
Carbohydrate Research, 216 (1991) 79-91 
Elsevier Science Publishers B.V., Amsterdam 

79 

Synthesis of some trideoxy-D-hexoses and derivatives there- 
of from D-glucono- 1,5-lactone*+ 

Henk Regeling and Gordon J. F. Chittenden; 
Department of Organic Chemistry, The University, Toernooiveld, 6525 ED Nijmegen (The Netherlands) 

(Received November 12th, 1990; accepted for publication December 17th. 1990) 

ABSTRACT 

Enantiospecific syntheses of methyl 2,3,4-trideoxy-a-D- and -p-D-ylycrro-hexopyranoside (10 and 

II), methyl c(-U- and p-D-amicetopyranoside (24 and 25), (2S)-1,2-hexanediol (36), (2S)-1,2,6_hexanetriol 

(37), and some derivatives thereof from D-glucono-l,5-lactone arc described. 

INTRODUCTION 

In continuing an investigation of the synthetic applications of D-gluconic acid 
derivatives’, we now report the synthesis of some enantiomerically pure trideoxy-D- 
aldohexoses and derivatives thereof from methyl 2,3-dideoxy-5,6-O-isopropylidene-D- 
erythvo-hexonate (1). We have previously described’ the synthesis of this key intermedi- 
ate from D-glucono- 1,5-lactone. A modified and simplified synthesis of 1 is also present- 

ed. 

RESULTS AND DISCUSSION 

The formation of the olefin 2 by treatment of the chloro-ester 3 with potassium 
acetate in methanol has been described*. Catalytic hydrogenation of 2 in the presence of 
sodium acetate yielded the dideoxy ester 1 (65%). An improved yield (75.4%) of 1 was 
obtained when the crude product resulting from the treatment of 3 with sodium acetate 
was hydrogenated directly, without isolation of the intermediate olefin 2. Compound 1 

was further2 characterised as the crystalline tosylate 4. 
The combined structural features of 1 and 2 suggest that these compounds could 

be useful synthetic intermediates. The synthesis of some deoxy sugar derivatives from 1 

partially illustrates this point. 
Treatment of 1 with triphenylphosphineecarbon tetrachlorideeimidazole2*’ gave 

86% of the crystalline 4-chloro-ester 5. The corresponding 4-bromo analogue 6 (79%) 
was obtained similarly using carbon tetrabromide. Attempted catalytic hydrogenation 
of 5 was unsuccessful. The relative reactivities of chlorine atoms in chlorodeoxy sugar 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday 
’ The Chemistry of D-GlUCOtliC Acid, Part VI. For Part V, see ref. 1. 
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coside 14. Compound 14 was obtained from the epoxide 15 in 51% overall yield by 
application in sequence of reduction with lithium aluminium hydride and Barton- 

McCombie deoxygenation’. The authors did not consider established”,” alternative 

routes to 14, and did not comment on them. It is also noteworthy that they gave an 

incorrect empirical formula (C,H,,O,; mol. wt., 130.0994) for 10 (C,H,,O,; mol. wt., 

146.1878), but nevertheless succeeded in locating a corresponding M t ion at 130.0996 

in the mass spectrum. An earlier synthesis” of 10 had resulted during studies of the 

[4 + 2]-cycloaddition of 1 -methoxy-1,3-butadiene to simple carbonyl compounds. The 

absolute configuration of 10 was assigned by chemical correlation studies”.“. 
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Our studies were subsequently directed toward an alternative synthesis of 10 and 
11. Reduction of the 4-halogeno-esters 5 and 6 with di-isobutylaluminium hydride at 

- 78” yielded the crystalline 4-chloro-aldehyde 16 and the unstable 4-bromo-aldehyde 

17. Treatment of 16 and 17 with methanolic 1.5% hydrogen chloride at room temper- 

ature, followed by column chromatography, yielded the corresponding pure methyl 

glycosides 18, 19, 20, and 21, respectively. Attempted reductive hydrogenolysis of 18 

and 19 over palladised charcoal, or with lithium aluminium hydride in boiling oxolane, 

was unsuccessful and the compounds were recovered unchanged. Catalytic hydrogeno- 

lysis of 20 and 21, however, proceeded smoothly to yield 10 (89%) and 11 (62.5%), 

respectively. 

The [a], values measured for 10 obtained by the two routes (+ 149” and + 142”) 

are higher than that (+ 126”) reported recently’. Our values are closer in agreement with 

those reported” for 10 and its (2R,6R)-enantiomer (+ 137” and - 141”, respectively), 

obtained from (~)-trans-6-hydroxymethyl-2-methoxy-5,6-dihydro-2~-pyran (22) by 
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exhibited physical constants in accord with literature values. The glycoside 25 had not 
previously” been characterised. 

We recently described’ the synthesis of some deoxyalditols from D-glucono-1,5- 
lactone, and this series has now been extended to include the (2.Qdiol 36 and the 
(2S)-triol37, which were obtained from the ester 1. Both enantiomers of 36 have been 
described’5m27, but only racemic 37 seems to be recorded. 

NO2 

H,R’ 

CH2 
CH, 

I 

Ct-lz Cl-l, 

I 
HCOH tJH* 

I I 
HCOH HCK2 

I 
CH3 

I 
CH2R3 

35 36 R’ = H, RZ = R’ = OH 

37 R’=R2 =R’=OH 

0 

39 R1=R2=R3=& 

42 R’=H,RZ=R3=oc 

CH,R 

CH2 

CH2 

CH2 

WC0 

1 )CMez 
H$O 

38 R=OH 

40 R =OTs 

41 R=H 

Reduction of either 6 or 7 with lithium aluminium hydride in 1,2-dimethoxyeth- 

ane yielded the alcohol 38. Hydrolysis of 38 with aqueous 80% acetic acid then gave the 
required trio1 37, characterised as the crystalline tris@-nitrobenzoate) 39. p- 
Toluenesulfonylation of 38 yielded the syrupy monotosylate 40, reductive detosylation 
of which with lithium aluminium hydride in oxoIane’ gave 41. This was not isolated 

because of its volatility, but treated immediately with aqueous 33% acetic acid to give 
70% of the diol 36, characterised as the bis(p-nitrobenzoate) 42. 

The transformations described here further illustrate the potential of D-ghrco- 

no-1,5-lactone as a cheap, but valuable, source of synthetically interesting intermedi- 
ates. Their application in the synthesis of other deoxy and aminodeoxy sugars of 
biological interest is currently under investigation. 

EXPERIMENTAL 

Optical rotations were determined with a Perkin-Elmer Model 241 automatic 

polarimeter on 1% solutions in chloroform, unless stated otherwise, at 20”. T.1.c. was 
performed on Kieselgel 60 (Merck) with light petroleum-ethyl acetate (1: 1) and detec- 
tion by charring with 0.1~ K,Cr,O, in M sulfuric acid. Column chromatography and 
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methyl 4-hromo-.5,6-isopropylidenedioxyhexanoate, 61. -- Treatment of 1 (4.58 g, 21 .O 

mmol), carbon tetrabromide (15.3 g, 46.2 mmol), and imidazole (1.71 g, 25.2 mmol) in 

dichloromethane (50 mL) with triphenylphosphine (12.7 g, 48.3 mmol), in the manner 

described above, yielded an oil (10.5 g) contaminated (‘H-n.m.r.) with bromoform. 

Flash-column chromatography (light petroleum-ethyl acetate, 3: 1) of the material gave 

6 (4.64 g, 79%), which crystallised on storage at -78’; m.p. 31.5533.5” (from water), 

[u], + 33”. ‘H-N.m.r. data: 6 4.12 (m 4 H, H-4, 5,6,6’), 3.70 (s, 3 H, OMe), 2.58 (m, 2 H, 

H-2,2’), 2.12 (m, 2 H, H-3,3’), 1.45 and 1.35 (2 s, each 3 H, CMe,). 

Anal. Calc. for C,,H,,BrO,: C, 42.72; H, 6.09. Found: C, 42.81; H, 6.17. 

(X3)-Methyl 5,6-isopropylidenedioxyhexunoute (7). ~ A solution of 6 (2.29) in 

methanol (25 mL) was treated with sodium acetate (2.3 g) and palladised charcoal 

(lo%, 230 mg), and then hydrogenated (1 atm) for 4 h at room temperature. The 

inorganic material was removed by filtration and washed with methanol (10 mL), and 

the combined filtrate and washings were concentrated in vacua. A solution of the residue 

in dichloromethane (50 mL) was washed with saturated aqueous sodium hydrogen 

carbonate (10 mL) and water (20 mL), dried (Na,SO,), and concentrated in vuc~o to give 

pure (t.1.c. and g.1.c.) 7 (1.62 g, 98%), [a], + 15”; lit.’ [a]r) f6.7”. ‘H-N.m.r. data: 6 4.08 

(m, 2 H, H-6,6’), 3.68 (s, 3 H, OMe), 3.52 (m, 1 H, H-5), 2.35 (m, 2 H, H-2,2’), 1.65 (m, 4 

H, H-3,3’,4,4’), 1.40 and 1.35 (2 s, each 3 H, CMe>). 

(_5S)-5,6-lsopropylidenedioxyhexaMal(8). - A solution of di-isobutylaluminium 

hydride (3.8 mL) was added dropwise to a stirred, cooled (- 78”) solution of 7 (0.643 g, 

3.18 mmol) in light petroleum (15 mL) and dry toluene (15 mL) maintained under 

nitrogen. The mixture was then stirred for a further 3 hat the same temperature, treated 

with sodium sulfate decahydrate (1.0 g), allowed to attain room temperature, treated 

with anhydrous sodium sulfate (1.0 g), and filtered through a layer (0.5 cm) of an- 

hydrous sodium sulfate. The inorganic material was washed with dichloromethane (2 x 

10 mL), and the combined filtrate and washings were concentrated in vucuo. Column 

chromatography (light petroleum-ethyl acetate, 3:l) of the residue gave 8 (0.465 g, 

85%), which was essentially pure (g.1.c.) Distillation in vamo gave analytically pure 8 

(0.373 g, 68%), b.p. 100”/0.25 mbar, [cI]~ + 16 ’ ‘H-N.m.r. data: 6 9.80 (t, 1 H, CHO), . 

4.03 (m, 2 H, H-6,6’), 3.48 (m, 1 H, H-5), 2.50(m, 2 H, H-2,2’), 1.67 (m, 4H, H-3,3’,4,4’), 

1.40 and 1.35 (2 s, each 3 H, CMe,). 

Anal. Calc. for C,H,,O,: C, 62.5; H, 9.1. Found: C, 62.8; H, 9.4. 

Compound 8 (60 mg) in 2~ hydrochloric acid (20 mL) was treated with 2,4- 

dinitrophenylhydrazine (95 mg), and the mixture was heated on a boiling water bath for 

5 min and then set aside at room temperature. Column chromatography (1,2-di- 

methoxyethaneecyclohexane, 3:2) of the crystalline material (135 mg) yielded the 

hydrazone 9 (42 mg, 38%), m.p. 106-108” (from 1,2-dimethoxyethane-toluene), [a],, 

- 8” (c 0.4, pyridine). 

AnuZ.Calc.forC,,H,,N,O,:C,46.15;H,5.16;N.17.94.Found:C,46.46;H,5.16; 

N, 17.82. 

(4S._5R)-4-Chloro-_5,6-isopropylidenedioxyhexunal (16). - A solution of com- 

pound 5 (0.5 g, 2.11 mmol) was treated with di-isobutylaluminium hydride (2.6 mL) and 
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ranoside (11). - (u) From compound 8. The aldehyde 8 (0.59 g, 3.44 mmol) was treated 

with 1.5% methanolic hydrogen chloride (30 mL) and processed as described above. 

Flash-column chromatography (light petroleum-ethyl acetate, 3:2) of the crude prod- 

uct gave 10 (0.243 g, 48.6%), [a], + 149”; lit.* + 126”, lit. I3 [x], + 137”. ‘H-N.m.r. data: 6 

4.73(bs,1H,H-l),3.80(m,1H,H-5),3.55(m,2H,H-6,6’),3.37(s,3H,OMe),2.2(bs,1 

H, OH), 2.2-1.37 (m, 6 H, H-2,2’,3,3’,4,5). 

A solution of 10 (67 mg) in pyridine (2 mL) was treated with 3,Sdinitrobenzoyl 

chloride (113 mg) and processed in the usual manner to give 12 (89 mg, 57%), m.p. 

108-109” (from isopropyl ether), [a], +68”. ‘H-N.m.r. data: 6 9.25 (m, 3 H, aromatic 

H),4.80(m, 1 H,H-1),4.45(d,2H, H-6,6’),4,20(m, 1 H,H-5),3.42(s, 3H,OMe), 1.72 

(m, 6 H, H-2,2’,3,3’,4,4’). 

Anal. Calc. for C,,H ,6N208: C, 49.42; H, 4.74; N, 8.23. Found: C, 49.54; H, 4.62; 

N, 8.43. 

Further elution gave a mixture of 10 and 11 (40.6 mg, 8%) followed by pure 

(g.l.c.)ll (73mg, 15%),[a], -75”. ‘H-N.m.r.data:64.37(m, 1 H,H-1),3.60(bs,3H, 

H-5,6,6’), 3.48 (s, 3 H, OMe), 2.0771.20 (m, 7 H, H-2,2’,3,3’,4,4’ and OH). 

Treatment of 11 with 3,5-dinitrobenzoyl chloride/pyridine in the usual manner 

gave 13 (37%), m.p. 93395” (from isopropyl ether), [cy]n -32”. ‘H-N.m.r. data: 6 9.20 

(m, 3 H,aromaticH),4.45 (m, 3 H, H-1,6,6’), 3.87 (m, 1 H, H-5), 3.47(s, 3 H,OMe), 1.68 

(m, 6 H, H-2,2/,3,3/,4,4’). 

Anal. Calc. for C,,H,,N>O,: C, 49.42; H, 4.74; N, 8.23. Found: C, 49.22; H, 5.00; 

N, 8.29. 

(b) From compound20. A solution of 20 (0.266 g) in methanol (20 mL) was treated 

with anhydrous sodium acetate (0.26 g) and palladised charcoal (lo%, 20 mg), and then 

hydrogenated (1 atm) for a total of 14 h. After 6.5 h and 11.5 h, the mixture was treated 

with additional amounts (10 mg) of the catalyst. The mixture was filtered, the inorganic 

material was washed with methanol (2 x 10 mL), and the combined filtrate and 

washings were concentrated in vacua. A solution of the residue in dichloromethane (25 

mL) was washed with water, the aqueous layer was extracted with dichloromethane (3 

x 20 mL), and the combined extracts were washed with saturated aqueous sodium 

hydrogen carbonate (50 mL), dried (Na,SO,), and concentrated in vacua to give 10 

(0.154 g, 89.3%) [a], + 142”. 

(c) From compound 21. Treatment of 12 (56 mg) in the above manner gave ll(23 

mg, 63%), [a], -72”. 

(4S,5R)-5,6-Isopropylidenedioxy-4-p-toluenesulJbnyloxyhexanal (26). A solution 

of the tosylate 4 (0.5 g, 1.46 mmol) in toluene (5 mL) was treated with di-isobutylalumi- 

nium hydride (1.8 mL) at -78” for 1.75 h, and then processed as described above. 

Column chromatography (light petroleumPethyl acetate, 3:l) of the product gave 26 

(0.366 g, 79.5%), [XI,, - 6.7”, as a very unstable oil. ‘H-N.m.r. data: 6 9.75 (s, 1 H, CHO), 

7.35-7.80 (qAB, 4 H, aromatic H), 4.65 (m, 1 H, H-4), 3.90 (m, 3 H, H-5,6,6’), 2.57 (t, 2 H, 

H-2,2’), 2.45 (s, 3 H, CH,), 1.98 (m, 2 H, H-3,3’), 1.32 and 1.30 (2 s, each 3 H, CMe,). 

Methyl 2,3-dideoxy-4-0-p-toluenesu~fonyl-a-o-glycero-hexopyranoside (27) and 
-P-D-glycero-hexopyranoside (28). -A solution of freshly prepared aldehyde 26 (1.78 g, 
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Treatment of 25 with 3,5-dinitrobenzoyl chloride in pyridine yielded, after recrys- 

tallisation from propan-2-01 and then methanol. the 3,5_dinitrobenzoate 34, m.p. 

117-120”, [cx], + 0.8”. ‘H-N.m.r. data: 6 9.25 (t, 1 H, aromatic H), 9.13 (d, 2 H, aromatic 

H), 4.87 (m, 1 H, H-4), 4.56 (m, 1 H, H-l), 3.77 (m, 1 H, H-5), 3.52 (s, 3 H, OMe), 1.86 

(m, 4 H, H-2,2’,3,3’), 1.35 (d, 3 H, CH,). 

Anal. Calc. for C,,H,,N,O,: C, 49.42; H, 4.74; N, 8.23. Found: C, 49.69; H, 4.69; 

N, 8.25. 

Further elution gave a mixture of 24 and 25 (37.5 mg, 8%), which was not treated 

further. 

Treatment of either 24 or 25 in 2M hydrochloric acid with 2,4_dinitrophenyl- 

hydrazine”.” yielded the hydrazone 35, m.p. 153.5- 156”, [R], - 8’ (pyridine); lit. m.p. 

154-155.5”, [aID -9.8” (ref. 11); m.p. 156157”, [a], - 10” (ref. 14). 

(SS)-5,6_lsopropylid~e~i~x~~e~a~~~ (38). - (u) From 6. A solution of 6 (1.71 g, 

6.01 mmol) in 1 ,Zdimethoxyethane (10 mL) was added dropwise to a stirred suspension 

of lithium aluminium hydride (1.39 g, 6 mol. equiv.) in 1,2_dimethoxyethane (10 mL). 

The mixture was boiled under reflux for 16 h under nitrogen, then cooled (OO), treated 

dropwise with water (6.5 mL), followed by anhydrous magnesium sulfate (4 g), stirred 

for 30 min, filtered through a thin layer of anhydrous magnesium sulfate, and concen- 

trated in vucuo. Column chromatography (light petroleum-ethyl acetate, 3:1) of the 

residue gave 38 (0.865 g, 82%) as an oil, [& + 18’. ‘H-N.m.r. data: 6 4.08 (m, 2 H, 

H-1,1’),3.55(m, 3 H,H-5,6,6’), 1,87(m,6H,H-2,2’,3,3’,4,4’), 1.40and 1.33(2s,each3 

H, CMe,). 

(b) From 7. A solution of 7 (1.307 g, 6.47 mmol) in 1,2_dimethoxyethane (10 mL) 

was added dropwise to a stirred suspension of lithium aluminium hydride (0.49 g, 2 mol. 

equiv.) in 1,2_dimethoxyethane (10 mL). The mixture was boiled under reflux for 2 h, 

under nitrogen, and processed as in (u) to give 38 (1 .I2 g, 99%) [@I, + 18”. 

A stirred solution of 38 (0.858 g, 4.93 mmol) in pyridine (4 mL) at 0” was treated 

with tosyl chloride. The mixture was stored overnight at 5”, treated with ice-water (1 

mL), and, after 5 min, poured into ice-water (100 mL). The mixture was extracted with 

dichloromethane (2 x 70 mL), and the combined extracts were washed successively 

with 2~ hydrochloric acid, saturated aqueous sodium hydrogen carbonate, and water, 

dried (Na$O,), and concentrated in vacua. Column chromatography (light petroleum- 

ethyl acetate, 3:1) of the crude product gave syrupy 40 (1.24 g, 77%), [xl,, +8.7”. 

‘H-N.m.r. data: 6 7.8G7.35 (qAB, 4 H, aromatic H), 4.05 (m, 4 H, H-l ,1’,6,6’), 3.50 (m, 1 

H, H-5), 2.43 (s, 3 H, tosyl Me) 1.58 (m, 6 H, backbone H), 1.37 and 1.32 (2 s, each 3 H, 

CMe,) 
(SS)-I,5,5_Nexanefriol(37). - A solution of 38 (0.283 g) in aqueous 80% acetic 

acid (10 mL) was set aside at room temperature for 4 days, then concentrated in vucuo, 

and water (3 x 10 mL) was distilled in vuc’uo from the residue. Column chromatography 

(1,2-dimethoxyethane-light petroleum, 3:2) of the residue (0.26 g) yielded pure (g.1.c.) 

37 (0.233 g, 97%) as an oil, [r], - 3.4”. 

The trisb-nitrobenzoate) (39,47%) of 37 had m.p. 120-121” (from ethanol+thyl 

acetate), [z], + 8.6”. 
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