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Abstract: Stereoselective addition reactions to the aldehyde function of some L-xylose derivatives, under the 

influence of Lewis acid catalysts. lead to the fotmation of tetrahydrofiuan derivatives at low temperatures, &pending 

on the acetal protecting groups used. Via separate reactions it was shown, that these tetrahydmfwans seemed to be 
intermediates in the formation of homoallyl alcohols. 

Introduction 

The use of carbohydrates as chiral synthons has received a great deal of attention in recent years’. In 
addition to the fact, that carbohydrates provide stereochemically defined carbon frameworks, which can be 
incorporated into new chiral structures, molecules of (protected) saccharides can also serve as templates for 
communicating chirality to new chiral centres being generated in an adjacent emerging chain2, followed by a 
sacrificial destruction of one or more original chiral centres (sacrificial asymmetric synthesis). 

Both the aforementioned principles have been applied in our laboratory for a variety of synthetic 
objectives. Thus, the synthesis of both enantiomers of the anti tumour alkaloid Sesbanimide A, 1 ( Fig. 1 ) has 
utilized protected ( L- and D -) xylose as an integral moiety of the target molecule3~b. 

1 Sesbanimide A 
Figure 1. 

Furthermore, the synthetic strategy employed the communication of chirality of the carbohydrate in the 
construction of ring C of the alkaloid. This was realized by a reaction of aldehyde 2 with a suitably substituted 
allylsilane using a Lewis acid catalysti. To study these reactions, model experiments were carried out with 
carbohydrate derivatives and allylsilanes under catalytic influence of different Lewis acids. Recent publications 
by Hideyuki Sugimura et.al.5a-d prompt us to present our results obtained in these studies. 
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Results and Discussion 

In connection with the synthesis of Sesbanimide A and some analogues, the first model experiments 
were performed with the protected L-xylose derivative 3 (Fig. 2) as a chiral template. The choice of the 
methylene acetal as protecting group was obvious since the 15acetal could be incorporated into the target 
molecule. L-Xylose derivative 3 was obtained from L-sorbitol in three simple steps as described by Ness et.al.6 
and Bourne et.aL7. 

Figure 2. 

From earlier experiments by Cram et.al.* and Reetz et.al.g it is known, that reactions of nucleophiles 
with chiral a-alkoxy aldehydes under influence of Lewis acids exhibit diastereofacial selectivity which is 
dependent on the nature of the electrophile. With Lewis acids, capable of forming chelates with both the 
carbonyl oxygen as well as with the a-alkoxy oxygen atoms (titanium and tin derivatives) @ejection A, Fig. 3) 
the approach of the nucleophile will be from the opposite direction than by application of boron electrophiles 
(projection B), where the two complexing oxygen atoms might prefer the opposite orientation, due to 
electrostatic repulsion*. Thus, it should be possible to direct the stereochemistry of the new formed chiral centre 
in both directions, by simple variation of the Lewis acid,. On basis of molecular orbital considerations the 
nucleophilic attack should be non-perpendicular as postulated by Anh et.al. lo. 

B 

Figure 3. 

Nu +Q H R 

9 
iI 

Complete stereospecificity was found in reactions of aldehyde 3 with allyltrimethylsihtne, 4 (Fig. 4) in 
dichloromethane. Using titanium tetrachloride, capable of forming a six-coordinate octahedral complexll, 
homoallyl alcohol 6 was obtained with very high selectivity, which was in keeping with the cyclic Cram model*. 
On the contrary, use of boron trifluoride ethemte as Lewis acid gave predominately alcohol 5. 

4 Lewis acid (mol. eq.) 5 + 6 

BF .OEt (3.3), O=’ C 
Ti&, (I.?), -1O’C 

60% 
4% 6Z 

Figure 4. 
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In the synthesis of Sesbanimide A and its analogues the 2,4methylene acetal of L-xylose served not 
only as a protecting group, but was also incorporated in the target molecule. However, if one wants the 
carbohydrate to serve only as a temporary chiral auxiliary, the use of acetal protecting groups which can be 
removed under milder conditions is more desirable. 

In this context L-xylose derivative 8 (Fig. 2) was synthesized from L-sorbitol, using benzylidene acetals 
to protect the hydroxy functionalities (Scheme 1). Treating L-sorbitol with benzaldehyde and sulphuric acid, 
under azeotropic removal of water, yielded diol 7. The distribution of the acetals can be explained by 
consideration of both free energy calculations12 as well as normal conformational principles. Both the phenyl 
groups occupy the equatorial position 13. Oxidation of diol 7 with sodium metaperiodate gave aldehyde 8 
partially as its hydrate. The free aldehyde 8 was obtained after azeotropic distillation with toluene followed by 
crystallization. 

L-Sorbitol 7 H 

(a) PhCHO, HzS04, cyclohexane, A, 4 hr. 58%; (b) NaIO4, H20. dioxane, RT, 17 hr. 76%. 

Scheme 1. 

Performing addition reactions of allylsilane 4 with aldehyde 8 in dichloromethane at low temperature to 
our surprise yielded only one diastereomer of homoallyl alcohol 9a, using both chelating Lewis acids as well as 
non-chelating ones (Fig. 4). probably, steric hindrance upon the formation of a chelate by the phenyl group of 
the benzylidene acetal adjacent to the carbonyl function, plays a crucial role in the stereochemical outcome of the 
reaction. 

At low temperature the trimethylsilyl ether 9b seemed to be stable and was isolated in some cases 
(Fig. 5). Removal of the TMS group of 9b gave homoallyl alcohol 9a. 

8 + 4 Lewis acid (mol.eq.) 9a:R=H + 9b:R=TMS + lo 
* 

BFs.OQ (3.3), -78O C 40 % 12 % 21 % 
Tic14 (l.l), -78” C 18 % 
SnCl4 (l.l), -78’C 5% 10% 
ZnClz (5.0), 20” C 3:E 19 % 

Figure 5. 

In fist instance the structure of the third, apolar product 10 could not be elucidated. However, 
Sugirnuru et.al.5~b claimed to have isolated oxetanes under the same reaction conditions, using comparable 
carbohydrate derivatives protected with the isopropylidene group. The mechanism of the formation of oxetanes 
they proposed, a direct attack of the negatively charged oxygen atom on the carbenium ion, stabilized by the silyl 
group in the p position, was quite acceptable (Scheme 2). 
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Scheme 2. 

Structure elucidation of the products was carried out by the authors via proton NMR. In our point of 
view complete stereochemical structure elucidation is not possible in this way. Our attempts to obtain crystals of 
10 suitable to be used for X-ray analysis failed repeatedly. This kept us from publishing our results at that time. 

However, later Sugimura et.al. published a rectification of their earlier result&. X-ray analysis of one of 
the former ‘oxetanes’ showed that tetrahydrofuran derivatives had been formed instead. The brief mechanism 
they proposed was not very cle&. 

The formation of these tetrahydtofuran derivatives can be explained more readily via an attack of one of 
the acetai oxygen atoms on the carbenium ion, stabilized by the silyl group in the p position, followed by 
neutralization of the resulting intermediate oxonium ion by the negatively charged oxygen atom. This is shown 
in Scheme 3 with 8 as the starting material. The tricyclic product 10 was isolated as a single diastereomer. 

Ph 

0 

4 + HA 

Ph 

Scheme 3. 

Because attempts to obtain crystals suitable for X-ray analysis failed, the structural and stereochemical 
elucidation of tetrahydrofuran derivative 10 was performed by means of chemical transformations (Scheme 4). 
In a one-pot-procedure 10 could be converted into derivative 11. First the benzylidene acetals of 10 were 
removed by acid hydrolysis. After neutralization with sodium hydrogen carbonate, the resulting tetraol was 
cleaved by oxidation with sodium metaperiodate. A subsequent reduction with sodium borohydride provided 
tetrahydrofuran derivative 11. Elucidation of the configurations of the two new formed stereogenic centres was 
performed by means of nOe experiments. 

Scheme 4. 
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To study the steric influence of the acetal protection on the stereoselectivity of the reactions, and on the 
formation of tetrahydrofuran derivatives like compound 10, allylsilane additions were also performed with alde- 
hydes 12 and 13 (Fig. 6). 

Figure 6. 

The synthesis of aldehyde 12 was performed starting from L-sorbitol. Trimethylene sorbitol, 14 was 
obtained via the method described by Ness et.al. 6. Acetolysis of 14 with acetic anhydride, acetic acid and 
sulphuric acid6 afforded 62 % of a 3 / 1 mixture of derivatives 15a and 15b respectively (Scheme 5). Treatment 
of this mixture with sodium methanolate gave 16. Acetal formation of 16 with benzaldehyde, under azeotropic 
removal of water, yielded 88 % of an isomeric mixture of derivative 17. The two isomers formed are most likely 
to IX epimers at the carbon of the dioxolane ring system. Selective hydrolysis of the five membered ring acetall 
of the isomeric mixture of 17 with formic acid afforded one diastemomer of diol 18. The presence of two 
epimers at the dioxolane acetal carbon was also established at this point. Oxidation of diol 18 with sodium 
metaperiodate gave aldehyde 12, partially as its hydrate. Water was removed via azeotropic distillation with 
toluene followed by crystallization. 

15 a: R, = AC; R2 = CH20Ac 
b: R, = CH20Ac; R2 = AC 

f’k .H 

16 
C 

Ph. H 

12 __Y 

18 17 

(a) OAc2, HOAc, HzS04, O” C, 10 min. 625; (IJ) NaOCH3, CH30H, CHC13,5” C, 3 d, 91%; (c) PhCHO, HzSO4, 
cyclohexane. A, 4 hr. 88%; (d) HC@H, CH$H20H, A, 3 hr, 71%; (e) NaIO4, H20. dioxane, RT, 17 hr. 67%. 

Scheme 5. 

Aldehyde 13 was synthesized starting from L-sorbitol (Scheme 6). Treatment of L-sorbitol with 
benzaldehyde and concentrated hydrochloric acid afforded the mono benzylidene derivative 1914*15. In the 
oxidation of the geminal diol system in 19 with sodium metaperiodate the product could be monitored via TLC 
analysis, but attempts to isolate the resulting aldehyde failed, due to its low stability. However, when the 
oxidation was performed in methanol until the conversion was completed, followed by addition of dianilino- 
ethane and a catalytic amount of acetic acid, aminal 20 was obtained in high yield. This aldehyde protecting 

group I6 is well known to stimulate crystallization, leading to pure 20 on a large scale. 
Introduction of the methylene acetal at the remaining two hydroxy functions was performed under basic 

conditions using sodium hydride and dibromomethane as reagents and tetrabutylammonium iodide as phase 
transfer catalyst. This procednre provided derivative 2 1 in reasonable yield. The presence of the acid sensitive 
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aminal and benzylidene acetal in 20 did not allow acid conditions to be used for the introduction of this 
methylene acetal. 

Deprotection of the aklehyde was performed under very mild conditions. Treatment of derivative 2 1 with 
p-toluenesulphonic acid monohydrate at O’C in dry dichlommethane afforded the free aldehyde 13. 

L-Sorbitol a _ 
HOaOH b L [WOH 

;I 
19 PNh l!l 

20 
C 

(a) PhCHO, HCl, RT, 2 hr, 34%; 
(b) (1) NaIO4. CH,jOH, RT, 17 hr, 

(2) dianilinoethme, HO.&, RT, 4 hr, 89%; 
(c) N&I, CHzBr2, TEMI, THF, A, 2 hr. 78%; 
(d) pTsOH.HzO, CH2C12.0’ C, I hr. 79%. 

Scheme 6. 

Additions of allylsilane 4 to aldehyde 12 (Fig. 7) were performed under the same conditions as 
described for aldehydes 3 and 8. 

12 + 4 Lewis acid (mol. eq.) 22 + 23 

BF .OEt, (3.3), -78’ C 
Ti$ (l.l), -78’ C 

69 % 
4% 2;; 

SnC14 (l.l), -78O C 2% 36 % 
MgBrz (3.0), 0’ C 5% 74 % 

Figure 7. 

With boron ttifluoride etherate as the catalyst only the ‘Cram’ product 22, was obtained. However, 
when chelation-promoting Lewis acids like titanium tetrachloride, tin tetrachloride or magnesium bromide 
etherate were used, the other possible diastereomeric homoahyl alcohol 23 predominated in the product mixture. 

The elucidation of the configuration of the newly formed asymmetric centre in the latter compound was 
realized as follows: the benzylidene acetal in 23 could be rearranged to the secondary hydroxy function under 
acid conditions, affording compound 24 (Scheme. 7). NOe experiments with this compound showed the 
proximity of Hl and H8 to the proton at the new chiral carbon atom, H5. Model studies showed that the 
proximity of those three protons could only be possible if C5 of derivative 24 has the S-configuration. 
Consequently, homoallyl alcohol 23 also has the S-configuration at C.5. 

Scheme 7. 
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The use of boron trifhtoride etherate as Lewis acid in the addition reaction of allylsilane 4 to aldehyde 13 
leads also to the formation of a tetrahydrofuran derivative, compound 25 (Fig. 8), which is structurally related 
to derivative 10. However, the homoallyl alcohol 26 was still the major product. Chemical degradation of 25, 
analogous to the procedure described for 13 (Scheme 4) afforded the same tetrahydrofuran derivative 11. 

Similar to the reactions of 4 with aldehyde 8, both chelating as well as non-chelating Lewis acids gave 
the same diastemomer of homoallyl alcohol, the ‘Cram’ product 2 6. 

13 + 4 Lewis acid (molq.) 25 + 26 
* 

BF .OEt, (3.3), -78” C 
Ti&, (l.l), -78O C 

23 % 57 4% 
34 8 

SnCh (l.l), -78’ C 52 % 

Figure 8. 

Comparing our results with those obtained by Sugimura et.al.5c-d, who used the isopropylidene 
protection, the electron donating nature of the acetal group, adjacent to the carbonyl function seems to be 
important for the formation of the tetrahydrofuran derivatives. A strong electron donating group will stabilize the 
intermediate oxonium ion (Scheme 3) and, therefore, stimulating the formation of the tetrahydrofuran 
derivatives. 

To prove this statement we performed addition reactions with aldehyde 28 (Scheme 8), with p- 
methoxybenzaldehyde as the protecting group. Because of the stronger electron donating nature of this group 
compared to the benzylidene acetal we expected the formation of tetrahydmfuran derivative 29 (Fig. 9) to be 
more favoured 

The synthesis of aldehyde 28 (Scheme 8) was performed in a straightforward way. Treating L-sorbitol 
with p-methoxybenzaldehyde and concentrated hydrochloric acid afforded dio127. Oxidation of this diol with 
sodium metaperiodate gave aldehyde 2 8. 

AL. H Ar = p-MeOPh 

L-Sorbitol a * 
H0& 2, H& 28 b ) 

;I l!l 

(a) p-MaPhCHO, HCl, RT. 17 hr, 95%; (b) NaIO4, HzO, dioxane, RT, 17 hr. 79%. 

Scheme 8. 

Performing the addition reaction of allylsilane 4 with aldehyde 28 in dichloromethane with boron 
trifluoride etherate as the Lewis acid afforded tetrahydrofuran derivative 29 (Fig. 9) as the sole product in high 
yield, according to our expectations. Chemical degradation of this compound similar to the procedure as 
described for compounds 10 and 25 gave also the same tetrahydrofuran derivative 11 in high overall yield. Ti- 
tanium tetrachloride and tin tetrachloride gave homoallyl alcohol 30 as the sole product, be it in very low yield. 
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Since at -78O C both the tetrahydrofuran derivative as well as the homoallyl alcohol were formed (except 
for the reactions with aldehyde 28 in which the tetrahydmfuran derivative 29 was the only product formed) it 
seems reasonable to assume that these tetrahydrofuran derivatives are inmrmediates in the formation of the 
homoallyl alcohols in these cases. Further studies concerning the mechanism of the reactions are necessary. In 
this context the variations in the product ratios at different reaction temperatures are worth studying. 

Conclusions 

In the reactions described, stereoselectivity in additions of allyltrimethylsilane to acetal protected L- 
xylose aldehydes in presence of a Lewis acid is dependent on the acetal group adjacent to the carbonyl function. 

With a methylene acetal at this position, the reactions were highly stereoselective and the configuration at 
the new formed chiral centre could be directed by the choice of chelating or non-chelating Lewis acids. 
However, when more bulky protecting acetal groups were used at this position, like benzylidene and p - 
methoxybenxylidene acetal, the influence of the catalyst on the stereoselectivity was completely lost, most likely 
due to the steric hindrance of these groups upon the formation of chelates. 

Remarkable was the formation of tetrahydmfuran derivatives with boron trifluoride etherate as Lewis 
acid at low reaction temperature, which was also dependent on the nature of the neighbouring acetal group. 
Stronger electron donating properties of the acetal at this position favoured the formation of these compounds. 
These results were in keeping with the proposed mechanism. 

At higher temperatures however, these tetrahydmfuran derivatives could be converted to homoallyl 
alcohols in the presence of boron trifluoride etherate. Further studies are necessary to prove if these 
tetrahydrofuran derivatives are also intermediates in the formation of the homoallyl alcohols under the reaction 
conditions applied. 
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Experimental 

General methods and materials 
RJPAC nomenclaturet7 is used. Infrared (IR) spectra were recorded on a Perkin Elmer 298 spectrophotometer. 
Proton nuclear magnetic resonance (‘H-NMR) were recorded on Bruker AC-200, Bruker WM-250 or Bruker 
WM-300 instruments. Carbon nuclear magnetic resonance (13C-NMR) were recorded on the Bruker AC-209 
and Bruker WM-250 instruments at 50 and 612.9 MHz, respectively. Chemical shifts are give;p ppm downfield 
of tetrameth~lsilane (TMS). As is indicated 
test (APT)’ 

H-NMR shift correlation spectroscopy (COSY) , attached proton 
and double resonance experiments were occasionally used for signal assignments. Accurate mass 

measurements were performed on a Varian MAT 711 instrument. Thin layer chromatography (TLC) was 
performed on silicagel coated 

2# silicagel 60 (230-400 mesh) 
lastic sheets (Merck silicagel 60 F254). Flash chromatography was performed on 
. Optical rotations were measured on a Perkin Elmer 241 polarimeter. Melting 

points (m.p.) were determined on a Leitz melting point microscope and are uncorrected. 

(IS~S,6R)-2,4,7,9-tetraoxabicyclo[4.4.0]decane-5-carboxaldehyde 3 
Aldehyde 3 was prepared from L-sorbitol in two steps, as described by Ness et.aL6 and Bourne et.aL7.with 
51% overall yield. Before use the free aldehyde 3 was obtained by sublimation in vacua at 130-140°C of the 
initially formed hydrate. Aldehyde 3 was obtained as small white needles; M.p.: 176-181°C (lit.6: 186-189OC). 

(lS,3S,5R,6R,8R)-S-[(IR)-l ~-dihydroxvethyl]-3,8-diphenyl-2,4,7,9-terraoxabicyclo[4.4.O]decane 7 
To a suspension of 54.6 g L-sorbitol (0.300 mol) in cyclohexane/DMF (300/15 ml) was added freshly distilled 
benzaldehyde (61.0 ml, 0.60 mol) and 50% aq. sulphuric acid (0.6 ml). The reaction mixture was stirred vigo- 
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rously and heated to refhut while water was removed by azeotropic distillation with a Dean-Stark apparatus. 
Within thirty minutes the product started to deposit. After four hours no mom water was formed and the reaction 
mixture was cooled to room temperature. The acid was neutral&d by addition of a saturated aqueous NsHC03 
solution (100 ml) under vigorous stirring during one hour. The product was filtered off, washed with hot water 
(200 ml) and, after cooling, diethyl ether. The product was dried in vacua. The yield of dio17 was 62.3 g 
(0.174 mol. 58 I); M-p.: 206-208’ C; IR (KI3r) 3300.2860, 1590, 1550.733 and 693 cm-l; lH-NMR @6- 
DMSO, 200 MHz) 6 = 3.4-4.3 (m, 8H, Hl, Hl’, H2’a, H2’b, H5, H6. HlO’a and HlOb’), 4.46 (t, J = 4.2 
Hz, 1H. OE?‘), 4.89 (d, J = 5.4 Hz, lH, OHl’), 5.69 (s, 2H. H3 and H8), 7.38-7.51 (m, lOH, HAr). 

(IS,3S,SS,6R,8R)-3,8-diphenyl-2,4,7,9-tetraoxabicyclo[4.4.0]decane-5-carboxaldehyde 8 
To an ice cooled suspension of powdered dio17 (21.48 g, 60.0 mmol) in dioxaneAvater (96/24 ml) a solution of 
12.84 g sodium metaperiodate (60.0 mmol) was added. After stirring for one hour the reaction mixture was 
allowed to warm to room temperature and stirred for seventeen hours. The milky suspension was poured into 
300 ml of a ice/water mixture whereupon the product started to deposit. After stirring vigorously for one hour, 
the product was filtered off, washed twice with cold water (100 ml) and dried repeatedly on phosphorous 
pentoxide in vacua. IR spectroscopy showed that aldehyde 8 was still partial in its hydrate form. The product 
was suspended in toluene (300 ml) and the nunaining water was removed by azeonopic distillation with a Dean- 
-Stark apparatus. The suspension became clear after one hour. Upon cooling to mom temperature white ‘soft’ 
needles deposited which were filtered off and washed with petroleum ether 40-60 (50 ml). Addition of 
petroleum ether 4@60 (150 ml) to the mother liquor afforded an additional deposit of crystalline product. The 
combined crops were dried in vacua, yielding 14.87 g of the free aldehyde 8 

I 
45.6 mmol, 76 %) as white 

crystals. M.p.: 169-171°C, IR (KBr) 2870,2860, 1740.1495,1450,695 cm-l; H-NMR (CDCl3,200 MHz) 
6 = 3.87 (bs, lH, Hl’), 4.16 (dd, JlO’a-10’b = 12.7, Jl’-1O’a = 1.9 Hz, lH, HlO’a), 4.35 (d, J5’-6’ = 2.0 
Hz, lH, H6’). 4.38 (d, J5’-6’ = 2.0 Hz, lH, H5’). 4.41 (dd, JlO’a-1O’b = 12.7, Jl’-1O’b = 1.3 Hz, lH, 
HlO’b), 5.57 (s, lH, -OCPhfIO-), 5.71 (s, HI, -OCPhfIO-), 7.34-7.67 (m, lOH, HAr ), 9.73 (s, lH, Hl). 

(ISJR,6R)-S-[(4R)-l,3-dioxalan-4-yl]-2,4,7,9-te~aoxabicyclo[4.4.0]decane 14 
Compound 14 was prepared from L-sorbitol and benzaldehyde, as described by Ness et.al.6 

(4R,5R,6S)-4-[I(R)-l-acetyloxymethoxy-2-acetyloxyethyl]-5-ace~loxymethoxy-6-acetyloxymethyl-l,3- 
dioxane ZSa and (4S,5R,6S)-4-[I(R)-l-ace~loxy-2-ace~loxy-methoxyethyl]-S-aceryloxymethoxy-6- 
acetyloxymethyl-I ,3-dioxane Z 5 b . 
Derivative 14 (100.04 g, 460 mmol) was added to a ice-cooled acetic anhydride/acetic acid/sulphuric acid 
mixture (220/95/3 ml). The suspension was stirred vigorously for ten minutes and the resulting clear reaction 
mixture was poured out into 2,5 1 ice water. After stirring vigorously for one hour the product started to deposit. 
The mixture was extracted three with dichloromethane (200 ml). The combined organic layers were washed 
twice with water (200 ml) and a saturated aqueous NaHC03 solution (200 ml), dried (MgSOd) and concentrated 
in vacua. Yield: 121.32 g (287 mmol, 62 8) as a light yellow oil. TLC analysis (eluent: ethyl acetate/petroleum 
ether 60-80, 30/70, v/v) showed two products (R = 0.29 and R 

d & 
= 0.32). Part of the product (168 mg) was 

purified by flash column chromatography (eluent: thy1 acetate/ pe oleum ether 60-80,25/75, v/v). 
Concentrating in vacua the fractions containing the product with the Rf value of 0.32 yielded 112 mg of 
derivative 15a as a colourless oil IR (CHClg) 3020,3010,2960,2865,2770, 1745 and 1430 cm-*; ‘H-NMR 
(D -benzene, 250 MHz) 6 = 3.39 (ddd, Jl’a-6 = 4.7, Jl”b-6 = 7.6, J5-6 = 1.4 Hz, lH, H6), 3.43 (m, lH, 
H4 , 3.59 (m, lH, H5), 3.89 (ddd, Jl’-2’a = 3.7, Jl’-2’b = 2.3, Jl’-4 = 8.9 Hz, 1H. Hl’), 4.10 (dd, J2’a- f 
2’b = 12.6, Jl’-2’a = 3.7, Hz, lH, H2’a), 4.28 (dd, Jl”a-1”b = 11.5, Jl”a-6 = 4.7 Hz. lH, Hl”a), 4.31 (m, 
lH, H2a), 4.42 (dd, Jl”a-1”b = 11.5, Jl”b-6 = 7.6 Hz, lH, Hl”b), 4.69 (dd, J2’a-2’b = 12.6, Jl’-2’b = 2.3 
Hz, lH, H2’b), 4.88 (d, J2a-2b = 6.1 Hz, lH, H2b), 5.01 (d, J = 6.4 Hz. lH, -0CH 

c? 
OAc), 5.15 (d, J = 6.1 

Hz, lH, -0CH OAc), 5.44 (d, J = 6.4 Hz, lH, -Oa20Ac), 5.49 (d, J = 6.1 Hz, -0 B20Ac). 
Concentrating tl? e fractions containing the product with Rfvalue 0.29 gave 36 mg of a colourless oil, most likely 
being (4S,5R,6S)-4-[I(R)-1 -acetyloxy-2-acetyloxy-methoxyethyl]-5-acetylo~met~~-6-ace~lo~methyl- 
1,3-dioxane Z5b. IR (CHC13) 3020, 3OoO,2950.2865,2770, 2760 and 1745 cm-l; ‘H-NMR @6&nzeue, 
250 MHz) 6 = 3.41 (dd, Jl”a-6 = 5.3, J5-6 = 1.6 Hz, lH, H6), 3.59 (bs, lH, H5), 3.73 (dd, 54-5 = 1.4, Jl’- 
4 = 7.8 Hz, lH, H4), 3.89 (dd, Jl’-2’a = 4.3, J2’a-2’b = 11.2 Hz, lH, H2’a), 4.08 (dd, Jl”a-6 = 5.3, Jl”a- 
1”b = 11.4 Hz, 1H. Hl”a), 4.11 (dd, J2’a-2’b = 11.2 Hz, Jl’-2’b = 2.1 Hz, lH, H2’b), 4.28 (d, Jl”a-1”b = 
11.4 Hz, lH, Hl”b), 4.31 (d, J2a-2b= 6.1 Hz, lH, H2a), 4.93 (d, J2a-2b = 6.1 Hz, lH, H2b), 5.02 (d, J = 
6.4 Hz, lH, -OCH20Ac), 5.05 (d, J = 6.1 Hz, lH, -OCH2OAc), 5.06 (d, J = 6.1 Hz, lH, -OCH20Ac), 5.18 
(ddd, Jl’-2’a = 4.3, Jl’-2’b = 2.1, Jl’-4 = 7.8 Hz, lH, Hl’), 5.25 (d, J = 6.4 HZ, lH, -OCH20Ac). 
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(2S,4R,SR,6,.7)-4-[(IR)-I ,2-dihydroxyethyl]-5-hydroxy-6-hydroxymethyl-l,3-dioxane 16 
A solution of 42.0 g of the isomeric tetra acetate mixmre (Ha and 1Jb) (100 mm011 in chloroform (250 ml) 
was co&d in an ice bath under a dry nitrogen atmosphere. A sodium methanolate solution (200 mg sodium in 
25 ml methanol) was added dropwise to the acetate solution. Soon the product started to deposit. After keeping 
in the refrigerator (so C) during three days the prodnct was filtered off and washed three times with diethyl ether 

stahization from ethanol (200 ml). Yield 17.56 g (91 mmol, 91 %) of white needles; 
: 163 164O C); IR (KBr) 3260, 3000,2960, 2930.2860,2780 cm-l; ‘H-NMR @6- - 

DMSO, 25OMHz) 6 = 3.35 (m, 2H, H4 and H6), 3.56 (m, 6H, Hl”a, Hl”b, H5, Hl’, H2’a and H2’b), 4.39 
(m, 2H, -OfD, 4.58 (m, 2H, -OI$), 4.63 (d, J2a-2b = 6.3 Hz, lH, H2a), 4.93 (d, J2a-2b = 6.3 Hz, lH, H2b). 

(lS,5R,6R,~R)-5-[(4R)-2-phenyl-l~-dioxalan-4-yl]-8-phenyl-2,4,7,9-tetraoxabicyclo[4.4.O]decane 17 
To a suspension of 7.77 g of powdered 16 (40.0 mmol) in cyclohexane/DMF (lSO/lO ml) was added freshly 
distilled benzaldehyde (8.49 g, 80.0 mmol, 8.13 ml) and 50% sulphuric acid (1 ml). Under vigorous stirring the 
reaction mixture was heated to reflux while water was removed by azeotropic distillation. After three hours 
product started to deposit. After four hours the reaction mixture was cooled to mom temperature and the acid 
was neutralized by adding a saturated aqueous NaHC03 solution (100 ml). The product was filtered off, 
washed twice with water (25 ml), three times with diethyl ether (25 ml) and dried in vacua, yielding 10.82 g of 
one diastereomer of the desired product (29.2 mmol, 73 %); M.p.: 174-175OC; IR (CHCl ) 3090, 3070, 3030, 
3000,2870,2770,1600 cm-l; ‘H-NMR (CDCl ,200 MHz) 6 = 3.65 (s, lH, HI), 3.93 
= 1.6 Hz, lH, H5), 4.05 (s, lH, H6), 4.10 (d d 

? dd, J4’-5 = 5.8, J5-6 
, Jl-1Oa = 1.5, JlOa-lob = 12.7 Hz, lH, HlOa), 4.1-4.3 (m, 

2H, H5’a, H5’b), 4.34 (dd, Jl-lob = 1.2, JlOa-lob = 12.7 Hz, lH, HlOb), 4.85 (d, J3a-3b = 6.3 Hz, lH, 
H3a), 5.27 (d, J3a-3b = 6.3 Hz, lH, H3b), 5.59 (s, 1H. -OCPhuO-), 5.93 (s, lH, -OCPhEO-), 7.31-7.52 
(m, lOH, HAr). Micro analysis: Calculated: C, 68.11; H, 5.95. Found: C, 67.89; H, 6.06 (1.5 96 H20). 
From the filtrate the organic layer was separated, washed once with water (100 ml), dried (MgS04) and 
concentrated in vacua. TLC! analyses (eluent: ethyl acetate/petroleum ether 60-80, 40/60, v/v) of the resulting 
syrup showed two main products which were separated by flash column chromatography using the same eluent. 
This afforded another 593 mg of the product which was isolated as described above (1.60 mmol, 4 %) ( Rf = 
0.31 ). The yield of the other diastereomer of 17 was 1.63 g (4.40 mmol, 11 %) (R = 0.34).This product was 
crystallized from ethyl acetate and petroleum ether 60-80. M.p.: 187-188.5’C IR (&HCl ) 3090 3070 3000 
2870, 2770, 1600 cm-l; ‘H-NMR (CDC13,250 MHz) 6 = 3.60 (bs, lH, Hi), 3.70 (dz J4’-5 L 7.8, j5-6 : 
1.4 Hz, lH, H5), 4.04 (bs, lH, H6). 4.01-4.12 (m, 2H, HlOa and H5’a), 4.29-4.38 (m, 2H, HlOb and 
H5’b), 4.49 (m, IH, H4’), 4.83 (d, J3a-3b = 6.3 Hz, lH, H3a), 5.24 ( d, J3a-3b = 6.3 Hz, lH, H3b), 5.60 
(s, lH, -OCPhHO-), 5.78 (s, lH, -OCPhYO-), 7.3-7.4 (m, 6H, HAr), 7.4-7.5 (m, 4H, HAr). 

(IS,5R,6R,8R)-5-[(lR)-l,2-dihydroxyethyl]-8-phenyl-2,4,7,9-te~aoxabicyclo[4.4.O]decane 18 
Derivative 17 (5.70 g, 15.4 mmol) was dissolved in a hot mixture of ethanol/l,2dichloroethane (30/90 ml) 
After all the starting material had dissolved, 90% ethanol (400 ml) was added together with formic acid (60 ml). 
The reaction mixture was heated to reflux, stirred for three hours, cooled to room temperature and concentrated 
in vacua. The residue was coevaporated with toluene (75 ml). Crystallization from ethanol (80 ml) yielded 3.07 
g of diol18 (10.9 mmol, 71 %) as white crystals; M.p.: 188-189’C, IR (KBr) 3500, 3480, 3010,2985, 2940 
and 2885 cm-l; ‘H-NMR @6DMSO, 200 MHz) 6 = 3.3-4.1 (m, 8H, Hl, Hl’, H2’a, H2’b, H5, H6, HlOa 
and HlOb), 4.42 (t, J = 5.8 Hz, lH, OH2’), 4.72 (d, J3a-3b = 6.1 Hz, lH, H3a). 4.81 (d, J = 4.9 Hz, lH, 
-OHl’), 5.03 (d, J3a-3b = 6.1 Hz, lH, H3b), 5.63 (s, lH, H8), 7.37-7.46 (m, 5H, HAr ); l3C-NMR (D6- 
DMSQ 50 MHz) (Assignments with APT) 6 = 62.51 (s, C2’), 67.51, 69.14, 69.46 and 77.20 (s, Cl, Cl’, 
c5 and C6), 69.28 (s, ClO), 91.91 (s, C3), 99.22 (s, C8), 126.03, 127.81, 128.43 and 138.64 (s, CAr). 
Micro analysis: Calculated: C, 59.57; H, 6.38. Found: C, 59.61; H, 6.53. 

(IS5S,6R,BR)-8-phenyl-2,4,7,9-tenaoxabicyclof4.4.0]decane-5-carboxaldehy& 12 
Dial I8 (1.00 g, 3.54 mmol) was dissolved in peroxide tiee dioxane (35 ml) and a solution of 850 mg of 
sodium metaperiodate (3.92 mmol) in water (35 ml) together with NaHC03 (1 g) was added. After stirring for 
two hours at room temperature the reaction mixture was poured out into water (150 ml). Sodium chloride (-12 
g) was added and the mixture was extracted three times with dichloromethane (50 ml). The dichlommethane 
solution was dried (MgSO4) and concentrated in vacua. To the residue toluene (60 ml) was added and water 
was removed by azeotropic distillation. After concentration to half its original volume the solution was cooled 
slowly to 5’ C after which aldehyde 12 started to deposit as small white needles. The product was filtered off 
and dried in vacua to constant weight, yielding 595 mg (2.37 mmol, 67 %) of aldehyde 12. n4.p.: 165-1660c, 
IR (CHCl ) 3060, 3030.2990, 2970, 2920, 2850, 2770 and 1730 cm-t; lH-NMR (cwl 200 MHz ) 8 = 
3.65 (d, JS’-1O’b = 1.4 Hz, lH, Hl’), 4.10 (m, 2H, HlO’a and H6’), 4.31 (s, lH, H5’), 4.35 (dd, Jl’-1O’b = 
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1.4, JlO’a-10’b = 12.8 Hz, lH, HlO’b), 4.87 (d, J3’a-3’b = 6.4 Hz, lH, H3’a), 5.36 (d, J3’a-3’b = 6.4 Hz, 
lH, H3’b), 5.55 (s, lH, H8’), 7.31-7.52 (m, SH, HAr), 9.68 (s, lH, Hl). 13C-NMR (CDCl3, 50 MHz) 
( Assignments with ART) 6 = 69.79 (s, Clo’), 69.25 and 71.38 (s, Cl’ and C6’). 81.51 (s, CS), 92.44 (s, 
C3’), 100.58 (s, CS’), 126.07, 128.09 and 128.97 (s, CAr), 137.13 (s, CAr quart.), 199.75 (s, Cl). MS: (EI) 
accurate mass: observed 250.0819, calculated for Cl3Hl405: 250.0841 

(2S,4RJR,6S)-4-[(lR)-I~-dihydroxyethyl]-5-hydroxy-6-hydroxymethyl-2-p~nyl-l ,3-dioxane 19 
The synthesis of the benzylidene derivative 19 was performed as described by Vargha et.uf.15. The overall yield 
was 36 %. M.p.: 175-176.5’C (lit.14 17617’7’C). 

2-[(2S,4S,5R,6S)-5-hydroxy-6-hydroxymethyl-2-phenyl-l,3-dioxan-4-yl]-l,3-diphenylimidazolidine 20 
To a solution of 540 mg of 19 (2.0 mmol) in methanol (15 ml) 470 mg sodium metaperiodate (2.2 mmol) was 
added and the reaction mixture was stirred for seventeen hours at room temperature. 848 mg dianilinoethane 
(4.0 mmol) was added together with a catalytic amount of acetic acid (0.5 ml). The reaction mixture was stirred 
for four hours at room temperature. in vucuo. The residue was dissolved in dichloromethane (25 ml) and 
washed with a samrated aqueous NaHC03 solution (25 ml) and twice with water (25 ml), dried (MgSO 
concentrated in vucuo. Crystallization from ethyl acetate and petroleum ether 60 - 80 afforded aminal $ 

and 
0 as 

white crystals. Yield: 748 mg (1.78 mmol, 89 %) (R = 0.42 (eluent: methanol/ dichloromethane, 5/95, v/v)). 
M.p.: 167-168Oc; IR (CHC13) 3420,3080,3060, 000, 2940.2870, 1590, 1495, 1470, 1445, 1360, 1280, 1 
1140, 1020, 1010, 990, 690 cm-l; ‘H-NMR (CDC13, 250 MHz) 6 = 3.56-3.94 (m, 7H ), 4.04-4.08 (m, 2H), 
5.61 (s, lH, H2’), 5.69 (d, J2-4’ = 5.3 Hz, lH, H2), 6.85 (d, J = 8.0 Hz, 4H, HAr), 6.98 (d, J = 8.0 Hz, 
2H, HAr), 7.21-7.36 (m, 9H, HAr); 13C-NMR (CDCl , 62.9 MHz) (Assignments with ART) 6 = 47.31, 
47.65 (s, C4, C5), 62.69 (s, -cH20H). 64.77, 76.03, A .83, 80.48 (s, C2, C4’, C5’, W), 101.49 (s, C2), 
114.60, 114.78, 118.93, 119.06, 126.11, 128.09, 128.88, 129.24, 129.28, 137.45, 147.32, 147.52 (s, CAr). 

2-[(1S,3S,SS,6R)-3-phenyl-2,4,7,9-tetraoxabicyclo[4.4.0]decan-5-yl]-IJ-diphenylimidazolidine 21 
Diol20 (420 mg, 1.0 mmol) was dissolved in dry THF (20 ml). The solution was cooled in ice under a dry 
nitrogen atmosphere. Of a 5560% dispersion of sodium hydride in mineral oil, 131 mg (- 3 mmol ) was 
washed twice with a small amount of dry pentane (2 ml), partially dried under a dry nitrogen flow, and added in 
one portion to the stirred solution of 20. The temperature was allowed to rise to room temperature. After stirring 
for one hour, dibromomethane (209 ml, 3.0 mmol) and tetrabutyl ammoniumchloride (37 mg, 0.1 mmol) was 
added and the reaction mixture was refluxed for two hours after which it was cooled again on an ice bath. The 
excess of sodium hydride was destroyed by adding some methanol (3 ml) and the reaction mixture was 
concentrated in vucuo. To the residue, dichloromethane (20 ml) and water (10 ml) was added. The organic layer 
was washed twice with water (10 ml), dried (MgSO4) and concentrated in vucuo. The crude product was 
purified by flash column chromatography (silica, eluent: ethyl acetate/petroleum ether 60-80, 40/60, v/v). 
Crystallization from ethyl acetate/petroleum ether 60-80 yielded 336 mg (0.78 mmol, 78 %) of aminal21 as 
white crystals (Rf = 0.40 (eluent: ethyl acetate/petroleum ether 60-80, 50/50, v/v )); M.p.: 149.5-151’ C, IR 
CHCl ) 3000,2850,1590, 1495, 1470,1445, 1335, 1280, 1175, 1090, 1045, 1030,990,920 and 690 cm-l; 

lH-N& (CDC13, 200 MHz) 6 = 3.48-3.64 (m, 2H), 3.47 (bs, 3H), 3.80 (dd, Jl’-1O’a = 1.6, JlO’a-1O’b = 
12.5 Hz, lH, HlO’a), 3.86 (bs, lH), 3.91 (bs, lH), 4.24 (d, JlO’a-1O’b = 12.5 Hz, lH, HlO’b), 4.65 (d, 
J8’a-8’b = 6.3 Hz, lH, H8’a), 5.24 (d, J8’a-8’b = 6.3 Hz, lH, H8’b), 5.59 (s, lH, H3’). 5.95 (d, J2-5’ = 
8.5 Hz, lH, H2), 6.73-6.84 (m, 2H, HAr), 6.95 (d, J = 8.2 Hz, 4H, HAr), 7.17-7.42 (m, 9H, HAr); 
13C-NMR (CDCl3,62.9 MHz) (Assignments with APT.) 6 = 45.97 and 47.68 (s, C4 and C5), 69.42 (s, ClO), 
69.48, 71.36, 73.06 and 80.58 (s, Cl’, C2, C5’ and C6’), 92.93 (s, CS’), 100.71 (s, C3’), 113.79, 114.74, 
117.49, 119.02, 126.21, 127.80, 128.41, 128.72, 129.13, 137.43 and 147.50 (s, CAr). 

(IS,3S~S,6R)-3-phenyl-2,4,7,9-tetraoxabicyclo[4.4.0]decane-S-carboxaldehyde 13 
Aminal 21 (216 mg, 0.50 mmol) was dissolved in dry dichloromethane (10 ml). The solution was cooled in ice 
under a dry nitrogen atmosphere. A solution of 190 mg p-toluenesulphonic acid monohydrate (1.00 mmol) in 
dichloromethane/methanol(4/1 ml) was added dropwise to the stirred solution of the aminal. After five minutes, 
a white precipitate, the di-p-toluenesulphonate salt of dianilinoethane, was formed. After stirring at O°C for one 
hour the reaction mixture was filtered through Hyflow. The residue was washed twice carefully with 
dichloromethane (5 ml). The dichloromethane solution was washed three times with a saturated aqueous 
NaHC03 solution (10 ml) and once with water (10 ml), dried (MgS04) and concentrated in vucuo. To the 
residue toluene (10 ml) was added and water was removed by azeouopic distillation. After concentration to half 
its original volume the solution was cooled slowly to 5OC! after which aldehyde 13 stated to crystallize as small 
white needles. The product was filtered off and dried in vucuo, yielding 99 mg (0.395 mmol, 79 %) of the 
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desired akiehyde 13. M.p.: 170-172’C; IR (CHC13) 3000,2940,2880,1735,1450.1400,1180,1090,1025, 
920 and 690 cm-l; lH-NMR (CDCl3,200 MHz) 6 = 3.84 (m, lH, Hl’), 3.92 (dd, Jl’-1O’a = 1.9, JlO’a-10’b 
= 12.7 Hz, lH, HlO’a), 4.11 (m, lH, H6’), 4.27 (d. JlO’a-1O’b = 12.7 Hz, lH, HlO’b), 4.32 (d, J5’-6’ = 
2.2 Hz, lH, H5’), 4.74 (d, J8’a-8’b = 6.4 Hz, 1H. H8’a), 5.11 (d, J8’a-8’b = 6.4 Hz, lH, H8’b). 5.70 (s, 
lH, H3’), 7.39-7.42 (m, 3H, HAr). 7.61-7.66 (m, 2H, HAr), 9.74 (s, lH, Hl); 13C-NMR (CDCl3,50 MHz) 
(Assignments with APT) S = 69.77 (s, ClO’), 69.19 and 71.44 (s, Cl’ and W), 80.97 (s, CS’), 92.36 (s, 
C8’), 101.38 (s, C3’), 126.69, 127.91, 128.38 (s, CAr), 136.69 (s, CAr quart. ), 199.67 (s, Cl). 

(lS,3S,SR,6R,8R)-5-f(lR)-1,2-dihydroxyethyl]-3,8-di[4-metho~phenyl]-2,4,7,9-tetraoxabi~clo[4.4.O]- 
decane27 
To a solution of 100.10 g of Lsorbitol (0.55 mol) in water/DMF (150/50 ml) 25 ml of freshly distilledp- 
methoxybenzaldehyde (0.20 mol) was added, followed by 25 ml concentrated aqu.HCl. The solution was 
stirred vigorously. After three hours the product started to deposit. After stirring overnight the resulting 
suspension was cooled on an ice bath and the product was filtered off and washed twice with a saturated 
aqueous NaHC03 (200 ml) and twice with water (200 ml). The product was dried in vacua, yielding 39.80 g of 
diol 27 (95 mmol, 17 % (95 % based on the amount of p-methoxybenzaldehyde used)) as a white powder. 
M.p.: 185-187’C, IR (KBr) 3300,2960,2840,1585, 1550, 1105,735 and 695 cm-‘; lH-NMR ( D -DMSO, 
200 MHz ) 6 = 3.4 - 4.2 ( m, 8H, Hl, Hl’, H2’a, H2’b, H5, H6, HlOa and HlOb), 3.76 (s, 6 I& CCLE3 
( 2x )), 4.47 and 4.85 (bs, lH, -OH), 5.61 (s, 2H, H3 and H8), 6.94 (m, 4H, HAr), 7.39 (m, 4H, I-IA+ 

(IS,3S,5S,6R,8R)-3,8-di[4-methoxyphenyl]-2,4,7,9-tetraoxabi~clo[4.4.O]~cane-5-carboxaldehyde28 
Powdered dio127 (20.9 g, 50.0 mmol) was suspended in dioxane/water (100/25 ml). To the cooled suspension 
was added a solution of 12.84 g sodium metaperiodate (60.0 mmol). After stirring for one hour the reaction 
mixture was allowed to warm to room temperature and stirred overnight The milky suspension was poured 
into 300 ml of a mixture of ice and water and stined vigorously for one hour. The product was filtered off, 
washed twice with cold water (100 ml), partially dried on the air during one night, suspended in toluene (300 
ml) and the remaining water was removed by azeotropic distillation with a Dean-Stark apparatus. The 
suspension became almost clear after one hour. The hot solution was filtered and cooled to room temperature. 
The product (white needles) was filtered off and washed with petroleum ether 40-60 (50 ml). Addition of 
petroleum ether 40-60 (150 ml) to the mother liquor afforded an additional deposit of product. The combined 
crops were dried in vacua, yielding 15.25 g of aldehyde 28 (39.5 mmol, 79 %) as white crystals. M.p.: 167- 
168“C; IR (CHC13) 2960, 2860, 2830, 1735, 1610, 1510, 1390, 1250, 1170, 1100, 1035, 995, 830 cm-l; 
lH-NMR (CDC13, 200 MHz) 6 = 3.80-3.82 (m, 7H, -0CH (2x) and Hl’), 4.12 (dd, Jl’-1O’a = 1.8, JlO’a- 
10’b = 12.7 Hz, IH, HlO’a), 4.30 (bs, 1H. H6’), 4.34 (s, -! H, H5’), 4.36 (dd, Jl’-1O’b = 1.1, JlO’a-1O’b = 
12.7, HlO’b), 5.51 (s, lH, -OCPhHO-), 5.66 (s, lH, -OCPhHO-), 6.87 (d, J = 8.8 Hz, 2H, HAr), 6.93 (d, J 
= 8.8 Hz, 2H, HAr), 7.41 (d, J = 8.8 Hz, 2H, HAr), 7.56 (d, J = 8.8 Hz, 2H. HAr), 9.70 (s, lH, Hl). 

The general procedure for the additions of allyltrimethylsilane 4 to L-xylose derivatives 3, 8,12,13 and28: 
The aldehyde (1.00 mmol) was dissolved in dry dichloromethane ( 25 ml ). The solution was cooled to the 
desired reaction temperature under a dry nitrogen atmosphere. The Lewis acid was added dropwise using a 
syringe. An exception was made for magnesium bromide etherate and zink dichloride which were added as their 
pure solid forms. After stirring for fifteen minutes. 198 pl allyltrimethylsilane (1.25 mmol) was added 
dropwise. The reactions were monitored by TLC-analysis. After complete conversion of all the starting material 
the reaction was quenched by adding dropwise 1.5 mol. equivalents (with respect to the amount of Lewis acid 
used) of methyl amine. The reaction mixture was allowed to warm to mom temperature. Successively a 
saturated aqueous NaHC03 solution (20 ml) was added and the mixture was stirred for one hour. The 
dichloromethane layer was separated and washed twice with water (20 ml). The solution was dried (MgS04) 
and concentrated in vacua. The products were separated with flash column chromatography 

Results for aldehyde 3: TLC analysis (eluent: ethyl acetate/dichloromethane, 10/90, v/v). Flash column 
chromatography was performed using silica (eluent: acetone/dichloromethane, 3/97, v/v). 
The product with Rf value 0.27 was (IS,5R,6R)-S-[(IR)-l-hydroxy-3-butenyl]-2,4,7,9-tetraoxabicyclo- 
14.4.0ldecane5; M.p.(ethyl acetate): 189-192OC; IR (KBr) 3610, 3580,2870, 1640, 1460, 1405, 1340, 1180, 
1100, 1025, 830,690 cm-l; ‘H-NMR (D6-DMSC, 200 MHz) 6 = 2.07 (m, lH, H2’a). 2.58 (m, lH, H2’b), 
3.47 (m, 2I-K HI and H5), 3.57 (m, lH, HlOa, HlOb and H6), 4.13 (m, lH, Hl’), 4.63 (d, J = 6.4 HZ, lH, 
-C(X 

8 
O-), 

lH, - 
4.67 (d, J = 6.4 Hz, lH, -OCfl20-), 4.94 (d, J = 6.4 Hz, lH, -OCE20-), 4.96 (d, J = 6.4 Hz, 

C1120-), 5.04 (s, lH, H4’a), 5.21 (d, J3’-4’b = 7.1 Hz, lH, H4’b), 5.94 (m, lH, H3’). 
The product with Rf value 0.19 was (1S,5R,6R)-5-[(lS)-l-hydroxy-3-butenyl]-2,4.7,9-tetraoxabicyclo- 
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[4.4.0]decane 6; M.p.(methanol): 195196.YC; IR (KBr) 3600, 2870, 1640, 1455, 1405, 1345, 1180, 1100, 
1030, 830 and 690 cm-l; ‘H-NMR @6-DMSC, 200 MHz) 6 = 2.19 (m, lH, H2’a), 2.49 (m, lH, H2’b), 3.4- 
3.5 (m, 2H, Hl and H5), 3.55-3.65 (m, 3H, HlOa, HlOb and H6), 4.31 (m, lH, Hl’). 4.68 (d, J = 6.3 Hz, 
lH, -OCB20-), 4.71 (d, J = 6.3 Hz, lH, -OCfl20-), 4.95 (d, J = 6.3 Hz, lH, -OCH20-), 4.99 (d, J = 6.3 
Hz, lH, -OCE20-), 5.19 (s, lH, H4’a), 5.23 (d, J3’-4’b = 7.0 Hz, lH, H4’b), 6.02 (m, lH, H3’). 

Results for aldehyde 8: TLC analysis (eluent: ethyl acetate/petroleum ether 60-80, 50/50, v/v) Flash column 
chromatography was performed using silica (eluent: ethyl acetate/petroleum ether 60-80,40/60, v/v). 
The product with Rf value 0.61 was (lS,3S,5R,6R,8R)-3,8-diphenyl-5-[(IR)-l-~i~thylsilyloxy-3-butenyl]- 
2,4,7,9-tetraoxabicyclo[4.4.O]decane 9b; M.p.(petroleum ether 60-80): 158-159O C; IR (CHC13) 2875, 1640, 
1455,1405,1100,830,695 cm-l; ‘H-NMR (CDClg, 250 MHz) 6 = 0.02 (s, 9H. -OSi(CH 
lH, H2’a), 2.40-2.48 (m, lH, IWb), 3.70 (dd, Jl -5 = 9.2, 55-6 = 1.5 Hz, lH, H5), 3. ? 

)3), 2.25-2.37 (m, 
8 (d, Jl-1Oa = 1.2 

Hz, lH, Hl), 4.02 (s, lH, I-I), 4.12-4.21 (m, 2H, Hl’ and HlOa), 4.39 (dd, Jl-lob = 1.0, JlOa-lob = 12.5 
Hz, lH, HlOb), 5.07 (d, J3’-4’a = 4.0 Hz, lH, H4’a), 5.13 (s. lH, H4’b), 5.56 and 5.58 (s, lH, H3/I-I8), 
5.78-5.95 (m, lH, I-KY), 7.32-7.38 (m, 6H, HAr), 7.52-7.59 (m, 4H, HAr). 
The product with Rf value 0.51 was 

od 
IR,3R,5R,7R,9S,12R,14R)-7,12-diphenyl-3-trimethyl-silylmethyl- 

2,6,8,11,13-pentaoxatricyclo[9.3.0. ~~~]tetradecane 10;. M.p.(petroleum ether 60-80): 176-178’ C; IR 
(CHCl 
MHz) 2 

) 3000, 2955, 2900, 1450, 1248, 1120, 1100, 1045, 855, 840, 695 cm-l; ‘H-h%IR (CDCl3, 250 
= 0.00 (s, 9H, -Si(CH )3), 1.00 (dd, Jl’a-l’b = 13.9, Jl’a-3 = 10.0 Hz, lH, Hl’a ), 1.24 ( dd, Jl’a- 

l’b = 13.9, Jl’a-3 = 5.1 Hz, 1 a , Hl’b ), 1.74-1.86 ( m, lH, H4a), 2.45-2.56 (m, lH, H4b), 3.99 (d, Jl-14 
= 5.3 Hz, lH, Hl), 4.18-4.37 (m, 6H, H3, H5, H9, HlOa, HlOb and H14), 5.57 (s, lH, -OCPhHO-), 5.59 
(s, lH, -OCPhHO-), 7.31-7.37 (m, 6H, HAr), 7.50-7.56 (m, 4H, HAr); MS: (EI) accurate mass: observed 
440.6089; calculated for C2 H 205Si: 440.6116. 
The product with R value 2 was (IS,3SJR,6R,8R)-3,8-diphenyl-S-I(IR)-I-hydroxy-3-butenyl]-2,4,7,9- 
tetraoxabicyclo-[4. 

$ 3.3 
.O]decane 9a; M.p.(ethyl acetate/petroleum ether 60-80): 167-168O C, IR (CHC13) 3610, 

3580,2870,1642,1460,1405,1345,1175,1100,1030,828 and 700 cm-t; ‘H-NMR (CDCl 250 MHz) 6 = 
2.12-2.32 (m, IH, H2’a), 2.58-2.67 (m, 1H. H2’b), 3.74 (dd, Jl’-5 = 8.4, J5-6 = 1.9 Hz, 1 I? , H5), 3.82 (d, 
Jl-1Oa = 1.4 Hz, IH, Hl), 3.86-4.22 (m, 3H, Hl’, H6 and HlOa), 4.40 (dd, Jl-lob = 1.2, JlOa-lob = 12.6 
Hz, lH, HlOb), 5.13 (s, lH, H4’a), 5.18 (d, J3’-4’b = 6.7 Hz, lH, H4’b), 5.62 (s, lH, -OCPhHO-), 5.63 
(s, lH, -OCPhHO-), 5.81-5.95 (m, lH, H3’), 7.33-7.39 (m, 6H, HAr), 7.45-7.59 (m, 4H, HAr). 

Results for aldehyde 12: TLC analysis (eluent: methanol/dichloromethane, 10/90, v/v). Flash column 
chromatography was performed using silica (eluent: methanol/dichloromethane, 3/97, v/v). 
The product with R value 0.39 was (lS,SR,SR,SR)-5-[(lR)-I -hydroxy-3-butenyll-8-phenyl-2,4,7,9- 
tetraoxabicyclo[4.4. af decane 22; M.p.(ethyl acetate): 186188OC, IR (CHCl3) 3550, 3065, 3000, 2850, 2765, 
1635, 1450, 1395, 1360, 1335, 1190,1120,1085,995,915, 830, 805 and 690 cm-l; ‘H-NMR (CDC13,200 
MHz) 6 = 2.19-3.30 (m, lH, 112’a), 2.53-2.58 (m, lH, H2’b), 3.49 (dd, Jl’-5 = 8.2, 55-6 = 1.7 Hz, lH, 
H5), 3.59 (d, Jl-lob = 1.2 Hz, lH, HI), 4.11 (dd, Jl-1Oa = 1.9, JlOa-lob = 12.8 Hz, lH, HlOa), 4.10 (m, 
lH, Hl’), 4.14 (s, lH, H6). 4.35 (dd, Jl-lob = 1.2, JlOa-lob = 12.8 Hz, lH, HlOb), 4.80 (d, J3a-3b = 6.3 
Hz, lH, H3a). 5.14 (s, lH, H4’a). 5.21 (d, J3’-4’b = 7.3 Hz, lH, H4’b), 5.25 (d, J3a-3b = 6.3 Hz, lH, 
H3b), 5.62 (s, lH, HS), 5.77-5.95 (m, lH, H3’). 7.34-7.39 (m, 3H, HAr), 7.51-7.56 (m, 2H, HAr). 
The product with R 
tetraoxabicyclo[4.4. of 

value 0.30 was (lS,SR,6R,8R)-S-[(IS)-1 -hydroxy-3-butenyll-8-phenyl-2,4,7,9- 
decane 23; M.p.(ethyl acetate): 193-194OC, IR (CHC13 ) 3550, 3060, 3000,2850, 1635, 

1450, 1395, 1365, 1335, 1180, 1120,1090,995,830,695 cm-l; lH-NMR (CDC13,200 MHz) S = 2.25-3.51 
(m, 2H, I-Wa, H2’b), 3.57 (bs, 2H, Hl, H5), 3.97 (s, lH, H6), 4.10 (dd, Jl-1Oa = 2.0, JlOa-lob = 12.8 Hz, 
lH, HlOa), 4.12 (m, lH, Hl’), 4.36 (dd, Jl-lob = 1.0, JlOa-lob = 12.8 Hz, lH, HlOb), 4.82 (d, J3a-3b = 
6.3 Hz, lH, H3a), 5.11 (s, lH, H4’a), 5.18 (d, J3’-4’b = 8.7 Hz, lH, H4’b), 5.31 (d, J3a-3b = 6.3 Hz, lH, 
H3b), 5.57 (s, lH, H8), 5.83-6.03 (m, lH, H3’). 7.33-7.36 (m, 3H, HAr), 7.48-7.51 (m, 2H, HAr). 

Results for aldehyde 13: TLC analysis (eluent: methanol/dichloromethane, 10/90, v/v). Flash column 
chromatography was performed using silica (eluent: methanolklichloromethane, 3/97, v/v). 
The product with R val e 0.86 was (IR,3R,5R,7R,9S,14R)-7~phenyl-3-trimethylsilylmethyl-2,6,8,11,I3- 
-pentaoxatricyclo[95.0.JJ4 ]tetradecane 25; M.p.(petroleum ether 60-80): 176178.5“ C; IR (CHC13) 3010, 
2950, 2900, 1450, 1248, 1120, 1100, 1045, 855, 840, 690 cm- ‘; 
9H, -Si(Ca3) 

E1 
), 

‘H-NMR (CDC13, 300 MHz) 6 = 0.00 (s, 
1.04 (dd, Jl’a-l’b = 13.9, Jl’a-3 = 10.4 Hz, lH, Hl’a), 1.25 (dd, Jl’a-l’b = 13.9, Jl’a-3 = 

5.1 Hz, lH, l’b), 1.81 (ddd, J = 9.0, J = 9.2, J4a-4b = 12.2 Hz, lH, H4a), 2.50 (ddd, J3-4b = J4b-5 = 
6.1, J4a-4b = 12.2 Hz, lH, H4b), 3.96-4.34 (m, 7H, Hl, H3, H5, H9, HlOa, HlOb and H14), 4.76 (d, 
J12a-12b = 6.1 Hz, lH, H12a), 5.14 (d, J12a-12b = 6.1 Hz, lH, H12b), 5.55 (s, lH, H7), 7.30-7.40 (m, 
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3H, HAM), 7.49-7.54 (m, 2H, HAr); MS(EI): accurate mass: obs. 364.5112; talc. for ClgH320 Sk 364.5138. 
The product with R 
-tetraoxabicyclo[4.4. 6 

value 0.36 was (IS,3S,5R,6R)-S-[(IR)-l-hydroxy-3-butenyll-3-p 2 enyl-2,4,7,9- 
@cane 26; M.p.(ethyl acetate and petroleum ether 60-80): 186187.5’ C; IR (CHC13) 

3550, 3065, 3000, 2850, 2765, 1635, 1450, 1395, 1360, 1335, 1190. 1120, 1085, 995, 915, 830, 805 and 
690 cm-l; lH-NMR (CDC13, 200 MHz) 6 = 2.28 (m, lH, H2’a), 2.65 (m, lH, H2’b). 3.68 (dd, Jl’-5 = 8.5, 
55-6 = 1.8 Hz, lH, H5), 3.80 (bs, lH, Hl), 3.93 (dd, Jl-1Oa = 1.9, JlOa-lob = 12.7 Hz, lH, HlOa), 3.95 
(s, IH, H6), 4.09 (m, lH, Hl’), 4.28 (d, JlOa-lob = 12.7 Hz, lH, HlOb), 4.83 (d, J8a-8b = 6.3 Hz, lH, 
Hga), 5.16 (s, lH, H4’a), 5.20 (d, J8a-8b = 6.3 Hz, lH, HSb), 5.23 (d, J3’-4’b = 5.1 Hz, lH, H4’b), 5.61 
(s, lH, H3), 5.79-5.99 (m, lH, H3’), 7.34-7.42 (m, 3H, HAr), 7.54 - 7.59 (m, 2H, HAr). 

Results for aldehyde 28: TLC analysis (eluent: methanol/dichloromethane, 10/90, v/v). Flash column 
chromatography was performed using silica (eluent: methanol/dichloromethane, 5/95, v/v). 
The product with Rf value 0.69 was (IR,3R,5 7 ,9S,12R,14R)-7,12-di[4-methoxypheny1]-3-trimethy1- 
silylmethyl-2,6,8,11,13-pentaoxatricyclo[9.3.0. $f ,1 ]tetraokcane29; M.p.(petroleum ether 60-80): 184-185.5’ 
C; lR (CHCl ) 3000,2940,2900, 1450,1255, 1120, 1100, 1045,855,840,695 cm-l; lH-NMR (CDCl3,200 
MHz) 6 = 0.32 (s, 9H, -Si(CE3)3), 1.00 (dd, Jl’a-l’b = 13.9, Jl’a-3 = 11.9 Hz, lH, Hl’a), 1.24 (dd, Jl’a- 
l’b = 13.9, Jl’a-3 = 5.0 Hz, lH, Hl’b), 1.75 (m, lH, H4a), 2.50 (m, lH, H4b), 3.79 (s, 6H, -0CkI ), 3.97 
(bs, lH, H9), 4.21-4.36 (m, 6H, Hl, H3, H5, HlOa, HlOb, H14), 5.55 (s, 2H, H7 and H12), 6.87 9 m, 4H, 
HAr), 7.45 (m, 4H, HAr); MS(E1): accurate mass: obs. 500.6117; talc. for C27H3607Si: 500.6642. 
The product with Rf value 0.36 was (lS,3S~R,6R)-5-[(lR)-1-Izydroxy-3-butenyl]-3,8-di[4-metho~phenyl]- 
-2,4,7,9-tetraoxabtcyclo[4.4.O]decane 30; M.p.(ethyl acetate/petroleum ether 60-80): 182 - 183.5’ C; IR 
(CHC13) 3550, 3065. 3000, 2850, 2765, 1635, 1450, 1395, 1360, 1335, 1190, 1120, 1085,995,915, 830, 
805 and 690 cm-*; *H-NMR (CDCl3,200 MHz) 6 = 2.26 (m, lH, H2’a), 2.64 (m, lH, H2’b), 3.72 ( dd, II’- 
5 = 8.2, 55-6 = 1.7 Hz, lH, H5), 3.81 (bs, lH, Hl), 3.93 (dd, Jl-1Oa = 1.8, JlOa-10b = 12.7 Hz, lH, 
HlOa), 3.95 (s, lH, H6), 4.09 (m, lH, Hl’), 4.28 (d, JlOa-lob = 12.7 Hz, IH, HlOb), 4.85 (d, JSa-8b = 6.3 
Hz, lH, H8a), 5.14 (s, lH, H4’a), 5.20 (d, Jla-8b = 6.3 Hz, lH, H8b), 5.23 (d, J3’-4’b = 5.1 Hz, lH, 
H4’b), 5.61 (s, lH, H3), 5.79-6.01 (m, lH, H3’), 7.31-7.40 (m, 3H, HAr), 7.53- 7.62 (m, 2H, HAr). 

(IR,3S,5S,6R,lOS)-lO-hydro~methyl-3-phenyl-5-[2-propenyl]-2,4,7,9-tetraoxabicyclo[4.4.0]decane 24. 
Homoallyl alcohol 23 (292 mg, 1.00 n-m-101) was dissolved in dry 1,Zdichloroethane (10 ml) and brought under 
a dry nitrogen atmosphere. p-Toluenesulphonic acid monohydrate, 38 mg (0.2 mmol), was added and the 
solution was heated to reflux for two hours. After cooling to room temperature a saturated aqueous NaHC03 
solution (10 ml ) was added and the mixture was stirred vigorously for fifteen minutes. The mixture was diluted 
with dichloromethane (15 ml ) and was washed twice with water (20 ml), dried (MgSO4) and concentrated in 
vacua. The product was purified with flash column chromatography (silica, eluent: ethyl acetate/petroleum ether 
60-80, 80/20, v/v) and crystallized from ethyl acetate; M.p.: 191-194OC, IR (CHC13) 3400, 3060, 3000, 2850, 
1635, 1450,1395,1365,1335, 1180,1120,1090,995,915,830,805 and 695 cm-*; ‘H-NMR (CDC13, 200 
MHz) 6 = 2.54 (t, Jl’a-2’ = 1.4,Jl’a-l’b=Jl’a-5 = 7.0 Hz, lH, Hl’a), 2.55 (t, Jl’b-2’ = 1.4,Jl’a-l’b=Jl’b-5 
= 7.0 Hz, lH, Hl’b), 3.53 (bs, lH, HlO), 3.91 (dt, Jl’a-5=Jl’b-5 = 7.0, J5-6 = 1.6 Hz, IH, H5), 3.83-4.14 
(m, 4H, -CE20H, Hl and H6), 4.80 (d, J8a-8b = 6.2 Hz, lH, H8a), 5.13 (dd, J3’a-3’b = 0.9, J2’-3’a = 10.0 
Hz, IH, H3’a), 5.20 (dd, J3’a-3’b = 1.8, J2’-3’b = 18.0 Hz, lH, H3’b), 5.27 (d, J8a-8b = 6.2 Hz, H8b), 
5.59 (s, lH, H3), 5.84 (dddd, Jl’a-2’ = 1.4, Jl’b-2’ = 1.4, J2’-3’a = 10.0, J2’-3’b = 18.0 Hz, IH, H2’), 
7.33-7.40 (m, 3H, HAr), 7.49-7.54 (m, 2H, HAr); NOE : Irradiation at the signal of I-L3 (s, 5.59 ppm) showed 
a strong nOe effect on both HlO (bs, 3.53 ppm) and H5 (dt, 3.91 ppm). 

(2S,3R,5R)-3-hydroxy-2-hydroxymethyl-5-trimethylsilylmethyl-te~ahydrofuran 11 
Of tricyclic products 10, 25 and 29 0.25 mm01 was dissolved in a dioxane/water mixture (3/2 ml). Trifluoro- 
acetic acid (77 ~1, 1.00 mmol) was added and the reaction mixture was heated to reflux. Reaction times for the 
different starting materials were thirty minutes, two hours and fifteen minutes respectively. After compete 
conversion of the starting material the reaction mixture was cooled to room temperature and the acid was 
neutralized by carefully adding 126 mg sodium hydrogen carbonate (1.50 mmol) and stirring for fifteen 
minutes. A solution of 214 mg sodium metaperiodate (1.00 mmol) in water (3 ml) was added dropwise to the 
reaction mixture. After stirring for fifteen minutes 76 mg sodium bornhydride (2.00 mmol) was added. After 
stirring for one hour the reaction mixture was diluted with dichloromethane (10 ml). The resulting mixture was 
stirred vigorously for thirty minutes and the layers were separated. This procedure was repeated and the 
COmbkd Organic extracts were washed with water (20 ml), dried (MgSO4) and concentrated in vacua. The 
crude product was purified with flash column chromatography (silica, eluent: ethyl acetate/dichloromethane, 
5/95, v/v). The main product 11 had a Rf value of 0.27 and could be. recrystallized from methanol. The yields 



5316 R. A. VELOO ef al. 

were 78.34 and 81% respectively. M.p.: 123-127oC, IR (CHCl ) 3420,305O. 2930,1450,1400,1390,1370, 
1070 cm-l; lH-NMR (CDCl3,300 MHz) (Assignments with C&Y) 8 = 0.03 (s, 9H, -Si(CH )3), 0.96 (dd, 
Jl”a-1”b = 13.9, Jl”a-5 = 9.5 Hz, 1H. Hl”a), 1.17 (dd. Jl”a-1”b = 13.9, Jl”b-5 = 5.6 Hz, 1 & , Hl”b), 1.60 
(ddd, J4a-5 = 8.7, J4a-4b = 12.3, J3-4a = 7.6 Hz, lH, H4a ), 2.37 (ddd, J4b-5 = 7.0, J4a-4b = 12.3, J3-4b = 
6.0 Hz, 1H. H4b). 3.62 (dd, Jl’a-2 = 5.2, Jl’a-l’b = 11.6 Hz, 1H. Hl’a), 3.69 (dd, Jl’b-2 = 4.2, Jl’a-l’b = 
11.6 Hz, lH, Hl’b), 3.82 (ddd, J2-3 = 5.7, Jl’a-2 = 5.2, Jl’b-2 = 4.2 Hz, lH, H2), 4.16 (dddd, Jl”a-5 = 
9.5, Jl”b-5 = 5.6, J4a-5 = 8.7, J4b-5 = 7.0 Hz, lH, H5), 4.28 (ddd, J3-4a = 7.6, J3-4b = 6.0, J2-3 = 5.7 Hz, 
lH, H3); NOE : Irradiation at the H2-signal (ddd, 3.82 ppm) resulted in a strong NOE effect on the H4a-signal 
(ddd, 1.60 ppm) and weak NOE effects on the signals of Hl”a (dd, 0.96 ppm) and Hl”b (dd, 1.17 ppm). 
Irradiation at the HS-signal (ddd, 4.28 ppm) resulted in a NOE effect on the H4b-signal (ddd, 2.37 ppm). 
Irradiation at the H5-signal (dddd, 4.16 ppm) resulted in a strong NOE effect on the H4bsignal (ddd, 2.37 
ppm) and weak effects on the signals of Hl”a (dd, 0.96 ppm) and Hl”b (dd, 1.17 ppm). 

(1S,3S,5R,6R,8R)-3,8-diphenylJ-[(IR)-l -hydroxy-J-butenyl]-Z,4,7,9-tenaoxabicyclo[4.4.0]decane 12a 
from derivative IO 
Tricyclic derivative 10 (110 mg, 0.25 mmol) was dissolved in dry dichloromethane (5 ml). The solution was 
cooled to -78” C under a dry nitrogen atmosphere. Boron trifluoride etherate (62 pl, 0.50 mmol) was added 
dropwise using a syringe. The reaction mixture was allowed to warm to -2OOC. The reaction mixture was stirred 
at this temperature for one hour. After complete conversion of all the starting material the reaction was quenched 
by adding dropwise 139 pl of triethyl amine (1.00 mmol). The reaction mixture was allowed to warm to mom 
temperature. Successively a saturated aqueous NsHCO3 solution (10 ml) was added and the mixture was stirred 
vigorously for one hour. The dichloromethane layer was separated and washed twice with water (10 ml ). The 
solution was dried (MgSO4) and concentrated in vucuo. The product was purified with flash column chromato- 
graphy (silica, eluent: ethyl acetate/petroleum ether 60-80,40/60, v/v). Crystallization was performed from ethyl 
acetate and petroleum ether 60-80 yielding 78 mg of homoallyl alcohol 9a (0.21 mmol, 85 %) as white needles. 
M.p.: 165-167.5’C. Analytical data was similar to those written above. Following the same procedure starting 
with 91 mg of derivative 25 (0.25 mmol) yielded 59 mg of homoallyl alcohol 26 (0.20 mmol, 81 96). Starting 
with 125 mg of derivative 29 (0.25 mmol) yielded 101 mg of homoallyl alcohol 30 (0.24 mmol, 94 %). 
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