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summary 

Chemical modifications of the sugar moiety in dienyl glycosides 

allowed us to rationalize the stereochemistry of our aqueous 

cycloadditions using glyco-organic substrates. In this way, 

several dienyl glucosides having benxyl group in 2 or 6 position 

of the sugar gave a stereofacial selectivity which could be 

anticipated. Finally, aqueous cycloaddition of 2-methyl 

butadienyl a-D-glucoside with methacrolein gave a mixture of 

adducts in which the major diastereoisomer (endo-Re) was obtained 

in 78% yield resulting from a 18:82 stereofacial selectivity and 

a 2O:l endo-exo ratio. 

Introduction 

Diels-Alder reactions continue to promote intensive research in order 

to get reaction conditions as smooth as possible along with .an increased 

selectivity. In this respect, we have shown recently' that the use of 

glycoorganic compounds allowed us to perform [4+21 cycloadditions in water 

as solvent, with a fair rate enhancement in comparison with organic 

solvents, and an asymmetric induction giving rise to chiral adducts in pure 

enantiomeric form after cleavage of the sugar moiety by acidic hydrolysis, 

or in a better way, using glycosidase in neutral conditions at room 

temperature. In this type of cycloaddition, the sugar, in the same time, 

induces chirality and water solubility of the starting materials, giving 

rise to a virtually complete endoselectivity, and a rate enhancement of the 

+ . Presented in part at the Seventh IUPAC Conference on Organic Synthesis, 

July 4-7 1988, Nancy, France. 
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reaction, due to the hydrophobic effectlm3. In 

we used, as a model, glycoorganic compounds 

depicted in scheme 1. 

these preliminary studies, 

derived from glucose4 as 

From the B-diene 1, the reaction leads to a mixture of the 

diastereoisomers 2 and 3 in a 60:40 ratio. The determination of the 

absolute stereochemistry of the major adduct 2 allowed us to propose a 

rationale for the stereochemical course of the reaction. Diene 1 may react 

by way of the two conformers 1A and 1B (figure 1) where in both cases, the 

butadiene ether moiety is planar and 

bond, due to the exoanomeric effect5. 

perpendicular to the endocyclic C-O 

We have shown that the major 

diastereoisomer we get in the 

cycloaddition results from an 

approach of the dienophile onto the 

Re-face of the diene, that is from 

the top face in the conformer 1A or 

the bottom face in the conformer 1B 

(the absolute configuration of the 

face is defined with reference to 

the prochiral carbon atom C-l' 

linked to the oxygen atom). 

Quite obviously, the first case 

must be energetically favored, as 

the extended conformation 1A must be 

prefered to the eclipsed 

conformation 1B. Moreover, the top 

face is the less hindered side of 

the diene unit as the approach from 

the bottom face implies a syn l-3 

interaction with the C-O endocyclic 

bond in the sugar. 
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Similar features have been observed by Stoodley for a similar but bis- 

oxygenated diene linked to peracetylated glucose, where the conformation in 

the solid state, as proved by X-rag crystallography, correspon& to tfie s- 

tranri conformer of lAab. Moreover, these observations were strenghtebed by 

the fact that, in the case of the diene with the a anomeric configuration 

4, we observed in the cyoloaddition a reversal of theU-facial selectivity. 

The major diastereoisomer still resulted from an approach of the diegophile 

from the same side with reference to the glucose unit, that is the side of 

the hydroxyl group in the 2-position, but in this case, this corresponds to 

the Si face of the diene unit in the extended conformation IA. The modest 

IL-facial selectivity (n, 20% ?.e.) observed in both cases (diene 1 or 4) can 

result either from an insufficient dissymmetry between the twoa-faces of 

the diene (as a result of the chirality of the sugar) in the conformer 1A 

or IA, or from a too low energy barrier between the two conformers 1A and 

1B for the p diene or IA and 4B for the a diene. 

The object of this communication is to show that it is possible to 

modulate the stereochemical outcome of the cycloaddition by chemical 

manipulations on 

the diene unit, 

equilibrium onto 

the sugar moiety to modify or increase the dissymmetry of 

and to measure the importance of the conformational 

the stereochemistry of the reaction. 

First, we describe the 

influence of a benzyl 

protecting group at O-2 (the 

less hindered side) or at O-6 

(the more hindered side). Due 

to hydrophobic effect, one can 

expect that the use of water 

as the solvent must enhance 

the interaction between the 

phenyl ring and the diene unit 

as shown in figure 2. 

Second, to measure the 

contribution of the two 

conformers lA, 1B or 4A, 4B in 

the cycloaddition, we prepared 

the equilibrium shift in favor 

of the extended conformation 

for obvious steric reasons. 
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A. Preparation of dxemes 15 and IC bearlqg a behxyl group’ at 0-L(Scheme Zj 

Star tlng from a mixture of the known al lyl-3-Gal IyI-D- 

gIucopyranosidef 5 @+%I, acetalation gave the new aflyl-3-0-aIlyl-4,6-C- 

benzyIibene-8-gPucopyranoside 6 <a+$) as an anomerl’c mixture. For purposes 

of characterization, the twa anomers were separate8 by silica gel. 

chromatography affording Ca c53%) and 68 (I3%). rn fact, a. mIxhure of ‘6 

Ia+&) cool& be directly treated with HNa and BnBr in 'PHF ts afford a 

mzxtnre 5f 7 ~Cx+~~, ff5R whicB t.he two ally% groups were ia5Serfze& to 

propenyI groups by tl3uUR in DMSC before’ acidic hydroIysis whfch provL3ed 

the known 2-C-benzyl glucose 9 [a+f3j3. The mixture of 9 la+pj was 

peracetyIated in usuaI manner, to give IO @+613. The brom$deS II was 

obtained by treatment with HBr 30% in AcOH. rt reacted as already 

described1 for diene 1 with the sodium salt of malonaldehydeg in DMSb, to 

give the unsaturated aldehyde 12 with no concomittent formation of the a 

anomer. Wittig oIefination with saIt-free methyfene trlphenyl phosphorane 

at -78OC afforded the pure 6 diene 13 (90%) whereas the reaction’ conducted 

at room temperature gave a mixture of the dienes 13 and I4 in ‘a I.5:I 

ratio. 

This anomerization during Wittig reaction occurred on the unsaturated 

aldehyde as the B-diene is stable under the Wittig conditions. We suppose 

that the anomerization occurred through an addition elimination mechanism 

of the phosphorane onto the a,b-unsaturated aldehyde leading to the sugar 

having a free l-OH which rearranged to the more stable a anomer before 

recombination. This mechanism is supported by the fact that during the 

reaction, a transient spot visible under U.V. light appeared on TLC 

chromatography (certainly the a aldehyde) before the appearance of the a- 

diene 14. In the case of C-0-benzyl derivatives, this has been firmly 

demonstrated as we had in hand the unsaturated aldehyde with the a 

configuration, which allowed us to confirm the formation of a aldehyde from 

pure B aldehyde (vide infra). 

Moreover, this assumption gains some support in considering the 2’- 

methyl substituted unsaturated aldehyde 30, which, under the same 

conditions, leads to the cx anomer to a lower extent due to the electron 

donor character of the methyl group which thwarts the Michael addition of 

the phosphorane. 

Finally, the pure dienes 15 and 16 were obtained in a quantitative 

yield respectively from the peracetylated dienes 13 and 14 after alkaline 

hydrolysis 0UEt3, MeOH, H20). 

All the free dienes are homogeneous in TLC (AcOEt-iPrOH, H20, 8:2:1) 
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and gave correct 1B NMR spectra. They were not further characterized and 

they were used directly for the cycloaddition. 

scBeM& : spthcra ofio-bcilzyl diem& 

11 12 R=Ac 14 

R=H 16 

B. Preparation of dienes 27 and 28 bearing a benxyl group at O-6. (Scheme 3) 

Starting from the trio1 1,2-isopropylidene-a-D-glucofuranose 171° 

selective benzylation was performed through the stannylelie procedure, 

giving rise to the already known compound 1811 in a 77% yield. This method 

proved to be much more efficient that the method already described." 

Acidic hydrolysis (DOW 50Ii+) followed by peracetylation (Ac20, 

pyridine) afforded 2012 (a+@) as an anomeric mixture. At this stage, it was 
impossible to get cleanly the bromide 22 using the usual HBr 30% in AcOH. 

In fact in this case, hydrolysis of the ptimary benzyl ether occurred to a 

large extent. So we turned to Vilsmeier type reaction using oxalyl bromide 

in CH2Cl2 l3 with a catalytic amount of DMF. First selective deprotection of 

the anomeric hydroxyl group from 20 (a+p) was performed with hydrazine 

acetate'l to give 21 (a+p) from which the crude bromide 22 was obtained as 

an unstable oil. It was directly used for the preparation of the aldehyde 

23 by reaction with the sodium salt of malonaldehyde in DMSO. 23 was 

obtained in a 34% yield from 21. 

Alternatively and in a better way, a mixture of aldehydes 23 and 24 

could be obtained directly from 21 thrdugh an addition-elimination 

mechanism onto the 3-tosyloxy acrolein which was prepared in situ from the 

sodium salt of malonaldehyde and tosyl chloridel*. The unsaturated 

aldehydes 23 and 24 were obtained in 79% yield in a 1:2 ratio. Wittig 



6702 A. LUBINBAU and Y. QUENEAU 

olefination from the 9 aldehyde 23 at -78V gave the crystalline B diene 25 

in 70% yield without anomerisation. 

The a-diene 26 was obtained as for the diene 25 except that in this 

case the reaction must be conducted at room temperature. Silica gel 

chromatography afforded in the order of elution diene 26 (51%) followed by 

the diene 25 (29%). In this case, evidence for the intermediate formation 

of aldehyde 24 was obtained by comparison with an authentic sample of 

aldehyde 24, obtained directly from compound 21 (a+B). Finally the free 

dienes 27 and 28 were obtained in a quantitative yield respeptively, from 

the peracetylated dienes 25 and 26 by alkaline hydrolysis (NEt3, MeOR, 

R20). These dienes were homogeneous in TLC (AcOEt-iPrOH-H20, 8:2:1) and 

gave correct lIi NMR spectra. They were used directly for the 

cycioaad'itiods. 

SCHEME : Syntheaeeof6-o-bcnzyldl~. 

I, 
Ho 

-Q OH 
0 

18 o$- 
J R = H 15Ya49) 
-4 R = AC 2O(a+p) 

OBn 

R=Ac 25 R=Ac 2a 
i i 

R=H 27 R=H 28 

a. Bu&10, BnEk, Bi N%u4, Toluene; b. Dow. 50 ti, SOOC, ul; C. AC@, pyr., 

d. WM-4. AdlIE, DMI? WC, lh; e. (COB&, DMF, Cf%&; f. NaCH~CHO~, DMSO; 

g. TsO-CH=CH-CHO. IINa; h. Ph$‘=CQ. THF, Toluew i. NE+-MeOH-Hz0 (1:8:1), u)oC,16h 
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C. Prepation of dieues 33 and 34 bearing a methyl group at C-2' of the 

diene unit. &here 4) 

The corresponding unsaturated aldehyde 30 was prepared from the easily 

available acetobromoglucose 29 using the sodium salt of methyl 

malonaldehyde16 in 48% yield without chromatography. Wittig olefination as 

above gave, at -78'C, the peracetylated diene 31 in 74% yield, whereas at 

room temperature, a mixture of a 32 and j3 31 anomers was obtained in which 

the B isomer predominates. In fact, in this case, the a and j3 dienes were 

obtained in a 1:2.5 ratio. Alkaline hydroIysis gave the free dienes 33 and 

34 in a quantitative yield. The E stereochemistry of the dienes 33 and 34 

(and 

upon 

than 

were 

in consequence, that of the aldehyde 30 and the dienes 31 and 32) rely 

the fact that they exhibit a similar reactivity toward methacrolein 

the unmethylated dienes 1 and 4. Actually, 2 isomers of similar dienes 

shown to be unreactive in cycloaddition. 15 

m : Syn~of p'-Methyldieabzs 

R-AC 31 R=Ac 32 . 

R=H 33 R=H 34 

a. N~~~(~O),,DMso; b. Ph$=CH~TIIp.Toluene;c. NEL&~~OH-H20(1:8:1), 16h,u)oC 

D. Stereochemical course of the cycloadditions. (Scheme 5) 

For each of the dienes, the cycloaddition was performed in water using 

methacrolein as dienophile, as already described1 for dienes 1 and 4. Since 

the dienes are prochiral, Diels Alder addition may provide fou,r 

diastereoisomers which are called endo-Re, endo-Si, exo-Re and exo-Si, 
according to the endo or exo transition state and the absolute 

configuration of the face of the diene which is attacked. 

In the case of the 2-0-benzyl and 6-0-benzyl diene, the stereochemical 

outcome of the reaction was determined from the crude mixture obtained 

after cycloaddition. Sequential treatment with NaBH4 and I-Q/Ed/C gave a 
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dxture xfsl& ~o&!Q be direc&ly &ompi#r& with t?s re§s_?It of cp&&it?di~;ions 

of the parent diene I and 4 treated in the same conditions. At this stage, 

analytical HPLC gave the ratio of the two major isomers (endo-Re and endo- 

Sil. Fhe en&-exo ratio was betermfned after remova of the sugar mofety hy 

acidic hydrolysis affording a mixture of cis and trans'diols which was 

analyzed by %f KMR spectroscopy. Alternatively, 'A NMR anafysfs of the 

mixture of peracetylated adduct allowed us to confirm the steteoehemistry 

of the reaction, hy comparison of the aldehyde resonance signals. 

SCHEME:De@m&Uionofthcsout@mEofIllfzcyclaadditi(ms 

\ ’ / \ I 

cis (emio) uaos (exo) 
\ 35 36 , 

('HNMRaualysis) 

In the case of the dienes 33 and 34, bearing a methyl group at C-2', 

the stereochemical outcome of the reaction was determined by 1Ii'NMR 

spectroscopy of the mixture obtained after evaporation of the aqueous phase 

after cycloaddition and peracetylation. At this stage, the mixture of the 

four diastereoisomers gave a correct elemental analysis. 

We anticipate that the methyl group on a sp2 carbon atom must not 

change the overall conformation of the four adducts and in fact, because of 

a great similarity, the comparison of the chemical shifts of the aldehydic 

protons with those of the adducts obtained from all the other dienes, for 

which the configurations were known, allowed us to determine the 
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stereochemical outcome of the reaction. Indeed, as shown in table X, the 

resonance signals for endo-Re diastereoisomers are in each case more 

deshielding in comparison with the endo-Si adducts. A similar comparison 

related to the resonance signals of the methyl group and of the anomeric 

proton of the sugar leads to the same attribution. The results of all the 

cycloadditions are summarized in table 2. 

Table 1. 

hi #Hi? ~3~mrical shifts of CfjG in the peracetylated~ ad-ducts (-0 in the 

mixture). 

Starting dienes 

a dienes 

4 

6-O-Bn (28) 

2-O-Bn (16) 

Me (34) 

B dienes 

1 

6-O-Bn (27) 

2-O-Bn (15) 

Me (33) 

Table 2. 

Stereochemistry of 

dienes. 

diene 

b dienes 

I 

6-O-Bn (27) 

2-O-Bn (15) 

Me (33) 

a dienes 

4 

6-o-Bn (28) 

2-O-Bn (16) 

Me (34) 

endo-Re endo-Si 

9.73 (34) 9.61 (59) 

9.77 (27) 9.65 (68) 

9.80 (53) 9.76 (40) 

9.71 (17) 9.62 (78) 

9.60 (100) 

9.72 (66) 9.66 (29) 

9.84 (32) 9.74 (61) 

9.64 (66) 9.62 (30) 

exo-Re exo-Si 

9.51 (2) 9.44 (5) 

9.52 (1.5) 9.47 (3.5) 

9.53 (4) 9.47 (3) 

9.51 (1) 9.43 (4) 

9.48 (tr) 9.42 (tt) 

9.49 - (5) - 9.48 

9.55 - (7) - 9.53 

9.50 - (4) - 9.49 

the cycloaddition in water of methacrolein with various 

Yield 

(8) 

90 20 3.5 60:40 1oo:o 1 

86 40 17 69:31 95:5 

95 40 17 34~66 93:7 

96 20 20 69:31 96:4 

78 20 6 36:64 93:7- 1 

85 40 17 28:72 95:5 

97 40 17 57:43 93:7 

92 20 20 18:82 95:s 

T 

(OC) 

t 

(h) 

Re:Si 

(endo) 

endo:exo Ref 
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Beside the reversal of the facial selectivity between a and- fi dienes 

in es& SFESse' @dX#titute& 02. uasubstituM &ienes), the salient- Peatnres 

far $Bth aasasccsd$ are: 

1) the reversal of the face selectivity when the favored face was hindered 

with a benzyl group at O-2 of the sugar; 

2) the enhanced facial selectivity when the already disfavored .face was 

hindered with a benzyl group at O-6 of the sugar; 

3) a methyl group at C-2' of the diene unit has a much more significant 

effect in the a series than in the b one, which indicates that the 

participation of the eclipsed conformer in the cycloaddition is more 

important in the former case. 

Concluafon 

The use of sugar to induce chirality in organic reactions is still an 

uncommon process. However , sugar is certainly the cheapest source of ahiral 

carbon atom, if not too much energy is expended to keep only few of the 

asymmetric centers as chiral synthons. In our methodology using 

glycoorganic substrates, the sugar is used as a whole, limiting in the same 

time the number of steps in the synthesis. We have shown that we are able 

to achieve chiral synthesis under very smooth conditions (room temperature, 

neutral) by controlling the asymmetric induction provided by the sugar, 

after faaile chemical manipulations, by taking advantage of the great 

versatility of carbohydrate chemistry. Moreover, it must be noted tha#t 

sugars give very crystalline compounds allowing purification of the major 

diastereoisomer without chromatography. Of course, such a strategy implies 

that the sugar must be easily removed at the most appropriate moment in the 

synthesis. In this respect, we have shown' that the sugar could be removed 

either by enzymatic hydrolysis when the compounds are still water-soluble, 

or by acidic hydrolysis at any stage of the synthesis. Finally, in the 

method described herein, the best result was obtained with the a diene 34 

bearing a methyl group at C-2'. In this case, among the four possible 

aaaucts, one diastereoisomer was obtained in 78% yield resulting from a 

2O:l endo-exo ratio and a 82:18 facial selectivity ratio. These results 

bring up the method among the best uncatalyzed asymmetric Diels-Alder ___---- --- 
reactions and we are currently using this aqueous methodology for natural 

product synthesis. 
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When the temperature of a reaption is not specified, it was conducted at room 
temperature. Preparative ohromatographio separations were performed on siliaa ge1 (Merck 
601 columns, with the eluents given in brackets and monitoring of the effluent by thin- 
layer chromatography on silica gel plates. Spots were visualized by ultra-violet light or 
by spraying with IO% H2SQ4 in EtOH. Melting points were measured on a Reichert hot stage 
apparatus and are uncorrected. Optical rotations were measured at 20°C with a Roussel- 
Jouan electronic digital micropolarimeter. Proton IH NMR spectra were recorded at 250 MHz 
with a Bruker AM250 spectrometer. NMR chemical shifts are expressed in parts per million 
downfield from internal tetramethyl-silane. Coupling constants (J) are given in hertz with 
splitting patterns designated as s (singlet), d (doublet), t (triplet), q (quartet), m 
(multiplet) and br (broad). Elemental analyses were performed by the Service Central de 
Mioroanalyse du CNRS. Analytical HPLC was performed with a Waters’ system using a 
differential refractometer as detector and inverse phase CI8 5 

p 
column 

Gemeral procedure for Wittig olefinatiollh 
This reaction was conducted either at -78OC to give only 8 dienes or at room 

temperature, affording a mixture of a and b dienes. To a solution of the aldehyde in 
anhydrous THF was added dropwise a 0.6 M solution of methylene triphenylphosphorane in 
toluene. When the reaction was conducted at -78OC, the mixture was then allowed to warm to 
-20°C before beeing poured in a CH2C12 and phosphate buffer (pH 7) mixture. When the 
reaction was conducted at room temperature , the solution was directly poured in the 
CH2C12-buffer mixture. The organic layer was washed with water, dried (Na2S04), filtered 
on a 2-in plug of Florisil and evaporated. Silica gel chromatography (Et20 - CH2C12 - 
hexane, 1:1:4) gave either only the 8 diene or, in order of elution, the a diene followed 
by the B diene. 

General procedw for deacetylation of peracetylated diem+& 
A solution of peracetylated diene (10 mmol) in a NEt3 - MeCH - H20 (1:8:1, 100 mL 

mixture was stirred overnight at room temperature . The resultant clear solution was then 
coevaporated under vacuum several times until the odorless residue (free from 
triethylammonium salts) reached a constant weight. The crude water soluble dienes obtained 
in a quantitative yield were homogeneous in TLC (AcOEt - iPrOH - H20, 8:2:1) and gave 
correct IH NMR spectra. They were used for cycloaddition without further purification. 

Allyl-3-O-allyl-4,6-0-bensylidene-a and 8-D-glucopyranoside (6a and 68). 
ZnC12 (20 g, I46 mmol) was added to a solution of 5 (a+81 (38 g, I46 mmol) in 

benzaldehyde (200 mL). After 24 h at room temperature, cold water (600 mL) was added and 
the mixture was extracted with CH2C12 (2 x 200 mL). The combined organic layers were 
washed with NaHC03 (10%) and water, and dried over Na2.504. The solution was concentrated 
in vacua to remove most of the benzaldehyde. At this stage, the oil crystallized (CH2C12 - 
Et20 - hexane) to yield 35 g (69%) of a mixture of compound 6 (a+81 in a 76:24 ratio as 
judged by lH NMR. Alternatively, silica gel chromatography (toluene - Et20, 8:2) gave in 
the order of elution pure 68 followed by 6a. 

6a : m.p. 130-I32’C [also +lIO” (c 3, CH2C12); ‘H NMR (CDC13, 250 MHz) 6 2.54 (brs, I OH), 
3.56 (t, J = 9 Hz, I H, H31, 3.68 (dd, J = 9, 3.5 Hz, 1 H, H21, 3.72 (t, J = IO Hz, I H, 
H6ax), 3.76 (t, J = 9.5 Hz, I H, H4), 3.87 (dt, J = 9.5, 9.5, 4.5 Hz, 1 H, H51, 4.25 (m, 4 
H, CCH2CH=CH2), 4.27 (dd, J = 10, 4.5 HZ, I Ii, H6eq)t 4.93 (d, J = 315 Hz, I H, HIIt 5.25 
(m, 4 H, OCH2CH=CH2), 5.54 (s, 1 H, PhCH-1, 5.94 (m, 2 H, OCH2CE=CH2), 7.30-7.52 (m, 5 H, 
Ph). Anal. Calcd for CIgH2406 : C : 65.50, H : 6.94, 0 : 27.55; found : C : 65.65, H : 
6.99, 0 : 27.81. 
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66 : m.p. 146.5-147.5”C; co1p = -49.9O (c 2.2, CH2C12); ‘H NMR (CDCi3, 250 MHz) 6 2.65 
(brs, 1 OH), 3.43 (dt, J = IO, IO, 5 Hz, 1 8, H5), 3.52-3.68 (m, 3 H, H2, H3, Ii4), 3.79 
(t, J = 10 Hz, 1 H, H6ax), 4.30 (m, 4 H, OCH2CH=CH2), 4.33 (dd, J = 10, 5 ‘Hz’, 1 II, 16~1, 
4.46 (d, J = 7.5 Hz, 1 H, Hi)* 5.28 (m, 4 H, OCH2CH=CE2), 5.55 (8, 1 H, PhCH-), 5.96 (m, 2 
H, CCH2CH=CH2), 7.33-7.53 (m, 5 H, Ph). Anal. Calcd for ClgH2406 : C : 65.50, H : 6.94, 0 
: 27.55; found : C : 65.58, H : 7.07, 0 : 27.80. 

(~)(prop-%ema0-3-y1 2-0-~1-3,4,6-tri~tyl~-~~u~~ id8 (aldehyde 12). 
NaH (60s in mineral oil, 1.24 g, 31 mmol) was added portionwise to a solution of 6 

(a+81 (9 g, 25.8 mmol.) and benzyl bromide (3.7 mL, 31 mmol) in anhydrous THF (50 mL). This 
mixture was cautiously warmed until no hydrogen gas evolved, and left under reflux for 14 
h. After addition of water, the mixture was extracted with CH2C12 ( 2 x 150 mL). The 
combined organic layers were washed with water , dried (Na2SO4) and evaporated. ‘Sfliea gel 
chromatography (AcOEt - hexane, 1:4) of the residue gave allyl-3-C-allyl-2-0-b~zy~-4& 
benzylidene-a and 8-D-glucopyranoside 7 (a+g) whioh crystallized from hexane (rO.3 g, 
97s). The mixture 7 (a+81 (10 g, 22.8 mmoll was then heated at 50°C with tBuCE (8 g) in 
DMSO (60 mL). After 1 h, the solution was diluted with water and extracted with ether (4 x 
100 mL). The combined organic layers were washed with water, dried (Na2S04) and 
evaporated. The residue was then stirred in refluxing 2.5 N H2SO4 in 502 aqueous aOetOne 

(100 mL). After 16 h, neutralization with barium oarbonate followed by filtration of 
insoluble salt+ ’ evaporation and silica gel chromatography (AoOEt - IPrON - H20, 17:2:t) 
afforded 4 g 165%) of 2-0-benzyl-D-glucopyranose7 9 (a+8) as a syrup, which was treated 
with acetic anhydride (25 mL) in pyridine (40 mL1 at room temperature for 24 h. 
Coevaporation with toluene yielded 6 g 192%) of the mixture of 1,3,4,6-tetra-C-acetyl-2-G 
benzyl-D-glucopyranose8 10 (a+B). To a cooled (806) solution of 10 (a+81 (6 g, 13.7 mmol) 
in glacial acetic acid (14 mL), HBr (33% in AoOH, 14 mL) was added dropwise and the 
mixture was stirred for 3 h. Then the reaction mixture was diluted with CH2C12,8 washed 
with iced water and iced ICiCO3 (lop), dried (Na2S04) and evaporated. Crude residue was 
immediately treated with the sodium salt of malonaldehyde (3.8 g, 40 mmol) in DMSO (50 mL) 
and allowed to stand overnight at room temperature. After dilution with water, the 
reaction mixture was extracted with ether (2 x 100 mL). The combined organic layers were 
washed with water, dried (Na2S041, and evaporated. Silica gel chromatography of the 
residue (Et20 - hexane, 2:l) gave 3.14 g (51%) of aldehyde 12 whiah arystallized (ether - 
hexane) . 

12 : m.p. 93-95OC Calgo = +13.6O (c 1, CH2C12); ‘H NMR (CDC13, 250 MHz) 6 1.97, 2.05, 
2.10 (3 s, 9 H, 3 Ao), 3.67 (dd, J = 9.5, 7.5 Hz, 1 H, HZ), 3.82 (ddd, J q 10, 5, 2 Hz, 1 
H, H51, 4.13 (dd, J = 13, 2 Hz, 1 H, H6), 4.30 (dd, J = 13, 5 Hz, 1 H, H6*), 4.63 (d, J = 
11 Hz, 1 H, CH2Ph), 4.76 (d, J = I1 HZ, 1 H, CN2Ph), 4.95 (d, J = 7.5 Hz, 1 H, Hl), 5.03 
(t, J = 10 Hz, 1 H, H4), 5.23 (t, J = 9.5 Hz, 1 H, H3), 5.83 (dd, J = 13, 8 Hz, 1 H, Hat), 
$X;7.4; (m, 6 H, Ph,. Fy)‘-‘9.46 (d, J = 8 Hz, 1 Ii, HI’). Anal. Calod for C22H26ClO : C : 

l , : 5.82, 0 : 35.52; found C : ‘58.18, H : 5.76, 0 : 35.77. 

(Ejbuta-1,3-dienyl 2-O-benzyl-3,4,6-tri-O-aoetyl-$-D-gluoopyramoaide (diene 13). 
Following the general procedure for Wittig olefination at -780~, 12 (0.8 g, 1.77 

mmol) in THF (20 mL) was treated with methylene triphenylphosphorane (2.8 mmol) to give 

0.72 g (91%) of crystalline (ether-hexane) diene 13. 

13 I m.p. 103-104°C [a]60 = +22.1* (c 1.2, CH2C12); 1~ NMR (CDC13, 250 MHz) 6 1.94, 
2.03, 2.08 (3 s, 9 H, 3 AC), 3.56 (dd, J = 9, 7.5 Hz, 1 H, Hp), 3.74 (ddd, J = 10, 5, 2 

Hz, 1 H, H5), 4.10 (dd, J = 13, 2 Hz, 1 ‘H, H6), 4.28 (dd, J = 13, 5 Hz, 1 H, H6’), 4.59 

(d, J = 11 Hz, 1 H, CH2Ph), 4.76 (d, J = 7.5 Hz, 1 H, Hl), 4.82 (d, J = 11 Hz, 1 H, 
CE2Ph), 4.96 (brd, J = 10 HZ, 1 H, H4”), 5.00 (t, J D 10 Hz, 1 H, H4), 5.11 (brd, J = Ii’ 
Hz, 1 H, Hqt), 5.18 (t, J = 10 Hz, 1 H, H3), 5.88 (dd, J = 12, 10 Hz, 1 H, H2t), 6.22 (dt, 
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J = 17, 10, 10 Hz, 1 H, Hjc), 6.59 (d, J = 12 Hz, 1 H, Hj,), 7.22-7.38 (m, 5 H, Ph). 
Anal.Calcd for C23~2809 : c : 61.59, H : 6.29, 0 : 32.11; found : C : 61.25, H : 6.36, 0 
: 32.36. 

(E)buta-1,34ieny1 2-o-bemmy1-3,4,6-tri4a&.~14-~-g1~ de (diene 14). 
Following the general procedure for Wittig olefination at room temperature, 12 (1 g, 

2.2 mmol) in THF (10 mL) was treated with methylene’ triphenylphosfihorane (3.5 mmOl) to 
give 0.38 g (38%) of crystalline (ether - hexane) diene 14 and 0.55 g (55%) of diene 13. 

14 : m.p. 98-1OOoC Cal20 +135O (c 1.25, CH2C12); 1~ NMR (CDC13, 25OMHz) 6 2.02, 2.03 and 
2.06 (3 s, 9 H, 3 AC), 3.63 (dd, J = 9,5, 3 Hz, 1 H, H2), 3.94 (ddd, J = 9.5, 4, 2 Hz, 1 
II, H5), 4.02 (dd, J = 12, 2 He, 1 H, H6), 4.25 (dd, J = 12, 4 Hz, 1 H, H~I), 4.58 (d, J = 
12 Hz, 1 H, CE2Ph), 4.66 (d, J = 12 Hz, 1 H, CE2Ph), 4.93 (brd, J = 10 Hz, 1 H, H4& 4.99 
(t, J = 9.5 Hz, 1 H, H4), 5.06 (d, J = 3 Hz, 1 H, HA), 5.09 (brd, J = 16 Hz, 1 H, H4’), 
5.48 (t, J = 9.5 Hz, 1 H, H3), 5.91 (dd, J = 10.5, 10 Hz, 1 H, Hpt), 6.19 (dt, J = 17, 
10.5, 10.5 Hz, 1 H, H3t), 6.46 (d, J q 10.5 Hz, 1 H, HII), 7.32 (m, 5 Ht Ph). Anal. Calod 
for C23H2809 : C : 61.59, H : 6.29, 0 : 32.11; found : C : 61.43, H : 6.28, 0 : 32.21. 

6-o-bemzyl-1,2-isopropylid~-D-glueofuranose’ ’ 18. 
A mixture of the trio1 17 10 (19 g, 86 mmol) and ~u2SnO (26 g, 103 mmol) in toluene 

was refluxed overnight with azeotropic removal of water. Then, tatrabutylammonium bromide 
(14 g, 43 mmol) and benzyl bromide (14.3 mL, 120 mmol) were added and the mixture was 
refluxed for 20 h. The solution was concentrated in vacua, and silica gel chromatography 
(first hexane then hexane - AcOEt, 1:2) afforded 20.4 g (771) of 6-O-benzyl-1,2- 
isopropylidene-a-D-glucofuranose 11 18 which crystallized from a CH2C12 - hexane mixture 
(m.p. 76.5 - 78.5OC (1itt.l’ 78.5-79°C). ‘H NMR (CDC13, 250 MHz) 6 1.33 (s, 3 H, CH3), 
1.50 (s, 3 H, CH3), 3.07 (d, J = 4 Hz, 1 H, 081, 3.47 (d, J = 2.5 Hz, 1 H, OH), 3.63 (dd, 
J = 9, 5 Hz, 1 H, H6), 3.76 (dd, J = 9, 3 Hz, 1 H, H6,), 4.09 (dd, J = 6, 2.5 Hz, 1 H, 
H4), 4.13-4.25 (m, 1 A, H5), 4.34 (t, J = 2.5 Hz, 1 H, H3), 4.53 (d, J = 3 Hz; 1 H, Hp), 
4.58 (s, 2 H, CE2Ph), 5.95 (d, J = 3 Hz, 1 H, HI), 7.23-7.42 (m, 5 H, Ph). 

0?)(prop-2-emaUf-y1 6-o-bensy1-3,4,6-tri-o-aeety1+-D-g1ucopyranos lde (aldehyde 23). 
A mixture of the diol l1 18 (9.3 g, 30 mmol) and resin Dowex 50 H+ 200-400 mesh (3 g) 

in water (60 mL) was stirred at 80°C for 2 h. Filtration and evaporation gave 6.7 g (831) 
of crystalline (AcOEt) 6-0-benzyl-D-glucose 19 (a+B), which was allowed to stand overnight 
in a mixture of Ac20 (15 mL) and pyridine (30 mL) at room temperature. Coevaporation 
several times with toluene led to 10 g (92%) of the crystalline (CH2C12 - Et20 - hexane) 
6-O-benzyl 1,2,3,4 tetra-O-acetyl D-glucopyranose l2 20 (a+j3). To a solution of 20 (a+B) 
(21.8 g, 50 mmol) in anhydrous DMF (40 q L), hydrazine acetatet4 (5.6 g, 60 mmol) was 
added. After 1 h at 600~, the mixture was allowed to cool to room temperature, diluted 
with ether, washed with water and dried (Na2S04). Evaboration gave 16.2 g (82s) of 21 
(a+j3) as a pale yellow oil. 

To a mixture of 21 (a+B) (1.2 g, 3 q mol) and DMF (1 mL) in CH2C12 (5 mt), a 2 M 
solution of oxalyl bromide ‘3 (2.25 mL, 4.5 mmol) in CH2C12 was added dropwise. After 5 min 
at room temperature, the mixture was poured in iced water. The organic layer was then 
washed with iced KHCO3 (10%) and iced water, dried (Na2S04) and evaporated. The crude 
residue was immediately dissolved in DMSO (5 II&) and sodium salt of malonaldehyde (0.94 g, 
10 mmol) was added. The mixture was allowed to stand at room temperature for 30 min and 
then diluted with water and extracted with ether (2 x 50 mL). The combined organic layers 
were washed with water, dried (Na2SO4) and evaporated. Silica gel chromatography (Et.20) 
aPforded 0.46 g (342) of the aldehyde 23 which crystallized from a mixture of ether and 
hexane . 

23 : 103-104°C [also +l” (c 1.2, CH2Cl2); 1~ NMR (250 MHz, CDCl3) 6 1.93, 2.02, 2.07 (3 
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(B)(2-~ethyl-~rc+2-e1wkl~yl 2,3,4,6-tetre-O-watyl+~~de (aldehyde 30). 
A s6lution of acetobromoglucose (16.7 g, 40.6 mmol) and the sodturn salt of 2-methyl- 

malonaldehydel6 (9 g, 83 mmol) in anhydrous DMSI Cl00 mL) was stirred for 1.5 h at room 
temperature. The ‘reaotion mixture was then diluted with water, and extracted with Bt20- 
cH2c32 (9:1, 2 x 200 mL). The coldbined organic layers were dried (N@SO4) and evaporated. 
Crystallization (CH2C12-gt20) afforded 8.1 g (48%) of aldehyde 30. 

30 : m.p. 155-156OC [a]~0 -210 (c 1.5, CH2C12); ‘H NMR (CDC13, 250 MHz) 6 1.68 (d, J = 1 
HZ, 3 H, Me), 2.05, 2.06, 2.08 and 2.10 (4 s, 12 H, 4 AC), 3.88 (ddd, J = 9.5, 4.2, 2 Hz, 
1 H, H5), 4.18 (dd, J = 12.5, 2 Hz, 1 H, H6), 4.32 (dd, J = 12.5, 4.2 Hz, 1 H, H61), 5.02 
(d, J = 7 Hz, 1 H, Hi), 5.15-5.30 (m, 3 ?I, H2, H3, H4), 7.13 (brs, 1 H, H3r), 9.31 (s, 1 
HP Hit). Anal. Calcd for C18H24011 : C: 51.92, H : 5.81, 0 : 42.27; found : C : 51.88, H 
: 5.98, 0 : 42.54. 

@IO-methyl-buta-1,3-dienyl 2,3,4,6-tetra-O-aoetyl-&D-gluoopyranos ide (diene 31). 
Following the general procedure for Wittig olefination at -78OC, 30 (0.21 g, 0.5 

mmol) in THF (7 mL) -was treated with methylene triphenylphosphorane (0.72 mmol) to give 
0.153 g (74%) of the crystalline (CH2C12-Et20-hexane) B diene 31. 

31 : m.p. 120.5-122°C [a]60 -28” (c 1, CH2C12); ‘H NMR (CDC13, 250 MHz) 6 1.68 (d, J = 1 
Hz, 3 H, Me), 2.03, 2.04, 2.06 and 2.18 (4 s, 12 H, 4 AC), 3.78 (ddd, J q 9.5, 4, 2.2 Hz, 
1 H, H5), 4.13 (dd, J = 13, 2.2 Hz, 1 H, H6), 4.30 (dd, J = 13.4 Hz, 1 H, H61), 4.76 (d, J 
= 7.8 Hz, 1 H, HI), 4.93 (d, J = 10.5 Hz, 1 H, Hqv), 5.09 (d, J q 17 Hz, 1 H, Hq,), 5.10- 
5.30 (m, 3 H, H2, H3, H4), 6.24 (dd, J = 17, 10.5 Hz, 1 H, H~I), 6.38 (brs, 1 H, HI’). 
Anal. Calcd for C19H26010 : C : 55.07, H : 6.32, 0 : 38.61; found : C : 55.16, H : 6.55, 0 
: 38.85. 

(B&Z-methyl-buta-1,3-dienyl 2,3,4,6-tetra-o-aoetyl4-D-gluoopyranoside (diene 32). 
Following the general procedure for Wittig olefination at room temperature, 30 (0.21 

g, 0.5 mmol) in THF (7 mL) was treated with methylene triphenylphosphorane (0.72 mmol) to 
give 0.048 g (23%) of the crystalline (Et20-hexane) a diene 32 and 0.122 g (59%) of the 6 
diene 31. 

32 : m.p. 68.5-69.5oC [a]60 +149O (c 1, CH2C12); ‘H NMR (CDC13, 250 MHZ) 6 1.81 (d, J q 

1.5 Hz, 3 H, Me), 2.035, 2.05, 2.07 and 2.08 (4 s, 12 H, 4 AC), 3.99 (ddd, J q 10, 4, 2.2 
Hz, 1 H, H5), 4.10 (dd, J = 12, 2.2 Hz, 1 H, H6), 4.25 (dd, J = 12, 4 Hz, 1 H, H6’), 4.96 
(dd, J = 9.5, 3.6 Hz, 1 H, H2), 4.97 (d, J = 10 Hz, 1 H, Hqw), 5.10 (t, J = 9.5 Hz, 1 H, 
H4), 5.11 (d, J = 17 Hz, 1 H, H~I), 5.33 (d, J = 3.6 Hz, 1 H, HI), 5.55 (t, J = 10 Hz, 1 
H, H3), 6.26 (dd, J q 17, 10 Hz, 1 H, H3r), 6.30 (brs, 1 A, Hlq). Anal. Calcd for 

ClgH2601o : C: 55.07, H : 6.32, 0 : 38.61; found : C : 55.11, H : 6.31, 0 : 38.71. 

General procedure for aqueous cycloadditions. 
To a 0.1-0.5 M solution of water-soluble diene in water was added 4 equivalents of 

methacrolein. After a few hours (3.5-201, the mixture was evaporated and used without 
further purification either for peracetylation, or reduction followed by hydrogenation. 

Gameral procedure for peraoetylation of adduut mixtures. 
The mixture of adduots directly obtained from evaporation of the water solution is 

stirred overnight at room temperature in a 2:1 mixture of,pyridine - Ac20 (the reaction is 
conducted at a aa. 0.1 M concentration). Coevaporation with toluene afforded a residue 
which was analyzed by ‘H NMR spectroscopy. 
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The crude mixture of adducts ‘of aqueous aycloaddition was treated with NaBH4 (1.25 
eq) in 95% aqueous ethanol at room temperature. After 15 min, evaporation provided a 
residue wh$.ch was chromatographed on a silica gel column (AcOEt-iPrOH-E20, 40:2:1) to give 
a mixture of the reduced adduats in c.a. 90% yield. This mixture was then hydrogenated 
(PI/C 101, H2 7 atm, r.t., 24 h, 0.1 M in EtQH). Filtration through a 2 in. plug of aelite 
gave quantitatively hydrogenated and debenzylated adducts. These mixtures were analyzed 
without further purification by analytical HPLC (Cl8, H20-HeOH, 70:30). 

Gemeral prooadure for the ohtentlon of dlols 35 bts) and 36 ~t~)~ 
A 0.2 M solution of the crude mixture of reduced and hydrogenated adducts in 1 N 

H2SO4 was stirred 5 h at 100°C. After neutralization with KHC03 (lo%), the solution was 
extracted with AoOEt (6 x 30 mL). The combined organic layers were washed with water, 
dried (Na2S04) and evaporated. Silica gel chromatography (Et20-hexane, 2:l) provided a 
mixture of cis and trans diols 35 and 36 already desoribedlb which was analyzed by ‘H and 
‘3C NMR spectroscopy. 

This work was supported by the C.N.R.S. (URA 462) and the University of Paris-Sud. 

Notes and Refercmues 

1. 

2. 

3. 
4. 

c) 

5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 

13. 
14. 
15. 
16. 

a) Lubineau, A.; Queneau, Y. Tetrahedron Lett. 1985, 26, 2653. 
b) Lubineau, A.; Queneau, Y. J. Or& Chem., 52, 1001. 
a) Rideout, D.C.; Breslow, R. J. Am.Chem. Sot. 1980, 102, 7816. 
b) Grieco, P.A.; Yoshida, K.; ?&z, 

-- 
P. JL a 

Schneider, H.J.; Sangwan, N.K. J. Chem. Sot., Chem. Comm. 1787. 1986, -- 
Peracetylated glucosyl 1,3-bis-oxygenated dienes hzalready been described for 
asymmetria Dials-Alder reactions in organic solvent using cyclic dienophiles. See : 
a) Gupta, R.C.; Harland, P.A.; Stoodley, R.J. J. Chem. Spc., Chem. Comm. 1983, 754. -- 
b) Gupta, R.C.; Slawin, A.M.Z.; Stoodley, R.J.; Williams, D.J. J. Chem. Soo., Chem. 
comm. 1986, 1116. 
Gupta, R.C.; Larsen, D.S.; Stoodley, R.J.; Slawin, A.M.Z.; Williams, D.J. J. Chem. 
sot., Perkin Trans. 1 1989, 739. -_ 
Lemiemz. Pure Applt e 1971, 25, 527. 
Good, F.; Schuerch, C. Carbohydr. Res. 1984, 125, 165. 
Klemer, A. Chem. Ber+ 1963, 96, 634. 
Brennan, S.; Finan, P.A. J. Chem. Sot. 1970, 1742. 
a) Hflttel, R. Chem. Ber. 1941, 2, 1827. 
b) George, W.D.; Tuz, W.G. J. Chem. Sot. (B) 1968, 132. 
Schmidt, O.T. Methods in Carboh drate Chemistr 7 - - -;; vol. II 1963, 318. -0 
a) Ohle, H.; TG z Chem. Ber. 1938, 2; 1843. 
b) Coleman, G.H.; Brandt, S.S.; McCloskey, C.M. J. Org. Chem. 1957, 22, 1336. 
c) Bhattacharjee, S.S.; Gorin, P.A. Can. J. Chem. 1969, ml95. -c- 
Utamura, T.; Kuromatsu, K.; Suwa, K.; Koizumi, K.; Shingu, T. Chem. Pharm. Bull. <-- 
1986, 2, 2341. 
Bosshard, H.H.; Mory, R.; Schmid, M.; Zollinger, H. Helv. Chim, Acta 1959, 29 1653. 
Excoffier, 0.; Gagnaire, D.; Utille, J.P. Carb0hydr.K x z368. 
David, S.; Lubineau, A.; VatBle, J.-M. New J. Chem. 19x 2, 547. 
Klimko, V.T.; Scoldinov, A.P. Zh. Obsh. Khim. 1959, 3, 4027. Chem. Abstr. --- 
54:208706b. 


