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ABSTRACT

Cycloaddition of sodium glyoxylate, in water, onto penta-2,4-dienol
provided 2-deoxyheptulosonic acid derivatives. Activation of the anomeric
carbon was achieved through NBS mediated C-2-C-3 dibromination.

INTRODUCTION

Ulosonic acids have attracted much attention in recent years as the
scope of their biological importance widens constantly.?2 For example, N-
acetylneuraminic acid, present in cell surface glycoproteins, has been found
to play an essential role in cellular recognition and adhesion phenomena.3
This compound and other members of the same family, such as DAH, KDO or
KDN, have been chosen as targets by synthetic chemists.24 The seven
carbon-atom analog in this series, DAH (3-deoxy-D-arabino-2-heptulosonic
acid), was only found in plants, appearing as a key intermediate in the
shikimate pathway that controls aromatic amino acid biosynthesis from
glucose. 56

1295

Copyright © 1995 by Marcel Dekker, Inc.



08:49 23 January 2011

Downl oaded At:

1296 LUBINEAU AND QUENEAU

In the past years, we have been concerned with the total synthesis of
such carbohydrates,4d based on the retrosynthetic analysis depicted in
Scheme 1, namely an aqueous hetero Diels Alder” reaction of glyoxylic acid
with an appropriate conjugated diene, producing 2,6-disubstituted
dihydropyrans, and further functionalization at C-2, C-4 and C-5.

We report herein the application of this methodology in a new
synthesis of racemic 2-heptulosonic acid derivatives starting from (E)-penta-
2,4-dienol and sodium glyoxylate. The oxidation of 2-deoxy-2-ulosonates, that
was performed via enolate chemistry in the KDO synthesis recently reported
by one of us,4d is here achieved by reaction with N-bromosuccinimide, which
appeared to be an interesting alternative for producing the desired activated
2-ulosonic acid derivatives.

RESULTS AND DISCUSSION

Cyloaddition of (E)-penta-2,4-dienol (1) with sodium glyoxylate (2) in
water led to adducts 3ab that were directly protected as acetylated methyl
esters 4ab (as a 1.5:1 mixture in favor of pseudo-axial ester exo 4b), by
treatment with iodomethane in dimethylformamide followed by acetylation
with acetic anhydride in pyridine (Scheme 2). A 71% yield of 4ab was
obtained, comparable with the result obtained from a protected diene and an
alkyl glyoxylate.8 The protecting step of the diene and the somewhat tedious
preparation of the alkyl glyoxylate could thus be avoided. Catalytic
osmylation of the mixture of dihydropyrans 4ab and further acetylation gave
triacetates 5a, 5b and 6 (29:44:27) in 71% yield from 4ab. Major products
5ab arise, as anticipated, from an attack of oxidant anti to the pyranosic
oxygen atom and substituent in position 6, while 6 is the result of an attack
anti to the carboxymethyl group of 4b.

In order to generalize the methodology used to prepare KDO, some
enolate mediated oxidations were attempted. In this case, enolates bearing
benzyl protective groups, useful for strongly basic reaction conditions, led to
only limited success upon direct oxygenation.9 We thought that an
alternative for achieving such an oxidation could be the use of a radical
reaction. Indeed, it has been shown that reaction of NBS or bromine with
carbohydrates is useful for functionalizing sugars having a carboxy
substituent (as in glucuronic acid), or simpler sugars.10 This strategy has
been also employed in syntheses of unsaturated carbohydrates, 1! in a new
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Scheme 2
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preparation of iduronic acid,!2 in the generation of anomeric gem-

dihalogenosugars,13 and in an approach to oxetan and furan nucleosides.14
We therefore studied the outcome of the reaction of esters 5ab with N-

bromosuccinimide in refluxing carbon tetrachloride. The first attempt was

made using a nearly equimolar amount of both reactants; a new product,

more polar (probably the anomeric bromide), appeared but could not be
isolated, because it disappeared before all the starting ester was consumed.
Two new less polar compounds were formed, which could be isolated in low
yield. The first one (the less polar) appeared to be dibromide 7 and the
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90%. iii. excess NBS, CCly, reflux, 91% (39:24:14:23).

Scheme 3

second, UV active, the unsaturated ester 8 (Scheme 3).15 We finally found
that upon treating 5ab with excess of N-bromosuccinimide for a longer time
(producing bromine), 8 was slowly brominated, generating dibromide 7 in
86% isolated yield. Tributyltin hydride mediated bromine elimination of 7
gave back unsaturated ester 8 in 90% yield. A large shift for the H-5 NMR
signal, a small H-3-H-4 coupling constant and the fact that dibromide 7 is
produced from unsaturated ester 8, are consistent with the trans diaxial
configuration for the bromine atoms. 16

Since we had in hand a small amount of isomer 6, we looked at its
reaction with NBS under the same conditions in order to evaluate the
importance of the orientation of substituents at positions 4 and 5. A mixture
of four products was obtained, for which proton NMR spectra were consistent
with structures 9 to 12.17 H-3-H-4 coupling constant in dibromide 9
ascertained the axial stereochemistry of the bromine atom at C-3. Compound
12 accumulated upon prolonged reaction time, indicating that elimination of
the C-5 acetate function occurred faster than dibromination of the C-2-C-3
double bond.

Dibromides like 7 have been shown to serve as useful glycosyl donors
in Koenigs-Knorr type reactions, since blocking the 3-axial position prevents
the competitive elimination, often observed during glycosylation reactions of
2-ulosonic ester halides.18 Methyl glycosides 13 and 14 were thus prepared
under mercury salts catalysis,1? as well as the 3-deoxy-ribo-2-heptulosonic
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acid methyl esters methyl glycosides 15 and 16 after tributyltin hydride
reduction (Scheme 4). The results from a proton NMR study of 15 and 16
allowed us to propose the stereochemistry at the anomeric carbon for these
glycosides. It is based on the general observation that in numerous «- and -
3-deoxy-2-ulosonic acid glycosides, the anomer which has both equatorial H-3
and carboxy group in equatorial position, is the one for which equatorial H-3
is shifted downfield (ca. 0.2 ppm).20

The racemic 4-epi-DAH acetylated esters 15 and 16 were thus obtained.
Preparation of these compounds allowed us to evaluate the feasability of the
oxidation step at C-2 using the alternative radical pathway instead of the
oxidation of an enolate. Application of this reaction on higher members in
this series is being pursued.

CONCLUSION

In this study, through the preparation of model compounds 13 to 16, we
show that the combination of the aqueous hetero Diels Alder cycloaddition of
commercially available sodium glyoxylate, and a radical dibromination as
anomeric functionality elaboration, provides concise access to activated 2-
ulosonic esters. Furthermore, the use of simple and convenient acetyl
protecting groups accomodate all steps of this straightforward process.

EXPERIMENTAL

General. NMR spectra were recorded with Briikker AM 250 and AC
200 and 250 spectrometers. Chemical shifts are given in ppm downfield from
internal tetramethylsilane; signal multiplicity is indicated as follows: s for
singlet, d for doublet, t for triplet, q for quadruplet, m for multiplet and br for
broad. IR spectra were recorded using a Briiker FT instrument. Flash-
chromatography was performed using 6-35u silica gel (60) purchased from
S.D.S. company. TLC was run using Merck 60 F254 plates, and visualized
first with UV light and second by heating after alcoholic sulfuric or
phosphomolybdic acid treatment. Melting points were measured on a
Reichert apparatus and are uncorrected. Elementary analyses were
performed at the Service Central de Microanalyse du C.N.R.S.
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Scheme 4

Methyl 7 -0-Acetyl-2,3,4,5-tetradeoxy-D,L-glycero-2-hept-4-
enulosonate (4ab). (E)-Penta-2,4-dienol (168 mg, 2 mmol) and sodium
glyoxylate monohydrate (1.14 g, 10 mmol) were heated in water (4 mL) at
100 °C for 2 days. After TLC (7:3 1l-propanol-water) indicated total
disappearance of the starting alcohol, the mixture was cooled to room
temperature and the solvent was evaporated. The residue was dissolved in
DMF (2 mL) and iodomethane (2 ml, excess) was added. After 1 day of
stirring at room temperature, the mixture was concentrated to dryness, and
the residue was treated with a 1:1 (vol) mixture of pyridine and acetic
anhydride (10 mL) and left overnight at room temperature. After
coevaporation several times with toluene, the residue was dissolved in
CHClo (10 mL) and washed with water (2 x 10 mL) and brine (10 mL). The
organic layer was then dried (MgSOy4), filtered, and concer:irated.
Subsequent flash chromatography (1:3 ethyl acetate-hexane) of the residue
allowed us to isolate ester 4ab (304 mg, 71%). 1H NMR (CDCl3, 250 MHz) §
2.09 (s, 3 H, Ac), 2.37-2.50 (m, 2 H, H33), 3.77, 3.78 (2 5, 3 H, CO2Me), 4.01-
4.34, 4.40-4.56, 4.60-4.75 (3 m, 4 H, Heg 77), 5.61-5.73 (m, 1 H, Hs), 5.91-
6.06 (m, 1 H, Hy). 13C NMR (CDClg, 62 MHz) § 20.47, 26.55, 27.44, 51.74,
64.58, 65.56, 68.49, 70.44, 72.18, 73.15, 124.67, 125.03, 125.44, 125.66,
170.43, 170.71, 171.52. IR (neat, cm-1) 2955.2, 1744.1, 1727.9, 1440.9, 1370.0,
1232.2, 1107 .4, 1042.1.
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Anal. Calced for C19H1405: C, 56.07; H, 6.59; O, 37.74. Found: C, 55.76;
H, 6.67; O, 37.52.

Methyl 4,5,7-Tri-O-acetyl-2,3-dideoxy-D,L-riboe and lyxo-2-
heptulosonate (5ab and 6). To a solution of compound 4ab (90 mg, 0.42
mmol), N-methyl morpholine N-oxide (100 mg, 0.74 mmol) in a 8:1 (vol.)
acetone-water mixture (5 mL), was added OsO4 (0.05 M in £-BuOH, 1 mL).
The mixture was stirred with nitrogen sparging at room temperature during
6 h. While cooling the flask with cold water because of exothermicity, excess
oxidant was quenched by addition of sat. aqueous NaHSOg (10 mL) and
further stirring for 15 min. The mixture was then extracted with CH2Clz (4 x
20 mL) and the combined organic layer was concentrated under reduced
pressure. The residue was treated with a 1:1 (vol.) mixture of acetic
anhydride and pyridine (5 mL) and left overnight at room temperature.
Coevaporation with toluene and flash chromatography of the residue (1:2
ethyl acetate-hexane) allowed for isolation of triacetates 5ab+6 (100 mg,
71%) as a 29:44:26 mixture (\H NMR). Further purification allowed isolation
of pure 6 as the less polar product. Further elution gave 5ab. Major ester 5b
(axial) crystallized from a CHgClg-EtoO-hexane mixture: mp 109 C. 1 H
NMR (CDCl3, 250 MHz) § 2.03, 2.06,2.13 (38,9 H, 3 Ac),2.24(ddd, 1 H, J =
14, 6, 3 Hz, H3ax), 2.44 (ddd, 1 H, J = 14, 3.5, 1.5, H3eq), 3.77 (s, 3 H, CO2Me),
422(d,1H,J=12,2Hz,H7),433(d,1H,J=12,4Hz H7),448(dd, 1 H, J
=6, 1.5 Hz, Ho), 4.54 (ddd, 1 H, J = 10, 4, 2 Hz, Hg), 4.88 (dd, 1 H,J =10, 3
Hz, Hs), 5.40 (br q, 1 H, J = 3 Hz, Hy). 13C NMR (CDCl3, 62 MHz) § 20.56,
20.64, 30.58, 51.92, 62.59, 66.37, 66.78, 68.13, 69.24, 169.35, 169.53, 170.64,
171.52. IR (neat, cm-1) 2972.1, 2444 .5, 1734.6, 1376.4, 1231.8, 1055.4.

Anal. Calcd for C14H200g: C, 50.60; H, 6.07, O, 43.33. Found: C, 51.02;
H, 6.37; O, 42.61.

Data for 6. mp 69.5-70 °C (Etg O-hexane). 1H NMR (CDCl3, 200 MHz) §
2.01, 2.08, 2.14 (3 8, 9 H, 3 Ac), 2.05-2.45 (m, 2 H, H3ax, 3eq), 3.80 (s, 3 H,
CO2Me), 4.03-4.20 (m, 2 H, H77),4.34 (ddd, 1 H, J =7, 5, 1.5 Hz, Hg), 4.69
(dd, 1 H, J = 6,2 Hz, Ha), 4.99 (ddd, 1 H, J = 11, 4, 2 Hz, Hy), 5.28-5.33 (m, 1
H, Hs). 13C NMR (CDCl3, 50 MHz) § 20.21, 20.30, 26.11, 51.99, 61.89, 65.92,
66.33, 70.66, 71.53, 169.40, 169.73, 170.02, 170.76. IR (neat, cm-1).

Anal. Caled for C14H200g: C, 50.60; H, 6.07; O, 43.33. Found: C, 50,82;
H, 6.08; O, 43.22.

Methyl 4,5,7-Tri-0-acetyl-2,3-dideoxy-2,3-dibromo-o-D,L-altro-2-
heptulosonate (7). To a solution of 5ab (530 mg, 1,58 mmol) in refluxing
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carbon tetrachloride (50 mL) was added in one portion N -bromosuccinimide
(1.13 g, 6.34 mmol). After 19 h, the mixture was cooled to room temperature
and the unsoluble succinimides were filtered off. Evaporation of the solvent
and flash-chromatography of the residue (1:3 ethyl acetate-hexane) gave 7
(665 mg, 86%) as a white solid that could be recrystallized (mp 125 °C)from a
CH 3Cl2-EtoO-hexane mixture. 'H NMR (CDCl3, 250 MHz) § 2.07, 2.11, 2.23
(3s,9H,3Ac),391(s,3 H,CO2Me), 4.30(d, 1 H, J = 12,5, 2 Hz, H7), 4.47 (d,
1H,J=125,4Hz H7),4.65(ddd, 1 H,J =10, 4,2 Hz, Hg),497(d, 1 H,J =
2.5 Hz, Hy), 545 (t, 1 H, J = 2.5 Hz, Hy), 5.61 (dd, 1 H, J = 10, 2.5 Hz, Hs).
13C NMR (CDClg, 62 MHz) & 20.43, 20.59, 20.98, 47.15, 53.56, 61.12, 62.01,
69.25, 71.38, 88.34, 164.46, 168.95, 169.49, 170.51. IR (neat, cm-1) 2957.7,
1756.6, 1441.0, 1370.8, 1234.0, 1107.8, 1071.3.

Anal. Caled for C14H18Br20g: C, 34.31; H, 3.70; Br, 32.61; O, 29.38.
Found: C, 34.61; H, 3.91; Br, 32.72; O, 29.08.

Methyl 4,5,7-Tri-0O-acetyl-2,3-dideoxy-D,L-ribo-hept-2-en-2-
ulosonate (8). A solution of 7 (123 mg, 0.25 mmol) and tributyltin hydride
(73 mg, 0.26 mmol) in benzene (5 mL) was heated under reflux during 30
min. After cooling to room temperature and evaporation of the solvent, flash-
chromatography of the residue (1:2 ethyl acetate-hexane) provided 8 (74 mg,
90%). 1H NMR (CDCl3, 250 MHz) 6 1.98, 2.03, 2.07 (3s,9 H, 3 Ac), 3.77 (s, 3
H, CO2Me), 4.21-4.45 (m, 3H, Hg7,7), 5.11(dd, 1 H, J = 9.5, 3.5 Hz, H5), 5.52
(dd, 1 H, J =17.5,3.5 Hz, Hy), 6.00 (d, 1 H, J = 7.5 Hz, H3). 13C NMR (CDCl3,
50 MHz) & 20.40, 20.54, 20.67, 52.53, 61.35, 61.95, 65.33, 71.86, 105.05,
146.49, 161.67, 169.15, 169.82, 170.42. IR (neat, cm-1) 2958.0, 1739.8, 1652.9,
1439.7, 1373.6, 1227.0, 1124.2, 1081.3, 1017.7.

Anal. Caled for C14H1509g: C, 50.91; H, 5.49; O, 43.60. Found: C, 50.01;
H, 5.69; O, 44 42,

Methyl (Methyl 4,5,7-tri-O -acetyl-3-bromo-3-deoxy-D,L-altro-2-
heptulopyranosid)onate [13 (3) and 14 (a)]. A solution of 7 (490 mg, 1
mmol), mercuric cyanide (126 mg, 0.5 mmol), mercuric bromide (360 mg, 1
mmol) and methanol (0.6 mL, 15 mmol) in CH2Cl2 (10 mL) was heated under
reflux for 2.5 days. After cooling to room temperature, the mixture was
washed with brine (2 x 50 mL), dried over sodium sulfate, filtered and
concentrated under reduced pressure. Flash chromatography of the residue
(1:2 ethyl acetate-hexane) gave in order of elution glycosides 13 (B, 175 mg,
40%) and 14 (o, 200 mg, 45%). Data for 13: 1H NMR (CDClg, 250 MHz) &
2.06, 2.09, 2.13 (35,9 H, 3 Ac), 3.40 (s, 3 H, Me), 3.87 (s, 3 H, COgMe), 4.28
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(d,1H,J=11,4Hz Hy),435(, 1H, J =11, 3 Hz, Hy), 4.42-4.52 (m, 1 H,
He), 4.64 (d, 1 H, J = 4 Hz, H3), 5.50-5.58 (m, 2 H, Hy5). 13C NMR (CDCl3, 50
MHz) 6 20.33, 20.47, 48.00, 52.12, 52.62, 62.00, 63.70, 69.22, 70.40, 96.66,
166.24, 168.42, 169.11, 170.40. IR (neat, cm-1) 2955.9, 2842.8, 2257.4, 1761.7,
1751.0, 1739.7, 1734.1, 1436.5, 1373.8, 1225.3, 1107.1, 1032.3.

Anal. Caled for C15H21BrOj9: C, 40.83; H, 4.80; O, 36.21. Found: C,
40.75; H, 4.61; O, 35.98.

Data for 14: mp 132 C (CHg Cla-EtgO-hexane). 1H NMR (CDClg, 200
MHz) 3 2.03, 2.11, 2.14 (3 s, 9 H, 3 Ac), 3.28 (s, 3 H, Me), 3.83 (s, 3 H,
COgMe), 4.25-4.41 (m, 4 H, H3g77), 5.40-5.50 (m, 2 H, Hyjp). 13C NMR
(CDCl3, 50 MHz) 6 20.36, 20.53, 45.19, 52.03, 52.66, 62.28, 62.59, 66.29,
69.82, 99.53, 165.70, 169.00, 169.68, 170.47. IR (neat, cm-l) 2956.8, 2838 .4,
2257.3,1751.1, 1734.2, 1436.7, 1373.7, 1228,7, 1161.8, 1109.4, 1039.8.

Anal. Caled for C15H21BrOq¢: C, 40.83; H, 4.80; Br, 18.11; O, 36.21.
Found: C, 40.78; H, 4.68; Br, 17.41; O: 36.21.

Methyl (Methyl 4,5,7-tri-O-acetyl-3-deoxy-B-DL-ribo-2-
heptulopyranosid)onate (15). A solution of glycoside 13 (200 mg, 0.45
mmol), and tributyltin hydride (0.183 mL, 0.68 mmol) in benzene (10 mL)
was heated at reflux with a few mg of AIBN during 2 h. The mixture was
cooled to room temperature, concentrated to dryness, and purified by flash
chromatography (1:3, ethyl acetate-hexane) to give 3-deoxyglycoside 15 (139
mg, 85%). \H NMR (CDClj, 200 MHz) § 2.02, 2.03, 2.12 (m and 3 s, 10 H, 3
Ac, H3ax), 2.58 (dd, 1 H, J 14, 5 Hz, Hzeq), 3.30 (s, 3 H, Me), 3.84 (s, 3 H,
CO2Me), 4.22-4.39 (m, 2 H, H77),4.48(dt, 1 H,J =8,4,Hg),498(dd, 1 H, J
=8, 2.5 Hz, H5), 544 (dd, 1 H, J = 5, 2.5 Hz, Hy). 13C NMR (CDCl3, 50 MHz)
8 20.58, 35.54, 51.53, 52.30, 62.53, 66.06, 66.49, 70.26, 97.80, 168.53, 169.24,
169.61, 170.62. IR (neat, cm-1) 2920.0, 2848.8, 1739.9, 1456.9, 1373.9, 1219.9.

Anal. Caled for C15H22010: C, 49.72; H, 6.12; O, 44.16. Found: C,
49.67; H, 6.31; O, 44.37.

Methyl (Methyl 4,5,7-tri-O-acetyl-3-deoxy-o.-D,L-ribo-2-
heptulopyranosid)onate (16). Following the same procedure as for
preparing 15, compound 16 was obtained from glycoside 14. 1H NMR (CDCls,
250 MHz) 6 2.04, 2.10,2.12(3 s, 9 H, 3 Ac), 2.09(dd, 1 H, J = 15, 6 Hz, H3ax),
241(dd, 1 H,J =15, 3 Hz, H3eq), 3.30 (s, 3 H, Me), 3.82 (s, 3 H, CO2Me),
4.18-4.40 (m, 3 H, Hg7,7),4.96 (dd, 1 H, J = 9.5, 3 Hz, Hs), 5.37 (m, 1 H, Hy).
13C NMR (CDClg, 62 MHz) § 20.57, 20.70, 20.98, 35.23, 51.04, 52.72, 62.52,
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65.80, 66.29, 97.77, 168.10, 169.48, 170.40, 170.73. IR (neat, cm-1) 3059.0,
2955.7, 2848.4, 1743.0, 1652.8, 1436.7, 1370.7, 1229.7, 1167 .4, 1100.4, 1064.8.

Anal. Caled for C15H22010: C, 49.72; H, 6.12; O, 44.16. Found: C,

49.37; H, 5.92; 0, 43.14.
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