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Phosphorylated Sugars. Part 27.' Synthesis and Reactions, in Acid Medium, of 
5-0-Substituted Methyl 3-Deoxy-~t-~-manno-oct-~-ulopyranosidonic Acid 4- 
Phosphates 

France-Isabelle Auzanneau, Daniel Charon and Ladislas Szabo * 
Equipe 'Endotoxines' (URA 7 I 76) du Centre National de la Recherche Scientifique, Centre d'Etudes 
Pharmaceutiques, Universite de Paris Sud, 92290 Chstena y -  Malabry, France 

Synthesis of the Q- methyl g lycosides of 5- 0- methyl -, 5- 0 -  benzyl - 8- 0- methyl -, and 5,7,8 - tr i - 0- methyl - 
3-deoxy-~-manno-oct -2-u~osonic  acid 4-phosphates are described. The corresponding 'reducing' 
glycose, formed upon hydrolysis at  pH 4 and 100 "C, immediately eliminates the phosphate group. 
The olefinic acids thus produced from 5-0-methyl-, and from 5-0-benzyl-8-0-methyl 4-phosphates 
are not stable under these conditions: they are transformed into 4,7- and 4,8-anhydro-derivatives 
which have no ethylenic protons and show negligible absorption in the region 220-300 nm. The 
olefinic acid produced from the 5,7,8-tri-O-methyl derivative is unable to form such an anhydro- 
derivative: two ethylenic protons are present in its 'H NMR spectrum and, like other conjugated 
olefinic m-keto acids, it has a strong UV absorption band (h,,, 235 nm, E 8000). 

The hydrophobic ('Lipid A') and hydrophilic (polysaccharide 
chain) domains of endotoxic lipopolysaccharides that are 
major, antigenic components of the outer membrane of gram 
negative bacteria, are joined by one or several units of 3-deoxy- 
~-manno-oct-2-ulosonic acid ('KDO'). As the glycosidic bond of 
this glycose is very labile to acid,2 it is general practice to treat 
lipopolysaccharides with mild acid (mmol dm-3 acetic acid at 
100°C), and thus to sever the macromolecule at that point. 
Under these conditions KDO units that are not substituted by a 
glycose unit of the polysaccharide chain are released as 
monosaccharides, unless they carry a phosphate substituent in 
position 4.3 

Phosphorylated KDO units have been isolated4 from, or 
detected in, a number of endotoxin preparations. KDO deriva- 
tives phosphorylated in position 4 behave differently from the 
other positional isomers inasmuch as, at 100 O C ,  they eliminate 
their phosphate group with extreme facility in acidic, neutral or 
alkaline envir~nrnent.~ The olefinic acid, presumably formed as 
the first product, eventually leads to a derivative of furoic acid 
(Scheme 1 ) by ring-closure involving (C-2)-(0-5)-(C-5). This 
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reaction is general: it was observed for 3-deoxy-hex-2-ulosonic, 
-hept-2-ulosonic, and -oct-2-ulosonic acid 4-pho~phates.~ In 
Lipopolysaccharide-2 of the Bordeteffa pertussis endotoxin, 
the KDO unit which is substituted on 0 - 5  by the poly- 
saccharide chain also carries a phosphate substituent at 
position 4.6 Following hydrolysis of the glycosidic bond of the 
KDO unit, that phosphate group was eliminated6 but, 0 - 5  
being substituted, a furoic acid derivative was not produced, 
and the product formed was still attached to the polysaccharide 
chain and could not be identified. In order to facilitate the 
identification of the KDO derivatives formed from the natural 
product, derivatives of 5-@substituted methyl 3-deoxy-a-~- 
manno-oct-2-ulopyranosidonic acid 4-phosphate were syn- 
thesized that carried 5-0-substituents not removed under the 

conditions in which the glycosidic bond of the glycose unit was 
cleaved, and the structure of the products formed upon mild 
acid hydrolysis was determined. 

Results and Discussion 
Syntheses.-5-O-MethyI-KDO 4-phosphate was prepared 

starting from either the fully protected 1,5-lactone 1 7 or from 
5-0-methyl-KDO* 2. In the first synthesis (Scheme 2) 
treatment of the lactone 1 with sodium methoxide in methanol 
gave the benzylated methyl ester 5. This was not isolated, but 
methylated with iodomethane-Ag,O to give, after chromato- 
graphic purification, the 5-0-methyl ether of the fully protected 
glycoside, compound 6, in 90% yield, from which the benzyl 
group was removed by hydrogenolysis. The resulting alcohol 3 
gave, upon treatment with diphenyl phosphorochloridate- 
imidazole in tetrahydrofuran (THF), a nearly quantitative 
yield of the phosphotriester 7, which was transformed into 
the corresponding phosphomonoester by hydrogenolytic re- 
moval of the phenyl groups. The acidity developed during this 
step was sufficient to remove, in situ, the exocyclic acetal; 
the phosphorylated ester 8 produced was isolated as its 
monoammonium salt. Saponification of the methoxycarbonyl 
function with sodium hydroxide gave the phosphorylated 
carboxylic acid 4 that was isolated as its Ca-salt. In the second 
synthesis 3-deoxy-5-O-methyl-~-manno-oct-2-ulosonic acid 2 
was first converted into its methyl ester a-methyl glycopyrano- 
side 9 by successive treatments with diazomethane and acidified 
methanol, and the product was transformed into the iso- 
propylidene acetal3 by treatment with 2-methoxypropene. The 
acetal was then phosporylated as described above. 

The starting material for 5-0-benzyl-8-0-methyl-KDO 4- 
phosphate 18 was methyl (methyl 5-0-benzyl-3-deoxy-7,8- 
O-~sopropyl~dene-~-~-~anno-oct-2-ulopyranos~d)onate 10 
(Scheme 3). Benzoylation of the alcoholic function of this 
compound with benzoic anhydride-pyridine4dimethyl- 
aminopyridine (DMAP) afforded the benzoate 11 from which 
the isopropylidene acetal protecting 7-OH and 8-OH was 
removed in 90% yield by treatment with trifluoroacetic acid 
(TFA) adsorbed on silica gel." The primary alcohol of the diol 
12 thus obtained was selectively methylated by transformation 
first into the 7,8-dibutylstannylene acetal, which upon treatment 
with iodomethane under catalysis with tetrabutylammonium 
bromide gave the expected" 8-0-methyl ether 13. The 
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Bu,SnO, MeI; iv. Bu‘Me,SiCl, N-methyhmidazole; v, MeO-; vi, 
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structure of the latter was confirmed by the ‘H NMR spectrum 
of its 7-0-acetyl derivative 14. The free alcoholic function of 
compound 13 was then transformed into the t-butyldimethylsilyl 
(TBDMS) ether 15. This reaction, when promoted by N -  
methylimidazole, is slow (48 h at 60 “C) but the yield, 90% after 
purification by chromatography, is rewarding. Removal of the 
benzoate by transesterification with NaOMe-MeOH set free 
the alcoholic function on C-4 (compound 16), which was then 
phosphorylated with bis-(2,2,2-trichloroethyl) phosphoro- 
chloridate.’ Despite several attempts, and for reasons not yet 
determined, no satisfactory elemental analysis could be 
obtained for the phosphotriester 17, but its structure was 
ascertained from its ‘H NMR spectrum. Sequential deprotection 
of the phosphotriester 17 was accomplished by, first, removal of 
the trichloroethyl groups with Zn activated by Ag,I3 followed 
by acid-catalysed hydrolysis of the TBDMS group. Saponifi- 
cation of the methoxycarbonyl group then gave the phos- 
phorylated KDO-derivative 18 in 567; yield, based on the 
phosphotriester 17. 

0 
R20J 

OMe 

19 R’ = Bz, R’ = CMe2 
20 R’ = Bz, R2 = H 
21 R’ = Bz, R2 = Me 
22 R’ = H, R2 = Me 
23 R’ = PO(OPh)2, R‘ = Me 
24 R’ = P032-, R2 = Me 

To produce the fully substituted (methyl-3-deoxy-5,7,8-tri-O- 
methyl-~-~-rnanno-oct-2-ulopyranosid)onic acid 4-phosphate 
25 (Scheme 4), the alcohol 3 was first benzoylated to give the 
benzoate 19. The isopropylidene group was then removed 
(hydrolysis), and the diol 20 thus formed was methylated 
(iodomethane-Ag,O) to  yield the tri-0-methyl derivative 21. 
Upon removal, by transesterification (NaOMe-MeOH), of the 
benzoyl group from compound 21 the alcohol 22 was obtained 
which was then phosphorylated with diphenyl phosphoro- 
chloridate-N-methylimidazole in THF.  The phenyl groups 
were removed by hydrogenolysis from the diphenyl phosphate 
23 thus formed to  produce the phosphomonoester 24 which was 
isolated as its monoammonium salt. Saponification of the 
methoxycarbonyl group then gave the required phosphorylated 
KDO-derivative 25, isolated as its neutral Ca-salt. 
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Phosphorylation of methyl (methyl-5-O-benzyl-3-deoxy- 
7,8-O-isopropylidene-x-~-manno-oct-2-ulopyranosid)onate 10 
(Scheme 5 )  with diphenyl phosphorochloridate gave the 
known phosphotriester 26. Upon attempted removal of one 
phenyl group14 in a mixture of methanol and 5 mol dm-, 
NaOH at 30 "C, compound 26 was transformed into the methyl 
phosphate 27. from which the isopropylidene group could be 
removed without affecting the methyl phosphate group to 
afford the phosphodiester 28. 

Reuctiorir. -When a solution of methyl 3-deoxy-5-O-methyl- 
x-r)-nzunno-oct-2-ulopyranosidonate 4-phosphate 4 in 0.2 mol 
dm-3 acetate buffer of pH 4 was kept at 100 O C ,  the glycosidic 
bond was cleaved rapidly ( t i  12-15 min) as determined by the 
reaction with semicarbazide under the conditions used for the 
estimation of x-keto acids l 5  (Fig. 1). The absorption band of 
the product formed with semicarbazide was centred at 250 nm, 
and the molar absorbancy ( E  10200) equalled that of non- 
conjugated x-keto acids.16 Simultaneously, but somewhat more 
slowly, the ester-bound phosphate of the sample was released as 
inorganic phosphate (Fig. 1 ) .  By both TLC ( R ,  0.58, charring) 
and paper electrophoresis (alkaline AgNO,, pH 6), only one, 
phosphate-free, product was detected. The material did not 
absorb UV light either in situ, as obtained by treatment with the 
buffer, or as isolated by TLC or paper electrophoresis. 

The reaction was next examined by ' H  NMR spectroscopy: a 
solution of the phosphate in D,O was decationised with Dowex 
50W x 8 ( H  ' )  resin. At room temperature this treatment did 
not alter the structure of the compound as determined from its 

100, - a  
-n- b 

0 20 40 60 80 100 
Time t h i n  

Fig. 1 Hydrolysis of compound 4 at pH 4 and 100 "C: cleavage of the 
glycosidic bond as measured by the appearance of r-keto acid (a), and 
release of inorganic phosphate expressed as a percentage of total 
phosphate present (b) 

Table 1 
for compounds A (9 mg) and B (1 5 mg) (CDCI,; 250 MHz) 

Chemical shifts (6) and coupling constants (J iHz)  measured 

(i) 6 3-H 3-H' 4-H 5-H 6-H 7-H 8-H 8-H' 

A 2.42 4.01 3.57 5.03 3.94.0 4.11 4.24 
B 2.24 2.45 4.07 3.72 5.03 ~ 4 . 0  4.1 4.3 

(ii) J/Hz3,3' 3,4 3',4 4 3  5,6 6,7 7,X 7,8' 8.8' 

A 5.5 5.5 3.75 ~1 2.5 6.25 5.25 11.25 
B 15.0 8.0 5.0 5.0 2.5 2.5 ~6 ~6 

'H NMR spectrum. When the acid solution was kept at 100 "C 
for 30 min, the product formed appeared (TLC, paper 
electrophoresis, optical properties) to be the same as that 
produced by treatment with the buffer. However, its 'H NMR 
spectrum revealed that it consisted of a mixture of closely 
related products. Because of its complexity, the 200 M H z  
spectrum could not be interpreted, but it clearly established that 
no olefinic protons (6 >4) were present. Moreover, no signals 
were visible in the range 6 1.7-2.4, where those of 3-H, of 
derivatives of 3-deoxyald-2-ulosonic acids usually appear, 
suggesting that these were enolisable and underwent fast H-'H 
exchange, while exchange of 3-H and 3-H' of 3-deoxy-~-manno- 
oct-2-ulosonic acid proceeds very slowly. On the other hand 
eight > C(H)OMe signals of different intensity were present in 
the spectrum. The reaction was then carried out on a 
preparative scale (500 mg). After removal of the inorganic 
phosphate, the product was treated with diazomethane and 
then acetylated (acetic anhydride-pyridine; 20 "C; 15 h). Three 
closely spaced products, two (A and B) of which appeared to be 
preponderant, could be detected by TLC. Although complete 
separation could not be achieved, preparations containing 
mainly A (9 mg) and B (15 mg) were obtained by repeated 
column chromatography. The 'H NMR spectra of A and B 
were very similar and established the presence of two acetate 
groups (A: 6 2.07, 2.08; B: 6 2.08, 2.10), one COMe (A: 6 3.42; B: 
6 3.39) and one C0,Me (A: 6 3.76; B: 6 3.75) in both products. 
Protons of the methylene group (3-H,), characteristic of KDO 
derivatives were also present (Table 1 )  and served as the starting 
point for the identification of all other protons by selective 
decoupling. Under the conditions used, elimination of a 
phosphate group from position 4 of otherwise unsubstituted 
3-deoxyald-2-ulosonic acids is not accompanied by rearrange- 
ment, or by loss of carbon of the glycose unit.3 The presence of 
the funtions CO,Me, >CO, CH, and OMe, and of only two 
acetate groups in both products A and B suggested that one of 
the three O H  functions originally present in the phosphorylated 
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KDO derivative was substituted in a different manner, possibly 
in forming a ring. Compared with those observed for the 
starting material 4 the signals for 8-H and 8-H’ of both 
compounds (A: 6 4.1 1,4.24; B: 4.14.3, no resolved) appeared at 
lower field, in a region where 8-H and 8-H’ of the M -  and p- 
peracetates of KDO furanose ( x : 6  4.20 and 4.35; p:6 4.20 and 
4.39) have been observed,” as were those18 of 8-H and 8-H’ 
(both at 6 4.18) of methyl (4,6,8-tri-O-acetyl-2,7-anhydro- 
3-deoxy)-x-~-manno-oct-2-ulofuranos)onate 29. A similar 

0 C02Me 

CH~OAC 

29 

downfield shift of the resonances of 6-H in both products A and 
B indicated that 6-OH carried the second acetyl group. It was 
concluded (Scheme 6) from these data that the olefinic acid 30, 
initially formed as the result of elimination of the phosphate 
group, underwent intramolecular addition of the alcoholic 
function 7-OH or 8-OH to the olefinic bond to produce 
enantiomeric pairs of 4,7- and 4,8-anhydro-derivatives of the 
enolisable x-keto acids 31 and 32, and that compounds A and B 
represented the 6,8-di-O-acetyl derivatives 33 and 34 of the 
enantiomeric furanoid structures that seem to be formed 
preferentially. It is very probable that the minor compound was 
the corresponding pyranoid structure 35. The presence of 
signals for eight >C(H)OMe groups in the H NMR spectrum 
of the mixture of products formed upon hydrolysis at 100 “C of 
decationised methyl (3-deoxy-5-O-methyl-x-~-manno-oct-2- 
u1opyranosid)onic acid 4-phosphate 4 is in complete agreement 
with this interpretation. 

To verify the hypothesis, (methyl S-O-benzyl-3-deoxy-8-0- 
methyl-~-~-manno-oct-2-ulopyranos~d)onate 18-from which 
no pyranoid derivative can be formed-was treated under 
conditions identical with those used for the degradation of the 

S-O-methyl-KDO 4-phosphate 4. Hydrolysis of the glycosidic 
bond and release of inorganic phosphate occurred at rates 
almost identical with those observed for the 5-O-methyl 
derivative 4, and by TLC the dephosphorylated product 
appeared as a single spot. The product was identified as an X -  

keto acid by its reaction with semicarbazide (A,,, 250 nm, E 

10 000), and exchange with ’H,O indicated that 3-H and 3-H’ 
were rapidly enolisable. The ‘H NMR spectrum of the material 
was, besides the additional signals due to the benzyl group, very 
similar to, but somewhat simpler than, that of the mixture 
formed upon degradation of the 5-O-methyl ether 4. 

As expected, when (methyl 3-deoxy-5,7,8-tri-O-methyl-x-~- 
nzanno-oct-2-u1opyranosid)onate 4-phosphate 25 was treated 
with the same acetate buffer at 100 OC, phosphate was released 
at a rate similar to that measured for the 4-phosphates of the 
monomethyl ether 4 and the 5,8-diether 18, but the optical 
phenomena observed differed from those observed during their 
degradation. Concomitantly with the release of phosphate, an 
intense absorption band, centred at 235 nm, was seen (Fig. 2A, 
insert); its rate of appearance (Fig. 2A) was of apparent first- 
order (Fig. 2B) and simultaneous with the development of a 
chromogen (Fig. 2C) that reacted with semicarbazide under the 
conditions ’’ used for the determination of a-keto acids (A,,, 
250 nm, E 10 000, calculated for the starting material). When the 
degradation was carried out in ’H,O in an NMR tube under 
conditions identical with those used for the S-O-methyl 4- 
phosphate 4, one, by far major, and two minor products 
appeared, each of which had two ethylenic protons (Fig. 3). 
Upon hydrogenation (Pd-C) these disappeared and simultane- 
ously complex signals of higher order emerged in the region 6 
1.3-2.3. Signals and coupling constants of protons 3-, 4-, 5- and 
6-H of the major product were easily identified by selective 
saturation (Table 2). These data, in particular the large coupling 
constant for 3-H/4-H (16.25 Hz), defined the major product 
formed by mild acid treatment of the fully substituted KDO 
derivative as 3,4-dideoxy-5,7,8-tri-O-methyl-~-arahino-oct-3- 
en-2-ulosonic acid 36, the two minor compounds being very 
probably (5,7,8-tri-O-methyl-a- and -P-~-arabino-oct-3-en-2- 
u1opyranos)onic acids. 
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Fig. 2 A. Evolution of the absorption band appearing at 235 nm upon 
exposure of compound 25 to pH 4 at lOO"C, and absorption spectra 
after 0, 10, 20. 30 and 60 min of treatment (inert). B, Kinetics of the 
evolution of the absorption band. C, Appearance of r-keto acid as 
measured with semicarbazide upon exposure ofcompound 25 to pH 4 at 
100 "C. 
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It follows from these experiments that in endotoxins in which 
the KDO unit that carries the polysaccharide chain attached to 
0 - 5  is also phosphorylated in position 4-as is the case for 
Lipopolysaccharide 2 of the Bordetellu pertussis endotoxin,6 
and probably for many other 'KDO-less' of 'thiobarbiturate 

7.0 6.8 6.6 6.4 6.2 6.0 5.8 

6H 

Fig. 3 
200 MHz) of compound 25 exposed to pH 4 at 100 "C for 30 min 

Ethylenic protons appearing in the 'H NMR spectrum (D20 ;  

Table 2 
for compound 36 (250 MHz; D,O) 

Chemical shifts ( 6 )  and coupling constants (J/Hz) measured 

(i)  6 3-H 4-H 5-H 6-H 7-H 8-H2 

6.59 6.93 4.10 3.71 3.25 -3.6 

(ii) J/Hz 3,4 3,5 4,5 5,6 6,7 

16.25 1.25 5.3 2.5 6.5 

negative' endotoxins "-mild acid hydrolysis will produce 
either a mixture of type-specific polysaccharide chains having 
4,7- or 4,8-anhydro-KDO units as 'reducing' terminal sugars or, 
if the anhydro-rings cannot be formed because of substitution or 
steric reasons, a polysaccharide chain with a terminal ~ - ~ r a b i n o -  
oct-3-en-2-ulonic acid, perhaps accompanied by small amounts 
of the corresponding pyranoid forms. Several years ago 4,7- and 
4,8-anhydro-derivatives of KDO were been identified 2o by 
GLC-MS amongst the product formed upon acid treatment of 
a 'thiobarbiturate negative' Xanthomonus sinensis endotoxin 
preparation from which only trace amounts of KDO were 
released. 

Upon treatment of (methyl 5-O-benzyl-3-deoxy-a-~-matzno- 
oct-2-u1opyranosid)onate 4-methyl phosphate 28 at pH 4 and 
100 "C no release of inorganic phosphate was observed, whereas 
the 'H NMR spectrum of the elimination product and its 
reaction with semicarbazide were analogous to those obtained 
for the 5-O-methyl4-(dihydrogen phosphate) 4. This indicated 
that, as regards the dephosphorylated derivative formed, 4- 
(alkyl phosphates) of KDO undergo the same type of reaction 
as 4-O-(dihydrogen phosphates), an observation of some 
interest in the structural analysis of natural substances 
containing KDO. The presence of extracatenary KDO units has 
been postulated in some endotoxins.21,22 If phosphorylated in 
position 4, such KDO derivatives will, upon cleavage of their 
glycosidic bond by mild acid at 100 O C ,  undergo the same type 
of reaction, and the product, a small fragment now detached 
from the macromolecule, will be difficult to recover and identify. 

Experimental 
General Methods.-These were identical with those described 

in ref. 1. Tetramethylsilane was used as internal standard for 
'H NMR data; spectra were recorded at room temperature 
(1 8-25 "C), and J-values are given in Hz. 

Methyl (Methyl 4-O-Benzyl-3-deo.~~~-7,8-O-isopropyli- 
dene-5-O-methyl-cr-~-manno-oct-2-ulopyrunosid)~~at~~ 6.- 
1 mol dm-3 NaOMe (200 mm3) was added to a solution of 
methyl 4-0-benzyl-3-deoxy-7,8-O-isopropylidene-~-~-mannu- 
oct-2-ulopyrano-sidono-1,5-lactone ' (996 mg, 2.7 mmol) in a 
mixture (1 : 1) of anhydrous methanol and chloroform (30 cm3). 
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After one hour, cations were removed with Dowex AG50WX8 
( H + )  resin, the mixture was filtered, and the solvents were 
removed. Iodomethane (6 cm3), silver(1) oxide (300 mg), and 
anhydrous calcium sulphate (500 mg) were added to the 
residual oil and the mixture was stirred for 24 h at 35 "C. Solids 
were filtered off and rinsed with dichloromethane (15 cm3). The 
oily product remaining after removal of the solvents was 
methylated for eight hours under the same conditions. The still 
incompletely methylated product was methylated a third time 
for eight hours at 40 "C with Ag,O (750 mg) and CaSO, (950 
mg). Column (19 x 2.5 cm) chromatography [ethyl acetate- 
cyclohexane (3 : 7)] of the residual material gave the title product 
( I  g, 91%) as an oil (Found: C, 61.3; H, 7.2. C21H3008 requires 
C, 61.5; H, 7.3%); [.ID +36.9" (c 2.2, CHCI,); GH(CDC13; 200 
MHz) 1.38 and 1.44 (2 x 3 H, 2 s, CMe,), 2.05-2.38 (2 H, m, 3- 
Ha, 3-He), 3.21 (3 H, s, 2-OMe), 3.46 (1 H, z d ,  J6,7 8,6-H), 3.63 
(3 H, s, 5-OMe), 3.75 (1 H, m, J5,4 2.8, 5-H), 3.79 (3 H, s, 
CO,Me), 3.92 (1 H, m, J4,3e 6, J4,3a 11.5, 4-H), 3.96 (1 H, dd, 
J8,8, 12.5, J8,7 5,8-H), 4.18 (1 H, dd,,T8.,7 6,8-H'),4.41 (1 H, m, 7- 
H), 4.63 (2 H, s, CH,Ph) and 7.35 ( 5  H, m, Ph). 

Metiij.1 (Methyl 3-Deoxy-7,8-0-isopropylidene-5-O-meth~~l-a- 
~-manno-oct-2-uiopyranosid)onate 3.-(a) From the benzyl 
ether 6.  Pd-C (10% Pd; 100 mg) was added to a solution of the 
benzyl ether 6 (900 mg, 2.2 mmol) in ethyl acetate (14 cm3) 
containing 1% ammonia in methanol (one drop). The mixture 
was stirred under H2  for one hour. The catalyst was filtered off and 
rinsed with ethyl acetate (6 cm3); a second quantity (100 mg) of 
the same catalyst was added to the combined filtrate and 
washings, and hydrogenation was resumed. Removal of the 
benzyl group was complete within 30 min [TLC: ethyl acetate- 
cyclohexane (1:l); Rf 0.333. Column (21.5 x 2.5 cm) 
chromatography (same solvent as TLC) of the residue, 
recovered after removal of the catalyst and the solvent, afforded 
the oily title product (647 mg, 92%) (Found: C, 52.3; H, 7.3. 
C14H2408 requires C ,  52.5; H, 7.5%); [ m l D  +63.6" (c  1.3, 
CHCI,); &(CDCl,; 250 MHz) 1.39 and 1.44 (2 x 3 H, 2 s, 
CMe,), 1.83 (1 H,dd, J3a.3e 12.5, J3a,4 11.5, 3-Ha),2.16(1 H,dd, 
J3e,4 5,  3-He), 3.22 (3 H, s, 2-OMe), 3.49 (1 H, dd, J6,5 1, J6 , ,  9, 
6-H), 3.63 (1 H, wd, J5,4 3.5, 5-H), 3.65 (3 H, s, 5-OMe), 3.78 (3 

4.19 (1 H, dd, J,.,, 6, 8-H') and 4.36 (1 H, m, 7-H). 
(b) From the 5-0-methj.1 ether 9. 2-Methoxypropene (200 

mm3, 1.5 mol equiv.) was added to a cold ( + 4  "C), stirred 
solution of the 5-0-methyl ether 9 (380 mg, 1.36 mmol) (see 
below) in dioxane containing toluene-p-sulphonic acid (PTSA) 
(100 mg). After ca. one hour, during which the solution reached 
room temperature, the acid was neutralised with a few drops of 
CCl, equilibrated with conc. aq. ammonia and then deposited 
on a layer (3 x 6.5 cm) of silica gel into which NaHCO, (1 g) 
has been incorporated. The silica layer was eluted with a 
mixture of ethyl acetate-cyclohexane (1 : 1; 400 cm3). Evapor- 
ation of the solvent from the pooled fractions containing the 
title product (TLC: same solvent; R, 0.33) afforded compound 3 
as an oil (398 mg, 91%) that had the same characteristics as the 
product prepared by route (a). 

H, S, Ac), 3.96 (1 H, dd, J8.8'9, J8,7 5 Hz, 8-H), 4.04 (1 H, m, 4-H), 

Methj'l (Methyl 3-Deosy-5-O-methyl-~-~-manno-oct-2- 
u1opjmnosid)onate 9.-Cations were removed from a solution 
of ammonium 3-deoxy-5-O-methyl-~-manno-oct-2-u~osonate 
(500 mg, 1.63 mmol) in methanol (30 cm3) with Dowex 
AG50WX8 (H') resin. Ethereal diazomethane was added to 
the solution decanted from the resin until neutrality was 
obtained (pH paper). Solvents were removed, and anhydrous 
toluene was added to and evaporated from (3 x 10 cm3) the 
residual oily material, which was then treated with methanolic 
HCI (0.6 mol dm-,; 15 cm3) for three hours at 60°C. The 
solution was neutralised with Amberlite IR45 (OH-) resin, 

filtered, and the solvents were removed. Column (15 x 2 cm) 
chromatography [chloroform-methanol (9: l)] gave the title 
product as an oil (320 mg, SO:(") that crystallised rapidly. When 
recrystallised from diethyl ether the product crystallised with 0.5 
rnol equiv. of MeOH, the presence of MeOH being confirmed 
by the 'H NMR spectrum; m.p. 153-155 "C (from Et,O); [%ID 

+82.9" (c 1, MeOH) (Found: C, 46.6; H, 7.5. C l l H 2 0 0 8 - -  
OSMeOH requires C,  46.6; H, 7.4%); G,(CDCI,; 250 MHz) 1.88 

3.20(3H,s,2-OMe),3.58(1 H,dd,J,,, l , J6 ,79,6-H),3.64(3H, 
s, 5-OMe), 3.69 (1 H, dd, Jg,8, 11, Jg,7 5, 8-H), 3.72 (1 H, m, J5,4 

H, m, 7-H) and 4.05 (1 H, m, 4-H). 

(1 H, t, J3a,3e % J3a,4 z 12, 3-Ha), 2.1 1 (1 H, dd, J3e,4 5,  3-H"), 

~ 3 ,  5-H), 3.80 (3 H, S, Ac), 3.87 (1 H, dd, J8f.7 3.5, 8-H'), 3.95 ( I  

Methyl( Methyl3- Deoxy-7,8,-O-isupropj~lidene-5-O-methyl-c~- 
~-manno-oct-2-ulop~)ranosid)onate 4-( Diphenylphosphate) 7.- 
Imidazole (450 mg, 4 rnol equiv.) and diphenyl phosphoro- 
chloridate (760 mm3, 3 rnol equiv.) were added to a solution of 
the alcohol 3 (588 mg, 1.84 mmol) in anhydrous T H F  (20 cm3). 
The stirred mixture was kept at 60 "C for 17 h, cooled, diluted 
with diethyl ether (50 cm3), and washed with water (3 x 30 
cm3), the aqueous phases being re-extracted with diethyl ether 
(2 x 25 cm'). The ethereal solutions were pooled, dried and 
concentrated. Column (10 x 4.5 cm) chromatography [ethyl 
acetate-cyclohexane (2: 3)] of the residue afforded the 
phosphotriester 7 (1 g, 99%) as an oil (Found: C, 56.7; H, 5.7. 
C 2 6 H 3 3 0 1 1 P  requires C, 56.5; H, 6.0%); [.ID +42.8" (c  1.1, 
CHCI,); GH(CDC1,; 250 MHz) 1.35 and 1.43 (2 x 3 H, 2 s, 
CMe,), 2.27 (2 H, m, 3-Ha, 3-He), 3.22 (3 H, s, OMe), 3.47 (4 H, 
m, 5-OMe and 6-H), 3.77 (4 H, m, Ac and 5-H), 3.95 (1 H, dd, 
J8.8- 8.5, J 8 . 7  5 ,  8-H), 4.14 ( I  H, dd, J8v.7 6, 8-H'), 4.33 (1 H, m, 
J7 .6  8.5, 7-H), 5.04 (1 H,ddd, J 4 . p  16, J4,3a 8.5, J4.3" z 3, J 4 . 5  z 
1,4-H) and 7.27 (10 H, m, Ph). 

Methyl (Methyl 3-Deoxy-5-0-methyl-cr-u-manno-oct-2- 
u1opyranosid)onate 4-(Ammonium Hydrogen Phosphate) 8.- 
Adams' catalyst (PtO?) was added in three portions (3 x 100 
mg) to a stirred solution of the phosphotriester 7 (1 g, 1.81 
mmol) in methanol (30 cm3) under H2. When removal of the 
phenyl groups was complete ( -six hours) the acid solution was 
neutralised with aq. ammonia (2%) in methanol. The catalyst 
was removed by centrifugation and washed with methanol. 
Evaporation of the pooled filtrate and washings gave the title 
compound (700 mg, 98%) as an oil (Found: C, 33.4; H, 6.5; N, 
3.8. C1 1H24N01 ,P -H20  requires C, 33.4; H, 6.6; N, 3.573; [%ID 

+51.7" (c 1.7, MeOH); GH(CD3OD; 250 MHz) 2.04 (1 H, dd, 

s, 2-OMe), 3.60 (1 H, dd, J6,5 z 1, J6., 9, 6-H), 3.62 (1 H, m, 
8-H), 3.65 (3 H, s, 5-OMe), 3.73-3.89 (2 H, m, 7-H and 8-H'), 
3.76 (3 H, s, Ac), 3.93 (1 H, =d ,  J5,, 2, 5-H) and 4.60 (1 H, m, 

J3a,3e 13, J3a,4 12, 3-Ha), 2.24 (1 H,  dd, J3,,,4 5 ,  3-He), 3.18 (3 H, 

J 4 - p  11,  4-H). 

(Methyl 3- Deo.~)?-5-O-rnethq~l-a-~-rnanno-oct-2-~~op~~ra~~o- 
sid)unic Acid 4-(Cnlcium Phosphntt.) 4.-A solution of the 
ammonium phosphate 8 (690 mg, 1.8 mmol) in 0.5 mol dm-, 
NaOH (25 cm3) was kept at room temperature for two hours. 
After addition of water (25 cm3) the mixture was cooled to 0 "C 
and cations were removed by addition of Dowex AGWX8 (H') 
resin. Solids were filtered off in the cold, and the pH of the 
solution was brought to 7.5 with saturated, aq. calcium 
hydroxide. The syrup remaining after removal of the solvent 
was triturated first with ethanol, then with acetone, to yield 
the t i t le product as a solid (760 mg, 99O.i) (Found: C, 27.2; H, 
4.4. C,,H,,Ca, , 0 , , P - 2 H 2 0  requires C, 27.3; H, 4.5"~); [.ID 

+48.0" ( c  0.83, water): 6,(D,O; 250 MHz) 1.93 ( I  H, dd, J3a,3e 

5-Me), 3.65-3.77 and 3.934.02 (2 H, and 3 H, 2 m, 5- ,  6-, 7-H 
and 8-H2), 3.71 (3 H, s, Ac) and 4.49 ( I  H, m, 4-H). 

13, J3=.4 11.5. 3-Ha), 2.20 (1 H, dd, J3e,4 5, 3-He), 3.20 (3 H, S, 
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Methj.1 (Methyl 4-0- Benzoyl-5-0-benzyl-3-deo.xy-7,8-0- 
isoprtlp?~/idene-x-~-manno-oct-2-ulopyranosid)onate 11 .-A 
stirred solution of methyl (methyl 5-0-benzyl-3-deoxy-7,8-0- 
isopropylidene-x-~-manno-oct-2-ulopyranos~d)onate 10 (2.1 
g, 5 mmol) in anhydrous pyridine (20 cm3) containing benzoic 
anhydride ( 1.7 g, 1.5 rnol equiv.) and DMAP (100 mg) was kept 
at 35 "C for 15 h. Methanol (1 cm3) was added, a few minutes 
later the solvents were removed, and toluene (25 cm3) was 
added to and evaporated from the residue. The residual oily 
product was taken up in dichloromethane (200 cm3), the 
solution was washed successively with cold, dil. (5%)  sulphuric 
acid (80 cm3), saturated, aq. sodium hydrogen carbonate 
(2 x 80 cm3) and saturated, aq. NaCl. All aqueous phases were 
re-extracted with dichloromethane (100 cm3). The organic 
phases were united, then dried, and the solvents were removed. 
Column (17 x 3.5 cm) chromatography [ethyl acetatesyclo- 
hexane (15:85) 250 cm3; (20:80) 400 cm3; (25:85) 800 cm3] 
afforded the title compound as a crystalline solid (1.6 g. 61%); 
m.p. 105-108 "C (from diethyl ether-cyclohexane) (Found: C, 
64.9; H, 6.4. C27H3209 requires C, 64.8; H, 6.4%); [aJD +64.1" 
(c I ,  CDCI,); GH(CDC1,; 200 MHz) 1.35 and 1.44 (2 x 3 H, 2 s, 
CMe,), 2.26 (1 H, dd, J3a,3e 12, J3e,4 5, J3e,5 1, 3-He), 2.43 (1 H, t, 
J3a.4 12, 3-Ha), 3.28 (3 H, s, OMe), 3.67 (1 H, dd, J6,5 x 1, J6,7 
9, 6-H), 3.80 (3 H, s, CO,Me), 3.99 (1 H, dd, Js,s. 9, J,,7 5, 8-H), 

ddd, 7-H), 4.71 (2 H, 2 d, OCH,Ph), 5.51 (1 H, dq, 4-H) and 
7.21-7.63 and 7.98 (10 H, m, Ph). 

4.17(1 H,dd,J8,,76,8-H'),4.18(1H, ~~ , J5 ,42 ,5 -H) ,4 .41 (1H,  

Methj.1 (Methyl 4-O-Benzoyl-5-O-benzyl-3-deo~~y-r-~- 
manno-oct-2-u1opyranosid)onate 12.-Aq. TFA (1.5 rnol dmP3; 
700 mm3) and silica gel (6 g) were added to a stirred solution of 
the acetal 1 I (1.5 g, 3 mmol) in dichloromethane (3 cm3) and the 
mixture was stirred at room temperature for five hours, 
whereafter some solid NaHCO, was added. The mixture was 
shaken vigorously, deposited on a dry column (7 x 4.5 cm), and 
eluted successively with ethyl acetate-cyclohexane (1 : 1; 150 
cm3) and ethyl acetate until elution of the diol was complete. 
Solvents were removed from the pooled fractions containing the 
diol 12 [TLC :ethyl acetatesyclohexane (1 : 1); Rf 0.21 and the 
titlc producat (1.2 g, 90%) crystallised slowly, m.p. 89-91 "C 
(Found: C. 62.6; H, 6.1. C24H2809 requires C, 62.6; H, 6.104); [.ID 
+ 53.8" ((-0.96, CHCI,); G,(CDCl,; 200 MHz) 2.24 (1 H, dd, J3a,3e 

OMe),3.46-3.93(4H,m,6-,7-Hand8-H,),3.74(3H,s,CO2Me), 
4.13(1H, = s , J , , ~ ~ ~ S , J , , ,  z00.1,5-H),4.57and4.80(2H,2d, 
OCH,Ph), 5.48 (1 H, dq, 4-H) and 7.18-8.04 (10 H, m, Ph). 

12.5, J3e,4 5, 3-He), 2.38 (1 H, %t, J3a,4 12, 3-Ha), 3.20 (3 H, S, 

Methyl ( Methyl 4-0- Benzoyl-5-0-benzyl-3-deoxy-8-0- 
rriethyl-~-u-manno-oct-2-ulopyranosid)onate 13.-A mixture of 
the diol 12 (200 mg, 0.43 mmol) and dibutyltin oxide (200 mg, 
1.8 rnol equiv.) in benzene (40 cm3) was heated to reflux for two 
hours in a flask equipped with a Dean-Stark water separator. 
After removal of the solvent the residual oil was taken up in 
anhydrous benzene (40 cm3), dry tetrabutylammonium 
bromide (270 mg, 2 mol equiv.) and iodomethane (1 cm3) were 
added, and the stirred mixture was kept at 100 "C in a sealed 
vessel for 16 h. Solvents were removed from the cold mixture 
and the title compound was recovered from the residue by 
column (23.5 x 2.2 cm) chromatography [ethyl acetate- 
cyclohexane ( 1 : l)] as an oil (150 mg, 73%) (Found: C, 63.1; H, 
6.5. C2sH300,, requires C, 63.3; H, 6.3%); [.ID +74.9" (c 0.87, 
CHCl,); G,(CDC13; 200 MHz) 2.21 (1 H, d, J O H . 7  7, 7-OH), 

12, 3-Ha), 3.26 (3 H, s, 2-OMe), 3.40 (3 H, s, 8-OMe), 3.67 (2 
H.m. 8-H,),  3.77 (1 H, ed, J6.5 e 1, J6,7 2 9,6-H), 3.81 (3 H, 
s, C0,Me). 4.08 (1  H, m, 7-H), 4.17 (1 H, =s,J, , ,  = 2.5, 5-H), 
4.77 (2  H, m, OCH,Ph), 5.43 (1 H, m, 4-H) and 7.18-7.98 (10 
H, m, Ph). 

2.29 ( 1  H, dd, J3a,3e 12.5, J3e.4 5,  3-He), 2.46 (1 H, x t ,  J3a,4 

Methyl (Methyl 7-0-Acetyl-4-0-benzojd-5-0-benzyl-3- 
deoxy-8-O-methyl-a-~-manno-oct-2-ulopyranosid)onate 14.- 
Acetylation of the alcohol 13 (32 mg, 0.07 mmol) with a mixture 
of acetic anhydride-pyridine (1:l; 800 mm3) for 12 h at room 
temperature, followed by removal of the reagent by co- 
evaporation with toluene, and purification by column ( 5  x 0.7 
cm) chromatography [ethyl acetate-cyclohexane (1 : l)] afforded 
the acetate 14 as an oil (29 mg, SO%), characterised by its 'H 
NMR spectrum: G,(CDCl,; 200 MHz) 2.00 (3 H, s, Ac), 2.23 (1 

3.26 and 3.29 (2 x 3 H, 2 s, 2 x OMe), 3.69 (2 H, m, 8-H2), 3.74 

(1 H, Zd ,  J6,7 z 9,6-H),4.41 and4.63(2H,2d,0CH2Ph),5.26 
(1 H, z d t ,  J7,8 ~ 3 ,  7-H), 5.52 (1 H, dq,4-H) and 7.11- 
8.01 (10 H, m, Ph). 

H, dd, J3e,3a 12.5, J3e,4 5, 3-He), 2.40 (1 H, z t ,  J3a.4 12, 3-Ha), 

(3 H, S, C02Me), 3.95 (I H, ~ N S ,  J 5 . 4  NN 2.5, J 5 - 6  z I ,  5-H), 4.10 

Me thy1 ( M e  thy1 4- 0- Benzoy 1- 5 - 0  - benzy l-7-0- t - bu t-y ldi- 
methylsilyl-3-deoxy-8-O-methyl-u-~-manno-oet-2-ulopyrano- 
sid)onate 15.-N-Methylimidazole (450 mm3, 9 rnol equiv.) and 
t-butyl(chloro)dimethylsilane (470 mg, 5 rnol equiv.) were 
added to a stirred solution of the alcohol 13 in anhydrous THF 
(15 cm3) and the mixture was kept at 60 "C for 24 h. Further 
N-methylimidazole (160 mm3, 3 rnol equiv.) and t-butyl- 
(ch1oro)dimethylsilane (260 mg, 2.7 rnol equiv.) were then 
added and the stirred mixture was kept for another 24 h at 
60°C. The cooled reaction mixture was then deposited on a 
layer (2 x 4.5 cm) of silica gel and eluted with diethyl ether (200 
cm3). Fractions (25 cm3) containing the silyl ether 15 [TLC; 
ethyl acetate-cyclohexane (3: 7); Rf 0.651 were pooled, and 
purified by column (10 x 2.2 cm) chromatography [ethyl 
acetate+yclohexane (1 :9)] to afford the title compound(350 mg, 
94%) as an oil (Found: C, 63.3; H, 7.5. C31H4409Si requires C, 

MHz) 0.09 and 0.04 (2 x 3 H, 2 s, Me2%), 0.94 (9 H, s, Me,CSi), 

J3a,4 11.5, 3-Ha), 3.33 and 3.40 (2 x 3 H, 2 s, 2 x OMe), 3.67 
(2 H, m, 8-H,), 3.83 (3 H, s, CO,Me), 3.94 ( I  H, dd, J6,5 1, 
J6,7 x 9, 6-H), 4.26 (1 H, z s ,  J5,4 z 2.5, 5-H), 4.29 (1 H, m, 7- 
H), 4.71 and 4.94 (2 H, 2 d, OCH,Ph), 5.61 (1 H, m, 4-H) 7.22- 
7.63 and 7.94-8.04 (10 H, m, Ph). 

63.4; H, 7.6%); +68.2" (C 0.9, CHCI,); GH(CDCI3; 250 

2.33 (1 H, ddd, J3e,3a 12, J3e,4 5, J 3 e , 5  1, 3-He), 2.47 (1 H, x t ,  

Methyl (Methyl 5 - 0 -  Benzyl- 7-0 -  t-but})ldiniethy lsil~l- 3 -de- 
oxy-8-~-methy~-a-~-manno-oct-2-ulopyrunosi~)~natc  16.-A 
solution of the benzoate 15 (300 mg, 0.5 mmol) in 0.1 mol 
dm-, sodium methoxide in methanol (16.5 cm3) was stirred for 
two hours at room temperature, decationised with Dowex 
AG5OWX8 (H') resin and filtered. Column (12 x 1.3 cm) 
chromatography [ethyl acetate-cyclohexane (3 : 7)] of the 
residue remaining after removal of the solvent afforded the 
alcohol 16 (225 mg, 90%) as an oil (Found: C, 59.0; H, 8.2. 
C2,H4,08Si requires C, 59.5; H, 8.3%); [XI,, +57.8" (c 1.2, 
CHCI,); G,(CDCl,; 200 MHz) 0.10 and 0.12 (2  x 3 H, 2 s, 
Me2Si), 0.95 (9 H, s, Me3CSi), 1.92 (1 H, =t, J3e,3a 12, J3a,4 11.5, 
3-Ha), 2.13 (1 H, dd, J3e,4 5, 3-He), 3.24 and 3.32 (2 x 3 H, 2 s, 

6-H), 3.80 (3 H, s, CO,Me), 4.01 ( 1  H, m, 5-H), 4.07 (1 H, m, 
4-H),4.24(1H,dt,J7,, x J7,,, z 2.5,7-H),4.73and4.94(2H,2 
d, OCH,Ph) and 7.36 ( 5  H, m, Ph). 

2 X OMe), 3.65 (2 H, m, 8-H2), 3.75 (1 H, Zd, J 6 . 5  2 1, J 6 . 7  9, 

Met hy 1 ( Me thy 1 5 - 0 -  Benzy l- 7 - 0  - t- bu ty ldinze thy 1s ilpl- 3 -de- 
oxy-8-O-methyl-a-~-manno-oct-2-ulopj~ranosid)~~~~ate 4-[bis- 
(2,2,2-trichloroethyl)Phosphute] 17.-N-Methylimidazole (220 
mm3, 4 rnol equiv.) and bis-(2,2,2-trichloroethyl) phosphoro- 
chloridate (540 mg, 2 rnol equiv.) were added to a solution of 
the alcohol 16 (340 mg, 0.7 mmol) in anhydrous THF (1  5 cm3). 
The stirred mixture was kept at 40°C for 4 h, cooled, and 
deposited on a bed (2 x 4 cm) of silica gel wetted with ethyl 
acetate-cyclohexane (4:6; 100 cm3) and then eluted with the 
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same solvent. Fractions (30 cm3) containing the phosphorylated 
product [TLC: ethyl acetate-cyclohexane (3 : 7); R, 0.61 were 
pooled and concentrated. The crude product (560 mg, 95%) was 
purified by column (11 x 2.2 cm) chromatography [ethyl 
acetate-cyclohexane (2:8) 50 cm3; (3:7) 100 cm3], but no 
satisfactory elemental analysis could be obtained (Found: C, 
38.6; H, 5.7. C28H43C16011PSi requires C, 40.6; H, 5.2%); 
[.ID t42.2"  (c 1.2, CHCI,). The identity of the compound was 
confirmed by its 'H NMR spectrum: FH(CDC1,; 200 MHz) 0.08 
and 0.1 1 (2 x 3 H, 2 s, Me2Si), 0.90 (9 H, s, Me3CSi), 2.41 (2 H, 
m, 3-H2), 3.22 and 3.31 (2 x 3 H, 2 s, 2 x OMe), 3.60 (2 H, m, 
8-H2), 3.80 (4 H, z s ,  6-H, CO,Me), 4.20 (1 H, m, 5-H), 4.21 
(1 H, m, 7-H), 4.59 (4 H, m, OCH2CC13), 4.76 and 4.96 (2 H, 2 d, 
OCH,Ph), 5.09 (1 H, m, 4-H) and 7.22-7.39 ( 5  H, m, Ph). 

(Methyl 5 - 0 -  Benzyl-3-deoxy-8-O-methyl-cr-~-manno-oct-2- 
u1opyranosid)onic Acid 4-( Calcium Phosphate) 18.-Activated 
Zn (500 mg) and AgzCO, (20 mg) were added to a stirred 
solution (9 cm3) of the phosphotriester 17 (512 mg, 0.62 mmol) 
in pyridine containing 10% of acetic acid, and the mixture was 
stirred for 18 h. Solids were filtered off and washed with 
methanol (4 cm3). The combined filtrate and washings were 
freed of solvent, and the residue was dissolved in a mixture 
of dichloromethane-methanolkthyl acetate-water-conc. am- 
monia ( d  0.91) (650:300:200:10:5) and passed through a 
column (100 x 2.5 cm) of Sephadex LH20 gel (Pharmacia Fine 
Chemicals) equilibrated with the same solvent. Appropriate 
[TLC: propan-2-ol-conc. ammonia (d  0.9 1)-water (8 : 1 : 1); Rf 
0.231 fractions (8 cm3) were pooled and concentrated to leave 
an oil (420 mg), which was dissolved in MeOH (15 cm3), Dowex 
AG50WX8 (H +) resin was added, and the stirred mixture was 
kept at 50 "C for 15 h. The resin was filtered off, the filtrate was 
neutralised with a few drops of dil. ammonia, the solvents were 
removed and the residue was taken up in 0.5 mol dm-, NaOH 
(10 cm3) and kept for two hours at room temperature. The 
cooled (0 "C) solution was decationised with Dowex AG5OWX8 
(H+)  resin which was then filtered off; the pH of the filtrate was 
then adjusted to 7.5 with saturated, aq. Ca(OH),. The solution 
was concentrated to ca. 0.5 cm3 and acetone was added to 
precipitate the title compound (180 mg, 56%), which was 
collected by centrifugation, washed with acetone (2 x 2 cm3) 
and dried (Found: C, 39.0; H, 5.3. Cl7H2,Ca0,,P~2.5H2O 
requires C, 39.3; H, 5.47;); [.II, +65.8' (c 1.3, water); FH(D20; 

J3e,4 4.5, 3-He), 3.10 and 3.35 (2 x 3 H, 2 s, 2 x OMe), 3.55 (1 

3.71 ( 1  H, dd, J8,,? 2.5, 8-H'), 3.99 (1 H, m, 7-H), 4.21 (1 H, m, 
J5,4 z 2, 5-H), 4.46 (1 H, m, 4-H), 4.67 and 5.05 (2 H, 2 d, 
OCH,Ph), 4.80 (s, HDO) and 7.31-7.52 ( 5  H, m, Ph). 

200 MHz) 1.86 ( I  H, Zt ,  J3a,3e 13, J3a,4 11.5, 3-Ha), 2.1 1 (1 H, dd, 

H, dd, J8,8, 11, JS .7  7,8-H), 3.60 (1 H, z d ,  J6,5 z 1, J6.7 9,6-H), 

Methyl (Methyl 4-0-Benzoq,l-3-deox~~-7,8-O-isopropylidene- 
5-O-methyl-z-~-manno-oct-2-ulop?/vanosid)onate 19.-The al- 
cohol 3 (130 mg, 0.4 mmol) was benzoylated to yield the oily 
title product (1 26 mg, 73%) by the procedure described above for 
the preparation of compound 11; [.ID +32.3" (c 0.8, CHCI,) 
(Found: C, 59.0; H, 6.6. C 2 1 H 2 8 0 9  requires C, 59.4; H, 6.6%); 
GH(CDC1,; 250 MHz) 1.29 and 1.48 (2 x 3 H, 2 s, CMe,), 2.18 

3.21 (3 H, s, 2-OMe), 3.50 (3 H, s, 5-OMe), 3.56 (1 H, dd, 
( 1  H,dd, J3e,3a 12.5, J3e,4 5 ,  3-He),2.27(1 H,dd, J3a.4 11.5,3-Ha), 

J6.5 % 0.9, J6,7 8.5, 6-H), 3.72 (3 H, S, CO,Me), 3.85 ( I  H, m, 
5-H), 3.93 (1 H, dd, J8.8, 9, J8.7 5, 8-H), 4.09 (1 H, dd, J8C.7 6, 8'- 
H), 4.31 (1 H, m, 7-H), 5.42 (1 H, m, J4,s 2.5,4-H), 7.35-7.60 and 
7.97-8.09 (3 H and 2 H, m, Ph). 

Methyl (Methj'l 4-O-Benzoyl-3-deo.~~i-5-O-met/zyl-a-u- 
manno-oct-2-ulopyranosid)onare 20.-The isopropylidene 
group was removed from the acetal 19 (1.7 g, 4 mmol) under 
the conditions described for the preparation of the diol 12. 

After column (7 x 4 cm) chromatography [ethyl acetate-- 
cyclohexane (7 : 3)] and removal of the solvent the title did (1.25 
g, 81%) crystallised spontaneously (Found: C, 56.1; H, 6.4. 
C18H2409 requires C, 56.2; H, 6.2%); m.p. 82-85 "C (from 
diethyl ether-hexane); [.ID +48.3" (c 1.4, CHCI,); GH(CDC13; 

J3a,4 11, 3-Ha), 3.27 (3 H, s, 2-OMe), 3.59 (3 H, s, 5-OMe), 3.79 

(2 H, m, 8-H2), 3.99 (1 H, m, 5-H), 4.04 (1 H, m, 7-H), 5.50 (1 H, 
ddd, f 4 , 5  2.5, 4 - H )  and 7.43, 7.58 and 8.05 (2 H, 1 H and 2 H, 
3 m, Ph). 

250MH~)2.29(1H,dd,J3~,3~12,J3~,45.5,3-H~),2.37(1 H, z t ,  

(3 H, S, CO,Me), 3.81 ( I  H, dd, J6.5 1, J6.7 7.5, 6-H), 3.86-3.92 

Methyl (Methjd 4-O-Benzoyl-3-deo~xy-5,7,8-tri-O-methyl-cr-~- 
manno-oct-2-u1opyranosid)onate 2l.-Silver(1) oxide (500 mg) 
was added portionwise during three hours to a stirred solution, 
kept at 35 "C, of the benzoate 20 (107 mg, 0.28 mmol) in 
iodomethane (4 cm3) containing anhydrous CaSO, (600 mg). 
After 12 h the solution was filtered, solids were washed with 
dichloromethane (5 cm3) and the solvents were removed from 
the combined filtrate and washings. Dry toluene (5 cm3) was 
added to and evaporated from the residue, which was then 
remethylated by the same procedure. The residue remaining 
after removal of the solvents was purified by column (6.5 x 2 
cm) chromatography [ethyl acetate-cyclohexane (3 : 7) 50 cm3; 
(4: 6) 60 cm3]. Appropriate fractions of the eluate were pooled 
and concentrated, and the trimethyl ether 21 (90 mg, 80%) was 
crystallised from hexane (Found: C, 58.2; H, 6.7. C,,H,,O, 
requires C, 58.2; 6.8%); [xlD +41.2" (c 1.4, CHC1,); GH(CDC1,; 
200 MHz) 2.21-2.36 (2 H, m, 3-H2), 3.27, 3.39, 3.47 and 3.58 
(4 x 3 H, 4 s, 2-, 5- ,  7- and 8-OMe), 3.51-3.97 (5  H, m, 5-, 6-, 
7-H and 8-H2), 3.80 (3 H, s, C02Me), 5.50 (1 H, m, 4-H) and 
7.37-7.63 and 80-8.1 (3 H, 2 H, 2 m, Ph). 

Methyl (Methyl 3-Deo.~y-5,7,8-tri-O-rnethyl-x-~-manno-oct- 
2-u1opyranosid)onate 22.The benzoate group was removed from 
the trimethyl ether 21 (90 mg, 0.22 mmol) under the conditions 
used to prepare the alcohol 16. After column ( 5  x 1.4 cm) 
chromatography [ethyl acetate-cyclohexane (1 : l)] the title 
product (57 mg) crystallised out (Found: C, 50.7; H, 7.8. 
CI3H2,O8 requires C, 50.6; H, 7.8%); m.p. 73-75 "C (from 
diethyl ether-hexane); [.ID + 74.0" (c 1.1, CHCl,); GH(CDC1,; 

dd, J3e.4 5, 3-He),  3.20, 3.35, 3.43 and 3.58 (4 x 3 H, 4 s, 2-, 5-, 
7- and 8-OMe), 3.51-3.83 ( 5  H, m, 5-, 6-, 7-H and 8-H,), 3.75 
(3 H, s, C0,Me) and 4.03 (1 H, m, 4-H). 

200 MHz) 1.82 (1 H, z t ,  J3a33e J3a,4 z 13, 3-Ha) ,  2.11 (1 H, 

Methyl (Methyl 3- Deoxy-5,7,8-tri-O-meth~~l-a-~-manno-oct- 
2-u1opyranosid)onate 4-(Diphenyl Phosphate) 23.-N-Methyl- 
imidazole (70 mm3, 4 mol equiv.) and diphenyl phosphoro- 
chloridate (90 mm3, 2 mol equiv.) were added to a stirred 
solution of the trismethyl ether 22 (50 mg, 0.16 mmol) in 
anhydrous THF (2 cm3). The mixture was kept at 40 "C for one 
hour, then deposited on a column (3.5 x 2 cm) of silica gel and 
the product was eluted with ethyl acetate-cyclohexane ( 5  : 1). 
Fractions ( 5  cm3) containing the product [TLC: ethyl acetate- 
cyclohexane (4: 6); R,  0.261 were pooled, brought to dryness 
and purified by column (6 x 2 cm) chromatography (same 
solvent) to afford the diphenyl phosphate 23 (60 mg, 687;) as an 
oil (Found: C, 55.4; H, 6.2. C 2 5 H 3 3 0 1 , P  requires C, 55.5; H, 
6.1%); [.ID +48.6" ( c  0.8, CHCl,); G,(CDCl,; 250 MHz), 2.26- 
2.35 (2 H, 13, 3-Hz), 3.24 (3 H, s, 2-OMe), 3.38, 3.47 and 3.50 
(3 x 3 H, 3 s, 5-, 7- and 8-OMe), 3 .63.9 ( 5  H, m, 5-, 6-, 7-H 
and 8-H2), 3.78 ( 3  H, s, C02Me), 5.05 ( I  H, m, 4-H) and 7.15- 
7.40 (10 H, m, Ph). 

M e  thy1 ( Met hy 1 3 - Deoxy- 5,7,8 - t r i - 0  -me thy l- a - ~ - m  an no - oc' t - 
2-u1opyranosid)onate 4-(Ammonium Hydrogen Phosphate) 
24.-Adams' catalyst (PtO,) (50 mg) was added to a solution of 
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the diphenyl phosphate 23 (61 mg, 0.1 1 mmol) in methanol (2 
cm3) and the mixture was stirred under H,. Progress of the 
hydrogenolysis. as observed by TLC [propan-2-olbconc. 
ammonia -water (7:2: l)] being slow, at hourly intervals more 
PtO, (3 x 50 mg) was added and the reaction was allowed to 
proceed overnight: it then appeared to be complete. The catalyst 
was filtered off and washed with methanol (3 cm3), and the 
pooled filtrate and washings were neutralised with aq. ammonia 
(2",, in methanol) and concentrated to give the title compound 
as an oil (46 mg, 99%) (Found: C, 37.1; H, 7.0; N, 2.9. 
CI3H,,NO, ,P.H,O requires C, 36.9; H, 7.1; N, 3.3%); [%ID 

+ 5 1.1"  ( 1 .  0.83, CHCI,); G,(CD,OD; 200 MHz) 1.99 (1 H, dd, 

and 3.41 ( 3  x 3 H, 3 s, 3 x OMe), 3.4-3.8 (4 H, m, 6- and 7-H 
and 8-Hz), 3.57 (3 H, s, OMe), 3.73 (3 H, s, CO,Me), 3.82 ( 1  H, 
m. 5-H) and 4.53 ( 1  H, m, 4-H). 

J3a ,3e  12.5, J3d,4 12, 3-H"), 2.20 ( 1  H, dd, J3e,4 5,  3-He), 3.13, 3.26 

( A4ethj.t 3-~eo.~j~-5,7,8-tri-O-methyl-a-~-manno-oct-2-ulopy- 
r-unosid)onic Acid 4-( Calcium Phosphate) 25.-Saponification of 
the phosphorylated methyl ester 24 (45 mg, 0.11 mmol) was 
accomplished as described for the ester 8. The Ca salt 25 (52 mg, 
94',,) was precipitated and washed with acetone (Found: C, 
27.8; H, 5.3. c', ,H,,Ca,,,O, ,P-5H20 requires C, 27.6; H, 5.7%); 
[.ID + 38.7" ( c  1 ,  water); 6,(D,O; 250 MHz) 1.89 (1 H, dd, J3a,3e 
13,J3a.4 12,3-Ha),2.16(1 H,dd,J3,,,5,3-He),3.17,3.43and3.54 
(3 x 3 H, 3 s, 3 x OMe), 3.63-3.99 ( 5  H, m, 5-, 6-, 7-H and 8- 
HI), 3.68 ( 3  H, s, OMe) and 4.45 ( 1  H, m, 4-H). 

( Mcthj.15-0- Ben~yl-3-deo.~~v-7,8-0-isopropylidene-x-~-man- 
no - o ct - 2 - u1opyranosid)on ic A cid 4- ( Methyl Hydrogen Phos- 
phate) 27. -Sodium hydroxide ( 5  mol dmP3, 3 cm3) was added 
to a solution of methyl (methyl 5-0-benzyl-3-deoxy-7,8- 
O-isopropylidene-~-~-r?2anno-oct-2-ulopyranosid)onate 4-(di- 
phenyl phosphate)' 26 (230 mg, 0.36 mmol) in methanol (10 
cm3). The stirred solution was kept at 30 "C for 17 h, then at 
room temperature for another 24 h before being decationised 
with Amberlite IRN 77 ( H + )  resin, which was then filtered off 
and washed. The filtrate was neutralised with triethylamine 
and brought to dryness. Following column (8 x 2 cm) 
chromatography [propan-2-olkonc. ammonia-water (7: 1 : l)] 
the mixed triethylammonium-ammonium salt of the title 
compound ( I  83 mg) were recovered from the concentrated 
effluent by lyophilisation (Found: C, 51.4; H, 8.0; N, 4.4. 
C,,H47N,O, P-H,O requires C, 51.0; H, 7.7; N, 4.6%); [.ID 
+ 39.1" ( c  0.7. MeOH); G,(D,O/CDCI,; 250 MHz) 1.25 (9 H, t, 
3 x MeCH,N), 1.35 and 1.40 (2 x 3 H, 2 s, CMe,), 2.17 (1 H, 

(6 H, q. 3 x NCH,Me), 3.24 (3 H, s, OMe), 3.57 (1 H, e d .  J6,5 
z 0.1, J6.7 7.6-H), 3.65 (3 H, d, J C H , p  10.5, POMe), 3.93 (1 H, dd, 
J,,8 8.5. J, - 5,8-H),4.07 (1  H, m, 5-H),4.10 ( 1  H, dd, J8,.7 6,8- 
H'), 4.35 ( I  H, m, 7-H), 4.70 (1 H, d, CHHPh), 4.73 (1 H, m, 4- 
H), 5.01 ( 1  H, d, CHHPh)  and 7.2s7.45 ( 5  H, m, Ph). 

dd, J3d.3e 13, J3a.4 11.5, 3-Ha), 2.37 (1 H, dd, J3e,44.5, 3-He), 3.02 

( MtJth jb i  5 - 0 -  Benz~~l-3-deo.~y-z-~-manno-oct-2-ulopyrano- 
sir1 ) on ic A cid 4- ( Culcium Methyl Phosphate) 28.-Do w ex 
AG50WX8 (H + )  resin ( 1  cm3) was added to a solution of the 
phosphodiester 27 (142 mg, 0.22 mmol) in methanol ( 5  cm3) and 

the mixture was stirred for 210 min. The solid was filtered off 
and washed with methanol (10 cm3), and the combined filtrate 
and washings were neutralised with saturated, aq. Ca(OH), and 
the volume was reduced to ca. 0.5 cm3. Upon addition of 
ethanol ( 5  cm3) the title compoundwas obtained as a precipitate; 
it was collected, washed with acetone (3 cm3) and dried (Found: 
C, 39.3; H, 5.4. C, ,H,3Ca0,1P~2.5H,0 requires C, 39.3; H, 
5.1%); [x]D +64.1" ( C  1.3, DIO); GH(D20; 250 MHz) 2.05 (1 H, 
dd, J3a,3e 13, J3a ,4  12, 3-Ha), 2.22 (1 H, dd, J3e ,4  5,  3-He), 3.20 
(3 H, s, OMe), 3.65-3.75 (2 H, m, 8-H and 6-H or 8-H'), 3.70 
(3 H, d, JCH,P 11, POMe), 3.9W.05 (2 H, m, 7-H and 8-H' or 
6-H), 4.30 (1 H, e s ,  5-H), 4.65 ( 1  H, m, 4-H), 4.75-5.10 (m, 
CH,Ph and HDO) and 7.4-7.65 (5 H, m, Ph). 

Treatment of the mother liquors containing a compound less 
polar than the title compound [presumably its (carboxy) methyl 
ester] with 0.5 mol dmP3 NaOH for two hours at room 
temperature followed by work-up gave a further amount (21 
mg, 19%) of the same compound 28 as judged from its ' H  
NMR spectrum. 
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