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Convenient Preparation of o.- and p-Glycosides of Novel Isomeric
3-Deoxy-hept-2-ulosaric Acids Diesters

Jacek Mlynarski and Anna Banaszek’
Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw. Poland

Abstract: Methyl 3-deoxy-a and f-D-ribo, D-xylo and D-lyxo-hept-2-ulosonic acids were obtained from
the individual & and 8 anomers of the same methyl (methyl 3-deoxy-D-arabino-hept-2-ulopyranosid)-
onate in a sequential epimerisation at C-4 and/or C-5 of their appropriate O-triflucromethanesulfonic
derivatives, using cesium acetate. Subsequent oxidation of the 7-OH group in these compounds lead to
the new isomeric 3-deoxy-hept-2-ulosaric acids derivatives. © 1997 Elsevier Science Ltd.

INTRODUCTION

3-Deoxy-hept-2-ulosaric acids are, to our knowledge, represented in Nature by only one isomer: the
3-deoxy-p-lyxo-hept-2-ulosaric acid (DHA). DHA has been reported to occur as a component of
rhamnogalacturonane™ and of the glycoprotein cell wall of algae."” Besides, DHA was isolated from the
lipopolysaccharides (LPS) of Gram-negative bacteria Acinobacter calcoaceticus," Rhizobium leguminosarum
bv. trifolii 24 and its exo” mutant AR20."*" In the LPSs of the mutant AR20, DHA was estimated' to be a
constituent of the trisaccharide repeating unit. These interesting biological and chemical properties of DHA,
being side-chain shortened 3-deoxy-p-manno-oct-2-ulosonic acid (KDO) with an additional carboxy group at
C-7, prompted us to synthesize all isomeric 3-deoxy-hept-2-ulosaric acids.

In our recent paper” we have already reported on the synthesis of DHA. In this paper, we describe the
preparation of three remaining hitherto unreported stereoisomers of the a-series and four of the fS-series.
We assume that these compounds would be valuable for biological investigations,* as was the case of KDO’

and neuraminic acid (Neu5Ac)®, modified either at C-4 and C-5, or the side-chain-shortened.”
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RESULTS AND DISCUSSION

Our strategy for the construction of the isomeric sugars was based on a sequential epimerisation at C-4
and/or C-5. The key precursors, methyl (methyl 3-deoxy-«& and S-p-arabino-hept-2-ulopyranosid)onates (1a and
1b, respectively) were prepared by the methoxymercuration-dememercuration of 1-carbomethoxy-p-glucal,
according to our previously described methodology.® The & and 3 anomers thus obtained (4:1) were separated
by chromatography and served for the preparation of both the o and [-series of 3-deoxy-hept-2-ulosaric acids.

Among the known methods of inversion at different carbon atoms of the pyranose ring the Mitsunobu
reaction’ (TPP, DEAD, RCO,H) is the most commonly used. This very useful reaction is, however, very
sensitive to the steric hindrance prohibiting inversion or causing undesired side-reactions.” More promising
seemed to be the nucleophilic displacement of the triflate group by cesium acetate in the presence of 18-crown-6
in toluene.”” A limited number of applications of this methodology in sugars has been reported.'’ In this context
utilization of this reaction for C-4, C-5 epimerisation in the sialic acids-type compounds was highly desirable

Introduction of the triflate at C-4 position was preceded by a selective protection of 5,7-OH groups as
the benzylidene derivative,"? to give 2a,b. Esterification of 4-OH in 2a,b with triflic anhydride in
dichloromethane and pyridine at -10 °C afforded the 4-triflate in 92% yield. This derivative of the o anomer,
when treated with CsOAc in toluene, furnished the methyl (methyl 4-O-acetyl-5.7- ()-benzylidene-
3-deoxy-a-p-ribo-hept-2-ulopyranosid)onate (3a) in 60% yield, accompanied by the 3 4-unsaturated product
4 (~15%) (Scheme 1).

Using tetraethylammonium acetate as a nucleophile in the reaction with the same substrate (2a) led to 3a
and 4 in a ratio 2:3, respectively; this confirms the better nucleophilicity and lower basicity of cesium acetate in
this substitution reaction as compared to those of tetraethylammonium acetate. In contrast, 4-triflyl group in the
[-anomer 2b underwent the substitution with cesium acetate in 96% yield, and none of the elimination product
was observed in the reaction mixture. This difference in the reaction with cesium acetate of both these anomers
cannot be explained by steric effects, because both C-2 substituents are in similar proximity to the C-4 reactive
center. A more reliable explanation seems to be the influence of electronic factors due to repulsion of the
negatively charged nucleophile by the electron rich o methoxy oxygen."

Hydrolysis of the 5,7-O-benzylidene residue in 3a with aqueous trifluoroacetic acid in dichloromethane
was accompanied by a partial acetyl migration, to give a mixture of 4- and 5-O-acetyl derivatives which after
acetylation afforded the fully acetylated product 5a.

A more efficient procedure applied to deprotection of the 5,7-O-benzylidene group involves treatment of

14
1,

3 with cupric chloride dihydrate in THF-ethanol, " followed by acetylation, leading to S in 95% yield.
For the preparation of the xylo isomer 9a and 9b, 7-OH group in both anomers 1a and 1b was protected

as 7-O-TPS (z-butyldiphenylsilyl) derivative 7a and 7b, respectively. Epimerisation of two centers in one step
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allowed introduction of two triflate groups at C-4 and C-5. This was done in a similar way as mentioned above.

Thus, treatment of 7a or 7b with triflic anhydride-pyridine in dichloromethane, followed by cesium acetate and

18-crown-6, furnished the doubly inverted at C-4 and C-5 methyl (methyl 4,5-di-O-acetyl-7-O-

(#-butyldiphenylsilyl)-3-deoxy-o-D-xylo-~ or B-D-xylo-hept-2-ulopyranosid)onate (8a or 8b), both in high yield.

The double displacement process was applied also for the conversion of the $-p-ribo isomer 11b into the

methyl (methyl 4,5-di-O-acetyl-7-O-(z-butyldiphenylsilyl)-3-deoxy--D-lyxo-hept-2-ulopyranosid)onate (12b).

CH,OTPS CH,OH o
Ph
to X o X ]_; X
OH -— OH —a o < OH 0
HO HO Y o) Y
2a, b

g b

8a,b; Rl =R2 = Ac, R3 = TPS
9a,b:RI =R2=R3 = Ac

Y
7a,b 1a, b
a: X =C(,Me, Y = OMe
b b: X = OMe, Y = CO,Me borg

CH,OR3

RIO
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. 2 .
e[ 5"""-R1=R7=R2=A“ 200 30 b RIZR2ZRI = Ac
. 6a biR 1 =R2=R3= 14a.b:R1=R2=R3=H
11b: RI=R2=R3=TPS [ il 15, b RI=R2=iPr. R} = TPS
g 16a, b: R1 =R2=iPr, R3=H
Reagents: (a) PhCHO-TFA; (b) Tf,0-Py, CH.Cl, / CsOAc. PhCH;. 70 °C:. (c) Tf;O-Py,

CH.Cl: / EisN OAc, PhCH;, 70 °C: (d) CuCly-2H,0. THF. EtOH. reflux: (e) NaHCO;-
MeOH: (f) TPSCI-TEA. CH,Cl.. (g) TBAF. THF: (h) Ac,O-Py: (i) DMP, CSA. DMF.

For the removal of acetyl residues in the prepared compounds sodium bicarbonate in methanol was

applied.® These mild conditions prevented hydrolysis of the C-1 methyl ester. Crucial oxidation of the primary

7-OH group to the carboxyl one in the o and S-anomers of the isomeric heptulosonic acids derivatives 1, 6, 10

and 14, was carried out with an excess of sodium hypochlorite catalysed by 2,2,6,6-tetramethylpipe-ridine

1-oxyl, radical (TEMPO), in aqueous acetone solution.'® In all cases but one, the oxidation reaction led to the

7-heptulosaric acids, which were in situ transformed into their 1,7-dicarbomethoxy derivatives 17-20 by

treatment with trimethylsilyl chloride in methanol. (Scheme 2).
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CO,Me COyMe ) CO,Me 2 CO,Me
R20)
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Rl1=R2=H 17a,b 18a, b 19a. b 20a, b
Rl =R2=Ac21a,b 22a,b 23a, b 24a, b

Scheme 2. a: X=CO:Me. Y =OMe: b: X =0Me. Y = CO:Me

In contrast, oxidation of the fB-/yxo isomer 14b under the same conditions gave a mixture of unresolved
products. The oxidation of this isomer succeeded, however, leading to the desired heptulosaric acid 20b, when
the reaction was performed with the substrate 16b, having 4,5-OH groups blocked by the ()-isopropylidene ring.
This, to our knowledge, is the first observation on the necessity of protected of secondary hydroxyl groups in
substrate, whose primary OH group has to be oxidized by NaOCI-TEMPO."

It is worth noting, that esterification of this oxidation product. using methanol-trimethylsilyl chloride
affected the isopropylidene ring,? this resulted in obtention of the 4,5-(-deprotected methyl ester of heptulosaric
acid 20b.

The a or f configuration of the prepared compounds arises from the known configuration of their
substrates 1a and 1b. It is important to stress, however, that 'H NMR spectra of the all anomeric pairs
demonstrate the general feature, i.e., the chemical shifts of H-3., and H-6 are shifted further downfield in the
B-anomers than in the a-anomers (Table 1). This observation is compatible with the analogous data for KDO.'*
An exclusion concerns the #ibo isomers 22a and 22b, where the 6 value of H-3., (8 2.34 ppm) in the S-anomer
occurs in the higher field than that of the a-anomer (8 2.44 ppm). This anomaly can be considered in terms of a
distortion of *C; chair conformation (typical of a nearly all 3-deoxy-2-ulosonic acids') as it is indicated by the
magnitude of the coupling constants value: Jseqs 7.4 and 8.8 Hz in 18b and 22b, respectively, as compared to
those of 7-OAc and 7-OH (6b and Sb) counterparts: Ji.q4 5.4 Hz. The reason for such phenomenon is somewhat
difficult to explain in terms of influence of the 7-carbomethoxy group, because all other diesters (17a.b;
19a,b - 24a, b) present typical *C, conformation. A similar anomaly was reported'® for modified sialic acids
bearing the carbonyl group at C-7.

In conclusion, the proposed methodology allows ready construction of isomeric 3-deoxy-2-ulosonic and
ulosaric acids. The 'H NMR spectral data are valuable for determination of ¢ and S configuration in the

anomeric pair.
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Table 1. Chemical shifts of H-3., and H-6.
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3eq 6 3eq 6 3 6 3eq 6
CH,OR COsMe
0. COMe 0. COMe
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Table 2. The distance between H-3., and H-3...

entry a b entry a b
1 4,5-OH 0.61 0.82 17 0.59 0.76
1°4,5-0Ac 0.64 0.71 21 0.64 0.61

6 0.23 0.55 18 0.19 0.32

5 0.32 0.49 22 0.32 0.10

10 0.10 0.23 19 0.11 0.20

9 0.25 0.43 23 0.26 0.40

14 0.18 0.38 20 0,27 0,36

13 0.07 0.22 24 0.07 0,16
EXPERIMENTAL

General methods: Optical rotations were measured with a JASCO DIP Digital Polarimeter at room
temperature. 'H NMR spectra were recorded on Bruker AM-500 (500 MHz) and Varian AC-200 (200 MHz)
spectrometers with Me,Si as internal standard. Mass spectra were taken on a AMD-604 mass spectrometer.
Reactions were controlled using TLC on silica [Merck alu-plates (0.2 mm)]. All reagents and solvents were
purified and dried according to common methods. All organic solutions were dried over MgSO,. Reaction
products were purified by flash chromatography, using Merck’s Kieselgel 60 (240-400 mesh or 70-230 mesh).
All acetylation reactions were performed using acetic anhydride-pyridine (1:1) at room temperature (with
catalytic amount of DMAP if necessary). Cesium acetate was dried by stirring with acetic anhydride overnight
and evaporation with toluene. Solvents: A-hexane-ether (1:1+5% MeOH), B - hexane-ether (1:1), C - CH,Cl-
MeOH (9:1), D - CH,Cl,-MeOH (95:5).

Methyl (methyl 5,7-O-benzylidene-3-deoxy-o-p-arabino-hept-2-ulopyranesid)onate (2a) — The ester 1°
(470 mg, 2 mmol) in benzaldehyde (5mL) was treated with trifluoroacetic acid (0.5 mL) at room temperature.
The mixture was stirred at this temperature for 1 h (TLC - solvent A), then CH,Cl; was added, and the mixture
was neutralized with triethylamine. Purification by chromatography afforded 2a (630 mg, 98%) as white crystals:
m.p. 104 °C; {o]p +53.0° (¢ 1.05, CHCl;); '"H NMR (200 MHz, CDCl): 8 1.82 (dd, 1H, H-3,,), 2.42 (d, IH,
OH, J 2.7 Hz), 2.49 (dd, 1H, H-3,,), 3.28 (s, 3H, OMe), 3 83 (s, 3H, CO;Me), 3.56 (t, IH, H-5), 3.74 (ddd, 1H,
H-6), 3.92 (dd, 1H, H-7a), 4.24 (m, 1H, H-4), 4.36 (dd, 1H, H-7b), 5.59 (s, 2H, PhCH>), 7.35-7.55 (m, SH,
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A1), Jsaxzeq 133, Sraxa 111, Jaeqs 5.3, Jas 9.5, Jos 9.1, Jo7a 1.0 Hz, Jom 4.5, Jza 10.1 Hz; HR-MS (LSIMS)
caled for CsH 07 [M+H]" 325.1287 found 325.1264.

Methyl (methyl 5,7-O-benzylidene-3-deoxy-B-p-arabino-hept-2-ulopyranosid)onate (2b). — The reaction
of ester 1b® (470 mg, 2 mmol) with benzaldehyde (SmL) and trifluoroacetic acid (0.5 mL) was processed as
described for the preparation of 2a. Chromatography gave 2b (620 mg, 96%) as a colorless oil: [a]p +7.9°
(c 0.86, CHCL); "H NMR (200 MHz, CDCl:): 8 1.90 (dd, 1H, H-3,,), 2.51 (d, 1H, OH, .J 2.9 Hz), 2.78 (dd, IH,
H-3.), 3.39 (s. 3H, OMe), 3.86 (s, 3H, CO,Me), 3.50-4.00 (m, 4H, H-5, H-6, H-7a), 4.42 (dd, 1H, H-7b), 5.58
(s, 2H, PhCH,), 7.35-7.55 (m, 5H, Ar); Ssaxseq 13.3, Jaaxa 10.9, J3eqa 5.1, Jms 4.2 Hz; HR-MS (L.SIMS) caled for
Ci6H2:07 [M+H]" 325.1287 found 325.1288.

A — General procedure for the preparation of triflates and their displacement with cesium acetate

To a solution of 3-deoxy-hept-2-ulosonic acid derivative (1.0 mmol) in CH;Cl; (5-10 mL) containing
pyridine (0.25 mL, 3 mmol) was added dropwise triflic anhydride (0.2 mL, 1.1 mmol) at -10 °C under argon.
The mixture was allowed to stir for ~10 min (TLC, solvent A), then filtered through a short column of silica gel.
The filtrate was evaporated in vacuo to yield the corresponding triflate.

The crude triflate obtained in the previous step was dried under high vacuum and dissolved in anhydrous
toluene (20 mL) containing 18-crown-6 (790 mg, 3 mmol). Freshly prepared dry cesium acetate (580 mg,
3 mmol) was added, and the reaction mixture was stirred at 60-70 °C under argon until the reaction was
complete (TLC, solvent A). The solvent was then evaporated in vacuo and the product was isolated by column
chromatography.

Methyl (methyl 4-0O-acetyl-5,7-O-benzylidene-3-deoxy-a-p-ribo-hept-2-ulopyranosid)onate (3a) and
methyl (methyl 3,4-dideoxy-c—p-erythro-hept-3-en-2-ulopyranosid)onate (4). — (a) Prepared according to
the general procedure from 2a (420 mg, 1.3 mmol). Chromatography (solvent B) gave 3a in the second fraction
(280 mg, 60%): colorless oil; [ot]p +88.1° (c 0.63, CHCls); "H NMR (200 MHz, CDCL): & 2.04 (dd, 1H, H-3,,),
2.11 (s, 3H, Ac), 2.58 (dd, 1H, H-3.), 3.29 (s, 3H, OMe), 3.81 (s, 3H, CO;Me), 3.75-3.95 (m, 2H, H-7a,
H-7b), 3.20-3.45 (m, 2H, H-5, H-6), 5.32 (q, 1H, H-4) 5.60 (s, 2H, PhCH>), 7.35-7.50 (m, SH, Ar); Jzaxzeq 15.3,
Jraxa 3.5, Jaeqs 2.8 Hz; HR-MS (LSIMS) calcd for Ci3H»O5 [M+Na]® 389.1212 found 389.1203.

Eluted first was 4 (60 mg, 15%): m.p. 87-88 °C; [a]p +142.8° (¢ 1.55, CHCly); '"H NMR (200 MHz, CDCl):
8 3.63 (s, 3H, OMe), 3.83 (s, 3H, COMe), 3.90-4.04 (m, 2H, H-7a, H-7b), 4.20-4.42 (m, 2H, H-5,
H-6), 5.85 (dd, 1H, H-4, J,5 10.2, J,5 2.6 Hz), 6.26 (d, 1H, H-3, /14 10.2), 5.61 (s, 2H, PhCH), 7.30-7.60 (m,
5H, Ar), HR-MS (LSIMS) calcd for CsH; 306 [M+H]' 307.1182 found 307.1173.

(b) The crude 4-O-triflyl derivative prepared from 2a (420 mg, 1.3 mmol), dissolved in toluene (20 mL), was
treated with triethylammonium acetate (470 mg, 2.5 mmol) and the mixture was stirred at 70 °C for 1 h under
argon. Flash chromatography of the products (solvent B) gave 3a (170 mg, 35%), and 4 (200 mg, 50%) which

were identical (TLC, [a]p, NMR) with the previously obtained compounds.
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Methyl (methyl 4-O-acetyl-5,7-O-benzylidene-3-deoxy-f-p-ribo-hept-2-ulopyranesid)onate (3b). — From
2b (320 mg, 1 mmol) based on the procedure A, after isolation by chromatography 3b was obtained as a sole
product (330 mg, 90%): m.p. 102-103 °C; [a]p +46.7° (¢ 2.02, CHClh); 'H NMR (200 MHz, CDCl;): § 2.00
(dd, 1H, H-3.,), 2.05 (s, 3H, Ac), 2.86 (dd, 1H, H-3.,). 3.32 (s, 3H, OMe), 3.85 (s, 3H, CO,Me), 3.70-3.85 (m,
2H, H-7a, H-7b), 4.25-4.55 (m, 2H, H-5, H-6), 5.40 (q, 1H, H-4) 5.58 (s, 2H, PhCH>), 7.30-7.50 (m, SH, Ar);
axzeq 14.8, Jiaxa 2.7, Jreqa 3.5 Hz; HR-MS (LSIMS) calcd for C1gH2,05 [M+H]' 367.1393 found 367.1393.
Methyl (methyl 4,5,7-tri-O-acetyl-3-deoxy-c+-p-ribo-hept-2-ulopyranosid)onate (Sa) — A mixture of 3a
(100 mg, 0,27 mmol) and cupric chloride dihydrate (420 mg, 2.5 mmol) in THF-ethanol 1:1 (5 mL) was refluxed
for 1 h (TLC - solvent C). The solvents were evaporated under reduced pressure, and the solid was acetylated in
situ. The product was poured into water and extracted with CH,Cl,. The organic layer was dried and
concentrated in vacuo. Column chromatography of the residue (solvent B) afforded Sa (90 mg, 92%): colorless
oil; [a]p +114.3° (c 1.67, CHCl); 'H NMR (500 MHz, CDCL:): 6 2.09 (dd, 1H, H-3.,), 2.03, 2.09 2.11 (3s,
3X3H, Ac), 2.41 (dd, 1H, H-3.), 3.30 (s, 3H, OMe), 3 81 (s, 3H, CO,Me), 4.21-4.35 (m, 3H, H-6, H-7a, H-7b),
4.96 (m, 1H, H-5), 5.36 (q. IH, H-4); Jyuxseq 15.3. Jaaxa 3.7, Jreqa 3.1, Jas 3.3 Hz; *C NMR (500 MHz, CDCl;):
§20.63, 20.76, 21.04, 35.34, 51.12, 52.75, 62.63, 65.92, 65.97, 66.45, 97.89, 168.18, 169.53, 170.43. 170.76;
HR-MS (LSIMS) calcd for CisH2,010 [M+Na]’ 385.1111 found 385.1115.

Methyl (methyl 4,5,7-tri-O-acetyl-3-deoxy-f3-p-ribo-hept-2-ulopyranosid)onate (5b). — This compound
was obtained from 3b (100 mg, 0,27 mmol) by a procedure above described to give 96 mg (98%) of 5b:
m.p. 68-69 °C; [a]p +59.1° (¢ 1.38, CHCI;); 'H NMR (500 MHz, CDCL): § 2.08 (dd, 1H, H-3,), 2.02, 2.03
2.10 (3s, 3x3H, Ac), 2.57 (dd, 1H, H-3.,), 3.30 (s, 3H, OMe), 3.83 (s, 3H, CO:Me), 4.29 (dd, IH. H-7a), 4.31
(dd, 1H, H-7b), 4.47 (m, 1H, H-6), 4.98 (dd, 1H, H-5), 5.44 (m, |H, H-4); Jiscaeq 14.4, Jraxa 3.1, Jreqs 5.4,
Jis 3.0, Jss 8.8, Joza 3.6, Jo7 4.3, S 12.1 Hz; “C NMR (500 MHz, CDCl3): & 20 68, 20.69, 20.78, 35.64,
51.65, 52.40, 62.67, 66.18, 66.63, 70.42, 97.93, 168.66, 169.37, 169.73, 170.76; HR-MS (LSIMS) calcd for
CisH»O(p [M+Na] 3851111 found 385.1115.

B — General procedure for the removal of acetyl residues

To a solution of ester (1 mmol) in methanol (5 mL) was added NaHCOs (2 g) and the resulting suspension was
stirred at room temperature for 1 h (TLC - solvent C). The mixture was then diluted with CHCl, and filtered
through a short column of silica gel to give the desired product in almost quantitative yield.

Methyl (methyl 3-deoxy-a-p-ribo-hept-2-ulopyranosid)onate (6a) . — Based on the procedure B the ester 5a
(100 mg, 0.28 mmol) was converted into 6a (65 mg, 97%): colorless oil; [a]p +103.9° (¢ 1.10, MeOH),
'H NMR (500 MHz, D;0): 8 2.06 (dd, 1H, H-3,), 2.29 (dd, 1H, H-3.,), 3.25 (s, 3H, OMe), 3.68 (dd, 1H, H-5),
3.84 (dd, 1H, H-7b), 3.86 (s, 3H, CO,Me), 3.90 (ddd, 1H, H-6), 3.95 (dd, 1H, H-7a), 4.14 (m, IH, H-4), Jau¢
15.2, Jaaxa 3.7, Jaeqa 3.1, J5.4 3.4, Js6 101, Jo.30 2.0, Js7 5.5, Jram 12.2 Hz; *C NMR (500 MHz, D,0): 8 39.93,
53.77,56.31, 63.74, 68.60, 69.27, 77.47, 101.34, 173.47.
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Methyl (methyl 3-deoxy-f-p-ribo-hept-2-ulopyranosid)onate (6b). — Based on the procedure B the ester Sb
(100 mg, 0.28 mmol) was converted into 6b (63 mg, 95%): colorless oil; [ot]p +50.2° (¢ 0.95, MeOH); 'H NMR
(500 MHz, D;0): § 1.97 (dd, 1H, H-3,,), 2.52 (dd, 1H, H-3.,), 3.32 (s, 3H, OMe), 3.74 (dd, 1H, H-5), 3.79 (dd,
1H, H-7b), 3.85 (s, 3H, CO;Me), 3.91 (dd, IH, H-7a), 4.13-4.19 (m, 1H, H-6, H-4): Jaax3eq 14.1, S3axa 2.7, Jreqa
5.6,.Jus 5.4, J56 8.9, Jo7a 3.1, Jom 5.3, Jram 12.3 Hz; "C NMR (500 MHz, D,0): § 40.30. 54.11, 55.92, 64.05,
68.71, 68.90, 77.33, 100.90, 173.71.

Methyl [methyl 7-O-(¢-butyldiphenylsilyl)-3-deoxy-o-p-arabino-hept-2-ulopyranosidjonate (7a). — To a
solution of 2a (100 mg, 0.42 mmol) in anhydrous CH,Cl, (5 mL) was added triethylamine (0.07 mL, 0.5 mmol)
and 4-dimethylaminopyridine (10 mg) and f-butyldiphenylsilyl chloride (0.13 mL, 0.5 mmol). The solution was
stirred overnight at room temperature (TLC - solvent A) then evaporated, and the residue was
chromatographed on silica gel (solvent B) to give 7a (180 mg, 90%): colorless oil; [et] +16.9 (c 1.85, CHCLy),
'H NMR (200 MHz, CDCl): 8 1.08 (s, 9H, 1-Bu), 1.70 (dd, IH, H-3,,), 2.39 (dd, 1H, H-3.,). 2.45 (bs, IH,
OH), 3.18 (s, 3H, OMe), 3.28 (bs, IH, OH), 3.52-3.62 (m, 2H), 3.80 (s, 3H, CO;Me), 3.98 (m, 3H), 7.35-7 75
(m, 10H, Ar), HR-MS (LSIMS) calcd for CysHss SiO5 [M+Na]' 497.1971 found 497.1980.

Methyl [methyl 7-O-(t-butyldiphenylsilyl)-3-deoxy-f3-n-arabino-hept-2-ulopyranosid]onate (7b). — The
compound was prepared from 2b (100 mg, G.42 mmol) applying the procedure described for 7a to give 188 mg
(94%) of 7b: colorless oil; [a], +4.4 (¢ 1.15, CHCs); 'H NMR (200 MHz, CDCL): & 1.09 (s, 9H, ¢-Bu), 177
(dd, TH. H-3.), 2.52 (d, 1H, OH, ./ 2.4 Hz), 2.63 (dd, 1H, H-3.), 3.23 (s, IH, OH), 3.32 (s, 3H, OMe), 3.55-
3.80 (m, 3H, H-4, H-5, H-6), 3.81 (s, 3H, CO,Me), 3.90 (dd, 1H, H-7b), 4.04 (dd, 1H, H-7a), 7.35-7.80 (m,
TOH. Ar); Jaaxseq 12.6, Jaaca 117, Jrcqs 4.8, J672 3.9, Jomw 5.5, J7aw 10.3 Hz; HR-MS (LSIMS) caled for CasHay
SiO; [M+Na] 4971971 found 497.1976.

Methyl [methyl 4,5-di-O-acetyl-7-O-(f-butyldiphenylsilyl)-3-deoxy-o—p-xplo-hept-2-ulopyranosidjonate
(8a). — Based on the procedure A the compound 7a (200 mg, 0.42 mmol) was converted into 8a (200 mg,
85%): colorless oil; [a]y +20.3 (¢ 1.00, CHCL); 'H NMR (200 MHz, CDCL): § 1.08 (s, 9H, #-Bu), 2.00 (dd.
1H, H-3,:), 2.04, 2.14 (25, 2>x3H, Ac), 2.35 (ddd, 1H, H-3,,), 3.24 (s. 3H, OMe), 3.82 (s, 3H, CO,Me), 3 85 (m,
2H, H-7a, H-7b), 4.26 (m, 1H, H-6), 4.92-5.06 (m, 2H, H-4, H-5), 7.35-7.80 (m, 10H, Ar), HR-MS (LSIMS)
calcd for CooHas SiOs [M+Na]" 581.2183 found 581.2170.

Methyl [methyl 4,5-di-O-acetyl-7-O-(t-butyldiphenylsilyl)-3-deoxy-f3-n-xylo-hept-2-ulopyranesid]onate
(8b). — Based on the procedure A the compound 7b (160 mg, 0.34 mmol) was converted into 8b (160 mg,
86%): colorless oil; [a]p +13.0 (¢ 1.19, CHCL); 'H NMR (200 MHz, CDChL): 8 1.05 (s, 9H, +-Bu), 2.00 (dd,
[H, H-3,), 1.99, 2.04 (2s, 2x3H, Ac), 2.57 (ddd, 1H, H-3.,), 3.27 (s, 3H, OMe), 3.80 (s, 3H, CO;Me), 3.76
(dd, 1H, H-7a), 3.90 (dd, 1H, H-7b), 4.48 (dd, 1H, H-6), 4.97 (m, 1H, H-5), 5.10 (q, 1H, H-4), 7.30-7.70 (m,
10H, Ar); Jucaeq 14.7, Jzaxa 3.3, Jaeqa 3.2, Sreqs 0.9, Soa 1.7, Jo 6.0 J7am 9.8 Hz; HR-MS (LSIMS) caled for
C20H3s SiOs [M+Na]" 581.2183 found 581.2164.
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Methyl (methyl 4,5,7-tri-O-acetyl-3-deoxy-o-n-xylo-hept-2-ulopyranosid)onate (9a). — Tetra-n-butyla-
mmonium fluoride (95 mg, 0.3 mmol) was added to a solution of 8a (110 mg, 0.2 mmol) in THF (5 mL). The
reaction mixture was stirred at rt for ~1 h (TLC solvent C). Evaporation of the solvent and acetylation in situ
gave compound 9a which was purified by column chromatography (solvent B) (70 mg, 97%): colorless oil;
[adp +78.0° (¢ 1.09, CHCLs); '"H NMR (500 MHz, CDCl:): & 2.05 (dd, 1H, H-3,,), 2.08, 2.09 2.12 (3s. 3x3H,
Ac), 2.30 (ddd, 1H, H-3.), 3.27 (s, 3H, OMe), 3.81 (s, 3H, CO;Me), 4.20 (dd, 1H, H-7b), 4.26 (dd, 1H, H-7a),
4.36 (m, 1H, H-6), 4.89 (m, 1H, H-5), 4.93 (m, 1H, H-4); Jaax3eq 15.3, Sraxa 4.1, Jicqa 2.7, Jreqs 0.9, Jas 3.3, Jeg
1.5, J63a 5.5, Joan 1.5, Joa 11.5 Hz; ®C NMR (500 MHz, CDCl;): & 20.76, 20.78, 21.10, 30.82, 51 15, 52.96,
62.65, 65.74, 65.96, 66.17, 97.74, 168.30, 169.65, 169.80, 170.54; HR-MS (LSIMS) calcd for C;:Hx»Oy
[M+Na]" 385.1111 found 385.1108.

Methyl (methyl 4,5,7-tri-O-acetyl-3-deoxy-3-p-xplo-hept-2-ulopyranosid)onate (9b). — From 8b (110 mg,
0.2 mmol) - processed as described for 9a to yield 69 mg (96%) of 9b: colorless oil; [ot}, +64.4 (¢ 1.13, CHCI;),
'"H NMR (500 MHz, CDCL): § 2.09 (dd, 1H, H-3,,), 2.02, 2.08 2.13 (3s, 3x3H, Ac), 2.52 (ddd, IH, H-3,,),
3.33 (s, 3H, OMe), 3.81 (s, 3H, CO:Me), 4.22 (dd, 1H, H-7b), 4.26 (dd, 1H, H-7a), 4.56 (td, 1H. H-6), 4.85
(m, 1H, H-5), 5.08 (q. 1H, H-4); Jiux3eq 14.7, Jraxa 3.3, Seqa 3.5, Jreqs 0.9, Jus 3.9, Jss 1.9, Jo72 6.5, Jo 6.7,
Jum 11.2 Hz, “C NMR (500 MHz, CDClL): § 20.71, 20.72, 20.74, 32.30, 51.46, 52.34, 62.15, 65.16, 66.97,
69.61, 97.60, 168.65, 168.72, 169.69, 170.55, HR-MS (LSIMS) calcd for CsH»0y0 [M+Na]® 3851111 found
3851112

Methyl (methyl 3-deoxy-o-p-xylo-hept-2-ulopyranesid)onate (10a). — Based on the procedure B the
compound 9a (50 mg, 0.14 mmol) was converted into 10a (32 mg, 97%): m.p. 85-90 °C; [a]p +76.2° (c 0.85,
MeOH); 'H NMR (500 MHz, D,0): & 2.04 (ddd, 1H, H-3.,). 2.14 (dd. 1H, H-3,,), 3.25 (s, 3H, OMe), 3.69 (bd,
1H, H-5), 3.80 (dd, 1H. H-7a), 3.86 (s, 3H, CO,Me), 3.89 (dd. 1H, H-7b), 4.00 (m, 1H, H-4), 4.11 (ddd, 1H,
H-6); Jsaxzeq 153, Jraca 4.1, Jreqa 2.5, Jaeqs 0.7, Js4 3.5, Jos 1.3, Jo7a 4.3, Jow 7.7, Jrazw 12.0 Hz; *C NMR (500
MHz, D,0): § 35.00, 53.75, 56.22, 64.30, 69.21, 69.63, 72.05, 101.35, 173 .42,

Methyl (methyl 3-deoxy-f3-p-xplo-hept-2-ulopyranosid)onate (10b). — Based on the procedure B the
compound 9b (50mg, 0.14 mmol) was converted into 10b (30mg, 90%): [at]p +42.4° (¢ 1.33, MeOH); '"H NMR
(500 MHz, D,0): 6 2.12 (dd, 1H, H-3..), 2.35 (ddd, 1H, H-3.,). 3.34 (s, 3H, OMe), 3.67 (m, 1H, H-5), 3 8]
(dd, 1H, H-7a), 3.84 (dd, 1H, H-7b), 3.84 (s, 3H, CO;Me), 4.09 (m, 1H, H-4), 4.33 (ddd, 1H, H-6); Jisx3eq 14.3,
Fraxa 2.9, Jreqs 3.5, Jregs 0.4, Jsq 4.0, Jsg 1.5, Js7a 4.8, Jom 7.4, Jrm 11.7 Hz; “C NMR (500 MHz, D,0):
036.74, 53.91, 55.81, 64.35, 68.95, 69.83, 76.27, 100.84, 173.74.

Methyl [methyl 7-O-(¢-butyldiphenylsilyl)-3-deoxy--p-ribo-hept-2-ulopyranosid]onate (11b). — From 6b
(100 mg, 0.42 mmol) by the procedure described for the preparation of 7, to give 11b (163 mg, 82%): colorless
oil; [at]p 0.0° (c 0.60, CHCl:); 'H NMR (200 MHz, CDCl): 8 1.12 (s, 9H, £-Bu), 1.86 (dd, 1H, H-3,), 2.60 (d,
IH, OH, J 1.7 Hz), 2.70 (dd, 1H, H-3.,), 3.26 (s, 3H, OMe), 3.84 (s, 3H, CO,Me), 3.70-3.94 (m, 2H, H-7a,
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H-7b), 4.05-4.20 (m, 2H, H-5, H-6), 4.33 (ddd, 1H, H-4), 7.35-7.80 (m, 10H, Ar); Jux3eq 14.3, Jraaxs 2.1, Jaeqs
4.1 Hz; HR-MS (LSIMS) calcd for CsH34S107 [M+Na]” 497.1972 found 497.1971.

Methyl [methyl 4,5-di-O-acetyl-7-O-(t-butyldiphenylsilyl)-3-deoxy-/-p-lpxo-hept-2-ulopyranosid]onate
(12b). — Based on the procedure A the compound 11b (60 mg, 0.13 mmol) was converted into 12b (63 mg,
87%): colorless oil; [a]p +11.7° (¢ 0.65, CHCl3), "H NMR (200 MHz, CDCL): 8 1.10 (s, 9H, £-Bu), 2.05 (dd,
1H, H-3), 2.07, 2.17 (2s, 2x3H, Ac), 2.45 (dd, 1H, H-3.,), 3.35 (s, 3H, OMe), 3.84 (s, 3H, CO,Me), 3.98 (dd,
1H, H-7a), 4.10 (dd, 1H, H-7b), 4.15 (m, 1H, H-6), 4.95 (m, 1H, H-4), 5.40 (m, 1H, H-5), 7.35-7.70 (m, 10H,
Ar); Saxdeq 14.3, Sraxa 2.1, aeqa 4.1 Hz

NMR data for methyl (methyl 4,5,7-tri-O-acetyl-3-deoxy-o-p-lyxo-hept-2-ulopyranosid)onate (13a).> —
'H NMR (500 MHz, CDCl;): 8 198, 2.05, 2.14 (3s, 3x3H, Ac), 2.10 (m, 1H, H-3,,), 2.17 (ddd, 1H, H-3.),
3.28 (s, 3H, OMe), 3.83 (s, 3H, CO,Me), 4.08 (td, 1H, H-6), 4.20 (m, 2H, H-7a, H-7b), 5.30-5.35 (m, 2H, H-4,
H-5); Jraxieq 12.7, Jazax 119, Jieqs 5.2, Jieqs 0.9, Jus 3.1 Jes 1.2 Hz; “C NMR (500 MHz, CDCL,): & 20.70,
20.77,32.03, 51.19, 52.73, 62.11, 65.66, 66.44, 68.80, 98.90, 167.79, 169.89, 170.30, 170.44

Methyl (methyl 4,5,7-tri-O-acetyl-3-deoxy-f3-b-lyxo-hept-2-ulopyranosid)onate (13b). — From 12b (56 mg,
0.10 mmol) by the procedure similar to that described for the preparation of 9 to give 13b (32 mg, 89%):
colorless oil; [o]p +62.3° (¢ 1.20, CHCl;); '"H NMR (500 MHz, CDCL3): 8 1.99, 2.05, 2.14 (3s, 3x3H. Ac), 2. 14
(t, 1H, H-3,,), 2.36 (ddd, 1H, H-3.). 3.39 (s, 3H, OMe), 3.84 (s, 3H, CO,Me), 4.19 (m, 2H, H-7a, H-7b). 423
(m, 1H, H-6), 4.93 (ddd, 1H, H-4), 5.30 (m, 1H, H-5), Jiagseq 12.6. Jras 13.0, Jicqa 4.7, Jaegs 1.0, Jus 2.9 Hz;
PC NMR (500 MHz, CDCly): & 20.67, 20.74, 2074, 31.90, 51.82, 52.82, 61.68, 65.19, 67.22, 71.08, 99.42,
168.44, 169.89, 170.26, 170.44; HR-MS (LSIMS) caled for CsH»,010 [M+Na]” 385.1111 found 385.1123.
NMR data for methyl (methyl 3-deoxy-o-p-Ipxo-hept-2-ulopyranosid)onate (14a). — 'H NMR (500 MHz,
D;0): 8 191 (dd, 1H, H-3,,)., 2.09 (dd, 1H, H-3.). 325 (s, 3H, OMe). 3.77-3.90 (m, 4H, H-5, H-6, H-7a,
H-7b), 3.87 (s, 3H, CO:Me), 4.10 (ddd, 1H, H-4); Ssuxzeq 13.0, Jigs 121, Jsqs 5.1 Hz; “C NMR (500 MHz,
D,0): 8 36.34, 53.76, 56.32, 64.31, 68.03, 69.68, 76.26, 101.95, 173.18.

Methyl (methyl 3-deoxy-f-n-lyxo-hept-2-ulopyranosid)onate (14b). — Based on the procedure B compound
13b (30 mg, 0.08 mmol) was converted into 14b (18 mg, 93%): colorless oil; [a]p +52.5° (¢ 1.89, MeOH),
'H NMR (500 MHz, D,0): & 198 (td, 1H, H-3,,), 2.36 (ddd, 1H, H-3.), 3.39 (s, 3H. OMe), 3.87 (s, 3H,
CO;Me), 3.75-3.85 (m, H-4, H-5, H-6, H-7a, H-7b); Jasxseq 12.4, Jraxa 12.4, Jieqs 4.6 Hz; “C NMR (500 MHz,
D,0): 8 35.70, 54.34, 56.17, 64.38, 69.30, 69.32, 78.53, 102.58, 173.02.

Methyl [methyl 7-O-(¢-butyldiphenylsilyl)-3-deoxy-4,5-O-isopropylidene-f-p-Iyxo-hept-2-ulopyrano-
sid]onate (15b)— To a solution of 14b (50 mg, 0.21 mmol) in anhydrous CH,Cl; (I mL) was added
triethylamine (0.04 mL, 0.3 mmol) and 4-dimethylaminopyridine (10 mg) and ¢-butyldiphenylsilyl chloride (0.08
mL, 0.3 mmol). The solution was stirred overnight at room temperature (TLC - solvent A). The reaction mixture

was then evaporated, and the residue was filtered through silica gel. The crude product was redissolved in DMF
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(2 mL). To this solution dimethoxypropane (0.05 mL, 0.4 mmol) and camphorosulphonic acid (2 mg) was
added. The solution was stirred at 50 °C for 1 h, then evaporated (with toluene). The residue was
chromatographed on silica gel to afford 15b (90 mg, 85%) as a colorless oil: [a]p +4.9 (¢ 1.10, CHCL);
"H NMR (200 MHz, CDCl;): & 1.06 (s, 9H, #-Bu), 1.33, 1.48 (2s, 2x3H, i-Pr), 2.05-2.20 (m, 2H, H-3,,, H-3.,),
3.32 (s, 3H, OMe), 3.77 (s, 3H, CO,Me), 3.94 (m, 3H, H-6, H-7a, H-7b), 4.32 (m, 1H, H-5), 4.46 (m, 1H, H-4)
7.30-7.80 (m, 10H, Ar).

Methyl [methyl 3-deoxy-4,5-O-isopropylidene-B-n-lyxo-hept-2-ulopyranosidjonate (16b). — Tetra-n-
butylammonium fluoride (47 mg, 0.15 mmol) was added to a solution of 15b (50 mg, 0.1 mmol) in THF (3 mL).
The reaction mixture was stirred at rt for ~1 h. Evaporation of the solvent and column chromatography gave 16b
(25 mg, 98%): colorless oil; [a]p +6.4° (¢ 1.45, CHCl:), 'H NMR (200 MHz, CDCl;): & 1.32, 1.51 (2s, 2x3H,
i-Pr), 2.09 (dd, 1H, H-3,,). 2.25 (dd, 1H, H-3.,), 3.37 (s, 3H, OMe), 3.80 (s, 3H, CO,Me), 3.81 (m, 2H, H-7a,
H-7b). 3.92 (m, |H, H-6), 4.19 (dd, 1H, H-5), 4.50 (m, |H, H-4).

C — General procedure for the oxidation of the primary hydroxy! group to the carboxyl function

The heptulosonic acid derivative (1 mmol) was dissolved in a mixture of acetone (5 mL) and saturated aqueous
NaHCO: (8mL), containing KBr (12 mg) and TEMPO (12 mg). The suspension was cooled in the ice-bath, and
NaOCl (6.8 mL) was added dropwise. The reaction mixture was allowed to warm to room temperature. After
disappearance of the substrate (TLC - solvent C) the mixture was acidified with acetic acid, and evaporated to
dryness. The residue was redissolved in methanol (10 mL) and trimethylsilyl chloride was added (~0.5 mL). The
mixture was stirred overnight. After this the mixture was neutralized with solid NaHCO;, filtered through Celite
and purified on a silica gel column (solvent D) to afford diester of heptulosaric acid. Additional elution of the
column with CHCl,-MeOH (1:1) followed by esterification gave the next portion of diester.

Methyl (methyl 7-carbomethoxy-3-deoxy-o-p-arabino-hept-2-ulopyranosid)onate (17a). — From
compound 1a® (100 mg, 0.42 mmol) according to the procedure C to give 15a (68 mg, 62%): colorless oil;
[a]p +61.4° (¢ 1.26, CHCly); "H NMR (500 MHz, D,0): & 1.81 (dd, 1H, H-3,,), 2.40 (dd, 1H, H-3), 3.27 (s,
3H. OMe), 3.59 (t, 1H, H-5), 3.87, 3.88 (2s, 2x3H, CO,Me), 3.97 (ddd, 1H, H-4), 4.15 (d, 1H, H-6); Jusxseq
13.5, Jraxa 11.5, Jaeqa 5.1, Ju5 9.3, Js6 9.9 Hz, C NMR (500 MHz, D,0): 8 41.46, 54.04, 56.03, 56.49, 70.39,
74.60, 75.69, 102.40, 172.06, 173.74; HR-MS (LSIMS) calcd for C10H;60s [M+Na]™ 287.0743 found 287.0738.
Methyl (methyl 7-carbomethoxy-3-deoxy-S-p-arabino-hept-2-ulopyranosid)onate (17b). — From
compound 1b* (50 mg, 0.21 mmol) according to the procedure C 15b was obtained in 55% yield (30 mg):
colorless oil; [o]p +18.0° (¢ 0.78, CHCL;); 'H NMR (500 MHz, D,0): & 1.88 (dd, 1H, H-3,,), 2.64 (dd, iH,
H-3.), 3.38 (s, 3H, OMe), 3.66 (t, 1H, H-5), 3.69 (ddd, 1H, H-4), 3.86, 3.91 (2s, 2x3H, CO,Me), 424 (d, 1H,
H-6); Jaaxseq 13.3, Jraxa 11.3, Jreqa 4.7, Jus 9.4, Js 9.3 Hz; 'C NMR (500 MHz, D,0): & 40.62, 54.80, 56.00,
56.47, 70.85, 74.44, 77.97, 102.65, 172.18, 173.79; HR-MS (LSIMS) calcd for CjoH 403 [M+Na]® 287.0743
found 287.0750.
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Methyl (methyl 4,5-di-O-acetyl-7-carbomethoxy-3-deoxy-a-p-arabino-hept-2-ulopyranosid)onate (21a).
— colorless oil; [a]p +44.9° (¢ 2.53, CHCLy); '"H NMR (500 MHz, CDCl): § 1.91 (dd, 1H, H-3,,), 2.02, 2.04
(2s, 23H, Ac), 2.54 (dd, 1H, H-3.,), 3.32 (s, 3H, OMe), 3.77, 3.83 (2s, 2x3H, CO;Me), 4.20 (d, [H, H-6),
5.18 (t, 1H, H-5), 5.37 (ddd, 1H, H-4), Jruzeq 13.0, Jraxa 11.5, JSreqa 5.4, Jas 9.5, Jsg 10.1 Hz; C NMR (500
MHz, CDCL): 8 20.53, 20.81, 36.68, 51.38, 52.87, 52.89, 68.14, 69.50, 70.62, 98.87, 167.02, 167.67, 169.60,
169.87.

Methyl (methyl 4,5-di-O-acetyl-7-carbomethoxy-3-deoxy-f-p-arabino-hept-2-ulopyranosid)onate (21b).
— colorless oil; [&]p +24.4° (¢ 1.10, CHCly); '"H NMR (500 MHz, CDCly):  2.01 (dd, 1H, H-3,,), 2.03, 2.04
(2s, 2x3H, Ac), 2.62 (dd, 1H, H-3.,), 3.39 (s, 3H, OMe), 3.76, 3.87 (2s, 2x3H, CO;Me), 4.41 (d, 1H, H-6),
5.03 (ddd, 1H, H-4), 5.22 (t, 1H, H-5); Jaaxieq 13.3. Jaaxa 11.0, Jrcqa 5.0, Jas 8.9, Js4 8.9 Hz, *C NMR (500
MHz, CDCl;): 8 20.61, 20.85, 35.83, 52.22, 52.71, 52.97, 67.98, 69.52, 72.78, 98.92, 167.94, 167.98, 169.74,
169.89.

Methyl (methyl 7-carbomethoxy-3-deoxy-a-p-ribo-hept-2-ulopyranosid)onate (18a). — From 6a (50 mg,
0.21 mmol), applying procedure C 16a was obtained in 70% yield (39 mg): colorless oil; [o]n +66.7° (c 0.80,
CHCLL), '"H NMR (500 MHz, D,0): § 1.99 (dd, 1H, H-3,,), 2.18 (dd, 1H, H-3¢), 3.12 (s, 3H, OMe), 3.71 (dd,
IH, H-5), 3.72, 3.73 (2s, 2x3H, COMe), 4.06 (q, 1H, H-4), 4.32 (d, 1H, H-6); Jaax3eq 15.2, Jaaxs 3.7, Jaeqe 3.2,
Jis 3.2, Jsg 10.2 Hz; °C NMR (500 MHz, D,0): 8 39.59, 54.14, 55.96, 56.41, 68.94, 70.38, 71.74, 101.53,
172.52, 174.55, HR-MS (LSIMS) calcd for C;0H;s0s [M+Na] 287.0743 found 287.0746.

Methy] (methyl 7-carbomethoxy-3-deoxy-f3-p-ribo-hept-2-ulopyranosid)onate (18b). — From 6b (30 mg,
0.13 mmol), applying procedure C 16b was obtained in 53% yield (18 mg): colorless oil; [at]p +7.7° (¢ 0.83,
CHCy); 'H NMR (500 MHz, D;0): 8 2.08 (dd, 1H, H-3,), 2.40 (dd, 1H, H-3c,), 3.29 (s, 3H, OMe), 3.84, 3 88
(2s, 2x3H, CO,Me). 4.06 (dd, 1H, H-5), 4.23 (m, IH, H-4), 4.70 (d, 1H, H-6); Jixxeq 13.9, J1axa 3.4, Jicqs 7.4,
Jis 2.9, Jss 6.9 Hz; “C NMR (500 MHz, D,0): & 39.07, 54.87. 55.78, 56.21, 67.32, 70.00, 76.79, 102.02,
172.72, 174.52; HR-MS (LSIMS) caled for C1oH105 [M+Na]’ 287.0743 found 287.0745.

Methyl (methyl 4,5-di-O-acetyl-7-carbomethoxy-3-deoxy-o-p-ribo-hept-2-ulopyranosidjonate (22a). —
colorless oil; [ot)p +96.9° (¢ 1.17, CHCL;); '"H NMR (500 MHz, CDCl3): § 2.12 (dd, 1H, H-3.y), 2.03, 2.11 (2s,
2x3H, Ac), 2.44 (dd, 1H, H-3.), 3.33 (s, 3H, OMe), 3.80, 3.81 (2s, 2x3H, CO;Me), 4.60 (d, 1H, H-6), 5.17
(dd, 1H, H-5), 5.37 (m, 1H, H-4); Jax3eq 15.3, Jaxa 3.7, Jaeqa 3.3, Jus 3.4, J55 10.2 Hz; BC NMR (500 MHz,
CDCl:): & 20.54, 21.02, 3497, 51.51, 52.79, 52.89, 65.79, 67.18, 67.64, 98.08, 167.69, 168.15, 169.33,
170.33.

Methyl (methyl 4,5-di-O-acetyl-7-carbomethoxy-3-deoxy-pB-o-ribo-hept-2-ulopyranesid)onate (22b). —
colorless oil; [o]p +12.3° (¢ 0.75, CHCl5); '"H NMR (500 MHz, CDCl:): § 2.03, 2.08 (2s, 2x3H, Ac), 2.24 (ddd,
1H, H-3,0), 2.34 (dd, 1H, H-3.,), 3.29 (s, 3H, OMe), 3.80, 3.85 (2s, 2x3H, CO,Me), 4.71 (d, 1H, H-6), 5.44
(ddd, 1H, H-5), 5.51 (m, 1H, H-5), J3sx3eq 13.5, S3axa 4.0, S3axs 0.7, Jaeqs 8.8, J5.4 3.0, J56 5.3 Hz, "C NMR (500
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MHz, CDCls): 8 20.76, 20.77, 34.09, 52.52, 52.55, 52.68, 64.90, 67.03, 72.70, 99.38, 167.90, 168.43, 169 .40,
169.87.

Methyl (methyl 7-carbomethoxy-3-deoxy-a-p-xylo-hept-2-ulopyranosid)onate (17a). — Compound 10a
(50 mg, 0.21 mmol) was oxidized as described in procedure C to give 17a (28 mg, 51 %): coloriess oil,
[op +34.9° (¢ 0.60, CHCLy); 'H NMR (500 MHz, D,0): § 2.06 (dd, 1H, H-3,), 2.17 (dd, 1H, H-3.), 3.25 (s,
3H, OMe), 3.86, 3.88 (25, 2x3H, CO,Me), 4.04-4.08 (m, 2H, H-4, H-5), 4.80 (d. 1H, H-6), Jau3eq 153,
Jraxa 3.8, Jreqa 2.3, Jacqs 1.0, Jss 1.5 Hz; '*C NMR (500 MHz, D,0): 8 34.65, 54.22, 55.73, 56.33, 69.31, 70.23,
71.76, 72.70, 101 91, 172.73, 174.34; HR-MS (LSIMS) caled for C10H,605 [M+Na]” 287.0743 found 287.0751.
Methyl (methyl 7-carbomethoxy-3-deoxy-f-p-xylo-hept-2-ulopyranosid)onate (19b). — Oxidation of 10b
(30mg, 0.13 mmol) according to procedure C led to 17b in 60% yield (20 mg): colorless oil; [at}y -0.6° (c 095,
CHCL:); 'H NMR (500 MHz, D,0): 8 2.16 (dd, 1H, H-3,,). 2.36 (ddd, 1H, H-3.,), 3.38 (s, 3H, OMe), 3.84.
3.85 (2s, 2x3H, CO;Me), 4.00 (m, 1H, H-5), 4.16 (q. 1H, H-4), 499 (d, 1H, H-6); Jiaieq 14.4, Jraes 2.7,
Jieqa 3.8, Jregs 0.7, Jos 2.0 Hz; “C NMR (500 MHz, D,0): 8 36.05, 54.24, 55.70, 56.03, 69.64, 69.68, 75.90,
101.23, 173.38, 174.36; HR-MS (LSIMS) caled for CyHs05 [M+Na] 287.0743 found 287.0803.

Methyl (methyl 4,5-di-O-acetyl-7-carbomethoxy-3-deoxy-o-p-xylo-hept-2-ulopyranosid)onate (23a). —
colorless oil; [at]p +21.5° (¢ 0.60, CHCL;); 'H NMR (500 MHz, CDCly): & 2.08 (dd, 1H, H-3.,), 2.09 (s, 2x3H,
Ac), 2.34 (ddd, 1H, H-3.,), 3.30 (s, 3H, OMe), 3.79, 3.83 (2s, 2x3H, CO;Me), 4.77 (d, 1H, H-6). 498 (m, |H,
H-4), 5.20 (m, 1H, H-5); Jiaxzeq 154, Jaxs 4.1, Jrqs 2.5, Jroqs 11, Jos 1.7 Hz: "C NMR (500 MHz, CDCls)
82075, 21.05,2969. 3033, 51.66, 52.66, 52.83, 66.02, 66.40, 67.72, 98.24, 167.78, 167.97, 169.48

Methyl (methyl 4,5-di-O-acetyl-7-carbomethoxy-3-deoxy-f-n-xylo-hept-2-ulopyranosid)onate (23b). —
m.p. 109-111 °C; [a]p +63.7° (¢ 0.85, CHCl:), 'H NMR (500 MHz, CDCL): & 2.03, 2.09 (2s, 2x3H, Ac), 2.14
(dd, 1H, H-3,,), 2.54 (ddd, 1H, H-3.), 3.39 (s, 3H, OMe), 3.78, 3.81 (2s, 2x3H, CO,Me), 5.02 (d, 1H, H-6),
5.10-5.15 (m, 2H. H-4, H-5); Jraxaeq 14.8. Jaaxs 3.0, Jaegs 3.0, Saeqs 0.9, Jos 1.7 Hz; *C NMR (500 MHz,
CDCL): 8 20.66. 20.67, 31.94, 51.86, 52.45, 52,52, 66.11, 6691, 71.47. 97.95, 167.85, 168.4]1, 168.65,
169.35.

NMR data for methyl (methyl 7-carbomethoxy-3-deoxy-o-p-lyxo-hept-2-ulopyranosid)onate (20a). —
'H NMR (500 MHz, CDCL): 8 1.92 (dd, 1H, H-3,,), 2.19 (ddd, 1H, H-3.), 3.29 (s, 3H, OMe). 3.84. 386 (2s.
2x3H, CO,Me), 4.11 (ddd, 1H, H-4), 5.21 (bs, 1H, H-5), 4.30 (d, 1H, H-6); Jraxaeq 13.0, Jaaxa 117, Srgqa 5.2,
Jieqs 0.8, 3549, Js6 1.5 Hz.

NMR data for methyl (methyl 4,5-di-(O-acetyl-7-carbomethoxy-3-deoxy-a-n-Iyxo-hept-2-ulopyranosid)
onate (24a).> — 'H NMR (500 MHz, CDCl;): 8 1.99, 2.10 (2s, 2x3H, Ac), 2.13 (t, 1H, H-3,,), 2.20 (ddd, 1H,
H-3.,), 3.31 (s, 3H, OMe), 3.77, 3.86 (2s, 2x3H, CO,Me), 4.47 (d, 1H, H-6), 5.37 (ddd, 1H, H-4), 5.69 (m, 1H,
H-5); Jrax3eq 128, Jraxa 12.2, S3eqa 5.3, Jreqs 1.0, 425 3.1, Jo5 1.6 Hz.
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Methyl (methyl 7-carbomethoxy-3-deoxy-S-p-Iyxo-hept-2-ulopyranosid)onate (20b). — Compound 16b
(30 mg, 0.11 mmol) was oxidized as described in procedure B to give 20b (18 mg, 63%): colorless oil;
[op +27.2° (c 0.48, CHCL); 'H NMR (500 MHz, D,0): § 2.04 (t, 1H, H-3.,), 2.36 (dd, 1H, H-3,,), 3.44 (s,
3H, OMe), 3.84, 3.88 (2s, 2x3H, COMe), 3.90 (m, 1H, H-4), 4.19 (m, 1H, H-5), 4.63 (d, 1H, H-6); Juy ey
12.7, Saaxa 12.7, J3eqa 4.7, J3eq5 0.7, Jss 1.5 Hz; HC NMR (500 MHz, D,0): § 35.20, 54.62, 55.75, 56.32, 68.46,
70.02, 77.79, 102.81, 172.43, 173.38; HR-MS (LSIMS) calcd for CioH160x [M+Na]” 287.0743 found 287.0751.
Methyl (methyl 4,5-di-O-acetyl-7-carbomethoxy-3-deoxy-f-p-lyxo-hept-2-ulopyranosid)onate (24b). —
colorless oil; [a]p +91.3° (¢ 0.80, CHCl:); '"H NMR (500 MHz, CDCL): § 2.01, 2.10 (2s, 2x3H, Ac), 2.21 (t,
1H, H-3,y), 2.36 (ddd, 1H, H-3.), 3.46 (s, 3H, OMe), 3.76, 3.85 (2s, 2x3H, CO,Me), 4.74 (d, 1H, H-6), 495
(ddd. 1H, H-4), 5.62 (m, 1H, H-5); Juxseq 12.7, Jiaca 128, Jicqa 4.7, Jreqs 1.0, Jus 2.9, S5 1.6 Hz: "C NMR
(500 MHz, CDCl;): 8 20.60, 20.70, 31.80, 52.26, 52.56, 52.93, 66.42, 66.74, 73.00, 99.65, 167.03, 168 40,
169.80, 169.84.
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