.38 (2 s, 6 H, 2 CH,), 1.36-l .29 (m, 1 H, OCH&H,). 

Anal. Calc. for C,,H,,Cl,NO,: C, 49.79; H, 5.07; N, 2.54. Found: C, 50.08; H, 5.22; 
N, 2.53. 

cis-5-[(lR,2R)-3-Benzoyloxy-1,2-(dimethylmethylenedioxy)propyl]-4-[( IS]-2- 

(1,3-dioxan-2-~~l)-l-hydroxyeth~~l]-2-trichloromethyl-2-o~~azoline (12). - To a solution 
of ll(l0 g, 18.1 mmol) in dry dichloromethane (100 mL) at 0” were added two drops of 
boron trifluoride etherate. After 20 min, t.1.c. showed the complete disappearance of 11. 
The mixture was poured into aqueous NaHCO,, and the organic layer was dried 
(MgSO,) and concentrated. Column chromatography (2:l light petroleum-ethyl ace- 
tate) of the residue gave 12 (8.7 g, 87%), m.p. 146147” (from ether), [a],, f47” (c l), R, 

0.21. ‘H-N.m.r. data (400 MHz): 6 8.047.95, 7.5557.48, 7.41-7.35 (3 m, 5 H, Ph), 
5.024.99 (dd, 1 H, J4.5 9.7, J5,6 3.8 Hz, H-5), 4.814.76 (dd, 1 H, J,.Za 3.6, J,,,, 6.1 Hz, 
H-l), 4.744.71 (dd, 1 H, J,,,6.2 Hz, H-6), 4.6554.61 (ddd, 1 H, J7,8h 6.2, J7,8a 8 Hz, H-7), 
4.57-4.52 (dd, 1 H, J8a,8b 12.3 Hz, H-8a), 4.41-4.36 (dd, 1 H, H-8b), 4.3W.26 (dd, 1 H, 
J,,,3.66Hz, H-4),4.254.20(m, 1 H, H-3),4.1&4.05,3.943.84(2m,4H,2OCH,CH,), 
3.40 (bs, 1 H, OH), 2.10-1.97 (m, 2 H, H-2a and 0CH,CH2), 1.8221.75 (ddd, 1 H, JZa,Zb 
14 Hz, H-2b), 1.60, 1.38 (2 s, 6 H, 2 CH,), I .35-l .28 (m, 1 H, OCH$X,). 

Anal. Calc. for C,,H,,Cl,NO,: C, 49.79; H, 5.07; N, 2.54. Found: C, 50.02; H, 5.18; 
N, 2.50. 

cis-4-[(1S)-I-Acetoxy-2-(1,3-dioxan-2-yl)ethyll-5-[ (lR,ZR)-3-benzoyloxy-1,2- 
(dimethylnzethylenedioxy)propyl/-2-trichloromethyl-2-o.~azoline (13). - Synthesised 
(98%) from 12 as described for 6c, 13 had [a], + 36” (c l), R, 0.38 (2: 1 light petroleum- 
ethyl acetate). ‘H-N.m.r. data (400 MHz): 6 8.03-8.01, 7.58-7.54, 7.467.42 (3 m, 5 H, 
Ph),5.35-5.31 (ddd,1H,H-3),5.05~5.00(dd,1H,J,,,9.5,J,,,5.8Hz,H-5),4.69-4.60(2 
m, 3 H, H-1,4,7), 4.5334.49 (dd, 1 H, J,,8a 5.1, Jsa,Xb 12Hz, H-8a), 4.444.41 (dd, 1 H, J6,, 

5.8 Hz, H-6), 4.37-4.33 (dd, 1 H, J,,8b 5.6 Hz, H-8b), 4.1G4.03, 3.763.66 (2 m, 4 H, 2 
OCH,CH,), 2.14-l .97 (m, 6 H, H-2a,2b, OCH&X,, and AC), 1.50, 1.36 (2 s, 6 H, 2 
CH,), 1.34-1.29 (m, 1 H, OCH,CH,). 

Anal. Calc. for C,,H,,Cl,NO,: C, 50.48; H, 5.05; N, 2.35. Found: C, 50.35; H, 5.08; 
N, 2.03. 

4,5-Di-0-acetyl-3-azido-8-O-benzoyl-2,3 -dideoxyd, 7-O-isopropylidene-D-glyce- 
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mg, 0.42 mmol). The mixture was boiled under reflux for 1 h, cooled to room temper- 
ature, poured into aqueous NaHCO,, and extracted thrice with dichloromethane. The 
combined extracts were dried (MgSO,), and concentrated in WCUO. Column chromatog- 
raphy (1:2 toluene-acetone) of the residue gave amorphous 17 (3.4 g, S9%), [a], + 15* (c 
l), R,0.47.‘H-N.m.r.data(400MHz):68.04-8.02,7.55-7.51,7.43-7.39(3m,5H,Ph), 
6.17-6.14 (d, 1 H, J4,iVH 9.5 Hz, NH), 4.8W.98 (dd, 1 H, J1.2a 3.6, J,,Zb 5.6 Hz, H-l), 
4.67~.61,4.55-4.43(2m,4H,H-4,7,8a,8b),4.3~.28(m,1H,I~-6),4.14--4.06(m,2H, 
OCH,CH,), 3.93-3.89 (dd, 1 H, J4,5 8, J5,6 8 Hz, H-5), 3.83-3.71 (m, 3 H, H-3 and 
OCH&H,), 3.58 (bs, 1 H, OH), 2.88-2.86 (d, 1 H, J9 Hz, OH), 2.1 l-2.0 (s, m, 4 H, AC 
and OCH$H,), 1.8Zl.75, 1.72-1.65 (2 m, 2 H, H-2a,2b), 1.51, 1.39-1.33 (2 s, 6 H, 2 
CH, and OCH,CH,). 

Anal. Calc. for Cz,H,,N09: C, 59.10; H, 7.07; N, 3.00. Found: C, 59.24; H, 7.22; N, 
2.93. 

3-&~Z!roxypropyi 8-0-benzoyI-2,4-diu’roxy-6,7-0-isoprc~p~ii~ene-l-trichlorouce- 
tnn?ido-D-glycero-D-galacto-oclonate (18), - A solution of 15 (0.4 g, 0.7 mmol) was 
ozonolysed in dry ethyl acetate (40 mL) at - 40”. After 5 min, t.1.c. showed no remaining 
15. Excess of ozone was removed by flushing with nitrogen. The mixture was brought to 
room temperature, and concentrated in uucuo. Column chromatography (1:2 light 
petroleum-ethyl acetate) of the residue under elevated pressure yielded amorphous 18 
(312 mg, 76%), [a], -21.5” (c 1), RF 0.27, and a by-product (31 mg, 7%), R, 0.37. 

18. ‘H-N.m.r. data (400 MHz): 6 8.048.01,7.56-7.52, 7.43-7.39 (3 m, 5 H, Ph), 
7.30 (bs, 1 H, NH), 4.72-4.52 (4 m, 4 H, H-6,7,8a,8bj, 4.334.28 (m, 2 H, 
CH,CH,CH,OH), 4.264.22 (m, 1 H, H-4), 3.96-3.92 (m, 2 H, H-3,5), 3.75-3.68 (m, 3 
H, CH,CH$H,OH and OH), 2.88 (bs, 1 H, OH), 2.58-2.45 (m, 2 H, H-2a,2b), 
1.90-l .83 (m, 2 H, CH,CH,CH,OH), 1.60 (bs, 1 H, OH), 1.53, 1.38 (2 s, 6 H, 2 CH,). 

And. Calc. for C,,H,,CI,NO,,,: C, 47.06; H, 5.12; N, 2.39. Found: C, 46.50; H, 
5.10; N, 2.51. 

By-product. ‘H-N.m.r. data (400 MHz): 6 8.05-8.01,7.56-7.52,7.44--7.38 (3 m, 5 
H,Ph),6.69(bs,1H,NH),4.79-~4.74(dd,lH.J,,,,7.6,J,,,,,13.1Hz,H-8),4.63~.58(m, 
2 H. H-7,8b), 4.354.29 (m, 2 H, H-4,6), 4.26-4.18 (m, I H, H-3), 4.08-3.99 (dd, 1 H, J3,5 

= J5.6 = 9.6 Hz, H-S), 3.963.89 (m, 2 H, 0CH2CHz), 3.X4-3.75 (m, 2 H, OCH,CHZ), 
2.41-2.34(dd, 1 H, J,,,,4.8, Jza,,h 12.4 Hz, H-2a), 2.19-2.02 (m, 2 H, OCH$XCH,O and 
OH), 1.72-1.67 (dd, 1 H, Jzb,3 12.4 Hz, H-2b), 1.58-1.47 (m, 4 H, OCH,CZKH,O and 
CH,), 1.40 (s, 3 H, CH,). 

Anal. Calc. for C&H,,CI,NO,: C, 48.56; H, 4.93; N, 2.46. Found: C, 48.53; H, 5.28; 
N, 2.43. 

3-~~e~~.~~~ro~3~1 3,5-di-O-acetyl-8-0-benzoy~-2,4-dicleo~~~-6,7-O-isopropyEidene- 
4-trichloroacetamido-~-glycero-D-galacto-octonate (19). ~ Synthesised (99%) from 18 
as described for 6c, 19 had [a], - 34.5” (c l), R, 0.37 (1: 1 light petroleum-ethyl acetate). 
‘H-N m.r. data (400 MHz). 6 8.03-7.99 (m, 2 H, Ph), 7.70-7.68 (d, 1 H, J4 NH 9.8 Hz, 
NH~,;.57-7.54,7.4~7.40(2m~3H,Ph),5.5~5.45~m, 1 H,H-3), 5.15-5.13(d, 1 H,J,, 
4.1 Hz,H-$4.62-4.51 (m, 3 H, H-6,8a,Sb),4.4111.30(m,2H, H-4,7),4.214.07(m,4 
H,CH,CH,CH,OAc),2.73-2.68 (m, 2H,H-2a,2b), 2.11--2.04(3s,9H,3 AC), 2.01-1.92 
(m, 2 H, CH~~~~CH~OH~, 1.54, 1.37 (2 s, 6 H, 2 CH,). 
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5.34-5.32 (dd, 1 H, J5,6 1.9, Jh,, 6.3 Hz, H-6), 5.27-5.12 (m, 3 H, NH and H-3,7), 
4~~4.87 (d, 1 W J,,z‘rA 2.9, JL,2pq0 Hz. H-l), 4.5ct4.46 (dd, 1 H, J,,*, 2.8, J8a,Sb 12.5 Hz, 
H-Sa), 4.lWJ.03 (m, 2 H, H-4,Xb), 3.92-3.88 (dd, 1 H, J4.> 10.4 Hz, H-5), 3.29 (s, 3 H, 
Me), 2.15-1.81 (4 s, 2 m, 17 H, H-2ax,2ey, NAc, and 4 AC). 

Anal. Calc. for C,,Hz,N0,,*0.5H,0: C, 50.10; H, 6.37; N, 3.07. Found: C, 49.73; 
H, 6.38; N. 3.10. 
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