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ABSTRACT 

The inonoacetalization of sucrose by citral, a-ionone and p-ionone is reported. 
Geranial and neral sucrose acetals (E and 2 isomers of citral acetals) are described. 
Optimization of the acidic catalysis afforded good yields of acetals directly from 
unprotected sucrose by transacetalization of dimethyl acetals in dimethylformamide. The 
influence of microwave irradiation on the reaction outcome was investigated. 

INTRODUCTION 

The chemical utilization of sucrose requires clean and efficient methodologies, 

but examples of selective chemical transformations of unprotected sucrose are still rather 

scarce.334 The 1" alcohol hnctions of sucrose can be reacted selectively over the 2" alcohol 

functions when steric factors can be taken advantage of. However, reactions ofien occur 

unselectively on one or more of the three 1 " hydroxyl groups. In terms of acidity, the most 

reactive hydroxyl group of sucrose is at C-2, on the carbon next to the anomeric carbon of 
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130 SALANSKI ET AL. 

or RCH(OMe)2 

OH OH 

Scheme 1 

the glucosyl r n ~ i e t y . ~  The hydroxyl groups on 1’ and 3’, both on carbons next to the 

anomeric carbon of the fmctosyl moiety, can compete with OH-2 because they are 

involved in the same hydrogen bonding network.637 

Acetalization at the 4,6-positions of sucrose also provides a potential tool for 

selectively providing monosubstituted sucrose derivatives because of the unique 

OH-4 - C-4-5-6 - OH-6 sequence which produces only one six-membered ring acetal 

linkage having a trans decalin-type junction with the glucosyl ring of sucrose (Scheme 

l).”’ Only when increasing the carbonyl compound quantity and (or) prolonging the 

reaction time, can further bridge acetalization occur, involving OH-2 and OH-1’. l o  

The preparation of carbohydrate cyclic acetals of this type is well known,”~” e.g.  

4,6-O-benzylidene glucose, but the acidic catalysis which is required to achieve the 

acetalization process is often not compatible with the stability of sucrose or its derivatives. 

Therefore, milder conditions are required for comparable acetalization reaction using 

unprotected sucrose. Very recently, Gelas and coworkers’ reported the synthesis of a 

series of sucrose long chain acetals, obtained by transacetalation of dimethyl acetals of 

alkanals to a 4,6-diol sucrose derivative, hlly protected on other positions. 

Transacetalation using unprotected sucrose in DMF was also described, in the special case 

of cqp-unsaturated aldehydes or ketones dialkyl a c e t a l ~ . ~ ’ ~  The use of excess of the 

carbonyl compound limited the conversion ratio of the more expensive partner of the 

reaction. This work described the synthesis of a number of sucrose acetals, notably some 

amphiphilic compounds, for which the critical micellar concentration was measured in 

order to evaluate their tensioactive properties. 

Pursuing efforts to apply this methodology to the chemistry of unprotected 

sucrose. we investigated more closely the reaction of citral [(E,2)-3,7-dimethyl-octa-2,6- 

dienal] and a- and p-ionones, which are attractive aldehydes for this investigation as they 
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I acid3 1 
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Pi yield (%) 

sucrose + 
Table 1 

acid3 p-TsOH" p-TsOH PPTS PyHCl PVPPTS PVPPTS' PVPPTS" 
, t (h) 72 17 1.5 4 4 flow batch 
yield (%) 34 68 78 68 51 42 14 

I \  
~ ~ ( E ) R = H  OR OR 
2b (Z) R = H 
3a (4 R = Ac 
3b (2) R = Ac 

p-TsOH" 
72 

Scheme 2 

I p-TsOH 1 PPTS 1 PyHCl 1 
17 4 

Table 1. Yields of sucrose citral acetals 2ab for the reaction of CDMA with excess of 
sucrose (3 eq) in anhydrous DMF (2-3 mL /mmol sucrose) at room temperature, 
depending on acidic conditions (0.02 eq / CDMA). 

34 68 78 

PVPPTS 
4 

51 
PVPPTS 

are quite inexpensive and widely used chemical intermediates in the pef ime industry.'' In 

particular, we sought optimized acidic conditions compatible with sucrose chemical 

stability. 

RESULTS AND DISCUSSION 

Acid catalyzed acetalization of sucrose 

Commercially available citral dimethyl acetal (CDMA, lab) is an ca. 2: 1 mixture 

of E and 2 geometric isomers of 3,7-dimethyl-octa-2,6-dienal (geranial and neral). 

Reaction of lab with excess sucrose (typically 2 to 3 equivalents) in DMF in the presence 

of an acidic catalyst led to the formation of 4,6-acetals 2ab (Scheme 2). Specific proof of 

the regiochemistry was obtained by NMR spectroscopy study (vide inpa). Using a number 

of acidic conditions, and in particular soR acids such as sulfonic acid pyridinium salts, 

good yields of sucrose acetals were obtained (Table 1). 
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132 SALANSKI ET AL. 

20 30 

Table 2. Yields of sucrose citral acetals 2ab for the reaction of CDMA with excess of 
sucrose ( 2  eq) in anhydrous DMF (1.5 mL /mmol sucrose) at room temperature, PPTS 
(0.02 eq / CDMA). 

60 90 150 

yield (YO) 5 8  63 68 78 66 

Preparation of pure geranial sucrose acetal (E, 2a) and neral sucrose acetal (2, 

2b) was attempted by the same method. Starting from geraniol or nerol, geranial and neral 

were synthesized (Swern oxidation), but it was unfortunately not possible to circumvent 

the isomerization of the double bond during the acetalization process, even under veIy 

mild conditions such as the use of methoxytrimethylsilane with catalytic amounts of 

trimethylsilyl trifluoromethanesulfonate at -78 "C in dichloromethane. The same 2: 1 

mixture of E and Z dimethyl acetals were always obtained.'9220 Direct reaction of the pure 

aldehydes with sucrose gave enriched mixtures of sucrose acetals, albeit with low 

conversion and yield. Geranial, with a faster reaction rate than nerd, gave a 6 :  1 ratio of 2a 

and 2b, allowing full assignment of spectroscopic parameters for both isomers. These 

enriched mixtures could be further purified by semipreparative HPLC (MI2 column, 

acetonitrile-water as eluent), providing pure sucrose geranial and neral acetals which were 

fully characterized as their peracetylated derivatives 3a and 3b. 

The best yields of citral sucrose acetals 2ab are obviously obtained when very 

mild acidic catalysts are used. Pyridinium p-toluenesulfonate (PPTS) appears to be 

especially efficient, leading to ca. 75 % yields of isolated unprotected acetals 2ab (Table 

2). With prolonged reaction time, reverse transacetdation of products or cleavage of the 

glycosidic bond led to lower yields. The polymeric analog of PPTS, polyvinylpyridiniump- 

toluenesulfonate (PVPPTS) was conveniently used packed in a column, and eluted with a 

solution of sucrose and CDMA in DMF to give acetals 2ab in a 44 YO yield. A much lower 

amount (14 %) was obtained using the same quantity of reagents in a batch reaction, 

leading to significant amounts of glucose acetal 4. This latter compound can arise either 

from direct cleavage of sucrose acetals 2ab or by transacetalation of CDMA by glucose 

produced by acid catalyzed sucrose cleavage (Scheme 3).  
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MONOACETALIZATION OF UNPROTECTED SUCROSE 133 

acid 
tab - 

Ho+& OH CDMA 

sucrose OH OH I 0 

acid 

I - acid paoR OR 

acid 

glucose + fructose 
+ fructose degradation products CDMA 

4 R = H  
5 R = A c  

Scheme 3 

Table 3. Reaction of citral with excess sucrose (2-3 eq) in DMF, under acidic conditions. 

acid t(h) yield (%) 

PPTS (2 rnol 'YO) 20 21 

PVPPTS (2 mol %) 20 33 
PVPPTS (10 mol %) 7 22 
PVPPTS (240 rnol 'YO) flow 12 

PyHCl(2 mol %) 20 19 

Direct reaction of citral was also investigated. Under standard conditions as 

employed for performing the reaction from CDMA, a 21 % yield of sucrose acetals 2ab 

was obtained, with a low conversion ratio of the aldehyde (ca. 35 %). The reaction suffers 

from the fact that water is not excluded from the system, and the reaction reaches an 

equilibrium. Increasing the amount of catalyst to 10 mol % in the case of polymeric 

PVPPTS resulted in a 33 'YO yield, and using the PVPPTS column to simulate a bench 

scale flow system, a 12 % yield of 2ab was obtained (Table 3). 

We then turned to a- and @-ionones as carbonyl substrates, in order to evaluate 

a,p-unsaturated ketones in this reaction. Ionones, like citral, are chemicals of industrial 
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134 SALANSKI ET AL. 

OPR 
0 

8ab R = H OR OR 10 R = H  OR OR 
9ab R = A c  11 R = A c  

Scheme 4 

importance, used as flavouring agents in perf%mery. Applying to a- or p-ionone dimethyl 

acetals the reactions conditions optimized for the citral example, transacetalization of 

sucrose gave the corresponding sucrose acetals. a-Ionone sucrose acetals 8ab were thus 

obtained as a 1 : 1 mixture of epimers at the cyclohexenyl junction in a 66 % yield, whereas 

compound 10 was obtained from P-ionone (76 %). These sucrose derivatives were 

peracetylated (9ab, 11) for characterization purposes (Scheme 4). 

Warned by our experience of the neral and geranial isomerization during the 

ketalization and transketalization reactions, we paid special attention to the double bond 

geometry in these new sucrose derivatives. However, no trace of Z isomers, neither in the 

a- nor in the p-ionone series, could be detected. This means that starting from p-ionone, a 

single sucrose derivative is obtained in 75% isolated yield from unprotected sucrose. The 

assignment of the regiochemistry in compounds 8-11 was again based on I3C NMR 

spectroscopy.*' Typical effects of the ketal linkage containing OH-4 and OH-6 on the I3C 

chemical shifts were observed, as shown in Table 4, in which data for the glucosyl moiety 

of sucrose acetals are reported (the fructosyl part is unchanged). In deuterated DMSO, C- 

4 and C-6 were consistently shifted downfield (+lo and +7 ppm respectively, compared to 

sucrose), whereas C-3 and C-5 were shifted upfield (-3 and -10 ppm respectively). For the 

peracetylated compounds, the effect at C-3 disappeared. When an axial methyl group is 

present in the newly created 6-membered ring (compounds 8-1 l), the so-called 'ly effect" 

has an opposite effect on the chemical shifts of C-4 and C-6, decreasing to ca. +5 and +2 

ppm, respectively, the downfield shift observed previously. In addition, 'H NMR 

spectroscopy showing unchanged H-4 and H-6ab chemical shifts upon acetylation 

confirmed the proposed structures.22 
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MONOACETALIZATION OF UNPROTECTED SUCROSE 135 

Table 4. "C NMR chemical shifts for the glucosyl moiety of sucrose derivatives, in d6- 
DMSO for unprotected compounds, and in CDC13 for the peracetylated ones. 

j c-1 c - 2  c - 3  c-4 c-5 C-6 ...................................................................................................... ... ............................................................................ .._.__..... 
sucrose j 91.8 71.7 72.9 69.9 72.9 

2a 
2b 
6ab 
8ab 
10 

Acs-sucrose 
3a 
3b 
7ab 
9ab 
11 

92.2 
92.2 
92.2 
92.2 
92.2 

90.1 
90.3 
90.4 
90.4 
90.3 
90.3 

72.2 
72.2 
72.3 
72.3 
72.4 

68.4 
69.9 
68.8 
68.7 
68.9 
68.9 

69.4 80.7 62.5 
69.4 80.7 62.5 
69.5 80.9 62.7 
69.3 75.3 63.2 
69.4 75.4 63.2 

70.4 68.6 69.8 
71.0 78.7 63.4 
71.1 78.6 63.5 
70.8 78.6 63.5 
71.2 72.7 64.3 
71.2 72.7 64.3 

60.6 
67.6 
68.6 
67.7 

62.8, 62.9 
63.1 

61.9 
68.2 
68.2 
67.9 
63.3 
63.3 

H, ~ Pd/C 

MeCN 
2ab - 

I \  
6ab R = H  OR OR 
7ab R = Ac 

Scheme 5 

Sensitivity of the reaction to water and heat 

Having in hand substantial amounts of acetals 2ab, we studied the rate of their 

hydrolysis in comparison with their hydrogenated analogs 6ab, prepared by catalytic 

hydrogenation in acetonitrile and characterized as their peracetyl esters 7ab (Scheme 5). 

Under hydrolysing conditions (wet DMF, cat. PPTS), faster cleavage of the 

unsaturated ketal linkage of 2ab occurred, leading to citral and sucrose, and finally 

glucose and fructose. Hydroxymethylfihral was formed upon heating or longer acidic 

treatment. In contrast, the 4,6-acetal bonds of the saturated derivatives 6ab required 

additional aqueous acid to achieve the hydrolysis which was accompanied by concomitant 

sucrose hydrolysis and further degradation. This is consistent with the easier 

transacetalation of dialkyl acetals of unsaturated aldehydes which are more reactive 

whether the nucleophilic species is an alcohol or water. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



136 SALANSKI ET AL. 

Table 5. Reaction of sucrose (2 eq) with CDMA in DMF with 0.02 eq of PPTS, under 
classical heating (open or closed system) or microwave irradiation. 

In Table 5 are given the yields for the reaction of sucrose with CDMA when the 

mixture is heated. A good yield (83 YO) of sucrose acetals 2ab could be obtained under 

nitrogen at 100 "C provided that the reaction was carehlly cooled and neutralized. With 

prolonged reaction times, cleavage to acetal 4 occurred. This was compared to the use of 

microwave heating, which has been reported to be an efficient method for many reaction 

 type^,^^,'^ notably the synthesis of long chain acetals of L-galactonolactone supported on 

clays.25 In our case, such conditions led to total degradation of both sucrose and the 

aldehyde dimethyl acetals. Using sucrose supported on silica gel as the only acid, CDMA 

and very little amount of DMF (slurry), irradiation for 2 minutes at 300 W afforded a 7 % 

yield of 2ab (16 % after 5 min at 60 W). In DMF solution no improvement of the reaction 

could be observed except a slower cleavage to compound 4, as indicated in Table 5 .  This 

observation is consistent with a more homogeneous temperature of the system without hot 

points, confirming the limitation of typical microwave effects for reactions conducted in 

highly polar solvents.26-2x 

CONCLUSION 

The acetalization of unprotected sucrose at the 4,6-position with citral and a- 

and p-ionones was achieved in satisfactory yields by transacetalization of the dimethyl 

acetals of the carbonyl substrates. 
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MONOACETALIZATION OF UNPROTECTED SUCROSE 137 

EXPERIMENTAL 

General methods. Nuclear magnetic resonance spectra were recorded on a 

Briiker AC 200 spectrometer at 50.32 M H z  for carbon and 200 MHz for proton. 

Chemical shifts are given with reference to DMSO or CDCb central peaks (39.5 and 77.0 

respectively) for carbon, and downfield internal tetramethylsilane for proton. The acetal 

hnctionalized carbon in sucrose acetals is referred to as C-7 in NMR spectral 

descriptions, with increasing numbers (8 to 13) for chain atoms of citrylidene residues, 

Reactions were monitored by TLC using aluminium silica gel plates (60F254). Flash- 

chromatography separations were performed using silica gel 60H (40-63p) under a 1 bar 

pressure. High performance liquid chromatography analyses were performed using NH2 

bound columns (Nucleosil or Spherisorb) with refraction index detection (RI). Mass 

spectrometry analysis (FAB) was performed at the "Centre d'Etudes et de Recherches sur 

les Macromolecules Vegetales (CERMAV)" in Grenoble. Elemental analyses were 

performed by the "Service Central d 'halyse du CNRS", Vernaison. Anhydrous DMF was 

distilled under reduced pressure over calcium hydride. Dimethyl acetals of a- and p- 
ionone were prepared by reaction in methanol using PPTS (0.02 eq) in the presence of 

trimethyl orthoacetate (1.5 eq). Neutralisation (Na2C03) followed by filtration and solvent 

evaporation provided crude dimethyl acetals which were purified by distillation. 

General procedure for the synthesis of sucrose acetals. Preparation of 

acetals 2ab, from citral dimethyl acetal and their peracetylated derivatives 3ab. To a 

solution of sucrose (1.57 g, 4.6 mmol) and citral dimethyl acetal (0.45 g, 2.3 mmol) in 

anhydrous DMF (7 mL) was added pyridinium p-toluenesulfonate (12 rng, 0.05 rnmol). 

After 20 h of strirring under nitrogen at room temperature, sodium carbonate was added 

and the mixture was filtered. Evaporation of the solvent under reduced pressure followed 

by flash chromatography (CH2C12-Me2CO-MeOH-H20, 56/20/20/4) provided acetal 2ab 

as a syrup (0.81 g, 74 YO). When present, glucose acetal4 was isolated in an early fraction. 

In the case of compounds 2ab, semipreparative EBLC separation (Nucleosil NH2 100 A, 5 

v, 250 mm x 20 mm, MeCN - water, 95/5) gave small amounts of each isomer. Products 

were characterized at this stage from their 13C NMR spectrum in deuterated DMSO The 
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138 SALANSKI ET AL. 

same procedure was also followed starting from citral. Data for 2a: 13C NMR (d6-DMSO) 

6 16.9, 17.6, 25.5 (Me), 25.6, 38.6 (C-lO,ll), 61.8, 61.9 (C-1',6'), 62.5 (C-5), 67.6 (C-6), 

69.4 (C-3), 72.2 (C-2), 73.9 (C-47, 76.6 (C-3'), 80.7 (C-4), 82.4 (C-5'), 92.2 (C-l), 98.3 

(C-7), 104.0 (C-27, 121.6, 123.7 (C-8,12), 131.1, 141.4 (C-9,13). [ a ] ~ ~ '  + 58 ( C  1, 

MeOH). Data for 2b: 13C NMR (d6-DMSO) 6 17.6, 22.9, 25.5 (Me), 26.2, 32.4 (C- 

lO,ll), 61.8, 61.9 (C-1',6'), 62.5 (C-5), 68.6 (C-6), 69.4 (C-3), 72.2 (C-2), 73.9 (C-4'), 

76.6 (C-3'), 80.7 (C-4), 82.4 (C-5'), 92.2 (C-l), 98.1 (C-7), 104.0 (C-2'), 122.7, 123.8 (C- 

8,12), 131.3, 141.5 (C-9,13). [alDZ0 + 77 (c 1, MeOH). 2ab: MS FAB (NH3) m/z 494 

(M+W') ,  477 (M+H'), 332, 315, 170, 153. Data for 4: 13C NMR (d6-DMSO) 6 16.9, 

17.5, 17.6, 22.7, 25.5 (Me), 25.6, 26.1, 32.3, 38.5 (CHI), 61.9 (C-Sa), 65.8 (C-5@), 67.7, 

67.9 (C-6), 69.6, 72.9, 75.8, 80.4, 80.5, 81.3 (C-2, 3, 4), 93.1, 97.5, 97.9, 98.2, 98.3 (C- 

1,7), 121.7, 121.8, 122.7, 123.7, 123.9 (CH=), 131.1, 131.2, 141.2, 141.3, 141.4 (C=). 

MS FAB (NH3) nv'z 332 (M+W') ,  3 15 (M+H'), 297, 255, 221. Peracetylation. Sucrose 

acetals were peracetylated (0.7 M in pyridine - acetic anhydride, 3:l vol.). After stirring 

for 24 h at 0 "C, the mixture was poured into saturated aqueous sodium carbonate, and 

the products were extracted with CHzC12 (3 x 25 mL). The combined organic layers were 

dried over sodium sulfate, concentrated and purified by flash chromatography (AcOEt - 
hexane, 1: l )  to give peracetylated acetals (yields over 85 %). This allowed full 

characterization ('H and I3C NMR in CDCl3, elemental analysis, specific rotation for 

single isomers). Data for 3a: 'H NMR (CDC13) 6 1.51 (s, 3 H, Me), 1.60 (s, 3 H, Me), 

1.62 (d, J =  0.9 Hz, 3 H, Me), 1.98, 2.01, 2.02, 2.03, 2.04, 2.12 (6 s, 18 H, 6 Ac), 1.85- 

2.20 (m, 4 H, H-lOab, llab), 3.43 (t, J =  9.8 Hz, 1 H, H-6a), 3.51 (t, J =  9.8 Hz, 1 H, H- 

6b), 3.93-4.27 (m, 7 H, H-4, 5, I'a, l'b, 5', 6'a, 6'b), 4.75 (dd, J =  10.0, 3.9 Hz, 1 H, H-2), 

4.93-5.06 (m, 1 H, H-12), 5.08 (d, . I= 5.8 Hz, 1 H, H-7), 5.18 (dd, J =  5.8, 0.9 Hz, 1 H, 

H-8), 5.24-5.43 (m, 3 H, H-3, 3', 47, 5.58 (d, J =  3.9 Hz, 1 H, H-1). 13C NMR (CDCI3) 6 

17.2, 17.6(2Me),20.5,20.6,20.7(Ac),25.6(Me),26.0,39.0(C-10,11),63.1,63.3(C- 

1',6'), 63.4 (C-5), 68.2 (C-6), 68.9 (C-2), 71.0 (C-3), 74.6 (C-47, 75.6 (C-3'), 78.7 (C-4), 

78.9 (C-5'), 90.3 (C-l), 99.5 (C-7), 103.8 (C-2'), 120.8, 123.6 (C-8,12), 131.9, 143 4 (C- 

9,13), 169.7, 169.8, 170.1, 170.2, 170.5 ( G O ) .  [ a ] ~ ~ "  + 59 (c 0.8, CHC13). Data for 3b: 

'H NMR (CDCI;) 6 1.54 (s, 3 H, Me), 1.63 (s, 3 H, Me), 1.67 (d, J = 1.2 Hz, 3 H, Me), 

1.97, 2.01, 2.02, 2.04, 2.12 ( 5  s, 18 H, 6 Ac), 1.90-2.16 (m, 4 H, H-lOab, llab), 3.43 (t, 
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MONOACETALIZATION OF UNPROTECTED SUCROSE 139 

J =  9.8 Hz, 1 H, H-6a), 3.49 (t, J =  9.8 Hz, 1 H, H-6b), 3.94-4.28 (m, 7 H, H-4, 5 ,  I'ab, 

5',  6'ab), 4.76 (dd, J =  10.0, 3.9 Hz, 1 H, H-2), 4.98-5.12 (m, 1 H, H-12), 5.08 (d, J =  6.3 

Hz, 1 H, H-7), 5.19 (dd, J =  6.3, 1.2 Hz, 1 H, H-8), 5.25-5.44 (m, 3 H, H-3, 3', 47, 5.58 

(d, J =  3.9 Hz, 1 H, H-I). 13C NMR (CDCb) 6 17.7 (Me), 20.6, 20.7 (Ac), 23.3, 25.6 (2 

Me), 26.6, 33.0 (C-lO,ll), 63.2, 63.4 (C-1',6'), 63.5 (C-5), 68.2 (C-6), 68.8 (C-2), 71.1 

(C-3), 74.7 (C-49, 75.5 (C-39, 78.6 (C-4), 79.1 (C-57, 90.4 (C-l), 99.2 (C-7), 103.9 (C- 

27, 121.8, 123.7 (C-8,12), 132.1, 148.6 (C-9,13), 169.8, 170.1, 170.3, 170.6 ( G O ) .  

[ a ] ~ ~ '  + 75 (c  1.1, CHC13). Data for 5: 'H NMR (CDCb) 6 1.50-1.75 (m, 9 H, Me), 1.88- 

2.17 (m, 13 H, Ac, H-lOab, Ilab), 3.36-3.63, 3.79-3.96, 4.02-4.26 (3 m, 4 H, H-4, 5 ,  

6ab), 4.93-5.27 (m, 4.4 H, H-2, 38, 7, 8, 12), 5.44 (t, J =  9.9 Hz, 0.6 H, H-3a), 5.68 (d, J 

= 8.1 Hz, 1 H, H-lp), 6.19 (d, J =  3.8 Hz, 0.6 H, H-la).  13C NMR (CDC13) 6 17.2, 17.5 

(Me), 20.4, 20.5, 20.6, 20.7, 20.7, 20.8 (Ac), 23.2, 25.5 (Me), 25.9, 26.5, 32.9, 39.0 (C- 

lO,ll), 64.7 (C-kt), 66.8 (C-5p), 67.8, 68.1 (C-6), 68.7, 69.8, 71.1, 71.7 (C-2, 3), 77.6, 

78.3 (C-4), 89.5 (C-la), 92.0 (C-lp), 99.0, 99.1, 99.3, 99.5 (C-7), 120.3, 120.4, 121.3, 

121.4, 123.4, 123.5 (C-8,12), 131.8, 132.1, 143.6, 143.7, 143.8, 143.9 (C-9,13), 168.7, 

169.0, 169.4, 169.7, 169.8, 169.9 (C=O). MS FAl3 (NH3) m/z 458 ( M + m ' ) ,  441 

(M+H'), 381, 347, 264, 263, 247, 223. 

3ab: Anal. Calcd for C34&8017: C, 56.04; H, 6.64. Found: C, 55.80; H, 6.84. 

Procedure for reactions under microwave irradiation. Reactions in solution. 

To a solution of sucrose (3.2 g, 9.4 mmol) in DMF (15 mL) kept at 60 "C was added the 

aldehyde or its dimethylacetal (4.7 mmol). Part of this mixture (ca. 2 g) was placed in the 

microwave apparatus (Synthewave S402, Prolabo S.A), and the second half, in a flask 

placed in an oil bath. Then, a 2 % solution of PPTS in DMF (0.15 mL) was added and the 

mixture was heated (or irradiated) the appropriate time. Then, triethylamine in DMF was 

added in order to quench rapidly the reaction and to cool down the medium. Purification 

was performed following the same procedure as above. Reaction in slurries. Supported 

sucrose was prepared by adding silica gel to a solution of sucrose (4.8 g) in DMF (35 mL) 

warmed at 60 "C, followed by evaporation of the solvent under reduced pressure. Part of 

this material (3.9 g of the obtained solid, corresponding to 0.95 g of sucrose, 2.8 mmol), 

was impregnated with citral dimethylacetal (0.358 g, 1.8 mmol), and DMF (1.8 g) to 

provide a slurry which was placed in the microwave oven and irradiated for 2 minutes at 
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300 W, or 5 minutes at 60 W. Using the previous work-up, acetals 2ab were isolated in 7 

and 16 % yield, respectively, whereas only a 3 % yield was obtained when heating the 

same mixture placed in a flask with an oil bath. 

Catalytic hydrogenation of 2ab. Preparation of compounds 6ab. To a 

solution of acetals 2ab (238 mg, 0.5 mmol) in acetonitrile (30 mL) was added 10 % Pd/C 

(20 mg) and the mixture was stirred at room temperature under hydrogen (1 atm). 

Monitoring of the reaction could be achieved using HPLC (NH2 column, MeCN-H20, 

90/10). After 2 days, the mixture was filtered through Celite, and solvent was evaporated. 

Flash-chromatography (same solvent as above) provided hydrogenated acetals 6ab as a 

syrup (192 mg, 80 %). Data for 6ab: I3C NMR (d6-DMSO) 6 19.7, 19.8, 22.5, 22.6 (Me), 

24.0, 24.1 (CH2), 27.4, 28.3 (C-9-13), 36.8, 37.0, 38.6, 38.7, 41.1, 41.2 (CHz), 61.8 (C- 

1',6'), 62.7 (C-5), 67.7 (C-6), 69.5 (C-3), 72.3 (C-2), 73.9 (C-47, 76.7 (C-37, 80.9 (C-4), 

82.5 (C-5'), 92.2 (C-l), 100.6, 100.7 (C-7), 104.1 (C-2'). Data for 7ab: 'H NMR (CDC13) 

6 0.77, 0.80 (m, 9 H, Me), 0.91-1.65 (m, 10 H), 1.99, 2.01, 2.03, 2.04, 2.12 (5  s, 18 H, 6 

Ac), 3.33, 3.34 (24 J =  9.8 Hz, 1 H, H-6a), 3.42 (t, J =  9.8 Hz, 1 H, H-6b), 3.88-4.27 (m, 

7 H, H-4, 5, l'ab, 5 ' ,  6'ab), 4.43-4.53 (m, 1 H, H-7), 4.75 (dd, J =  10.0, 3.9 Hz, 1 H, H-2), 

5.24-5.44 (m, 3 H, H-3, 3', 47, 5.58 (d, J =  3.9 Hz, 1 H, H-1). 13C NMR (CDCI3) 6 19.8 

(Me), 20.5, 20.6, 20.7 (Ac), 22.5, 22.6 (Me), 24.5 (CH2), 27.9, 28.8, 28.9 (CH), 37.2, 

37.3, 39.1, 39.9, 41.0 (CH2), 63.1, 63.2 (C-1',6'), 63.5 (C-5), 67.9 (C-6), 68.7 (C-2), 70.8 

(C-3), 74.6 (C-4'), 75.5 (C-3'), 78.6 (C-4), 79.0 (C-57, 90.4 (C-l), 101.9, 102.0 (C-7), 

103.9 (C-2'), 169.8, 170.1, 170.3, 170.5 ( G O ) .  

6ab: Anal. Calcd for C34HsZ017: C, 55.73; H, 7.15. Found: C, 55.41; H, 7.17. 

a-Ionone sucrose acetals and their peracetylated derivatives (Sab, 9ab). See 

general procedure. Data for Sab: I3C NMR (ds-DMSO) 6 22.3, 22.5 (CH2), 22.6, 22.7, 

26.9, 27.0, 27.2, 29.3, 29.6, 30.7 (Me), 31.4, 31.6 (CH2), 31.7, 31.8 (C), 53.2, 53.3 (CH), 

61.8, (C-1',6'), 62.8, 62.9 (C-6), 63.2 (C-5), 69.3 (C-3), 72.3 (C-2), 73.8 (C-4'), 75.3 (C- 

4), 76.6 (C-3'), 82.5 (C-5'), 92.2 (C-l), 99.7 (C-7), 104.0 (C-2'), 121.0, 121.1 (CH=), 

131.6, 131.9 (CH=), 133.1, 133.2, 134.7, 135.1 (C=). Data for 9ab: 'H NMR (CDC13) 6 

0.75 (s, 3 H, Me), 0.81 (s, 3 H, Me), 1.28 (s, 3 H, Me), 1.49 (s, 3 H, Me), 1.95, 1.97, 

1.98, 2.00, 2.08 (5 s, 18 H, 6 Ac), 1.90-2.15 (m, 4 H), 3.44-3.67 (m, 2 H, H-6ab), 3.76- 

4.24 (m, 7 H, H-4, 5 ,  l'ab, 5', 6'ab), 4.62, 4.64 (2 dd, J = 9.9, 3.9 Hz, 1 H, H-2), 5.16- 
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5.38 (m, 3 H, H-3, 3', 47, 5.44 (dd, J =  9.4, 4.6 Hz, 1 H, CH=), 5.53 (d, J =  3.9 Hz, 1 H, 

H-1). 13C NMR (CDC13) 6 20.4, 20.5, 20.6, 20.7 (Ac), 22.8, (Me), 28.9 (CH2), 26.9, 27.4, 

29.2 (Me), 31.7 (CH2), 32.0, 32.1 (C), 53.8, 54.0 (CH), 63.2 (C-1',6'), 63.3 (C-6), 64.3 

(C-5), 68.9 (C-2), 71.2 (C-3), 72.7 (C-4), 74.7 (C-47, 75.5 (C-3), 79.1 (C-57, 90.3 (C-I), 

100.7 (C-7), 103.9 (C-27, 121.4, 121.5, 130.8 (CH=), 133.0, 133.1 (C=), 136.1, 136.2 

(CH=), 169.6, 169.7, 170.0, 170.3, 170.5. 

9ab: Anal. Calcd for C37H52017: C, 57.80; H, 6.82. Found: C, 57.94; H, 7.10. 

p-Ionone sucrose acetal and its peracetylated derivative (10, 11). See general 

procedure. Data for 10: 13C NMR (ds-DMSO) 6 18.8 (CH2), 21.2, 28.5, 28.6, 29.3 (Me), 

32.1 (CHz), 33.7 (C), 38.8 (CHz), 61.9, 62.0 (C-1',6'), 63.1 (C-6), 63.2 (C-5), 69.4 (C-3), 

72.4 (C-2), 73.9 (C-47, 75.4 (C-4), 76.7 (C-37, 82.5 (C-57, 92.2 (C-l), 100.0 (C-7), 

104.0 (C-2'), 128.4 (c=), 131.3, 133.5 (CH=), 136.2 (C=). [a]Dzo f 50 (c 1, MeOH). Data 

for 11: 'HNMR (CDCl3) 6 0.97 (s, 6 H, Me), 1.39 (s, 3 H, Me), 1.65 (s, 3 H, Me), 1.99, 

2.01, 2.03, 2.04, 2.14 (5 s, 18 H, 6 Ac), 1.30-2.10 (m, 6 H), 3.55-3.75 (m, 2 H, H-6ab), 

3.84-4.42 (m, 7 H, H-4, 5, l'ab, 5', 6'ab), 4.68 (dd, J =  10.0, 3.9 Hz, 1 H, H-2), 5.18-5.42 

(m, 3 H, H-3, 3', 49, 5.57 (d, J =  3.9 Hz, 1 H, H-l), 6.13 (brd, J =  16.5 Hz, 1 H, CH=). 

13C NMR (CDC13) 6 19.0 (CHz), 20.5, 20.6, 20.7 (Ac), 21.5, 28.7 (Me), 29.2 (CH), 32.6 

(CHz), 34.0 (C), 39.2 (CH2), 63.1, 63.2 (C-1',6'), 63.3 (C-6), 64.3 (C-5), 68.9 (C-2), 71.2 

(C-3), 72.7 (C-4), 74.7 (C-4'), 75.5 (C-3), 79.1 (C-5'), 90.3 (C-l), 101.1 (C-7), 103.9 (C- 

27, 129.3 (C=), 132.3, 132.6 (CH=), 136.3 (CH=), 169.7, 169.8, 169.8, 170.1, 170.3, 

170.5. [a]~"  4- 68 ( C  1, CHC13). 

11: Anal. calcd for C37H52017: C, 57.80; H, 6.82. Found: C, 57.59; H, 6.95. 
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