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The first synthesis of the ketene dithioacetals from sugar
lactones: a convenient access to 3-ulosonic acids
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Abstract:

Isomeric 2-deoxy aldonolactones undergo Horner-Emmons reactions with 2-[bis(2,2,2-trifluoroethoxy)phospho-
ryl]1,3-dithiane, to give the corresponding ketene dithioacetals, which are the key intermediates in the synthesis

of 3- deOXy-A-hetO-dluﬁﬁiC acids. © 1998 Published by Elsevier Science Ltd. All rights rescrved.
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convenient methodology for the one-carbon homologation of carbonyl derivatives.[2,3] In
particular, the utility of ketene dithioacetals as intermediates in the synthesis of aldehydes,[4-6]

carboxylic acids[7,8] and esters,[9] has attracted considerable attention. Ketene dithioacetals are

readily available from carbonyl compounds via the reaction with the carbanionic species

generated from substituted dithioacetals in the Peterson,[10,11] Wittig,[12] or Horner-
Emmons[13,14] olefination process. However, the formation of ketene dithioacetals fails when

the ketones involved in the reaction have particularly acidic o-hydrogens. Such a limitation has
(cyclopentanone, 4-t-butylcyclohexanone, acetophenone and others) with phosphonate

ifficulty could be overcome applying a new phosphonate B,
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recently reported by Mikotajezyk.[16] Reaction of the above mentioned ketones with
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reaction.[17]

Encouraged by these resuits we envisioned the formation of ketene dithioacetals from
sugar lactones and phosphonate B. To our knowledge, no information on such a reaction using
lactones are available in the literature. It was therefore decided to explore the scope of ketene

dithioacetals methodology in relation to this class of compounds.

g =

(Fluka) was added dropwise to B (2.0 equiv.) dissolved in anhydrous THF (5 mL/mmol) at -78
°C under argon. The resulting mixture was stirred at this temperature for 1 h, and then solution of

appropriate hexono-1,5-lactone in 1.5-2 mL of THF/mmol was added dropwise. The reaction
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Scheme 1

We found that the reaction was clearly successful, and furnished the desired ketene dithioacetals

3 and 4 in 72 and 62%, respectively.! The

Qilile AVS PV L 2x

! Compound 3: yield 72%, m.p. 69-70 °C, |alp +51.9° (¢, 1.19 in CHCl;); HR-MS (LSIMS) calcd for CsH34045; [M+Na]”

557.1796 found 557.1823; '"H NMR (500 MHz, CDCl3): & 2.08-2.14(m, 2H, H-2’ax, H-2’eq), 2.63(dd, 1H, H-3ax), 2.71-2.85(m,
4H H- 1’ax, H-I’ eq, H- 'Z"'nr’ T—L'{’pn\_’ 'l.’lﬂ{rlrirl IW H-3em), 3 AAt’rlrIrl ll-l I-I_l\ 3 73¢m ’)L! H-7a. H- ’Th\ ki Sl’«l!frl 1H, H,é\

S, 2O \iid, &x

3.93(bs, 1H, H-5). 4.46-4.94(3xABq, 3>x2H, CH,Ph), 7.22-7.40(m, ISH, Ar); Jaga 11.8, Jzeqs 5.1, J3eq_v5 0.9, Jga,deq 14.2, Jas 2.15
Hz; ’C NMR (500 MHz, CDCL): & 25.5(C-2"), 28.0(C-3), 29.6(C-3"), 30.3(C-1"), 68.8(C-7). 70.4(Bn), 72.5(C-5), 73.5(Bn),
74.1(Bn), 76.7(C-4). 78.7(C-6), 105.6(C-1), 127.3-128.4 and 138.1-138.6(Ar), 150.3(C-2).

Compound 4 yield 62%. m.p. 40-42 °C. [ap +44.9° (c. 108 in CICly). HR-MS (LSIMS)

caled for CaiHa, 048, TMT™ 534
found 534.1889; '"H NMR (500 MHz, CDCls): & 2.09-2.14(m, 2H, H-2"ax, H-2’cq), 2.47(dd, 1H,

Icd for C5H34048:; M} 534,
H

1
-3ax), 2.73-2.84(m, 4H. H-1"ax

QOO
[+ g
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transformation of 3 and 4 to the 3-ulosonic acids which are important constituents of cellular and
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the reaction with NBS (two equiv.) and methanol in CH,Cl, at rt (the conditions employed for
oxidation of suifides to suifoxides{22]). We were delighied io find that the reaction resulied in
clean and stereoselective formation of desired o—methyl 3-ulosonates S and 6 (Scheme 2),

isolated in ~80% yield as the sole products.?

(CH;OBn CH,OBxn CH,0Ac
RIL 5 s— RU_ . COMe R1L " COMe
R2 S R2 Me R2 Me

3:R1=0Bn,RZ=H 5:R1=0Bn,R2=H 7.R1=0Ac,R2=H
4;R1=H,R2=0Bn 6:R1 =H,R2=0Bn 8: Rl =H, R2=0Ac

Scheme 2. Reagents and conditions: (a) NBS-MeOH, CH,Cl,, 1t; (b) Hy/Pd-C, EIOH; (c) Ac,O-Py.

In summary, we believe that our studies demonstrate not only a successful construction of
ketene dithioacetals from sugar iactones, but aiso provide a generai, versatile two-steps route to
the glycosides of 3-deoxy-2-ulosonic acids. Further detailed studies on this subject will be

presented in due course.

Acknowledgements: We wish to acknowledge KBN for generous support of this work by Grant 3TO9A09312.

H-1’eq, H-3’ax, H-3'eq), 3.32(ddd, 1H, H-3eq), 3.67-3.76(m, 3H, H-4, H-5, H-6), 3.77(dd, 1H, H-7a). 3.81(dd, 1H, H-7b). 4.54-
4.82(3xABgq, 3x2H, CH,Ph), 7.15-7.40(m, 15H, Ar); Jaas 8.8, Jieqs 4.8, Jaxseq 14.7, Jrag 3.5, Jnos 2.4, J7o7 11.3 Hz: 'C NMR
(500 MHz, CDCL,): 8 25 5(C-2%), 29 7(C-3), 30 4(C-3"), 30 5(C-1"), 68 9(C-7), 71 2(Bn), 73 5(C-5), 74 1(Bn), 77.4(Bn), 78 2(C-4),
79.3(C-6), 105.6(C-1), 127.5-128.4 and 138.1-138.3(Ar), 150.2(C-2).

‘ina typical run, a soiution of 3 or 4 (0.3 mmol) in CH;Cli, (5 mL) was treaied with methanoi (i mL) and NBS (178 mg, 1 mmol).
The mixture was stirred at rt until the reaction was complete (~0.5 h), and then was filtered through a short column of silica gel and
evaporated. The residue was purified by chromatography on silica to give the desired esters.

Spectroscopic data for methyl (methyl 4,5,7-tri-O-benzyl-3-deoxy-o-D-lyxo-hept-2-ulopyranosid)onate (5): [o]p +23.0° (¢, 0.92 in
CHCly); HR-MS (LSIMS) caicd for CsoHs40, [M+Naj™ 529.2202 found 529.2200; 'H NMR (200 MHz, CDCis): 8 2.20-2.30(m, 2H,
H-3ax, H-3eq), 2.22(s, 3H, OMe), 3.64-3.77(m, 3H, H-6 H-7a H-7h) 3.79(s, 3H, COMe), 3.90(bs, 1H, H-5), 3.93(ddd, 1H, H4),

H-3ax, H 22(g, 3H, OMe), 3.64-3.77(m, 3H H-£ 3H, CO.Me), 3.90(bs, 1H, H-5), 3.93(ddd 1H
4.41-4.95(3xABq, 3x2H, CH,Ph), 7.22-7.35(m, 15H, Ar).

Spectroscopic data for methyl (methyl 4,5,7-tri-O-benzyl-3-deoxy-a-D-arabino-hept-2-ulopyranosid)onate (6): {o]p +41.3° (c. 1.16
in CHCLy); (lit. [e]y +36.5° (c, 2.0 in CHCls) |23]); HR-MS (LSIMS) caled for CsoHsO- [M+Na]™ 529.2202 found 529.2189: 'H

AAD NN AALY, OTYCE A R l"lKl.—Inl LT IT 2 \ D RdA 11 U N 2 24fa 2H (WA ’1 A2 Q0 m AT H_8 H_A H_T7a H_7h)
INIVLIN (£UV IVILEZ, L/ i3). U ofud, 111, 117Jax), £.541G0G, 111, 11-J¢q;. TS, JiL, VIVIC), J.07=0 OV, T, K1F0, K37V, dxT/a, KATIU),

3.81(s. 3H. CO;Me), 4.02(ddd, 1H. H-4), 4.50-4.90(3xABq, 3>2H, CH,Ph), 7.15-7.40(m, 15H, A1), J3us 11.2, Jaeys 5.1, Jrucseq
13.0. J45 8.4 Hz.
Compounds 5 and 6 after hydrogenolysis (Hz/Pd-C) and acetylation were transformed into a-methoxy esters 7 [24,25] and 8 [26]
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