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Abstract An efficient, practical and stereoselective route for the preparation of several polyols and
their corresponding lactols and lactones is described. They are promising precursors for the synthesis of
several structurally interesting compounds. Copyright © 1996 Elsevier Science Ltd

The development of strategies for the use of common precursors in the enantioselective synthesis of
natural and unnatural compounds of biological interest contributes to a greater efficiency, necessary for
economies in the preparation of starting materials. Our interest lies in the synthesis of C¢ C7 and Cg
polyhydroxylated compounds having an ester group or equivalent in compounds such as sugars and y- and §-
lactones including those containing amino groups. Such units are present in natural compounds such as Uracil
Polyoxin C 1!, Goniofurfurone 22 and related compounds, the polyhydroxylated nucleus of the squalene
synthase inhibitor Zaragozic acid A 3% and Swainsonine 44. The chemical manipulation of polyhydroxylated
compounds is also of current interest for the synthesis of a wide range of other natural and unnatural products
including sugar analogues® and mimicsS. Most of the published syntheses of compounds 1 and 2 start from
ribose derivatives and other sugars many of which are not at all readily available cheaply.
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Our approach to these compounds was envisaged to involve monodihydroxylation (desymmetrisation)
of a C-symmetrical diendioate system having 8 carbon atoms. Such a system was chosen since the remaining
double bond could constitute a protected aldehyde function as in for example Polyoxin C (recovered later by,
for example, ozonolysis), or alternatively it could serve as an electrophilic site for the formation of a
tetrahydrofuran ring as in goniofurfurone’. Selective reactions at the various hydroxyl groups would then
permit manipulation of the molecule in such a way that a wide range of configurationally different
polyhydroxylated compounds could be obtained. Also, we wished to demonstrate that nitrogen functionality
could be selectively introduced into these dihydroxylated products.

The dihydroxylation of allylic alcohols and ethers, using catalytic quantities of osmium tetroxide in the
presence of co-oxidants has been studied by several groups® either as a means of determining the
diastereoselectivity of such reactions or for the purposes of synthesis. Osmium-catalysed dihydroxylation of
dienedioate 5 has also been studied® and shown to offer high stereoselectivities. Both enantiomers of the
diendioate 3 are available!? from tartaric acid or from mannitol and have been used for the synthesis of a
variety of complex molecules!l. These syntheses usually employed the products of diastereoselective bis-
dihydroxylation.

Mono- or bis-dihydroxylation of the diendioate § having the isopropylidene protecting group, using
0s04/NMO, gave surprisingly low diastereoselectivities'2 (80-90%). The conformation of the molecule
having the isopropylidene system must be constrained by the five membered ring in such a manner that both
faces of the w-system are sufficiently exposed and hence the undesired diastercomer is also formed. This result
was unexpected since it has been possible to carry out bis dihydroxylations and to obtain almost exclusively
one isomer using unconstrained (non cyclic) diTBS and dibenzyl ethers. The diastereoselectivity of the
dihydroxylation was attributed to the conformation of the molecule which involves mutual protection of both
carbon-carbon double bonds (figure 1). This conformation is rationalised in terms of the steric interactions
between the ether groups causing them to attain a conformation in which these bulky groups are as far apart as
possible. We were interested in testing this model using the monoprotected diol 7 where a rigid conformation
(such as that in figure 1) and necessary for the diastereoselectivity, was less likely. The monoprotected
compound 7 also represents a desymmetrisation of the system at an early stage.
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Figure 1 Postulated preferred conformation for the disilyl ether 8 to explain the high diastereo selectivity of
additions 10 the C-C double bonds.

The mono and disilyl ethers 7 and 8 respectively are available from the diol 6 by treatment with 1.2
equivalents or 2.4 equivalents of tert-butyldimethylsilyl chloride using an excess of imidazole as base and
activator (scheme 1). The protection of the second hydroxyl group is much more difficult and good yields
(90%) of the monoprotected compound (7) are obtained. Catalytic dihydroxylation of the disilyl ether 8 (1
equiv. of NMO) afforded high yields (83%) of the dihydroxylated compound 9 with a little bis-dihydroxylated
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compound (~5%). It was of interest to see if the dihydroxylation reaction on the monoprotected silyl ether 7
was as diastereoselective as for the diprotected compound and also to see if the reaction was regioselective. To
be useful, the product, a triol, would need to show a high degree of stability and chemoselectivity in
subsequent reactions at the hydroxyl groups. The triol 10 was formed regioselectively and diastereoselectively
(>90%) when the monoether 7 was treated with OsO4 under the same catalytic conditions as 8. This is in
accord with the work of Sharpless!? who has shown that hydroxyl groups in an allylic position accelerate the
dihydroxylation process at the adjacent double bond. The bis-dihydroxylation of conjugated dienes is also
diastereoselectivel4, that is, the second dihydroxylation affords the same diastereoselectivity as observed in the
molecules studied. For high diastereoselectivities it is not necessary to have bulky ether groups on both of the
hydroxyls of the starting material and the optimum conformation of these compounds is readily achieved. This
result, in principle, increased the flexibility of our approach since it was later found that selective
monodesilylation of the disilylated compound 11 produced the allylic alcohol 12 (scheme 2).

Compound 10 was difficult to isolate because of its polarity and also, because of free rotation about the
glycol C-C bond, it lactonised readily. The double silyl protecting groups on compound 8 had the effect of
blocking lactonisation after dihydroxylation. Although we have been able to carry out selective chemistry!S on
compound 10 we considered the diol 9 to be of greater utility for our purposes. The rest of this report
therefore deals with the chemistry of the diol 9.
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Scheme 1 a) (CH,SH)3,BF3.0Et. b) 2.4 equiv. TBSC, imidazole. ¢) 1.2 equiv. TBSCI, imidazole. d)Cat.
0s04, NMO

Chemoselective protection of the a-hydroxyl group of 9 was possible, by benzoylation, to give 11 in
high yield (scheme 2). This a-hydroxyl selectivity has been observed by others! and is very useful in
polyhydroxylated systems of this type. The B-hydroxyl group is much less reactive particularly when a bulky
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substituent exists at the y-position, as is the case here. As mentioned earlier selective monodesilylation was
possible using HF under controlled conditions. This afforded the allylic alcohol 12 which proved to be a key
and versatile intermediate for the synthesis of polyhydroxylated compounds. Compound 12 could also be
selectively benzoylated at the allylic hydroxyl to give 13. Selective Mitsunobu inversion at the same position
using benzoic acid as nucleophile afforded the epimeric dibenzoate 14.

Ozonolysis of the enoate function of 11 cleanly afforded a lactol 15 which was oxidised with PCC to
form the corresponding lactone 19 (scheme 2). Similarly ozonolysis of compound 13 gave a lactol 16 and
compound 14 afforded the lactol 17, characterised as its benzoate 18. In an attempt to selectively hydrolyse
one of the benzoate esters of 17, preferably to form compound 20, which we hoped to convert to the azide
23, a precursor for Polyoxin C, the lactol 17 was heated with a methanolic solution of potassium cyanide
(scheme 3). The starting material was consumed but the product was not a monobenzoate. Analysis of the 13C
and 'H NMR indicated a 6C dibenzoate 21 which has a pyranose ring structure (characterisation was
performed on compound 22 as a mixture of anomers). Kiliani homologation had thus not occurred as had been
suspected at first. It seems likely that under the mildly basic conditions the lactol ring-opened form of 17
underwent a benzoate migration from the 5-OH to the 4-OH. The ring then reclosed to form the pyranose
structure at the then unprotected 5-OH. Since this must be an equilibrating system the pyranose appears to be
the most stable form of these two isomers.
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Scheme 3

In order to manipulate the benzoate group a- to the ester function of compound 12 it was necessary to
protect the two free hydroxyl groups. This was acheived in good yield by the use of 2,2-dimethoxypropane
and acid in DMF. Base (ethoxide) alcoholysis of the resulting benzoate ester 24 afforded the corresponding
alcohol 25 which was converted to the azide 26, with inversion of configuration, using Mitsunobu
technology (scheme 4). By this route we were able to introduce the nitrogen function into the system. The
conversion of this molecule and analogues into biologically interesting molecules will be reported elsewhere.
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Scheme 4 a) Me2C(OMe),, pTSA. b) EtO~. ¢) DEAD, TPP, HN3.

Removal of both silyl groups from the benzoate 11 with HF resulted in spontaneous lactonisation to
form exclusively the y-lactone 27. This compound has a double bond which, in principle, allows elaboration
to a wide range of compound types via addition reactions and oxidative cleavage.
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We have demonstrated the wide ranging utility of the tetrahydroxy compound 9 as a precursor for the
selective synthesis of polyhydroxylated compounds using stereo- and chemoselective reactions. High
chemoselectivities are possible in linear polyhydroxylated compounds and a wide range of configurational
variations can be achieved. Also we have shown that it is not necessary to have both allylic hydroxyls of the
dioldienedioate 6!7 protected for high diastereoselectivity in the dihydroxylation reaction and this implies that
the monoprotected diol 7 is able to attain a conformation where the carbon-carbon double bonds are protected
at one of their faces. Having at hand the diol 6 the synthesis of furanose structures with a variety of
configurations is possible.

EXPERIMENTAL SECTION

General procedures. Melting points were determined on a Biichi 530 apparatus and are uncorrected.
Infrared spectra were recorded on a Mattson 7000 FTIR spectrometer. Optical rotations were recorded on a
Perkin Elmer 241 polarimeter using a 0.1 dm cell. Concentrations are given in g/100 ml. NMR spectra were
recorded either on a Briiker CXP 300 (300MHz, 'H, or 75.5MHz, 13C spectrometer. 'H NMR spectra were
recorded in CDCl3 using Me4Si as an internal reference ; 13C NMR spectra were recorded in the same solvent
using the solvent peak at § 77.0 as an internal reference. Chemical shifts are expressed in parts per million
downfield. Elemental analyses were performed by the Microanalytical Laboratory, operated by the Department
of Analysis at Vernaison (France).

Column chromatography was performed on silica gel 60H under medium pressure. Analytical thin-layer
chromatography (TLC) was performed on Merck 60 F2s4 silica gel plates.

Diethyl 4,5-dihydroxy-2,6-octadienedioate 6.

To a stirred solution of (4R, SR)-4,5-O-isopropylidene-4,5-dihydroxy-2,6-octadienedioate § (0.2g,
0.67 mmol) in anhydrous CH2Cl3 (3 ml), was added E120.BF3 (0.09 ml, leq) under argon. To the resultant
solution was added dropwise 1,2-ethane dithiol (0.07 ml, 1.2 eq). After 10 min the reaction mixture was
quenched with saturated aqueous NaHCO3 (4 ml) and was allowed to stir for 20 min. The organic layer was
separated, dried (MgSOy4) and evaporated. The residue was chromatographed on silica (0.75/0.25 hexane/ethyl
acetate) to give the diol 6 (0.2g, 91%) as a white solid: mp 47-48°C; [a],z)°+54,7 (c.0.7 in CHCl3); IR (v, cm-
1, KBr) 3441, (OH), 1712 (ester), 1660 (C=C); 'H NMR (CDCl3) § 6.96-6.90 (dd, 2H, H-3, H-6,
J2=3.8Hz, J;=15.8Hz), 6.17 (d, 2H, H-2, H-7, J=15.8Hz), 4.28 (sl, 1H, OH), 4.24-4.17 (q, 2H, OCHy),



Polyhydroxylated compounds 7867

3.20 (sl, 1H, OH), 1.32-1.27 (t, 6H, OCH,CH3); 13C NMR § 0.07, 14.3 (TBSQ), 60.7 (OCH2), 73.4
(CHO), 123.3 (CH=), 145.1 (CH=), 166.1 (COy);

Anal. Calcd. for C12H180¢ : C, 55.81 ; H, 7.02 Found: C, 55.78, H, 7.00.

Diethyl (4R,5R)-4-(tert-butyldimethylsilyloxy)-5-hydroxy-2,6-octadienedioate 7.

To a stirred solution of diol 6 (0.52g, 2.00 mmol) in anhydrous DMF, under Argon was added
imidazole (0.34g, 5 mmol, 2.5 eq) followed by terr-butyldimethylsilylchloride (0.36g, 2.4 mmol, 1.2eq). The
reaction mixture was allowed to stir for a further 5h, was quenched with water and extracted with CH2Cly.
The combined organic layers were dried (MgSQ4) and evaporated. The residue was chromatographed on silica
(75/25 hexane/ethylacetate) to afford the compound 7 (0.68g, 90%) as an oil; IR (v, cm-1) 3468 (OH), 1720
(ester), 1660 (C=C); 'H NMR (CDCl3) 8 6.95-6.85 (m, 2H, H-3, H-6, J;=4.4Hz, J>=14.6Hz, J3=16.0Hz,
J4=5.8Hz), 6.13 (d, 1H, H-2, J=14.6Hz), 6.04 (d, 1H, H-7, J=16.0Hz), 4.27-4.17 (m, 6H, OCH2, H-4,
H-5), 2.57 (sl, 1H, OH), 1.32-1.26 (td, 6H, OCH2CH3), 0.91 (s, 9H, OTBS), 0.06 (d, 6H, OTBS); 13¢
NMR & 4.1, 13.8, 14.2, 25.7 (TBSO), 60.6, 62.0 (OCHy), 70.2, 73.5 (CHO), 123.6, 128.3, 133.5, 140.9
(HC=), 164.6, 167.4 (COy).

Anal. Calcd. for C1gH3206Si2: C, 58.03 ; H, 8.66 Found: C, 57.85, H, 8.79.
Diethyl (4R,5R)-4,5-bis((tert-butyldimethylsilyl)oxy)-2,6-octadienedioate 8.

To a stirred solution of diol 6 (0.520g, 2.00 mmol) in anhydrous DMF, under an argon atmosphere,
was added imidazole (0.68g, 10 mmol, 5eq) followed by tert-butyldimethylsilylchloride (0.72g, 4.8 mmol,
2.4eq). After 24 h, the reaction mixture was quenched with HO and extracted with CH2Cly. The combined
organic layers were dried (MgS0O4) and evaporated. The residue was chromatographed on silica (85/15
hexane/ethylacetate) to afford the compound 8 (0.88g, 90%) as an oil: {a]F+67 (c. 0.5 in CHCl3); IR (v, cm
1y 1724 (ester), 1660 (C=C); 1H NMR (CDCl3) & 6.94 (dd, 2H, H-3, J;=2.9Hz, J>=14.1Hz), 5.95 (d, 2H,
H-2, J=14.1Hz), 4.36 (s, 2H, H-4, H-5), 4.27-4.17 (m, 4H, OCH3), 1.30 (t, 6H, OCH2CH3), 0.91 (s,
18H, OTBS), 0.07 (d, 6H, OTBS); 13C NMR § -4.9,-4.7, 14.2, 16.1, 25.7 (OTBS), 60.3 (OCHp), 74.3
(CHO), 121.9 (CH=), 146.1 (CH=), 166.2 (CO3).

Anal. Calcd. for C24H4606Si: C, 59.22 ; H, 9.52 Found: C, 59.02, H, 9.52.

Diethyl (2R,3S,4R,5R)-4,5-bis((tert-butyldimethylsilyl)oxy)-2,3-dihydroxy-6-octenedioate
9.

To the disilyl ether 8 (1.28g, 2.60 mmol) in acetone (5.2 ml) was added a catalytic amount of OsO4 in
MeCN (1 drop of a 0.39M solution), followed by an aqueous solution of N-methylmorpholine N-oxide (NMO
60%, 1.17 ml, 2eq.). The reaction mixture was allowed to stir for 4h, then quenched with potassium
metabisulfite and allowed to stir for 20 min. The residue was dissolved in ethyl acetate, filtered andthe organic
layer was dried (MgSO4) and evaporated. The residue was chromatographed on silica (80/20
hexane/ethylacetate) to give the diol 9 as an oil ( 1.13g, 83%); [0]3°+39 (c. 1.5 in CHCl3); IR (v, cm*1) 3493
(OH), 1726 (ester), 1660 (C=C); 1H NMR (CDCl3) & 7.05-7.04 (dd, 1H, H-3, J;=2.9Hz, J»=16.1Hz),
6.00 (d, 1H, H-2, J=16.0Hz), 4.45 (m, 1H, H-4), 4.14-4.06 (m, 5H, OCH2, H-5), 3.61 (s, 1H, H-7), 2.85
(d, 1H, H-6), 1.22-1.15 (m, 6H, OCH2CH3), 0.81 (d, 18H, OTBS), 0.04 (d, 12H, OTBS); !13C NMR §
-5.0, 4.4, 142, 18.1, 25.7 (OTBS), 60.5, 61,6 (OCH3), 70.2, 70.9, 74.4, 75.4 (CHO), 122.5 (CH=),
145.1 (CH=), 165.9, 173.4 (CO»).
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Anal. Calcd. for C24H4808Sia: C, 55.35 ; H, 9.29 Found: C, 55.40, H, 8.93.
Diethyl (2R,3S,4R,5R)-4-((fert-butyldimethylsilyl)oxy)-2,3,4-trihydroxy-6-octenedioate
10.

Compound 10 was synthesised from 7 (1.1g, 2.95 mmol) using the same procedure as that outlined
above to afford a triol (0.95g, 90%) as a white solid, m.p.40-41°C; [a]3° -21.7 (c. 1.24 in CHCl3); IR (v,

cm-1, KBr) 3520 (OH), 1716 (ester), 1660 (C=C); IH NMR (CDCl3) § 7.01~6.94 (dd, 1H, H-3, J;=4.4Hz,
J>=149Hz), 5.95 (d, 1H, H-2, J=14.8Hz), 4.65 (d, 1H, H-4, J=4.3Hz), 4.50 (d, 1H, H-7, J=4.4Hz),
4.25-4.10 (m, 4H, OCHy), 3.82-3.76 (t, 1H, H-5, J=9.6Hz, J=9.1Hz), 3.62-3.51 (m, 1H, H-6, J/=9.9Hz,
J=8.9Hz, J=4.5Hz), 295 (d, 1H, OH, J=9.0Hz), 2.80 (d, 1H, OH, J=8.9Hz), 1.25-1.21 (t, 6H,
OCH2CH3), 0.88 (s, 9H, OTBS), 0.05 (d, 6H, OTBS); 1H NMR (CDCl3, D20) 8§ 6.97-6.91 (dd, 1H,
HC=, J)=4.4Hz, J,=15.9Hz), 595 (d, 1H, HC=, J=14.6Hz), 4.64 (d, 1H, CHOTBS, J=4.3Hz), 4.46 (s,
1H, CHOH), 4.23-4.06 (m, 4H, OCH3y), 3.75 (d,1H), 3.51 (d, 1H), 1.22-1.17 (t, 6H, OCH2CH3), 0.85 (s,
9H, OTBS), 0.03 (d, 6H, OTBS); 13C NMR § —4.2, -3.3, 14.1, 14.2, 182, 25.8 (OTBS), 60.5, 61.9
(OCHy), 70.1, 71.0, 72.3, 72.5 (CHO), 121.9, 147.8 (CH=), 166.3, 173.8 (CO).

Anal. Calcd. for C1gH3408Si: C, 53.18 ; H, 8.43 Found: C, 53.21, H, 8.72.

Diethyl (2R,3S,4R,5R)-2-benzoyloxy-4,5-bis(fert-butyldimethylsilyloxy)-3-hydroxy-6-
octenedioate 11.

To a stirred solution of diol 9 (2.28g, 4.38 mmol) in pyridine (10 ml) was added BzCl (0.51 ml, leq.)
under argon atmosphere at 0°C and a catalytic amount of DMAP. After 2h at room temperature the reaction was
quenched with NaHCOj3 and allowed to stir for 15 mn. The mixture was extracted with CH2Cly, the organic
phase dried (MgSOg4) and the solvent evaporated. The residue was chromatographed on silica (85/15
hexane/ethyl acetate) to yield compound 11 as an oil (2.7g, 99%); [@]2+23°(c. 2.25 in CHCl3); IR (v, em™1)
3489 (OH), 1764 (ester), 1660 (C=C); IH NMR (CDCl3) & 8.07 (d, 2H, ortho-CH, Ph), 7.55-7.39 (m, 3H,
meta,para-CH, Ph), 7.21-7.15 (dd, 1H, H-3, J,=2.8Hz, J,=16.2Hz), 6.12 (d, 1H, H-2, J=16.2Hz), 5.23
(s, 1H, H-7), 4.59 (m, 1H, H-4), 4.26-4.16 (m, 4H, OCH3), 4.00-3.97 (m, 1H, H-5), 3.84 (s, 1H, OH),
1.31-1.21 (m, 6H, OCH2CH3), 0.96 (s, 9H, TBSO), 0.64 (s, 9H, TBSO), 0.00-0.15 (m, 12H, TBSO); 13C
NMR & -5.37, —4.07, 14.1, 19.1, 25.7 (OTBS), 60.5, 61.6 (OCHy), 70.6, 72.7, 73.5, 75.2 (CHO), 122.8
(HC=), 129.3, 129.7, 133.2, 144.3 (Ph), 145.6 (HC=), 165.7, 169.2 (COy).

Anal. Caled. for C31H5209Si7: C, 59.58 ; H, 8.39 Found: C, 59.80, H, 8.41.
Diethyl (2R,3S,4R,5R)-2-benzoyloxy-4-(tert-butyldimethylsilyloxy)-3,5-dihydroxy-6-
octenedioate 12

To a stirred solution of 11 (0.5 g, 0.8 mmol) in CH3CN (18 ml) was added ageous HF (0.60 m],
13.78 mmol, 16 eq.), and the mixture was allowed to stand 3h at room temperature. After this time the reaction
was judged complete by TLC and the solution was quenched by addition of saturated aqueous NaHCOj3 and
extracted with CH2Cly. The combined organic layers were dried (MgSQ4) and evaporated. The crude residue
was separated by column chromatography (70/30 hexane/ethyl acetate) to afford 8 (0.28g, 68%) as an oil;
[)2°+24,7°(c. 0.3 in CHCI3); IR (v, cm-!) 3454 (OH), 1759, 1726 (esters), 1658 (C=C); IH NMR (CDCl3)
d 8.24 (d, 2H, ortho-Ph), 7.72-7.56 (m, 3H, meta, para-Ph), 7.32-7.26 (dd, IH, H-3, Jj=16.1Hz,
J2=29Hz), 6.35 (d, 1H, H-2, J=16.1Hz), 5.42 (d, 1H, H-7, J=6.6Hz), 4.71 (s, 1H, OH), 4.37-4.30 (m,
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4H, OCH3), 4.22-4.18 (dd, 1H, H-4, J=2.9Hz, J=8.7Hz), 3.98 (d, 1H, H-6, J=6.6Hz), 3.86 (d, 1H, H-5,
J=8.7Hz), 1.44-1.35 (1d, 6H, OCH2CH3), 0.99 (s, 9H, OTBS), 0.07 (d, 6H, OTBS); 13C NMR (CDCl3) &
-3.9, 14.3, 25.8, 60.5, 62.1 (OCH3), 72.1, 72.7, 72.9, 73.3 (CHO), 122.5 (HC=), 128.6, 129.8, 133.6
(Ph), 146.8 (HC=), 165.6, 166.1, 168.4 (CO2).
Anal. Calcd. for C25H38098Si: C, 58.80 ; H, 7.50 Found: C, 58.97, H, 7.43.
Diethyl (2R,3S,4R,5R)-2,5-dibenzoyloxy-4-(tert-butyldimethylsilyloxy)-3-hydroxy-6-
octenedioate 13

Diol 12 (0.5g, 0.97 mmol) was converted almost quantitative yield into the corresponding dibenzoate
13 with benzoyl chloride in pyridine as previously described for 9. The oily residue was chromatographed on
silica (70/30 hexane/ethylacetate) to yield compound 13 (0.54g, 90%); [a]lz)o-6 (c. 0.3 in CHCl3); IR (v, cm-
1) 3474 (OH), 1761, 1726 (esters), 1662 (C=C); 'H NMR (CDCl3) & 8.13 (d, 2H, Ph), 8.08 (d, 2H, Ph),
7.63-7.41 (m, 6H, Ph), 7.17-7.10 (dd, 1H, H-3, J;=16.1Hz, J»=4.3.Hz), 6.18 (d, 1H, H-2, J=16.1Hz),
6.07 (d, 1H, H-4, J=4.3Hz), 5.38 (s, 1H, H-7), 4.28-4.17 (m, 6H, OCH3, H-5, H-6), 3.05 (d, 1H, OH),
1.30-1.21 (t, 6H, OCH2CH3), 0.91 (s, 9H, OTBS), 0.09 (s, 3H, OTBS), -0.08 (s, 3H, OTBS); 13C NMR
(CDCl3) § -5.0,-4.05, 13.8, 14.1, 18.1, 25.8 (CH3), 60.6, 61.9 (OCH), 70.4, 71.5, 71.7, 73.6 (CHO),
123.7 (HC=), 128.2, 128.5, 129.8, 133.0, 133.4 (Ph), 140.9 (HC=), 164.6, 165.3, 165.5, 167.3 (COy).

Diethyl (2R,3S,4R,58)-2,5-dibenzoyloxy-4-(fert-butyldimethylsilyloxy)-3-hydroxy-6-
octenedioate 14
To the diol 12 (0.392g, 0.78 mmol) in anhydrous THF (15.6 ml) was added succesively PPhj3

(0.409g, 1.56 mmol, 2 eq.), followed by benzoic acid (0.19g, 1.56 mmol, 2 eq.) and by the dropwise
addition of DEAD (0.271g, 1.56 mmol, 2 eq.) in THF (0.8 ml) over about 2 min. The reaction mixture was
left to stir at room temperature. After 4h the residue was washed with saturated aqueous NaHCO3 and
extracted with CH2Cl. The combined organic layers were dried (MgSQOs) and evaporated. The residue was
chromatographed on silica (50/50 hexane/ethyl acetate) to yield the compound 14 (0.43g, 90%) as an oil;
[a]Z -14.7 (c 0.15 in CHCl3); IR (v, cm™1) 3475 (OH), 1759, 1726 (CO2E1), 1662 (C=C); 'H NMR
(CDCI3) 8 8.18 (d, 4H, Ph), 7.69-7.53 (m, 6H, Ph), 7.30-7.23 (dd, 1H, H-3, J;=16.1Hz, J2=6.0Hz), 6.30-
6.22 (m, 2H, H-2, H-4, J;=6.0Hz, J=16.1Hz), 5.53 (s, 1H, H-7), 4.42-4.29 (m, 6H, OCH3, H-5, H-6),
1.41-1.35 (t, 6H, OCHCH3), 0.95 (s, 9H, OTBS), 0.17 (s, 3H, OTBS), -0.39 (s, 3H, OTBS); 13C NMR
(CDCl3) & -5.2,-3.9, 14.1, 18.1, 22.0, 25.8 (CH3), 60.6, 62.1 (OCH2), 72.4, 72.5, 74.0, 75.1 (CHO),
123.8 (HC=), 128.5, 129.8, 133.4 (Ph), 141.0 (HC=), 165.5, 165.6, 168.3 (CO3).
Ethyl 5-O-benzoyl-2,3-di-O-(tert-butyldimethylsilyl)-L-galactarate-1,4-lactone 19

Ozone was bubbled into a stirred solution of compound 11 (0.119g, 0.19 mmol) in anhydrous CH2Cly
(50 ml) at -78°C until a blue endpoint was reached. The reaction mixture was allowed to stir a further 10 min.
then excess DMS (2 ml) was added and the solution was allowed to warm up to room temperature. The
solvent was removed to give 0.093g (91%) of the corresponding lactol 15 as an oil which was dissolved in
anhydrous pyridine (3 ml) under argon atmosphere at room temperature. To this solution was added PCC
(0.11g, 0.51mmol, 3eq.) and was allowed to stir 20h. The mixture was washed with ether, filtered through

Celite and evaporated. Purification of the resulting oil by column chromatography (hexane/ethyl acetate 70/30)
yielded lactone 19 (0.047g, 50%); [a][z)o+24 (c. 1.5 in CHCl3); IR (v, em-1) 1768, 1736 (ester, C=0); H
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NMR (CDCl3) & 8.08 (d, 2H, ortho-Ph), 7.62-7.45 (m, 3H, meta, para-Ph), 5.50 (d, 1H, H-5, J=2.6Hz),
4.74.-4.71 (dd, 1H, H-4, J=2.6Hz, J=7.3Hz), 4.44 (d, 1H, H-2, J=7.2Hz), 4.36-4.31 (m, 1H, H-3,
J=1.2Hz), 4.28-4.25 (m, 4H, OCHy), 1.29-1.25 (t, 3H, OCH2CH3). 0.90 (d, 18H, TBSO), 0.19 (d, 6H,
TBSO), 0.04 (d, 6H, TBSO); 13C NMR (CDCl3) 8 -5.1, -4.9, 14.1 (Me), 25.6, 25.7 (TBSO), 62.4 (OCHy),
69.6, 75.1, 76.1, 80.1 (CHO), 128.6, 130.1, 133.8 (Ph), 164.5 (CO3).
Anal. Calcd. for C27H4408Si2: C, 58.66 ; H, 8.02 Found: C, 58.46, H, 8.03.
Ethyl 2,5-di-O-benzoyl-3-O-(tert-butyldimethylsilyl)-L-galactofuranuronate 16

Lactol 16 was synthesised from 13 (0.115g, 0.187 mmol) using the same procedure as that outlined
for compound 12. The lactol was not converted into the corresponding lactone with PCC. The crude residue
was separated by column chromatography (70/30 hexane/ethyl acetate) to afford 16 (0.09g, 88%) as an oil and
a mixture of o,B-anomers; IR (v, cm-1) 3479 (OH), 1728 (ester); H NMR (CDCl3) anomer 1: & 8.19-7.33
(m, 10H, Ph), 5.70 (sl, 1H, OH), 5.53 (d, 1H, H-1, J=7.0Hz), 5.10 (d, 1H, H-5, J=4.5Hz), 4.84 (d, 1H,
H-2, J=7.0Hz), 4.56 (d, 1H, H-4, J=4.5Hz), 4.27-4.17 (m, 2H, OCH3), 3.90 (d, 1H, H-3, J=4.5Hz),
1.26-1.16 (td, 3H, OCH2CH3), 0.89 (s, 9H, OTBS), 0.10 (d, 3H, OTBS), -0.03 (d, 3H, OTBS); anomer 2:
85.45 (d, 1H, H-1, J=3.9Hz), 5.19 (s, 1H, H-5), 4.77 (dd, 1H, H-2, J=7.2Hz, J=3.9Hz), 4.46 (dd, 1H,
H-4, J=4.5Hz, J=7.2Hz), 4.27-4.17 (m, 2H, OCH3), 3.80 (d, 1H, H-3, J=7.2Hz), 1.26-1.16 (id, 3H,
OCH2CH3), 0.89 (s, 9H, OTBS), 0.10 (d, 3H, OTBS), -0.03 (d, 3H, OTBS); 13C NMR (CDCl3) of mixture
8 4.7, -4.8, 13,9, 17.8, 25.6 (OTBS), 61.9 (OCHy), 71.0, 71.9, 72.9, 75.8, 79.4, 80.8, 83.6, 84.1,
94.7, 101.4 (CHO), 129.1, 128.4, 129.9, 133.43 (Ph), 165.8, 167.5 (CO2);

Ethyl 2,5-di-O-benzoyl-3-O-(tert-butyldimethylsilyl)-L-talofuranuronate 17

Compound 17 was synthetised from 14 (0.3g, 0.48 mmol) using ozone as outlined above. The crude
residue was separated by column chromatography (70/30 hexane/ethyl acetate) to afford lactol 17 (0.21g,
80%) as an oil and a mixture of anomers; IR (v, cm-1) 3462 (OH), 1737 (ester); 1H NMR (CDCl3) B-anomer
8 8.17-7.39 (m, 10H, Ph), 5.49 (s, 1H, H-1), 5.39 (d, 2H, H-2, H-5), 4.82-4.80 (dd, 1H, H-4, J=2.7Hz,
J=7.9Hz, ), 4.66-4.64 (dd, 1H, H-3, J=1.7Hz, J=7.9Hz), 4.37-4.26 (m, 2H, OCH3), 3.70 (sl, 1H, OH),
1.34-1.30 (td, 3H, OCH;CH3), 0.75 (s, 9H, OTBS), -0.02 (d, 3H, OTBS); o.-anomer & 5.64 (d, 1H, H-1,
J=4.3Hz), 5.42 (d, 1H, H-5, J=2.9Hz), 5.32 (1, 1H, H-2, J=4.5Hz, J=4.6Hz), 4.86-4.85 (dd, 1H, H-4,
J=1.7Hz, J=2.9Hz, ), 4.63-4.60 (dd, 1H, H-3, J=1.7Hz, J=4.6Hz), 0.84 (s, 9H, OTBS); 13C NMR
(CDCl3) 8 -3.3, 14.1, 17.6, 25.5 (OTBS), 62.1 (OCH3), 64.6, 69.2, 69.3, 70.2, 93.6 (CHO), 128.1,
128.4, 130.0, 132.89 (Ph), 165.7, 166,7, 168.6 (CO2).
Ethyl 1,2,5-tri-O-benzoyl-3-O-(fert-butyldimethylsilyloxy)-L-talofuranuronate 18

Lactol 17 (0.08g, 0.15 mmol), pyridine (1 ml), BzCl (0.043 ml, 0.38 mmol, 2.5 eq.) and cat. DMAP
were stirred for 1h. The crude residue was separated by column chromatography (75/25 hexane/ethyl acetate)
to give the tribenzoate compound 18 (0.06g, 62%) as a white solid; m.p 34-35°C; [}2® +18 (c. 0.25 in
CHCl3); 1H NMR (CDCl3) 8 8.19-7.14 (m, 15H, Ph), 6.59 (s, 1H, H-1), 5.68 (d, 1H, H-2, J=4.3Hz),
5.56 (s, 1H, H-5), 4.90 (d, 1H, H-4, J=4.6Hz), 4.85-4.81 (dd, 1H, H-3, J=4.3Hz, J=4.6Hz), 4.36-4.32
(m, 2H, OCHy), 1.37-1.32 (t, 3H, OCH2CH3), 0.85 (s, 9H, OTBS), 0.11 (d, 6H, OTBS); 13C NMR
(CDCI3) 8 -5.1, -4.9, 14.1, 17.9, 25.5 (CH3), 62.1 (OCH3), 70.1, 70.2, 76.2, 82.9, 98.8 (CHO), 128.3,
128.5, 129.9, 133.4 (Ph), 164.5, 165.3, 165.7, 167.2 (CO3).
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Anal. Calcd. for C35H40010: C, 64.80 ; H, 6.21 Found: C, 65.01, H, 6.41.
Ethyl 2,4-di-O-benzoyl-3-O-(tert-butyldimethylsilyloxy)-L-talopyranuronate 21

To a stirred solution of KCN (0.5 mmol) in methanol (4 ml) was added in one portion the lactol 17 (
0.55g, 1 mmol). The resulting mixture was stirred at room temperature until complete conversion to the
product had taken place. After 24h, t.l.c (hexane/ethyl acetate 50/50) showed no starting material and the
solution was quenched by addition of saturated aqueous NH4Cl and extracted with CH2Cl,. The combined
organic layers were dried (MgSO4) and evaporated. The residue was chromatographed on silica (70/30
hexane/ethyl acetate) to give the mixture of a,B-anomers of lactol 21 as an oil (0.24g, 45%); IR (v, cm-1)
3331 (OH), 1732 (ester); !H NMR (CDCl3) & 8.10-7.05 (m, 10H, Ph), 5.94-5.92 (dd, 1H, J=2.0Hz,
J=3.9Hz), 5.66 (d, 1H), 5.26 (d, 1H, J=4.8Hz), 5.01 (d, 1H, J=2.0Hz), 4.60 (sl, 1H, OH), 4.49-4.47 (t,
1H, J=4.08Hz, J=4.05Hz), 4.28-4.06 (m, 2H, OCH3), 1.13-1.09 (t, 3H, OCHCHj3), 0.70 (s, 9H, OTBS),
0.17 (s, 3H, OTBS), 0.08 (s, 3H, OTBS); 13C NMR (CDCIl3) of mixture 8§ -3.6, -3.5, -3.4, -3.2, 14.1,
14.2, 17.7, 25.5, 25.7 (OTBS), 62.3 (OCHzy), 70.1, 70.3, 71.9, 72.2, 76.9, 72.7, 81.8, 83.9, 96.9, 100.1
(CHO), 1284, 128.5, 128.6, 128.7, 128.8, 129.8, 130.0, 133.3, 133.5, 133.8 (Ph), 165.5, 165.6, 165.8,
165.9, 166.8, 168.2 (COy);
Anal. Calcd. for C28H360098i: C, 61.75 ; H, 6.66 Found: C, 61.75, H, 6.72

Ethyl 1,2,4-tri-O-benzoyl-3-O-(tert-butyldimethylsilyloxy)-L-talopyranuronate 22
Benzoylation of the product; 21 (0.2g, 0.367 mmol), pyridine (1 ml), BzCl (0.1 ml, 0.91 mmol, 2.5
€q.) and cat. DMAP for 1h. The crude residue was separated by column chromatography (75/25 hexane/ethyl
acetate) to give the tribenzoate compound 22 (0.17g, 75%). 'H NMR (CDCl3) & 8.13-7.13 (m, 15H, Ph),
6.78 (d, 1H, H-1, J4 5=1.9Hz), 5.99 (dd, 1H, H-4, J4 3=3.8Hz, J4 5=19Hz), 5.38 (dd, 1H, H-2,
J1,2=1.4Hz, J3 3=4.0Hz), 4.89 (d, 1H, H-5, J4,5=1.9Hz), 4.57-4.54 (m, 1H, H-3, J4 3=3.8Hz,
J2,3=4.0Hz), 4.20-4.10 (m, 2H, OCHy), 1.15-1.10 (t, 3H, OCH2CH3), 0.74 (s, SH, OTBS), 0.20 (s, 3H,
OTBS), 0.11 (s, 3H, OTBS);
13C NMR (CDCl3) -3.4, -3.1, 14.1, 17.9, 25.45, 25.6, 29.8, (OTBS), 61.6 (OCHy), 68.3, 68.4, 70.6,
73.6, 94.9 (CHO), 128.0, 128.2, 130.0, 130.7, 132.5, 132.8 (Ph), 165.9, 165.9, 166.7 (CO2).

Diethyl-(2R,3S,4R,5R)-2-benzoyloxy-4-(tert-butyldimethylsilyloxy)-3,5-O-isopropylidene-
3,5-dihydroxy-6-octenodioate 24

To a solution of 12 (0.542g, 1.06 mmol) in DMF (1 ml) was added 2,2-dimethoxypropane (1.95 ml,
15.9 mmol, 15 eq) followed by 2 drops of concentrated sulfuric acid. The reaction mixture was stirred 24 h. A
saturated aqueous NaHCQO3 was then added and the mixture was extracted with CHyCl. The organic layer
was separated, dried ((MgSOy) and evaporated. The residue was purified by column chromatography (75/25
hexane/ethyl acetate) to give the compound 24 (0.43g, 90%) as an oil; 1H NMR (CDCl3) & 8.13-7.46 (m,
5H, Ph), 6.91-6.89 (dd, 1H, H-3, J=5.3Hz, J=15.5Hz), 6.12 (d, 1H, H-2, J=15.5Hz), 5.48 (d, 1H, H-7,
J=2.1Hz), 4.59 (1, 1H, H-4, J= 5.3Hz), 4.29-4.15 (m, 6H, OCH,, H-5, H-6), 1.41 (d, 6H, CH3), 1.31-
1.24 (td, 6H, OCH;CH3), 0.87 (s, 9H, TBS), 0.07 (d, 6H, TBS); 13C NMR (CDCl3) § -3.2, -3.0, 14.2,
23.8, 247, 25.7, 39.5 (CH3), 60.3, 61.8 (OCH3), 70.2, 71.5, 72.1, 73.6 (CHOR), 101.6, 122.9 (HC=),
128.5, 129.9, 133.5 (Ph), 143.2 (HC=), 165.7, 165.8, 167.3 (CO»).
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Diethyl-(2R,3S,4R,5R)-2-hydroxy-4-(fert-butyldimethylsilyloxy)-3,5-O-isopropylidene-
3,5-dihydroxy-6-octenedioate 25

To a solution of 24 (0.347g, 0.63 mmol) dissolved in ethanol (4 ml) was added slowly under argon
atmosphere, sodium ethoxide (0.03g, 0.315 mmol, 0.5 eq.). The reaction mixture was stirred for 10 mn,
before a solution of saturated aqueous ammonium chloride was added when TLC showed no starting material
remained. The solution was extracted with CH2Cl», the combined organic layers were dried (MgSOyg4) and
evaporated. The residue was chromatographed on silica (75/25 hexane/ethyl acetate) to give 25 (0.25g, 0.56
mmol, 88%) as an oil; [¢]2-4.6 (c. 0.35 in CHCl3); IR (v, cm-1) 3495 (OH), 1745, 1724 (CO2E1), 1666
(C=C); 'H NMR (CDCl3) 8 6.96-6.90 (dd, 1H, H-3, J=5.5Hz, J=15.5Hz), 6.09 (d, 1H, H-2, J=15.5Hz),
4.49-4.47 (t, 1H, H-4, J= 5.5Hz), 4.35-4.16 (m, 6H, OCHj3, H-5, H-6), 3.90 ( d, 1H, H-7, J=7.5Hz), 2.95
(d, 1H, OH, J=7.5Hz), 1.34-1.25 (td, 6H, OCH>CH3), 0.88 (s, 9H, TBS), 0.06 (d, 6H, OTBS); 13C NMR
(CDCl3) 6 —4.6, 4.3, 14.3, 24.1, 24,5, 25.8, 60.3, 61.9 (OCHy), 69.7, 72.2, 74.7 (CHO), 101.1, 122.6
(HC=), 143.6 (HC=), 165.9, 172.5 (COy).
Anal. Calcd. for C21H380gSi: C, 56.48 ; H, 8.58 Found: C, 56.67, H, 8.90.

Diethyl-(2S,3S,4R,5R)-2-azido-4-(tert-butyldimethylsilyloxy)-3,5-O-isopropylidene-3,5-
dihydroxy-6-octenedioate 26

To a stirred solution of 25 (0.114, 0.25 mmol) in THF, was added succesively Ph3P (0.099g, 0.38
mmol, 1.5 eq.) and HN3 1.4M (0.3 ml, 0.38 mmol, 1.5 eq.) under argon atmosphere, followed by the
dropwise addition of DEAD (0.066g, 0.38 mmol) dissolved in 0.5 ml of THF. After 3h the solvent was
evaporated and the crude product was purified by chromatography column (75/25 hexane/ethyl acetate) to
afford 26 (0.25g, 0.56 mmol, 75%) as an oil; 'H NMR (CDCl3) § 6.91-6.84 (dd, 1H, H-3, J=5.2Hz,
J=15.7Hz), 6.10 (d, 1H, H-2, J=15.7Hz), 4.49-4.47 (1, 1H, H-4, J= 5.2Hz, J= 3.8Hz), 4.45-4.36 (m, 1H,
H-5, J= 6.5Hz, J= 3.8Hz), ), 4.35-4.16 (m, 4H, OCH3), 4.08-4.05 (dd, 1H, H-6, J= 2.1Hz, J= 6.5Hz),
3.76 ( d, 1H, H-7, J=2.1Hz), 1.49 (s, 6H, CH3), 1.32-1.25 (td, 6H, OCH2CH3), 0.85 (s, 9H, TBS), 0.07
(d, 6H, TBS); 13C NMR (CDCl3) & -3.8, 1.0, 14.3, 17.9, 23.6, 24.5, 25.7, 30.3, 60.4 (OCH2), 61.5
(CHN3), 62.1 (OCH3y), 69.8, 70.9, 72.0, 77.5 (CHO), 101.8, 122.9 (HC=), 143.7 (HC=), 166.0, 167.9
(CO).
Anal. Calcd. for C21H37NO7Si: C, 56.86 ; H, 8.41 Found: C, 56.72, H, 8.09.
Ethyl 2-O-benzoyl-D-galacto-oct-6-enarate-1,4-lactone 27

To a stirred solution of 11 (0.747 g, 1.19 mmol) in CH3CN (25.5 ml) was added 40% aqeous HF
(0.84 ml, 19.07 mmol, 16 eq.) and the mixture was allowed to stand 24h at room temperature. After the
reaction was judged complete by TLC the solution was quenched by addition of excess saturated aqueous
NaHCO3 and extracted with CH2Cly. The combined organic layers were dried (MgSQOg4) and evaporated. The
residue was chromatographed on silica (50/50 hexane/ethyl acetate) to give the lactone 27 as white crystals
(0.17g, 43%); m.p 174-175°C; [a])30-26.3 (c. 0.8 in acetone); IR (v, cm-!, KBr) 3493, 3429, 1743, 1722
(ester, C=0), 1670 (C=C); 'H NMR (CD30CD3) & 8.08 (d, 2H, ortho-Ph), 7.72-7.53 (m, 3H, meta, para-
Ph), 7.13-7.07 (dd, 1H, H-6, J;=14.9Hz, J>=4.3Hz), 6.23 (d, 1H, H-7, J=14.9Hz), 598 (d, 1H, H-2,
J=8.5Hz), 4.94-4.89 (t, 1H, H-3, J=8.5Hz), 4.66 (s, 1H, H-5), 4.52-4.49 (dd, 1H, H-4, J=8.5Hz), 4.21-
4.14 (q. 2H, OCHy), 2.93 (sl,1H, OH), 1.28-1.23 (1, 3H, OCH2CH3); 13C NMR (CD30CD3) 8 12.7 (Me),



Polyhydroxylated compounds 7873

58.9 (OCHy), 67.2, 70.0, 74.4 (CHO), 81.2 (CHOBz), 121.1 (HC=), 127.5, 128.6, 132.6 (Ph), 145.1
(HC=), 164.9, 165.9, 166.5 (CO»).
Anal. Calcd. for C17H1808: C, 58.29 ; H, 5.18 Found: C, 58.26, H, 5.18.
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