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ABSTRACT

Both isomers of 1,2:4,6-di-O-benzylidene-a-D-glucopyranose (and their 3-O-
acetyl and 3-O-benzyl derivatives) have been prepared and their 'H- and "*C-
n.m.r. spectra assigned. The mode of hydrogenolysis of the dioxolane ring in these
isomers by the LiAlH,-AICl; 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,~AICIl; reagent is determined by the configura-
tion of the acetal carbon'?. In the compounds 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-a-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-a-D-glucopyranoses was
prepared by Wood et al.®, and an endo-phenyl structure for the 1,2-benzylidene
acetal was assigned by Coxon and Hall*>. This assignment was based on the obser-
vation that partial catalytic hydrogenolysis of the di-O-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 Detert®.

Recently, a series of 1,2-0- and 1,2:4,6-di-O-alkylidene-a-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, (@) the 2'-substituent is deshielded
when endo, (b) H-2 or H-5 is deshielded by bulky exo or endo 2'-substituents, and
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(¢} the values of J- y and J.  are farger when a bulky 2-substituent « o than when
it is endo.

In order to gain further insight into the determination of the conbiguration of
this  class of compounds. the isomeric 1.2.4.6-di-¢ -bensvlidenc-a-h-ghuco-
pyranoses were investigated.

Benzylidenation o D-glucose by the published procedure gave mainly 4.6-
O-benzylidene-D-glucopyvranose (1), but the known 1.2 4.6-di O-benzyhidene de-
rivative 2 {(10.6% ) and the hithesto anknovwn somer 3 (3 40 ) could be nolated
from the mother hquor by crystallisation and column chromatography . respec-
tively. Reaction of ¥ with e.a-dimethoxvtoluene in A A-dimethh Hormannde n the
presence of Amberhite IR-120 (H ') resin gave 2 and 3 viclds of 17 27 and
16.70¢ . respectively. Conveantional acetylation of 2 and & afforded the 3-acetates 4
and 5. respectively, and benzylation vielded the 3-0-benad donvatves 6 and 7.
The diastereomeric 3.4.6-ir-O-acetyvl-1,2-O-henrvidene-o o-glucopyranoses (8
and 9) were obtained by the method of Dick eral. i

pr - Sy e ™ R

2R = 3R T -
4R TAac 5R =4
§R = uz R e

In the "H-n.m.r1. spectra of 2, 4, 6, and 8, the dioxoline acetal proten reso-
nated at a & value higher than that of the correspondmy protonof 3, 5. 7. and 9.
On the basis of the rule proposed by Baggett e af °. these two sets of compounds
have exo-phenvt and eado-phenyl strudtares. respectively. This inding accords
with the configurations proposed for 8 and 9 by Dick cral. and Rees eral.” . but not
with those proposed by Lenueux and Detert” for 8 and % or swath those reported by
Coxon’ tor 2.

Our configurational assignments were veritied by the chemical shifts of H-3
for the endo-phenyl isomers and by those of H-2 for the exo-phenyl womers (see
Table ). Similar regulanties were also found tor the coupling comtants. as ob-
served by Dick er al.”. thus, /- 5 and /. had larger values tor the exo-phenvl isom-
ers. The '/ values for the bridgehead hydrogens are also characteristid'? of the con-
figuration of the acetal carbon. For the compounds studicd herel /) - values were
greater for the endo-isomers. whereas the Jo (values were greater ot the exo-isom-
ers {(see Table HY. Thus. the phenyl group i the 1 2-benzviidene group of 2, 4, 6,
and 8 i1s established as exo, and that of 3,5, 7, and 9 us erides

The MC-numer. tules! for the acetal carbon atoms of diovolane detvatives
formed from secondary hvdroxyl groups {atled {or the compounds desenibed above.
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TABLE I

A LIPTAK.J IMRE. T HARANGL P NANASI

TH-N MR DATAFOR 1.2-0- aND 1.2:4.6-DI-0-BENZ Y1 EDENT -a-D-G1 UCOPYRANOSE DERIVATIVES

Compound Coupling constants, 1 (Hz)

Jl,l I: . J{ 3 '4 3 J<_m lﬁ [ ’mﬁc
2 4.9 64 9,35 972 10.0 49 10 28
3 S 5 91 95 w?2 iR 1o 35
4 48 A7 Y3 9.4 94 40 oo
5 572 33 81 S| G4 4 6 yy
8 49 4.5 48 87
9 s2 3

30 3.0

g j

Similar chemical shifts were also found'” for the 1.2-acetal carbons of the 1.2:3 4-
di-O-benzylidene-B-1-arabinopyranoses. The ''C-n.m.r. data are listed m Table
I11.

Hydrogenolysis of the exo-isomer 2 with the LiAIH ~AICI; 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 solution and could be de-
tected by the aniline hydrogenphthalate reagent on paper chromatograms, suggest-
ing that HO-1 was unsubstituted. This assumption was supported by '"H-n.m.r.
data: the signals for the anomeric protons could be assigned as an AB-quartet. sig-
nals for a benzyl group were present. and the signal 4t 5 S0 indicated the presence
of a 2-phenyl-1,3-dioxane ring. These data indicated 10 to be 2-O-benzyl-4.6-0O-
benzvlidene-D-glucopyranose. and this was confirmed by a synthesis involving con-
ventional benzylhidenation of 2-O-benzyl-D-glucose.

Ph /V\\O — Ph/\\:\O, -
N v
-
10FR = H MR == w
2R = Bzl 3R = Bz

Ring cleavage of the endo-isomer 3 required 30 min at (° and gave only one
product, namely, benzyl 4.6-0)-benzvlidene-a-D-glucopyranoside (11). Compound
11 was the minor product (577 ) of the hydrogenolysis of 2.

Likewise. ring cleavage of the 3-O-benzyl derivative 6 gave 2.3-di-O-benzyl-
4.6-0-benzylidene-D-glucopyranose (12), whercas 7 afforded benzyl 3-O-benzyl-
4,6-0-benzylidene-a-D-glucopyranoside (13). The structure of 12 was verified by a
synthesis involving benzylidenation of 2,3-di-O-benzyl-D-glucose.

These reactions clearly demonstrate that the clectronegativities of the oxy-
gens of the dioxolane ring do not play a decisive role m the determination of the
direction of ring cleavage. However, ring cleavage must be determined by the con-
formation of the dioxolane ring. which, in turn. is strongly influenced by the orien-
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tation of the C-2' substituent. The results reported here confirm the carlier obser-
vations that hydrogenolysis is a highly chemoselective reaction and that. under the
appropriate conditions, the reagent can distinguish betwcen the dioxane and
dioxolane rings.

EXPERIMENTAL

General methods. — Melting points were determined on a Kofler hot-stage
apparatus and are uncorrected. Optical rotations were measured with a Perkin-
Elmer 241 polarimeter. N.m.r. spectra (for solutions in CDCl; with internal Me,Si)
were recorded at room temperature and at frequencies of 100.1 MHz ('H) and
25.16 or 50.3 MHz ('*C) with Jeol MH-100, Varian XL-100 FT-15. or Bruker WP-
200 SY spectrometers. T.l.c. and column chromatography were carried out on
Kieselgel G (Merck). G.l.c. was performed at 275° with a Hewlett-Packard 5840 A
instrument. and a column (1.2 m x 2 mm) of 10% of UCW 982 on Gas Chrom-Q
(80-100 mesh) with N as the carrier gas at 20 mL/min.

The exo- (2) and cndo-isomers (3) of 1,2:4,6-di-O-benzylidene-a-D-
glucopyranose. — (a) A mixture of powdered. anhydrous D-glucose (20 g). freshly
fused and powdered zinc chloride (20 g), and benzaldehyde (400 mL.) was shaken
for 24 h, cooled to (°, and diluted with ice--water (200 mL). After I 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 mL), to give 1 (4.62 g. 15.6%), m.p. 143-154°, [o], +26° (¢
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 benzaldchyde was removed by steam distil-
lation in the presence of NaHCO;. A solution of the residue in chlovoform (230
mL) was washed with water (3 x 100 mL), dried (Na,80,). and concentrated.
T.l.c. (19:1 chloroform—acetone) of the partially crystalline residue revealed com-
ponents with Ry .63 and 0.50 in the ratio 72:28 (determined by g.1.c.}. Crystallisa-
tion of this mixture from cthanol (26 mL) gave the major component (2, 3.92 g).
Concentration of the mother liquor and column chromatography of the residue
gave, first, the component with higher mobility (2, 0.98 g). which was combined
with the foregoing product and recrystallised from ethanol (15 ml.) to give 2 (4.22
g. 10.6%), m.p. 164-165°. [a], +96° (¢ L. chloroform). R .63 (19: 1 chloroform—
acetone); lit.” m.p. 161-162°. [a];, + 107° (¢ 1.3. chloroform).

Eluted second was 3 (1.89 g) which, after two recrystallisations from cther
(5+5 mL), gave material (1.34 g, 3.38%) having m.p. 133-134° |a|;, +93° (¢ 0.7.
chloroform), Ry 0.50.

Anal. Calc. for C,uH,yO,: 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 a,a-dimethoxytoluene (10 g) was stirred for 1 h in vacuo
at 70°. T.l.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]p, +98° (¢ 0.7, chloroform); and 3
(0.996 g, 16.66%), m.p. 133-135°, [a]p +91° (¢ 0.8, chloroform).

3-0O-Acetyl-exo- (4) and endo-1,2:4,6-di-O-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°, [a]p +66° (c 0.9, chloroform), Rg 0.48 (9:1 benzene-
acetone); lit.” m.p. 178°, [a], +81° (¢ 1, chloroform).

Likewise, acetylation of 3 (0.2 g) gave 5 (0.22 g, 78.7%), m.p. 104-105°, [a]|p
+97° (¢ 1, chloroform), Rg 0.40 (9:1 benzene-acetone).

Anal. Calc. for C,oH»,05: 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-O-benzylidene-a-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 chioroform (150 mL), and
washed with water (5 x 50 mL). The organic layer was steam distilled from
NaHCOj;. 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 (1.75 g, 93.1%), m.p. 133-134°, [a]p
+77° (c 0.6, chloroform), Rg 0.40 (9:1 light petroleum—ethyl acetate).

Anal. Calc. for C,7H5O,: 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°, [a]p +83° (¢ 0.6,
chloroform), R 0.30.

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

2-O-Benzyl-4,6-O-benzylidene-D-glucopyranose (10). — (a) To a solution of
2 (1 g) in 1:1 ether—dichloromethane (100 mL) at 0° were added, with stirring,
LiAlH, (0.32 g) and a solution of AICl;3 (1.3 g) in ether (5 mL). After 10 min, t.l.c.
revealed products with Rg 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. 180-181°, [a]p —6° (c 0.5, chloroform), Rg 0.50 (19:1
chloroform-methanol). '"H-N.m.r. data [CDCl;~(CD;),SO, 1:1]: § 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,
<1H,J,,4.0Hz, H-1a), 5.004.60 (m, <3 H, H-18 and PhCH,), and 4.30-3.08
{m, 6 H, skeleton protons).

Anal. Calc. for C,0H»O4: C, 67.03; H, 6.19. Found: C, 67.22; H, 6.14.

(b) 2-O-Benzyl-D-glucose' (0.2 g) was treated with benzaldehyde (2 mL) in
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the presence of freshly tused ZnCl, (0.5 g) for 12 h The excess of benzaldehyde
was removed by steam distillation. to give a syrupy residue that crystallised from
ethanol (1 mL) to afford pure 10 (0,12 g, 36.7%). m p. 1791807 [af;, —5" (0 0.5,
chloroform).

Benzvl 4,6-O-benzvlidene-a-D-glucopyranoside (11, — To ua solution of 3
(0.5 g) in 1:1 dichloromethane—ether (100 mL)Y were added LiAIH, (016 g) and
solution of AICIE (0.56 g) in ether (5 mL). After 30 min. no 3 could be detected by
t L.c.. and a single product. identical with the by-product of the hydiogenolvsis of
2, was present. Work-up as described above and recrystalhsation of the product
trom ethanol (2 x 2 mL) gave 11 (0393 g 7337 ). m.p l6t-162 [a)),
+102° (¢ 0.5, chlorotorm). R, 0.41 (19:1 chloroform-methanol): ht. a m.p. 161-
162° Ja]py +1077 (¢ 1. chloroform)

2,3-Di-O-benzyl-4,6-0-benzvlidene-d-glucopyranose (12). — (¢} Compound
6 (0.5 g) was hvdrogenoiysed in 1:1 ether—dichloromethane (30 ml.) with LiATH,
(0.045 g) and AICI; (0.155 g) for | h at 20°. The usual work-up. with crystallisation
of the product from ethanol (10 mL). gave 12 (0 406 g, 8S1.577), m.p. 160-1627,
[a], —30° (¢ 0.5. chloroform). R, 0.45 (9:1 benzene-methanol). '"H-N.m.r. data:
A 7.70-7.00 (m. 15 H, 3 Ph). 5.35 (s,  H, PhCH}. 524504 (m. 1 H, H-1). 4,92~
4.65 (m. 4+ H. 2 PhCH-), 141312 (m. 6 H, skeleton protons). and 1.57 (b, | H.
OH).

(b) 2.3-Di-O-benzyl-D-glucose'” (0.2 g) was benzylidenated. as described for
10. to give 12 (0. 138 g. 53 97 ), m.p. 162°. {a];, —33° {¢ 0.4, chloroform).

Benzyl 3-O-benzvi-4,0-O-benzyviidene-w-D-glucopyranoside (13) — fo a sol-
ution of 7 (0.1 g) in 1! dichloromethane-ether (10 mL) were added LIATH, (20
myg) and AICT; (70 mg), and the mixture was stirred at room temperature for [ h,
G .lc. then revealed two products in the ratio 98:2 T.L¢ showed the minor prod-
uct (Ry 0.52) to be identical with the hydrogenolysis product of the cao-isomer 6.
The major product was isolated by column chromatography and recrystallised from
ethanol (5 mL). to give 13 (0.067 g, 66 87¢), m.p. 122123 e}, =577 (¢ (L0,
chloroform). Ry 0.62 (19:1 dichloromethane-acetone) 'H-N m.1. data; & 7.52-
7.00 (m, 15 H, 3 Ph). 5.56 (s, | H, PhC /. 504 (A, T HL 05 3 3 Hz, H-1)0 4092
443 (m, 4+ H, PhCH>), 4 42 (dd. 1 H. J+ 84 Hz, F-2) 4 00-3 48 (m. 5 . skeleton
protons). and 2.30 (d. I H, OH).

Anal. Calc. for Cy7HwO,: C.72.30: H. 6.29. Found: C, 7233 H.6 24
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