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SYNTHETIC COMMUNICATIONS, 22(17), 2459-2477 (1992) 

ALTERNATNE SYNTHESES OF 
L-(-)-OLEANDROSE FROM L-RHAMNOSE? 

PREPARATION OF GLYCALS 

Martin W. Bredenkamp*, Cedric W. Holzapfel and Francois Toerien 

Department of Chemistry and Biochemistry, Rand AMkaans University 
P.O. Box 524, Aucklandpark 2006, Johannesburg, South Akica 

ABSTRACT: ~-Rhamnal (2) is prepared from L-rhamnose (3) by use of an 
improved generalied F’ischer-Zach reaction. ~-Rhamnal (2) is then 
converted to L -)-olemirose (1) by stannylene mediated selective 
methylation and Jf ective hydration. Bemy1 a-L-oleandrose (12) is prepared 
by selective methylation and deoxygenation of L-rhamnose (3). 

The 2,6dideoxy sugar L-(-)-oleandrose (1) occurs in the leaves of Neriam 

oleander (Apocynaceae).l L-(-)4leandrose (1) also occuxs as a component of 

several antibiotics such as oleandomycin3 and the avermectin series.4 Several 

syntheses of DL-s and L-(-)deandrose (1)e-8 have been reported as well as 

alkyl DL-0 and L-(-)-oleandrosides.lo-12 As part of our interest in the efficient 

preparation and use of unsaturated sugar deriva- 

tives in the chiral synthesis of natural compounds,lS 

we herein report a short synthesis of L-(-)-olean- 

drose (1) from L-rhamnal 

from L-rhamnose (3). 

(2) which is prepared 
1 

*To whom correspondence should be addressed. 

2459 

Copyright 0 1992 by Marcel Dekker, Inc. 
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2460 BREDENKAMP, HOLZAPFEL, AND TOERIEN 

The use of zinc in acetic acid for the reductive debromoacetylation of perace- 

tylated glycopyranosyl bromides is still the most widely used method for the 

preparation of pyranoid14 glycals since its serendipitous origin in 1913.15 A 

few modifications to the original method were introduced, e.g. reduction with 

zinc catalysed by silver on graphite16 or by aluminium amalgam17 of the 

peracetylated glycopyranosyl bromides. These methodologies are, however, 

technically difficult and expensive, and thus do not enjoy general application. 

Despite its widespread use, the yields of the Fischer-Zach15 preparation of 

glycals are usually moderate. The import of these compounds as chiral 

precursors have stimulated efforts to improve this preparation over several 

decades.18 One of these improvements entailed reduction with in situ prepa- 

red zinc/copper couple in w.aqueous acetic acid medium.1'J However, we 

found that the presence of the water in the reaction mixture led to competi- 

tive hydrolysis of the glycosyl bromide. Prior preparation of the zinc/copper 

couple followed by rigorous drying by washing with ethanol and THF and 

evacuating over P205 overnight made provision for an anhydrous Fischer- 

Zach reaction in 10% acetic acid in THF. Peracetylated (or perbenzoylated) 

D-glucal, D-galactal, D- and L-arabinal, D-xylal and L-rhamnal (4) were thus 

prepared in 80 - 90% yields in three steps from the corresponding sugars.20 

The triethylamine catalyzed methanolysie of 4 furnished 221 in quantitative 

yield. The conversion of 2 into L-oleandrose (1) requires selective Gmethyla- 

tion at position 3 and hydration of the double bond. Rhamnal (2) has been 

selectively 3-O-methylated either in several steps22 or adroitly by diazome 
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ALTERNATIVE SYNTHESIS OF I--(-WLEANDROSE 2461 

H O G G 7 -  Ll-0 Hoz~~oH*co~L --() 

OH OH 
2 3 4 

thane yielding at best a 7:l mixture of 3- and 4-0-methylrhamnal in mode 

rate yield.7 Dibutylstannoxane mediated selective 3-Qacylation of rhamnal 

(2)23 and 3-O-benzylation of 6-tributylsilylglud~4 suggested analogous 

selectivity in the Qmethylation of rhamnd (2). This selectivity is most 

likely induced stericdy and electronically. In view of the reported25 enhan- 

ced yields in tin mediated selective alkylation when caesium fluoride is 

added, a THF26 solution of the dibutylstannoxane complex of rhamnal was 

treated with methyl iodide in the presence of caesium fluoride for 2.5 days 

yielding 73% of the desired 3-O-methyl-~-rhamnalio (oleandral5) exclusively. 

The position of methylation was elucidated when the in situ treatment of an 

NMR sample of (5) with trichloroacetyl isocyanate caused significant deshiel- 

ding (63.51 to 5.02) of the unmethylated proton at position 4. 

Perusal of the available methodology27 for the hydration of the enolic double 

bond of the glycal (5) suggested the recent contribution of Horton and co- 

workers28 as the most promising possibility. Treatment of the 3-Qmethyl- 

rhamnal (5) with N-iodosuccinimide in the presence of tBuOH29 furnished 

the trans diaxial alkoxy iodide (6) in 86% yield. Facile reductive deiodina- 

tion of 6 with tnbUtylStaMane and AIBN rendered tertbutyl aLL-oleandro- 

pyranoside (7) in 96% yield. Hydrolysis also proceeded smoothly with cata- 

lytic amounts of trifluoroacetic acid and rapid work up furnishing Ldean- 
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2462 BREDENKAMP, HOLZAPFEL, AND TOERIEN 

hose (1, 86%) with physical properties ([4 and 1H and 13C NMR) in good 

correlation with the published data.8 

The remarkable selectivity in the stannylene mediated O-methylation of L- 

rhamnal (2) gave impetus to the possibility of an even shorter synthesis of L- 

oleandrose (1) from L-rhamnose (3).11 Selective Gmethylation of a suitable 

alkyl a-L-rhamnopyranoside should, by analogy to the selective benzoylation 

of methyl a-~-mannopyranoside,30 furnish the 3-@methyl derivative. A 

THF solution of the dibutylstannoxane complex of benpyl arL-rhamnopyran* 

side (8) was treated with methyl iodide in the presence of caesium fluoride to 

furnish after 1 h the 3-O-methylated product (9) in 86% yield. Prolonged 

reaction (14 h) resulted in the further 2-Gmethylation to give the 2,3-di-G 

methylrhamnopyranoside (10) as the major product (58%). The position of 

methylation in 9 was again proven by the in situ administration of trichloro- 

acetyl isocyanate during 1H NMR spectroscopy. The positions of methyla- 

tion in 10 are indicated with 13C NMR spectroscopy by the upfield chemical 

shift experienced by C-2 when compared to the monomethyl analogue 9 

(615.96 and 66.88 resp.) relative to the similar chemical shifts experienced by 

C-3 which is methylated in both instances (sSl.08 and 81.25 resp.) and C-4 

which is not methylated in both instances (671.69 and 71.64 resp.). 

5 8 7 
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ALTERNATIVE SYNTHESIS OF L-(-)-OLEANDROSE 2463 

HO +OBn H o _ z ; o ~  

OMe Me 
8 9 R=H 12 

10 R=Me 
11 R=C&Me 

OR H 

The next phase was the introduction of a group to the 2-@position that 

would enable deoxygenation at that. position. Tin mediated selective phenox- 

ythiocarbonylationol of the 2-@position seemed to be the designated metho- 

dology. Efforts to introduce a phenoxythiocarbonyl group at the 2-0-posi- 

tion by the addition of the thiocaxbonyl chloride to the same pot in which 

benzyl rhamnopyranoside (8) had been 3-Gmethylated whilst the chlorostan- 

nyl group still activated the 2-@position failed. Phenoxythiocarbonylation 

of 9 after tributylstannyl activation also failed. As an alternative the 2- 

xanthate (11) was selectively formed by classical means, using only a slight 

molar excess of sodium hydride. This selectivity may be rationalized in 

terms of the greater acidity of the 2- relative to the 4-hydroxy group due to 

the former being juxtaposed to the electron withdrawing anomeric position. 

Deoxygenation of the 2-position was realized by homolytic removal of the 

xanthate by the drop wise addition of a mixture of 11, tributylstannane and 

AIBN in benzene to refluxing benzene furnishing benzyl cu-L-oleandropyrano- 

side (12). 

Benzyl a-L-oleandropyranoside (12) is well disposed as a glycosyl acceptor 

and is easily converted into a glycosyl donor by acetylation and then deben- 

zylation catalyzed by 20% Pd(OH)Z/C under one atmosphere of hydrogen.* 
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2464 BREDENKAMP, HOLZAPFEL, AND TOERIEN 

We are currently investigating the synthesis of other deoxy and dideoxy 

sugars via selective xanthate formation and selective tin mediated thiocarbo- 

nylation followed by homolytic deoxygenation. 

Experimental 

All reagents excepting the Zn/Cu-couple (see below) and tetra-Gacetyl-L- 

rhamnopyranose32 were commercially available and used without prior pro- 

cessing. The following AR solvents were also used without prior processing: 

Ac20, glacial AcOH, EtOH and CHCl3. Benzene, toluene and THF were 

distilled off a sodium/potassium liquid alloy (1:5) after a trace of bemophe- 

none in the pot had turned blue with refluxing. Pyridine was refluxed and 

distilled off BaO, Et3N off Na, CH2Cl2 and acetonitrile off PZOS and absolute 

MeOH off Mg(0Me)l. EtOAc as solvent and eluting agent was distilled off 

K&O3 and hexane as eluting agent distilled. For standard column chroma- 

tography Silica gel 60 (Merck, 63-200 p) was used as stationary phase and 

for flash chromatography MN-Kieselgel 60 (Macherey Nagel, 40-63 p) was 

used. Silica gel 60 F264 plates (Merck, 0.15 mm) was used for TLC. Melting 

points were determined with a Koffler hot-stage apparatus and are uncorrec- 

ted. 1H and 13C NMR spectra were obtained using a Varian VXR 200 spec- 

trometer, with CDCl3 serving as solvent and internal reference [converted to 

tetramethylsilane as reference, 6~ (CHC13) being 7.24 and & (CDCls) being 

77.001. Mass spectra were recorded on a Varian Mat 8200 mass spectrome- 

ter. A Jasco DIP-370 spectropolarimeters was used for determining optical 
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ALTERNATIVE SYNTHESIS OF L-(->OLEANDROSE 2465 

rotations. IR spectra were recorded on a Perkin-Elmer 207/841 spectropho- 

tometer in chloroform, except where specified otherwise. 

In order to determine the position of free hydroxy groups (if any) in a com- 

pound in an NMR tube, 30 - 50 pl of trichloroacetyl isocyanate (Aldrich) 

were added in situ, and an NMR spectrum rerun. Severe downfield shift 

(A& > 1 ppm) of protons geminal to an oxygen atom is indicative of the 

oxygen atom being a hydroxy group having been derivatized. 

Preparation of the Zinc/Copper coap1e.- To a suspension of zinc (70 g) in a 

solution of CuS04-5H20 (7 g) in water (50 ml) at O°C was added a solution 

of sodium acetate (35 g) in a mixture of water (200 ml) and acetic acid (115 

ml). The resulting suspension was stirred for 10 min at O°C after which the 

supernatant liquid was decanted off the zinc/copper couple. The dnc/copper 

couple was then consecutively washed with 96% ethanol (3x350 ml) and THF 
(4x100 ml) by stirring and decantation and finally dried for 16 h in a vacuum 

desiccator over PzO5. 

L-Rharnnal (2).- A solution of tetra-@acetyl-~-rhamnopyranose32 (40.1 g, 

121 mmol) in acetic acid (20 ml) and acetic anhydride (5 ml) was treated 

with a solution of HBr in acetic acid (80 ml of 30%, 402 mmol) and stirred 

for 4 h at ambient temperature. The volatiles were removed in UQCUO 

furnishing crude tri-Wtyl-L-rhamnopyranosyl bromide; 1H N M R 3 3  a.25 

(d, 3H, a J ~ e . 5  = 6.3 Hz, CH,), 1.97, 2.05 and 2.13 (~xs ,  3 ~ 3 H ,  ~xCHSCO~) ,  

4.07 (dq, lH, 3 J ~ , 4  = 10.0 and 'J6,Me = 6.4 HI, H3), 5.12 (t, lH, 3J4,3 I 3J4.6 

10.1 Hz, H4), 5.42 (d, lH, jJ2,~ = 3.6 Hz; H-2), 5.64 (dd, lH, 353,4 = 10.2 
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2466 BREDENKAMP, HOLZAPFEL, AND TOERlEN 

and 3J3,2 = 3.4 Hz, H-3) and 6.22 (6, lH, H-1); 13C NMR 616.95 (9, CH3), 

20.61, 20.74 and 20.75 (3xq, ~ X C H ~ C O ~ ) ,  67.88, 70.26, 71.07 and 72.41 ( k d ,  

C-2, C-3, C-4 and Ca) ,  83.66 (d, C-1) and 169.58, 169.72 and 169.81 (~xs ,  

3xCH3CO 2). 

Tri-Oacetyl-L-rhamnopyranosyl bromide and NaO Ac (14 g) were dissol- 

ved in a mixture of THF (200 ml) and acetic acid (10 ml) and cooled down to  

OOC. Zn/Cu couple (80 g) was then added and the mixture allowed to reach 

ambient temperature while stirring for 2 h. The mixture was then treated 

with Na2CO3 (7.5 g) and stirred for 30 min after which the solids were filte- 

red off and the solvent removed from the filtrate in vucuo. The residue was 

dissolved in CHCls (200 ml), saturated aq NaaCO3 (300 ml) added and 

vigorously stirred for 30 min. The phases were separated and the organic 

phase dried (MgSOr), the solitent removed in vucuo and the residue distilled 

furnishing di-Oacetyl-L-rhamnal (4) (21.6 g, 83%); [a]jO +61.5' f2.1 ( c  

1.00, CHC13) (lit.34 [a]:' +66.9O, c 0.9, CHCl3); 1H34 and 13C35 NMR spec- 

tra in agreement with published data. 

Triethylamine (7.25 ml, 52.1 mmol) was added to a solution of di-0- 

acetyl-L-rhamnal (4) (5.00 g, 23.3 mmol) in MeOH (60 ml) and stirred at 

ambient temperature for 3 days. The solvents were removed in vucuo and 

the residue recrystalized from benzene furnishing L-rhamnal(2) (2.82 g, 93%) 

mp 71-74OC (lit.21 70-73OC, benzene); [aid3 -20.4' f1.9 ( c  1.00, CHC13) 

(lit.3'3 [a]B0 -21°, c 2, CHCl3); %ax (CHC13) 3432 cm-1 (H-bonded OH); 1H 

NMR (acetoneda) 61.28 (d, 3H, 3J~e ,s  = 6.3 Hz, CHs), 3.25 (ddd, lH, 3J4,5 

= 9.8, 3J4,3 = 6.9 and 3J4,40H = 4.8.H~, HA), 3.72 (dq, lH, 3J5,4 = 9.8 and 

'J6,Me = 6.4 Hz, H4), 4.02 (d, lH, 3J30H,3 = 5.4 Hz, OH-3), 4.07 (tt, lH, 

3J3,4 PJ 3 J 3 , 3 0 ~  PJ 6.9 and 3J3,2s 4J3,1 PJ 1.7 Hz, Ha), 4.41 (d, lH, 3J40~,4 = 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
9:

43
 2

9 
N

ov
em

be
r 

20
12

 



ALTERNATIVE SYNTHESIS OF G(->.OLEANDROSE 2467 

5.1 Ha, OHd), 4.62 (ad, lH, 3J2,1 = 6.1 and 3J2,3 = 2.0 Hz, H-2) and 6.23 

(dd, lH, 3J1,2 = 6.0 and 4J~l,3 = 1.7 Ha, H-1); 13C NMR spectrum and as- 

signment by HETCORR in agreement with published data;35 m/z (EI, 70 

eV) 130 (M+-20H, 13%) and 73 (100). 

So-Methyh-rhamnal (5) (L-o&andral).- L-rhamnal (2) (1.00 g, 7.69 mmol) 

and dibutylstannoxane (1.92 g, 7.71 mmol) were suspended in toluene (50 

ml) and brought to reflux for 2.5 h using a Dean and Stark separator. The 

solvent was removed by distillation, CsF (2.35 g, 15.5 mmol) added, and the 

last traces of solvent removed zn uacuo. The residue was dissolved/suspen- 

ded in THF (50 ml) and Me1 (1.90 ml, 30.5 mmol) added. After 2.5 days of 

stirring at ambient temperature, imidazole (1.05 g, 15.4 mmol) was added,,' 

stirred for 1 h and filtered through a short column of silica gel and the crude 

product, obtained on the removal of the solvent in WUCZLO, flash chromatogra- 

phed (EtOAc/hexanel:2) furnishing 3-0-methyl-L-rhamnal (5) (816 mg, 

74%); 1H NMRlo 61.36 (d, 3H, 3Jye,5 = 6.4 Hz, CH3), 2.58 (bs, lH, OH), 

3.38 (5, 3H, OCH,), 3.51 (ddd, lH, 354,b = 9.7, 3 J 4 4  = 6.0 and 3J4,0H = 3.0 

Hz, H-4, moved to 65.02 on addition of trichloroacetyl isocyanate into NMR 

tube), 3.83 (at, lH, 3J3,4 = 7.2 and 3J3,2 8 *JJs,~ e 2.0 Hz, H-3), 3.86 (dq, lH, 

3554  = 9.6 and 3J6,1re = 6.5 Hz, H3),  4.80 (ad, lH, 3J*,l = 6.2 and 352,s = 

2.7 Hz, H-2) a d  6.31 (dd, lH, JJl,, = 6.3 and "1,s = 1.5 He, H-1); 1aC 

NMR 617.10 (q, CH3), 55.75 (q, OCH3), 72.30 (d, C-4, moved to b73.15 or 

74.55 on addition of trichloroacetyl isocyanate into NMR tube), 74.38 (d, C- 
5), 78.55 (d, Ca), 99.03 (d, C-2) and 144.90 (d, C-1); m/z (EI, 70 eV) 144 

(Mi, 5.4%; found 144.0773, C~H1203 requires 144.0786), 143 (21), 120 (18), 

113 (56) and 50 (100). 
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2468 BREDENKAMP, HOLZAPFEL, AND TOERIEN 

Tert-bdyl 2-deozp%ioda-SO-methyl-cu-L-rhamnopyroside (6).- To a 

solution of 3-@methyl-~-rhamnal (5) (100 mg, 693 pmol) in acetonitrile (1 

ml) and tBuOH (1 ml) at  O°C was added N-iodosuccinimide (234 mg, 1.04 

-01). The reaction mixture was allowed to slowly warm to ambient tempe- 

rature while stirring for 16 h. The volatiles were removed in vacuo and the 

residue flash chromatographed (EtOAc/hexanel:3) furnishing tert-butgl Z 

deoq+iodo-S0-methyk-L-rhamnopyranoside (6) (206 mg, 86%) mp 71- 

74OC; [.]I3 -11.9' k2.0 (C 1.00, CHC13); %ax (CHCl3) 2980 (CH) and 

1241, 1108 and 1046 cm-1 (C-O); 1H NMR 61.22 [s, 9H, C(CH3)3], 1.27 (d, 

3H, 3J~e ,5  = 6.3 Hz, CH3), 2.78 (ddd, lH, 3J3,4 = 8.8, 3 5 3 ~  = 4.0 and 4J3,5 

= 0.7 Hz, H-3), 3.34 (s, 3H, OCHI), 3.53 (t, lH, 3J4,5 8 3J4,3 8 9.2 Hz, H-4), 

3.94 (dqd, lH, 3J5,4 = 9.3, 'J.5,& = 6.3 and 4J5,3 = 0.6 HI, H-S), 4.34 (ad, 

lH, 3J2.3 = 3.7 and 3J2,1 = 0.6 Hz, H-2) and 5.35 (d, lH, 3J1.2 = 0.7 Hz, H- 

1); 13C NMR 617.66 (9, CHs), 28.49 [q, C(CH3)3], 34.35 (d, C-2), 55.86 (9, 

OC&), 68.01 (d, Cb), 73.89 (d, C-4), 76.00 (s, [C(CHs)], 77.97 (d, C-3) and 

96.44 (d, C-1); m/z (EI, 70 eV) 344 (M+, l.6%), 271 (14), 270 (15) and 57 

(100). 

Tert-butyl %deoxg-SO-methyl-c-rhamnoppranoside (7).- To a solution of 

teri-butyl2deoxy-2-iod~-O-methyl-a~~-rhamnopyranoside (6) (700 mg, 2.03 

mmol) in benzene (50 ml) was added Bu3SnH (546 pl, 2.03 mmol) and AIBN 

(20 mg, 122 p o l ) .  The reaction mixture was refluxed for 1 h, further por- 

tions of BusSnH (546 pl, 2.03 mmol) and AIBN (20 mg, 122 p o l )  added and 

refluxing continued for a further 1 h. The volatiles were removed in vacuo 

and the residue flash chromatographed (EtOAc/hexanel:g) furnishing tert- 

butyl sdeoxg-90-methyb~LI.hamno~yruno~~de (7) (426 mg, 96%); [ a]i3 
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ALTERNATIVE SYNTHESIS OF L-(-)4LEANDROSE 2469 

-162.2' f0.7 (C 1.00, CHCl3); %ax (CHClaf 3598 (OH), 2982 and 2975 (CH) 

and 1223, 1108, 1068 and 998 cm-1 (C-O); 1H NMR 61.20 [s, 9H, C(CH3)3], 

1.21 (d, 3H, 3Jye,6 = 5.8 Haa CH3), 1.47 (ddd, lH, 2J2,2 = 12.3, 3J2ax,3 = 

11.5 and 3J2ax,1 = 3.7 Hr, H-2ax), 2.07 (ddd, IH, 1J2,2 = 12.3, 3Jleq,3 = 4.8 

and Uteq,l = 1.4 Hz, H-2eq), 2.51.(d, lH, 'JoH,4 = 2.0 Ha, OH), 3.10 (td, 

lH, 3 J 4 , ~  8 3J4,s 8 9.0 and 3J4,o~ = 1.7 Ha, H-4), 3.36 (8, 3H, OCH3), 3.53 

(ddd, 1H, 3J~,2ax = 11.5, 3J3.4 = 8.8 and 3J3,2eq = 4.9 HI, H-3), 3.82 (dq, 

lH, 355.4 = 9.4 and 3 J ~ , ~ e  = 6.2 HI, H-5) and 5.16 (dd, lH, 3J1,zeQ = 1.3 a d  

'J1,2ax = 3.8 Ha, H-1); 1% NMR (assignments made by HETCORR) 617.77 

(q, CHs), 28.58 [q, C(CH3)3], 35.49 (t, C-2), 56.33 (q, OCHs), 66.90 (d, Cb),  

74.41 (s, [C(CHa)], 76.36 (d, C4), 78.48 (d, C-3) and 91.83 (d, C-1); m/z 

(EI, 70 eV) 101 (M*-tBu, 0.59%), 145 (lg), 144 (2.0) and 74 (100). 

~ D e o ~ ~ - m e ~ ~ ~ ~ - r h a ~ ~ o s e  (1) (L-oleandrose).- Terfrbutyl 2deoxy-3- 

O-methyl-a-L-rhamnopyranoside (7) (50 mg, 229 wol) was dissolved in 

CHpClz (5 ml) and trifluoroacetic acid (50 pl, 649 pmol) and stirred for 1.5 h. 

The mixture was neutralized with NaHCO3 and then filtered through silica 

gel (EtOAc), the volatiles removed from the filtrate in wacuo, and the residue 

flash chromatographed (EtOAc/hexanc+l:l) furnishing 3-@methy1-2deoxy-~- 

rhamnose (1) (32 mg, 86%); [aid3 t11.2O f1.4 ( c  1.00, water) (lit.# 

+10.3O, c 1.23, water); ~~~a (KBr) 3399 (H-bonded OH), 2932 (CH) and 

1105 cm-1 (C-O); iH NMRB reveals an a$ anomeric mixture of 2.41 (a- 

anomer) 61.26 (d, 3H, 3Jye,5 = 6.3 Hz, CH,), 1.47 (ddd, lH, U2,2 = 12.9, 

3J2ax,3 = 11.4 and 3JzaX,1 = 3.6 Ha, H-2ax), 2.28 (ddd, lH, 1Jg,2 = 12.9, 

3J2eq,3 = 4.8 and 3J2eq ,~  = 1.3 Ha, H-2eq), 3.14 (t, lH, JJ4,5 8 3J4,3 8 9.2 Hz, 

HA), 3.38 (8, 3H, OCHs), 3.56 (ddd, lH, aJ3,2ax = 11.6, 3J3,4 = 9.0 and 
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2470 BREDENKAMP, HOLZAPFEL, AND TOERIEN 

3J3,aeq = 4.8 Hz, Ha), 3.91 (dq, lH, 3Js,4 = 9.4 and 3Js,~e = 6.3 Hz, H-5) 

and 5.34 (bd, lH, 3J1,zax = 2.9 Hz, H-1), (Danomer) 61.32 (d, 3H, 3Jye,~ = 

6.1 Hz, CH,), 1.25-1.60 (m, lH, H-2a~), 2.39 (ddd, lH, 2J2,2 = 12.3, 3J2eq,3 

= 4.2 and 3Jzeq,l = 2.1 Hz, H-2eq), 3.00-3.50 (m, 3H, H-3 H-4 and HS) 3.33 

(s, 3H, OCH3) and 4.79 (dd, la, 3J1,zax = 9.7 and U1,zeq = 2.1 Hz, H-1); 

13C NMR (assignments made by HETCORR) (aanomer) 617.89 (9, CH3), 

33.90 (t, C-2), 56.45 (q, OC&), 67.67 (d, CS), 76.17 (d, Ca), 77.85 (d, C-3) 

and 92.17 (d, C-1), (panomer) 617.85 (9, CH,), 35.51 (t, C-2), 56.33 (q, 

OCHs), 71.80 (d, Cb), 75.27 (d, C4) ,  80.53 (d, C-3) and 94.03 (d, C-1). 

Benzyl os-rhamnopyranoside (8).- To benzyl alcohol (4.60 ml, 44.2 mmol) 

at -1OOC acetyl chloride (1.60 ml, 22.4 mmol) was added dropwise. The 

mixture was allowed to reach ambient temperature and L-rhamnose (500 mg, 

3.05 mmol) was added. After 5 h of stirring, the solution was evaporated an 

vaao and the residue chromatographed (hexane then EtOAc/hexane-l:3) 

over silica gel to remove the excess benzyl alcohol. The fractions containing 

the product was flash chrom9tographed (EtOAc) over silica gel furnishing 

benzyl a-L-rhamnopyranoside (8); [a]$3 -93.1' f1.2 (c 1.00, MeOH); %ax 

(KBr) 3547 (free OH), 3394 (H-bonded OH), 1091 and 1064 cm-1 (C-O); iH 

NMR (acetone-&) 61.23 (d, 3H, JJye,5 = 6.2 Hz, CH3), 2.95 (bs, 2H, OH3 

and 4), 3.40 (t, lH, 354.3 x 3J4,s s 9.3 Hz, HA), 3.62 (dq, lH, 355,~ = 9.3 and 

3Js,~e = 6.1 He, H-5), 3.66 (dd, lH, 3J3,4 = 9.4 and 3J3,2 = 3.4 Bz, Ha),  

3.84 (bs, lH, H-2), 3.88-3.96 (bs, lH, OH-2), 4.48 (d, lH, ~ J H # , H ~  = 12.0 Hz, 

Hb), 4.70 (d, lH, 'JJH',H' = 12.0 He, H'a), 4.79 (d, lH, 3J1,2 = 1.3 Ez, H-1) 

and 7.10-7.35 (m, 5H, Ph); W NMR (acetone-da, assignments made by 

HETCORR) 618.10 (q, CH3), 69.18 (d, Cb), 69.35 (t, C ) ,  71.88 (d, C-2), 
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ALTERNATIVE SYNTHESIS OF I.-(-)-OLEANDROSE 247 1 

72.49 (d, C-3), 73.72 (d, C4), 100.33 (d, C-11, 128.28 (d, pPh), 128.57 (d, O- 

Ph), 129.08 (d, m-Ph) and 139.09 (8, ipsePh); m/z (EI, 70 eV) 181 (MI- 

CsHsO2,4.7%), 163 (l l) ,  145 (4.9) a d  91 (100). 

Ben& W-methyl-clrL-rhamnopyranoside (9).- Benzyl a-L-rhamnopyrano- 

side (8) (1.50 g, 5.90 mmol) and dibutylstannoxane (1.47 g, 5.91 mmol) were 

suspended in toluene (50 ml) and brought to reflux for 1 h using a Dean and 

Stark separator. The solvent was removed by distillation, CsF (1.80 g, 11.8 

mmol) added, and the last traces of solvent removed an wamo. The residue 

was dissolved/suspended in THF (50 ml) and Me1 (1.50 ml, 24.1 mmol) 

added. After 2 h of stirring at ambient temperature, imidazole (800 mg, 11.8 

-01) was added,37 stirred for 1 h and filtered through a short column of 

silica gel and the crude product, obtained on the removal of the solvent in 

wacoo, flash chromatographed (EtOAc/hexane-1:l) furnishing benzyl 90- 

rnethyC~L-rhemnopyosa~e (9) (1.36 g, 86%); [a]d3 -76.2O f1.2 (c 1.00, 

water); %ax 1231 cm-1 (C-b); .1H NMR a.30 (d, 3H, 3 J ~ ~ , 5  = 6.2 Ez, 

CHs), 2.02 and 3.42 (2xbs, 2xlH, 2xOH), 3.41 (m, lH, H-3), 3.45 ( 8 ,  3H, 

OC&), 3.54 (t, lH, 3J4,3 PI 3J4,~ PI 9.1 Hz, H-4, moved to 64.94 on addition of 

trichloroacetyl isocyanate into NMR tube), 3.73 (dq, la, 3 J ~ , 4  = 8.9 and 

3J5,~e = 6.2 Ha, HS), 4.09 (ad, lH, 3J2,~ = 3.1 and 3Jl,l= 1.7 Hz, H-2), 4.46 

(d, lH, ~Jw,H' = 11.8 He, Hb), 4.69 (d, lH, ~ J H * , H ~  = 11.8 Hz, Ha), 4.91 (d, 

lH, sJ~,z = 1.5 Hz, H-1) and 7.20-7.40 (m, 5H, Ph); 13C NMR (aseignments 

made by HETCORR) 6l7.62 (q, CHs), 56.M (q, OCHs), 66.88 (d, 02) ,  

67.80 (d, Cb), 69.13 (t, C),  71.64 (d, C-4), 81.25 (d, CS), 98.56 (d, Gl), 

127.92 (d, pPh), 128.07 (d, ePh),  128.46 (d, mPh) and 137.19 (8, ipso-Ph); 

m/z (EI, 70 eV) 251 (M*-OH, 12% found 251.1255, C14&04 requires 

251.1283), 177 (6.7), 161 (28) and 91 (100). 
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2412 BREDENKAMP, HOLZAPFEL, AND TOEREN 

Benzyl 9-O-methydZ-O-(thiomethozyth~o~arbonyl)nos~de 

(Zl).- To a solution of benzyl 3-@methyl-ar~-rhamnopyranoside (9) (820 

mg, 3.06 mmol) in THF at 0% was added NaH (80% suspension in oil, 105 

mg, 3.07 mmol) and imidazole (20 mg, 290 p o l )  and stirred for 45 min, 

while allowing to reach ambient temperature. CS2 (480 pl, 7.98 mmol) was 

then added and after a further 10 min of stirring, Me1 (400 @, 6.43 mmol). 

After 20 min, the volatiles were removed in vacuo and the residue flash 

chromatographed (EtOAc/hexane-l:2 then 1:l) furnishing benzyl $0-methpl- 

Z-O-(thiomethozythiocarbonpl)-arL-rhamnopyranoside (11) (928 mg, 85%); 

[a]:' -51.6' f1.5 ( C  1.00, CHC13); 1H NMR 61.33 (d, 3H, 3J~e .5  = 6.2 Hz, 

CH3), 2.44 (bs, lH, OHd), 2.54 (s, 3H, SCHs), 3.38 (8, 3H, OCHs), 3.50-3.70 

(m, 2H, H-3 and H-4), 3.79 (qn, lH, 3 J ~ , 4  u 3 J 5 , ~ ~  u 6.2 Hz, H4), 4.51 (d, 

lH, ~JH#,H~ = 11.9 Hz, Hb), 4.71 (d, lH, ~JH',H* = 11.9 Hz, Ha), 4.97 (d, lH, 

3J1,2 = 1.7 Hz, H-1), 6.11 (dd, lH,.?J2,3 = 2.7 and 3J2,l = 1.8 Hz, H-2) and 

7.20-7.40 (m, 5H, Ph); 13C NMR (assignments made by HETCORR) 617.73 

(q, CHs), 18.97 (9, SCHs), 57.48 (q, OCHs), 68.23 (d, Cb),  69.52 (t, C) ,  

72.21 (d, C4),  75.70 (d, C-2), 79.44 (d, C-3), 99.25 (d, C-1), 127.99 (d, p 

and o-Ph), 128.49 (d, mPh), 136.90 (8, ipso-Ph) and 215.81 (s, OCS2); m/z 

(EI, 70 eV) 341 (M+-OH, 0.72%), 250 (6.8), 219 (2.8) and 91 (100). 

Benzyl 2-deozy-SOmethyl-ar~-rhamnopy~anoside (benzyl a%-okandropyra- 

noside) (12).- To a refluxing solution of benzyl 3-O-methyl-2-O(thiome- 

thoxythiocarbony1)-r-rhamnopyranoside (11) (440 mg, 1.23 mmol) in 

benzene (15 ml) was added dropwise over 80 min a solution of BusSnH (589 

pl, 2.23 mmol) and AIBN (48 mg, 292 pmol) in benzene (10 ml). The reac- 

tion mixture was cooled down, the solvent removed in vacuo and the residue 
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dissolved in CHCh (10 ml), washed with sat. aq. NaHC03 (10 ml) and the 

aq. phase reextracted with CHCls (10 ml). The solvent from the combined 

organic extracts was removed in U ~ C U O  and the residue flash chromatogra- 

phed (EtOAc/hexanel:2) furnishing benryl2deoxy-3-@methyl-cr-~-rhamnc~ 

pyranoside (12) (252 mg, 82%); [a]do -104.2O f2.3 (c 1.00, CHC13) (lit.8 

[a]i4 -86.7', c 3.97, CHCls); iH NMR8 1.29 (d, 3H, 3Jaae,5 = 6.2 Hr, CHs), 

1.51 (ddd, lH, 2J2.2 = 12.8, 3J~ax,3 = 11.4 and 3J2ax,l = 3.7 Hz, H-~u), 2.30 

(ddd, 1H, 2J2,2 = 12.8, 'J2eq.3 = 4.9 a d  Uzeq,l = 1.3 Hz, H-2eq), 2.59 (d, 

lH, 3JoH,4 = 2.3 Hz, OH), 3.16 (td, lH, 334,s fi: 3J4,5 8 9.1 and 3 J 4 , 0 ~  = 1.9 

Hz, H4), 3.37 (s, 3H, OCHs), 3.55 (ddd, lH, 3J3,aax = 11.4, 3J3,4 = 8.9 and 

3Js,2eq = 4.9 Hz, H-3), 3.73 (dq, lH, 3J5,4 = 9.3 and 3J6,~e = 6.2 Hz, Ha),  

4.43 (d, lH, ~ J H ~ , H '  = 11.8 Hz, HI), 4.67 (d, lH, ~ J H ~ , H *  = 11.8 Hz, Ha), 4.97 

(bd, lH, 3Jl,aax = 3.7 Hz, H-1) and 7.25-7.40 (m, 5H, Ph); 1% NMR 

(assignments made by HETCORR) 617.84 (9, CHs), 33.92 (t, C-2), 56.45 (q, 

OCHs), 67.67 (d, CS), 68.81 (t, C),  76.17 (d, C4), 78.29 (d, C-3), 96.63 (d, 

C-1), 127.70 (d, PPh), 127.91 (d, O-Ph), 128.40 (d, mPh) and 137.72 (8, 

ipso-Ph). 
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