2230

J.C.S. Perkin I

Synthesis of Unsymmetrical 1,4-Diethers of Butadiene. A Ready Access
to Normal and Ether-type Disaccharides with the p-gu/o-Configuration

By Serge David * and Jacques Eustache, Laboratoire de Chimie Organique Multifonctionnelle, Université
de Paris-Sud, 91405 Orsay Cédex, France

The Wittig condensation of 3-benzyloxyacrolein with the phosphorane ROCH=PPh, derived from  diacetone-
glucose " ROH, gives in the presence of iodide ions and excess of bases a 78 : 22 mixture of the all-trans-(2) and
1,2-cis-3,4-trans-(3) unsymmetrical 1,4-diethers of butadiene, RO-CH:CH-CH:CH-0-CH,Ph. From the cyclo-
addition products of L-menthy! glyoxylate onto the diene (2), three 1,4,5-trisubstituted 2,3-dihydro-6/H-pyrans with
the all-cis-disposition, (4) (13.5%), (6) (24%), and (8) (19%) could be isolated. These were converted in good
yield into completely functionalized disaccharides by lithium aluminium hydride reduction of the ester function,
followed by cis-hydroxylation with osmium tetraoxide. Thus were obtained, starting respectively from compounds
(4) and (6), 3-0-(4-0-benzyl-B-D- and L-gulopyranosyl)-1,2;5,6-di- O-isopropylidene-a-D-glucofuranose, (10)
and (12). On the other hand, compound (8) gave O-(benzyl 4-deoxy-f-D-gulopyranosid-4-yl)-(4->3)-1,2;5,6-
di-O-isopropylidene-a-D-glucofuranose (14). Thus binding of the oxygen atom of the dienophile to the diene
(2) occurs on the sugar side, to give compounds (4) and (6), with the B-D- and B-L-sugar configuration, and on the
benzyl side to give an ether of a benzyl 8-D-hexopyranoside (8). The introduction of a 4-benzyloxy-substituent
does not appear to change the relative reactivity towards cycloaddition of the two faces of the buta-1,3-dien-1-yl

ether of * diacetone-glucose .

IN previous papers,! we have shown that it was possible
to build completely functionalized, chiral hexopyrano-
sides starting from the cycloaddition products of glyoxyl-
ic esters onto the butadienyl ethers of protected sugars.
Therefore it seemed desirable to examine the behaviour
of ethers of substituted butadienes, with the hope of
reducing the number of functionalization steps. We are
aware of the existence of only three buta-1,3-dienes
substituted by oxygen at positions 1 and 4: namely,
1,4-dimethoxy-,2 1,4-diphenoxy-® and 1,4-diacetoxy-
buta-1,3-diene.* All three bear two identical sub-
stituents, and their mode of synthesis, which involves
drastic steps, could not be readily extended to the pre-
paration of butadienes with different, complicated
oxygenated substituents on C-1 and C-4. The Wittig-
type synthesis described below is obviously more versa-
tile, and may be conducted so as to obtain the all-trans-
isomer (2) as the main product. From the cycloaddition
adducts, B-gulopyranosides may be prepared in two
steps with very good yields, including a partially pro-
tected mixed ether of D-gulose and p-glucose.

RESULTS AND DISCUSSION

We have already reported  the preparation of a buta-
1,3-dien-1-yl ether of the free secondary hydroxy-
function of ‘ diacetone-glucose ’, by a Wittig condens-
ation of acrolein with the phosphorane derived from the
phosphonium chloride (1). As the aldehyde partner, we
have now chosen 3-benzyloxyacrolein. Although one
isomer had already been prepared,® its configuration had
not been elucidated. We found that its 'H n.m.r.
spectrum at 60 MHz was that of a pure #rans-isomer
(/1.2 13 Hz). Reaction with the same phosphorane as
above gave in 629, yield a 2:3 mixture of dienyl
diethers (2) and (3) with ‘ diacetone-glucose’ and benzyl-
oxy-substituents at C-1 and C-4. This mixture could
not be resolved, since even on t.l.c. plates, the two com-
ponents were hardly separated in all the solvent systems
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used. The signals of the all-trans (2) and the 1,2-css,
3,4-trans (3) dienes respectively could easily be located on
the 240 MHz 'H n.m.r. spectrum, the assumption being
made that the {rans-configuration of 3-benzyloxy-
acrolein was unaffected by the Wittig reaction. The
signals of 1-H and 4-H in the cis,trans-diene (3) appear
as doublets, at 5.90 and 6.56 p.p.m., with the coupling
constants 3/ 6.2 and 12.6 Hz, respectively, characteristic
of cis- and frams-orientations. On the other hand,
because of the local symmetry of the all-frans-diene (2),
the signals of 1-H and 4-H and those of 2-H and 3-H,
are very near and appear as multiplets not amenable to
first-order analysis.

Preliminary experiments showed that the cis frans-
diene (3), although less reactive that its all trans-
analogue (2), would still react with glyoxylic esters given
on extended reaction times. This led to new adducts,
and made the separation of pure products more difficult.
Thus, we tried to lessen the proportion of the diene (3) in
the Wittig condensation mixture. I sifu equilibration
of an intermediate betaine in the presence of strong bases
and iodide ions has been claimed to be a good technique
for the preparation of simple, ¢rans-olefins 7 and, indeed,
application of this technique in the present work raised
from 40 to 789, the proportion of the all-frans-diene (2)
formed.

In the cycloaddition of L-menthyl glyoxylate onto the
above-prepared mixture the reaction was stopped when
the main component (2) had disappeared (16 h at 80 °C},
so as to minimize the production of the adducts of the
diene (3). Chromatography then gave a mixture of
three adducts (639,) one of which readily crystallized,
m.p. 138 °C, upon addition of light petroleum; each of the
others separated as an amorphous glass on chromato-
graphy of the mother-liquor.

Because of the presence of two ether functions at each
end of the diene system in (2), we were unable to decide
upon the direction of the cycloaddition. We shall see
below that the functionalization of the dihydropyran
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rings in the two glassy adducts leads to compounds which
behave as typical, protected disaccharides. For in-
stance, after removal of protecting groups they can be
hydrolysed by moderate treatment with aqueous acid to
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small degree of coupling for 1-H implies a quasi-axial
disposition. On the other hand, the coupling of 4-H
with 3-H is higher (4.3 Hz), a fact which indicates that
4-H is quasi-equatorial and the benzyloxy-group quasi-
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the component monosaccharides. Thus the dienophile axial. Thus the three substituents are on the same side

oxygen atom is linked in these adducts to C-1 of the
diene.

This being settled, the 1H n.m.r. spectrum of the less-
polar, glassy adduct obtained in 249, yield, points to
either structure (4) or (6). The dihydropyran ring
adopts the half-chair conformation in which the bulky
L-menthoxycarbonyl substituent is equatorial. The

of the ring. The alcohol obtained by lithium aluminium
hydride reduction, (5) or (7), was cis-hydroxylated with
osmium tetraoxide, to give, in high yield (899%,), only
one partially protected disaccharide. The likely assump-
tion that the newly introduced cis-diol system would be
trans to substituents already present was confirmed by
the observation of high coupling, J,, 8 Hz, an
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indication that 1-H and 2-H are both axial. Thus the
disaccharide is either a g-p- (10) or a g-L-glucoside (12).
Hydrogenolytic removal of the benzyl ether function
gave a new disaccharide (11) or (13), with a molecular
rotation of +55, as estimated from the crude product.
Calculations of molecular rotations from known values
for methyl B-p-gulopyranoside & and ‘ diacetone-glucose ’
respectively gave —218 and +121 for structures (11)
and (13). Thus the disaccharide under study was the -
guloside (13). Acidic hydrolysis of the isopropylidene
acetal and glycosidic bonds gave a mixture of gulose and
glucose, which were characterized by v.p.c. It follows
that the main adduct had structure (6) and was reduced
to the alcohol (7) and cis-hydroxylated to the di-
saccharide (13).

The H n.m.r. spectrum of the less-polar, glassy adduct,
obtained in 13.59, yield, is almost superimposable on
that of the adduct (6). This suggests that the di-
hydropyran moieties are enantiomeric in these com-
pounds, so that this loss-polar adduct should have
structure (4). Compound (4) may be reduced to the
alcohol (5) and then cis-hydroxylated to the disaccharide
(10). Hydrogenolysis of the benzyl ether function gives
a disaccharide (11) the molecular rotation of which,
—215, is in good agreement with the calculated value,
—218. Complete, acidic hydrolysis of the disaccharide
(11) gave a mixture of two hexoses, which were character-
ized as glucose and gulose by v.p.c.

In the H n.m.r. spectrum of the crystalline adduct,
m.p. 138 °C, of intermediate polarity, obtained in 199,
yield, the values of the coupling constants are, once
more, those expected for a B-threo-derivative in the half-
chair conformation. This leaves as the only possibility
an ether structure, resulting from a reverse cyclo-
addition. The signal of 3-H is shifted to low fields by
0.65 p.p.m. relative to its position in the spectra of the
adducts (4) and (6), an indication of quite a different
environment. The assumed B-D-guloside configuration
(8) rests on the following evidence: lithium aluminium
hydride reduction of the adduct (8) gave the alcohol (9)
(939,), which was c¢is-hydroxylated with osmium
tetraoxide in practically quantitative yield, to give the
crystalline ether (14). Acid hydrolysis of the ether
function in (14) would involve drastic, destructive
conditions. However, the fact that the ether linkage is
8 to the potential aldehyde group of glucose suggested
another possibility: mild hydrolysis with 90%, aqueous
trifluoroacetic acid removed the isopropylidene protecting
groups. From the reducing disaccharide thus obtained,
benzyl B-D-gulopyranoside was separated by alkaline
B-elimination. Acidic hydrolysis of this guloside gave
the free sugar which was characterized by v.p.c.. The
optical rotation was found to be [«],2* —15° while the
values reported in the literature for D-gulose ? vary
between —10 and —20° according to the concentration.

Such derivatives as (14) (sometimes called anhydrides),
where two reducing sugar units are linked by a true ether
bond, are a very rare occurrence. To date, only three
seem to have been reported: 6,6-di-D-glucose anhy-
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dride,®  p-glucose-D-galactose-6,6’-anhydride,1® and
methyl 4-O-(methyl 5-deoxy-g-D-ribofuranosid-5-yl)-g-
D-glucopyranoside (and related derivatives),!? a model
of the core portion of the exotoxin from Bacillus thurin-
giensis. 1?2 In the latter case, the key step in the syn-
thesis was the opening of a pyranose epoxide by the
primary alcoholic function of a protected ribofuranose
derivative. As the method looks somewhat laborious,!
cycloaddition may provide a quicker approach to this
barely-known class of carbohydrate derivatives.

A rigorous discussion of orientation in these additions
is out of the question, since we can account for only
639, of the reaction products from the diene (2). Never-
theless, the proportions of isolated adducts are consistent
with our former observations. As in the preceding
paper,!® we shall define the positive face of the diene
with respect to oxygen 3"-0 of * diacetone-glucose’. Let us
first consider the case when the dienophile oxygen atom
binds itself to C-1 of the diene (2). We know that endo-
additions on the positive and negative faces of the diene
(2) lead respectively to B-p- and B-L-glycosides, while
exo-additions result in a-glycosides. Assuming that the
principle of cis-addition is still valid in our case, the
benzyloxy-group will be cis to ‘ diacetone glucose ’ in
the adduct, giving products with the B-(D or L)-threo- and
the «-(D or L)-erythro-configurations. The conclusion
is that the adducts isolated only come from endo-
addition, with a 649, preference for the negative face.

A similar reasoning shows that the disaccharide ether
(8), B-D-threo, results from endo-addition on the negative
face, which behaves in all cases as the more reactive one.

Altogether there is an 829, preference for the negative
face, while in the case of the analogous diene not sub-
stituted on C-4, this preference was 739, with glyoxylic
esters, and 689, with diethyl mesoxalate. Thus, in
cycloadditions onto the diene (2), the chirality of the
sugar near carbon C-1 once more appears to be the
dominant factor in the selection of faces, while the
benzyloxy-group seems to have little importance in this
respect.

The sugar substituent in the diene (2) should be more
electronegative than the benzyl, and a greater proportion
of the ether-type adduct such as (8) would have been
expected. Possibly the binding to C-1 of the dienophile
carbonyl carbon is hindered by greater compression in
the transition state.

EXPERIMENTAL

General Methods.—Chromatographic separations were
made with the use of silica-gel columns, or, for analytical
purpose only, plates coated with a thin layer of silica gel.
1H N.m.r. spectra were recorded at 240 MHz, for solutions
in the indicated solvent, and are reported in p.p.m. down-
field from SiMe, (internal reference). Dashed figures refer
to the atoms of the glucose unit. Ether refers to diethyl
ether.

3-O-(EE and ZE-4-Benzyloxybuta-1,3-dienyl)-1,2;5,6-di-
O-isopropylidene-a-D-glucofuranose, (2) and (3).—(a) A
1.7m-solution of phenyl-lithium (21 mmol) in benzene—
ether (2 : 1) was slowly added to a suspension of the salt (1)
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(11.41 g, 20 mmol) in dry ether (100 ml) under nitrogen.
After 10 min, 3-benzyloxyacrolein (3.6 g, 22 mmol) was
added, and after 5 min, the solution was filtered and
evaporated to dryness. Chromatography of the residue
(ether—light petroleum, 1:2) gave a 2:3 mixture (5.22 g,
629%,), b.p. 150—160 °C at 0.01 mmHg, of the EE-(2) and
ZE-(3) dienes, which appeared on t.l.c. (dichloromethane—
hexane-acetone, 25:25:1) as two barely resolved spots;
3(CDCl,) for the EE-diene (2) 4.75 (2 H, s, PhCH,), 5.46
(2 H, m, 2-H, 3-H), 6.37 (2 H, m, 1-H, 4-H); §(CDCl,) for
the ZE-diene (3) 4.83 (2 H, s, PhCH,), 4.97 (1 H, q, J,,, 6.2
Hz, J, 5 11.2 Hz, 2-H), 5.73 (1 H, pseudo-t, J; , 12.6 Hz,
3-H), 5.90 (1 H, d, 1-H), and 6.56 (1 H, d, 4-H). Intensity
measurements on this spectrum allowed the estimation of
the proportions of the dienes (2) and (3) in the mixture
(Found: C, 66.3; H, 7.3; O, 26.8. C,H;,0, requires C,
66.0; H, 7.2; O, 26.2%).

(b) To a solution of lithium iodide (575 mmol) in tetra-
hydrofuran (thf) (100 ml), prepared by ixn sit¥ mixing of
phenyl-lithium and methyl iodide, was first added the
phosphonium salt (1) (18.6 g, 32.6 mmol), and then a 1.7m-
solution of phenyl-lithium (34.2 mmol)} in benzene- ether
(2:1). After 10 min, the solution was cooled to —80 °C,
and 3-benzyloxyacrolein (5.80 g) was slowly added. After
10 min, more phenyl-lithium (37.5 mmol}) was slowly added,
and the mixture was kept for 30 min at —80 °C. Potas-
sium t-butoxide (75 mmol) and t-butyl alcohol (75 mmol)
were then added and the mixture was allowed to warm to
room temperature during 1 h. Most of the thf was then
evaporated, light petroleum (200 ml) was added, the pre-
cipitate was filtered off on a silica-gel bed, and the solution
was evaporated to dryness. Chromatography as above
gave a 78 : 22 mixture of EE-(2) and ZE-(3) dienes (8.04 g,
59%,).

Cycloaddition.—A mixture of the dienes (2) and (3)
(78 :22; 4.00 g) and r-menthyl glyoxylate (1.8 g) was
heated at 80 °C for 16 h with exclusion of air, in the presence
of hydroquinone (20 mg), when t.l.c. (dichloromethane—
hexane-acetone, 25: 25: 1) indicated the disappearance of
the diene (2), and the appearance of a major, composite
spot corresponding to new compounds. These were
separated by chromatography (ether-light petroleum, 1: 1)
as a purified mixture (3.02 g, 639,) which could be resolved
by t.l.c. (dichloromethane-hexane-acetone, 15: 15: 1) into
three components, called (A), (B), and (C) in order of
increasing polarity. Dissolution of this mixture in boiling,
light petroleum (10 ml) brought about the separation of (B)
as a crystalline precipitate (0.91 g, 199;). Chromatography
(dichloromethane-hexane—acetone, 15 : 15 : 1) of the mother-
liquor of (B) first gave (A) (1.12 g, 249,) and then (C) (0.64 g,
13.59%,).

O-(L-Menthyl 4-O-benzyl-B-L-threo-hex-2-enopyranosyluro-
nate)-(1-—-3)-1,2;5,6-di-O-isopropylidene-a-D-glucofuranose
(6).—This is component (A) of the mixture : glass (249,),
[o],2® +32° (¢ 1.2 in CH,Ci,), 8(CeDyg) 5.04 (1 H, s, with a
fine structure, 1-H), 5.14 (1 H, d, J,., 3.8 Hz, 2’-H), 5.64
(1 H, dd, J,; 10.8 Hz, J,, 5 Hz, 3-H), 5.80 (1 H, d, 2-H),
and 5.86 (1 H, d, 1’-H) (Found: C, 66.3; H, 7.8; O, 25.3.
C33H0O40 requires C, 66.7; H, 7.9; O, 25.49,).

O-(L-Menthyi 4-O-benzyl-B,D-threo-hex-2-enopyranosyluro-
nate)-(1—-3)-1,2;5,6-di-O-isopropylidene-a-D-glucofuranose
(4).—This is component (C) of the mixture : glass (13.5%,),
[a],2® —77° (¢ 5 in CH,CL), 8(CeDg) 5.07 (1 H, d, Jy.o
3.8 Hz, 2’-H), 5.11 (1 H, s with a fine structure, 1-H),
5.76 (1 H, dd, J,; 10.5 Hz, J, , 4.3 Hz, 3-H), 5.87 (1 H, d,
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2-H), and 5.96 (1 H, d, 1’-H) (Found: C, 66.2; H, 8.1; O,
25.7. C3H,;0O,, requires C, 66.7; H, 7.9; O, 25.4%,).

O-[L-Menthyl (benzyl 4-deoxy-B-D-threo-hex-2-enopyrano-
sid-4-yl)yuronate}-(4—3)-1,2;5,6-di-O-isopropylidene-a-D-
glucofuranose (8).—This is component (B) of the mixture
(19%), m.p. 138 °C (from light petroleum), [o] 2® —123°
(c 1.4 in CH,Cl,), 3(CDCl;) 4.63 (1 H, d, J,. .- 3.8 Hz, 2"-H,
4.76, 4.91 (2 H, two d, PhCH,), 5.30 (1 H, s, 1-H), 5.85
(1H,d, 1"-H), 6.00 (1 H, d, J, ;10.8 Hz, 2-H), and 6.35 (1 H,
dd, J;, 5.3 Hz, 3-H) (Found: C, 66.6; H, 8.1; O, 25.3.
Cy5H ;004 requires C, 66.7; H, 7.9; O, 25.49%,).

O-(4-O-Benzyi-p-L-threo-hex-2-enopyranosyl)-(1—>3)-
1,2;5,6-di-O-isopropylidene-a-D-glucofuranose (7).—Lithium
aluminium hydride (70 mg) was added to a solution of the
ester (6) in ether (15 ml). After 1 h, the usual work-up
gave the disaccharide (8) which, after chromatographic
purification (ether-light petroleum, 3 : 1) was obtained as a
glass (75%), [¢],?® +50° (¢ 2 in CH,Cl,) (Found: C, 62.5;
H, 7.1; O, 30.4. CyH;,0, requires C, 62.8; H, 7.1; O,
30.1%,).

Compounds (5) and (9) were prepared in the same
way.

O-(4-O-Benzyl-B-D-threo-hex-2-enopyranosyl)-(1—>3)-
1,2;5,6-di-O-isopropylidene-a-D-glucofuranose (5).—From
the reduction of the ester (4), obtained as a glass (639,),
[o]p2® —45° (¢ 1 in CH,Cly) (Found: C, 62.6; H, 7.3; O,
30.3. Cy;H,4,0,4 requires C, 62.8; H, 7.1; O, 30.19,).

O-(Benzyl 4-deoxy-B-D-threo-hex-2-enopyranosid-4-yl)-
(4—>3)-1,2;5,6-di-O-isopropylidene-o-D-glucofuranose  (9).—
Obtained by reduction of the ester (6) as a glass (939%),
[«,%® —88° (¢ 3 in CH,Cly) (Found: C, 62.1; H, 7.1; O,
30.7. Cy;H,3,0, requires C, 62.8; H, 7.1; O, 30.1%).

O-(4-Benzyl-B-L-gulopyranosyl)-(1—>3)-1,2;5,6-di-O-
isopropylidene-o-D-glucofuranose (12).—A solution of os-
mium tetraoxide (0.27 g) in pyridine (2.7 ml) wasadded toa
solution of the disaccharide (7) (0.47 g) in pyridine (4 ml),
and the mixture was kept for 45 min at room temperature.
Sodium hydrogen sulphite (0.60-g) in water (6 ml) and
pyridine (2 ml) solution were then added. The mixture
was stirred for 30 min, evaporated to dryness, and the
residue was extracted with chloroform. Chromatographic
purification (chloroform—methanol, 19:1) of this extract
gave the disaccharide (12) as a foam, (0.45 g, 899%,), homo-
geneous by t.l.c., [, 47° (¢ 1 in CH,CL), 8(CDCl;) 4.54,
4.75 (2 H, two d, PhCH,), 4.73 (1 H, d, J,, 8 Hz, 1-H),
480 (1 H,d, J,., 3.8 Hz, 2"-H), and 6.00 (1 H, d, 1"-H)
(Found: C, 58.2; H, 6.9; O, 34.8. C,H,,0,, requires C,
58.6; H, 7.1; O, 34.5%,).

The disaccharides (10) and (14) were prepared in the same
manner.

O-(4-O-Benzyl-B-p-gulopyranosyl)-(1-—3)-1,2;5,6-d:-O-
isopropylidene-o-D-glucofuranose (10).—Prepared from (5),
as a glass (839%), homogeneous by t.l.c., [x],2® —33° (¢ 1 in
CH,Cl,), 3(CDCl,) 4.46, 4.64 (2 H, 2 d, PhCH,), 4.60 (1 H, d,
J1.. 8Hz, 1-H), 478 (1 H, d, J,. » 3.5 Hz, 2’-H), and 5.86
(1 H, d, 1’-H) (Found: C, 58.6; H, 7.3; O, 34.3. CyHg,-
0O,, requires C, 58.6; H, 7.1; O, 34.5%,).

O-(Benzyl 4-deoxy-B-D-gulopyranosid-4-yl)-(4—3)-1,2;5,6-
di-O-isopropylidene-a-D-glucofuranose (14).—Obtained from
compound (9) as crystals (989%,), m.p. 148—150 °C (from
ether), [« )20 —72° (¢ 1in CH,Cl,), 8(CDCl,) 4.54 (1 H, 4, ], ,-
3.7 Hz, 2-H), 4.63, 4.95 (2 H, 2 d, PhCH,), 4.79 (1 H, d,
J1.e 8 Hz, 1-H), and 5.90 (1 H, d, 1"-H) (Found: C, 58.5;
H, 7.0; O, 34.5. C,H,;,0,, requires C, 58.6; H, 7.1; O,
34.3%).
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Deprotection and Hydrolysis of Disacchavides (10) and
(12).—A solution of compound (12) (90 mg) in 909, alcohol
(10 ml) was shaken in a hydrogen atmosphere during 48 h
at room temperature and normal pressure in the presence
of palladium—charcoal (109%, 30 mg). Evaporation to
dryness of the filtered solution then gave the crude di-
saccharide (13) (24.3 mg, 989%,), [«],2® +13° (¢ 1 in water).
A solution of this in 1M-aqueous sulphuric acid was refluxed
for 90 min, then neutralized (BaCO,), and filtered. The
filtered solution was evaporated to dryness, und the residue
was further dried in vacuo, taken over in pyridine, and silyl-
ated. V.p.c. (SE 30 column operating at 145 °C and 1.5
bar) then indicated the presence of two sugars with the same
behaviour as glucose and gulose.

A similar treatment of the disaccharide (10) gave the
crude debenzylated product (11), [o],2° —51° (¢ 1 in water),
which was further hydrolysed to a mixture ot glucose and
gulose.

Degradation of the Ether (14) to D-Gulose.—A solution of
compound (14) (52 mg) in 909, aqueous trifluoroacetic acid
was kept for 20 min at room temperature, and then evapor-
ated to dryness at room temperature at 0.01 mmHg.
Molar, aqueous sodium hydroxide was then added, the
mixture was heated at 100° for 1 h, and then evaporated to
dryness. Chromatography of the residue (ethyl acetate—
water—isopropyl alcohol, 65:11.5:23.3) gave benzyl D-
guloside (20 mg, 60%), [«],2* —86° (¢ 1.6 in water). A
solution of this in 1M-aqueous sulphuric acid was refluxed
for 1 h, then neutralized (BaCQO,), filtered, and evaporated
to dryness. The dried residue (9.45 mg, 729%), [«],2°
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—15° (¢ 1 in water) behaved like D-gulose in v.p.c. examin-
ation after silylation.

H N.M.R. Spectrum of E-3-Benzyloxypropenal —38(60
MHz, CDCl,, SiMe,) 4.95 (2 H, s, PhCH,), 5.63 (1 H, dd,
Ji: 7.5 Hz, J, ;13 Hz, 2-H), 7.32 (5 H, Ph), 7.38 (1 H, d,
3-H), and 9.05 (1 H, d, CHO).

[8/1756 Received, 9th October, 1978)
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