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ABSTRACT 

Both isomers of 1,2: 4,6-di-O-benzylidene-Q-D-glucopyranose (and their 3-O 

acetyl and 30benzyl derivatives) have been prepared and their ‘H- and 13C- 

n.m.r. spectra assigned. The mode of hydrogenolysis of the dioxolane ring in these 

isomers by the LiAIHJ-AlCl, reagent is determined by the configuration at the 

acetal carbon and is independent of the electronic character of the two oxygen 

atoms. 

INTRODUCTION 

The direction of the hydrogenolytic ring-cleavage of dioxolane-type ben- 

zylidene derivatives by the LiAlH,-AlCl, reagent is determined by the configura- 

tion of the acetal carbon”*. In the camp ounds investigated to date, the dioxolane 

rings were formed from secondary hydroxyl groups and thus the electronegativities 

of the two oxygen atoms were similar. We now report on the behaviour of the two 

isomers of 1,2:4,6-di-O-benzylidene-c~-D-glucopyranose? where the electronegativ- 

ity of the oxygen atoms of the dioxolane ring is different. 

RESULTS AND DISCUSSION 

One of the two isomeric 1,2:4,6-di-O-benzylidene-c~-~glucopyranoses was 

prepared by Wood et al.‘, and an endo-phenyl structure for the 1 .Zbenzylidene 

acetal was assigned by Coxon and Hal14~‘. This assignment was based on the obser- 

vation that partial catalytic hydrogenolysis of the di-0-benzylidene compound gave 

a 1,2-O-benzylidene-a-D-glucopyranose derivative for which an endo-phenyl con- 

figuration had been inferred by Lemieux and Deterth. 

Recently, a series of 1,2-O- and 1,2:4,6-di-O-alkylidene-cu-D-glucopyranose 

derivatives was synthesised by Dick et al.‘, and four n . m. r. parameters were corre- 

lated with the bulk and orientation of the 2’-substituent of the dioxolane ring; three 

of these n.m.r. features are important, namely, (a) the 2’-substituent is deshielded 

when endo, (6) H-2 or H-S is deshielded by bulky exe or endo 2’-substituents, and 
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Similar chemical shifts were also found’2 for the I .7-acetal carbons of the 1.3:3.4- 

di-O-benzylidene-P-L-arabinopyranoscs. The “C-n.m.r. data arc listed in Table 

III. 

Hydrogenolysis of the cxo-isomer 2 vvith the L..rAIHJ-AU, reagent for 10 

min at 0” gave a 95:5 mixture of two products. the major component (10) of which 

was isolated crystalline. Compound 10 reduced Fehling’s solutmn and could be de- 

tected by the aniline hydrogenphthalatc reagent on paper chromatograms. suggest- 

ing that HO-1 was unsubstltuted. This assumption was supported 51, ‘H-n.m.r. 

data: the signals for the anomeric protons could be assigned as an AU-quartet. sig- 

nals for a benzyl group were present, and the signal at 6 5 50 indicdtcci the presence 

of a 3-phenyl-1.3~dioxane ring. These data indicated 10 to be ~-(/‘-h~tl7yl-~,h-O- 

benzylidcne-II-glucopyranose. and this was confirmed by a synthesis inv~)lv~ng con- 

ventional benzvlidenation of ?.-O-hcnzvl-n-glucose. 

Phqxn_-_-‘- ?h_‘. 
:\ @---“ 

\\L&-_ ‘Q -_ 
\ 

“\,, 

% 

‘-<‘-?) 

RO 

\ \ 

oii 
y <i 

ijBZl 

10Q = H 1, Fi =: ii 

12R = BZ 13 R = t3zi 

Ring cleavage of the e&n-isomer 3 required 30 min at 0” and gave only one 

product, namely, benzyl -1,6-~~)-henzylidene-[~-r)-glucopyran~~side (II). Compound 

1 I was the minor product (5“; ) of the hydrogenolysis of 2. 

Likewise. ring cleavage ol the 3-O-benzyl derivative 6 gave 7.5di-O-benzyl- 

-l.h-0benzylidene-r~glucopyranose (12). whereas 7 afforded benryl 3-O-benzyl- 

4,6-O-benzylidene-c-D-glucopyranoside (13). The structure of 12 was verified by ;1 

synthesis involving benzylidcnation of ‘..~-dl-O-henz~i-o-glucose. 

These reactions clearly demonstrate that the clectronegativitlc~ of the ox>- 

gens of the dioxolane ring do not play a decisive role Jn the determination of the 

direction of ring cleavage. However, ring cleavage must he drterrnJned by the con- 

formation of the dioxolane ring. which. m turn. is strongly intluencrd h> the orirn- 
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tation of the C-2’ substituent. The results reported here confirm the earlier obscr- 

vations that hydrogenolysis is a highly chemoselective reaction and that. under the 

appropriate conditions, the reagent can distinguish betwcc‘n the dioxane and 
dioxolane rings. 

EXPERIMENTAL 

General methods. -’ Melting points were determined on a KoRer hot-stage 

apparatus and are uncorrected. Optical rotations were measured with a Pcrkin- 

Elmer 241 polarimeter. N.m.r. spectra (for solutions in CIICI.J with internal Me,%) 

were recorded at room temperature and at frequencies of l(K).1 MHz (‘H) and 

25.16 or 50.3 MHz (‘-‘C) with Jeol MH-100, Varian XL-lo0 Ff’-15. or Bruker WP- 

200 SY spectrometers. T.1.c. and column chromatography were carried out on 

Kieselgel G (Merck). G.1.c. was performed at 275” with a Hewlett-Packard 5X40 A 

instrument. and a column (I .2 m x 2 mm) of 10%: of UCW 9X2 on Gas Chrom-U 

(80-100 mesh) with Nz as the carrier gas at 20 mL/min. 

The exo- (2) urd cndo-isomers (3) r$ /.2:J,~-di-0-I~rn~~~~~ft~nt~-tr-~~- 
gkopyranose. - (a) A mixture of powdered. anhydrous II-glucose (20 gj. freshit 

fused and powdered zinc chloride (30 gj. and henzaldehydc (300 ml..) was shaken 

for 24 h, cooled to o”, and diluted with ice-water (300 mL). After 1 h. the aqueous 

phase was decanted, and light petroleum (b.p. 40--60”) was added to the organic 

layer. The product was collected, and washed with water (2 x 50 ml_) and light 

petroleum (2 X 50 mLj, IO give 1 (4.62 g. 15.6%), n1.p. 135151’;, jtr],, tlb”. (L. 

0.6. methanol); lit:’ m.p. 140-150”. 

The filtrate was extracted with chloroform (250 ml..), the extract was washed 

with water (3 x 50 ml..). and excess of benzaldehyde was removed by steam distil- 

lation in the presence of NaHC&. A solution of the rcsiduc in chiorot’orm (750 

mL) was washed with water (3 >(. 100 ml.), dried (NalSO.lj. and concenlrated. 

T.1.c. (19: I chloroform-acetone) of the partially crystalline residur rcvcaled com- 

ponents with RF 0.63 and 0.50 in the ratio ‘7 2:28 (determined I-j\: g.1.c.). Crystallisa- 

tion of this mixture from ethanol (20 mL) gave the major coniponrnt (2, 3.92 g). 

Concentration of the mother liquor and column chromatogrqh!, of the residue 

gave, first, the component with higher mobility (2, 0.98 g). which w;~s combined 

with the foregoing product and recrystallised from ethanol (15 ml.) to give 2 (4.22 

g. 10.6%), m.p. 166-165”. [(r],, +96” (c I.. chloroform). RI O.h.3 (1’): I chloroform- 

acetone); lit:’ m.p. 161-162”. [[x]~, + 107” (c I .3. chloroform). 

Eluted second was 3 (1.89 g) which. after two recrystallisationa from &her 

(5 +5 mL), gave material (1.34 g, 3.38%) having m.p. 1%1.%-I”, IB]~, +93” (c 0.7. 

chloroform), Rf: 0.50. 
Anal. Calc. for C20HZ,&Ih: C, 67.41; H, 5.66. Found: C, 67.34: H. 5.64. 

(b) A mixture of 1 (4.5 g), N,N-dimethylformamide (20 ml.), Amberlite IR- 

120 (H+) resin (1 g), and cz,cY-dimethoxytoluene (10 g) was stirred for I h in twcuo 
at 70”. T.1.c. then revealed the presence of 2 and 3. The mixture was filtered and 
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concentrated, and a solution of the residue in dichloromethane was washed several 

times with water, dried, and concentrated. Column chromatography of the residue 
gave 2 (1.03 g, 17.22%), m.p. 163-164”, [a],, +98” (c 0.7. chloroform); and 3 

(0.996 g. 16.66%), m.p. 133-135”. [a]o +91” (c 0.8, chloroform). 
3-O-Acetyl-exo- (4) and endo-1,2:4,6-di-0-benzylidene-a-D-glucopyranose 

(5). - Conventional treatment of 2 (0.2 g) with pyridine (1 mL) and acetic anhy- 

dride (1 mL). with two recrystallisations of the product from ethanol, gave 4 (0.2 

g, 89.4%), m.p. 188-189”, [U]~ +66” (c 0.9, chloroform), RF 0.48 (9:l benzene- 

acetone); lit.” m.p. 178”. [aID +81” (c 1, chloroform). 

Likewise, acetylation of 3 (0.2 g) gave 5 (0.22 g, 78.7%), m.p. 104-105”, [a],, 

+97” (c 1. chloroform), RF 0.40 (9: 1 benzene-acetone). 

Anal. Calc. for CZ7HZ207: C, 66.32; H, 5.57. Found: C, 66.41; H, 5.50. 

3-O-Benzyl-exo- (6) and endo-1,2:4,6-di-0-benzylidene-c-D-glucopyranose 
(7). - A mixture of 2 (1.5 g), potassium hydroxide (3 g), and benzyl chloride (10 

mL) was stirred at 105” for 12 h, cooled, diluted with chloroform (150 mL), and 

washed with water (5 x 50 mL). The organic layer was steam distilled from 

NaHCO,. The aqueous solution was extracted with chloroform. and the extract 

was washed with water (5 X 50 mL), dried, and concentrated. The residue was re- 

crystallised from ethanol, to yield 6 (1.7.5 g, 93.1%), m.p. 133-134”. [a],, 

+77” (c 0.6, chloroform), RF 0.40 (9: 1 light petroleum+thyl acetate). 

Anal. Calc. for C,,H2,0,: C, 72.63; H, 5.87. Found: C. 72.55; H, 5.90. 

Likewise, benzylation of 3 (0.275 g) and crystallisation of the product from 

ethanol (5 mL) afforded 7 (0.302 g. 87.6%), m.p. 75-76”, [(Y],, +83” (c 0.6, 

chloroform), RF 0.30. 

Anal. Found: C, 72.69; H, 5.84. 

2-O-Benzyl-4,6-0-benzylidene-D-glucopyranose (10). - (a) To a solution of 

2 (1 g) in 1:l ether-dichloromethane (100 mL) at 0” were added, with stirring. 

LiAlH4 (0.32 g) and a solution of AU3 (1.3 g) in ether (5 mL). After 10 min, t.1.c. 

revealed products with RF 0.50 and 0.45 (19: 1 chloroform-methanol) in the ratio 

95 : 5; a few percent of 2 was also detected. The minor product corresponded to the 

hydrogenolysis product of the endo-isomer. To minimise the formation of by-prod- 

ucts, the reaction was terminated before all of 2 had reacted. 

The excess of reagent was decomposed with ethyl acetate (3 mL) and water 

(5 mL), and the mixture was diluted with ether (100 mL), filtered, washed with 

water (5 x 25 mL), dried, and concentrated. The major product was isolated by 

column chromatography and then recrystallised from ethanol (3 mL), to give 10 

(0.73 g, 72.1%), m.p. 18@181”, [a]o -6” (c 0.5, chloroform), RF 0.50 (19:l 

chloroform-methanol). ‘H-N.m.r. data [CDC13-(CD3)$0, 1: 11: 6 7.60-7.10 (m, 

10 H, 2 Ph), 6.98 (b, 1 H. OH), 6.43 (b, 1 H, OH), 5.50 (s, 1 H, PhCH), 5.18 (d, 

<l H, J,,2 4.0 Hz, H-la), 5.OG4.60 (m, <3 H, H-l@ and PhCH,), and 4.30-3.08 

(m, 6 H, skeleton protons). 

Anal. Calc. for CZ0HZ20h: C, 67.03; H, 6.19. Found: C, 67.22; H, 6.14. 

(b) 2-O-Benzyl-D-glucose’3 (0.2 g) was treated with benzaldehyde (2 mL) in 
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