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ABSTRACT 

6-O-Benzyl-7,8-dideoxy-1,2:3,4-di-O-isopropylidene-~-glycero-a-~-galacto- 
act-7-ynopyranose reacted with tributyltin hydride to afford (Z)-6-0-benzyl-7,8-di- 
deoxy-1 ,2:3,4-di-O-isopropylidene-8-(tributylstannyl)-L-g~yce~~-~-D-ga~acto-oct-7- 
enopyranose, which was subsequently isomerised to the E-olefin 4. Replacement 
of the tributyltin moiety with lithium in 4 afforded the vinyl anion which reacted 
with 3-O-benzyl-l,2-O-isopropylidene-a-D-xylo-pentodialdo-l ,Cfuranose, fur- 
nishing 3-O-benzyl-6-C-[(E)-6-O-benzyl-7-deoxy-l,2:3,4-di-O-isopropylidene-~- 
glycero-cY-D-galacto-heptopyranos-7-ylidene]-6-deoxy-l,2-O-isopropylidene-a-D- 
gluco- (6) and -p-L-ido-furanose (7) in yields of -70 or -87% (depending on the 
temperature of the reaction). The configurations of the new chiral centres in 6 and 
7 were determined by their conversion into 3-0-benzyl-1,2-O-isopropylidene-a-D- 
gluco- and -/3-L-ido-furanose, respectively. Oxidation of 6 and 7 gave the same 
enone, 3-O-benzyl-6-C-[(E)-6-O-benzyl-7-deoxy-l.2:3,4-di-O-isopropylidene-r- 
glycero-a-D-galacto-heptopyranos-7-ylidene]-6-deoxy-l.2-O-isopropylidene-a-D- 
xylo-hexofuranos-5-ulose. 

INTRODUCTION 

The synthesis of optically pure natural compounds from carbohydrates is now 
a well-established method in organic chemistry’. For the synthesis of such 
ionophoric antibiotics as boromycin*, higher-carbon sugars seemed to be the best 
starting materials. There are two general routes for the preparation of these chiral 
synthons, involving (a) the condensation of a sugar unit with an achiral molecule3.4 
and further conversion into a polyhydroxylated system as, for example, in the syn- 
thesis of tunicamin4, and (b) the coupling of two sugar sub-unit&“. Method (b) is 
probably the more convenient since most, if not all, of the chiral centres of the 
target molecule are present in the sub-units. 

*Strictly speaking, these compounds are C,, sugar derivatives but, because of their resemblance to 
disaccharides and for easier comprehension. they are named as x-deoxy-x-(C-glycosyI)glycose 
derivatives. 
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Acetylene is a suitable substrate for the synthesis of higher sugars by reaction, 

for example. with aldchydes”. but the semi-reduction of the triple bond can be 

troublesome. A solution to the prohlcm would be a direct synthesis of higher sugar 

allylic alcohols via vinvl anions of simpte moncrsaccl~aridc~. 

RESUJ.TS AND I)JSCUSSION 

Addition of tributyltin hydride to acetylene affords ky-(tributylstannyl)- 

olefins that arc readily isomerised to the more stable I~U~I.S products”. PIfter the 

addition of butyl-lithium to this dcrivativc. a facile rrplacrmcnt iIf the tributyl- 

stannyl moiety with lithium is observed so that these derivative\ can serve as vinyl- 

anion equivalents 1 (R--CH=C’H-Li). Addition of’ 1 to an alckh>dc affords t hc 

allylic alcohol in good yields’j. 

Sugar-derived vinyl anions should be stable and yield higher sugar allylic 

alcohols on reaction with the formyl derivatives of simple carbc~hvdrates. Readily 

available h-0benzyl-7.8-dideoxy-I .I: 3.4-di-O-isc~propylide~~e-~.-~i~~c~t~r~~-c~-~~-~ui~~~- 

fo-act-7-ynopyranosc (2) was selected as the model compound for the preparation 

of higher sugars. 

The addition (3 h, 133”) of tributyltin hydride to the acetylcnc group in 2 

gave the % and E olefins, in the ratio 2:l. in almost quantitalivc yield. The 

configurations of the double bonds in 3 and 4 were dctcrmincd I-~adilp from their 

‘H-n.m r spectra. since the .I values for the olcfinic protons were =w 13 and 20 Hz. . . 

respectively. Prolonged heating (in boiling xylencj of 3 eft’ccctl~i cis-wcrns 

isomerisation to give 4. This isomerisation occurred on!,! when catalytic amounts of 

tributyltin hydride and azobis(isobutyronitriIc) wcrc present; ~l-1rc~m;~tographically 

pure 3 did not isomcrisc on heating at 133” for 24 h. 

When 3 was treated with butyl-lithium in tctrahydrot’urrtI1 at room tempera- 

ture. no exchange of the tributylstannyl moiety with lithium was observed. probably 

due to steric hindrance. However, 4 reacted readily with butyl-khium at --.78”. 

affording the vinyl anion. which was treated with 3-O-bcnzyl- I .~-O-isopropylidcnc- 

rr-u-.uylo-pcntodialdo- I .4-furanosclJ (5) to give the diasterrc~isomcriL allylic 

alcohols. 3-0-benzyl-6-<‘-I( Ej-60benzyl-7-dcnsy- 1 ,2:.~..~-di-(,-isopropvlidcne-I,- 

HCOBn 

0--CMe: 

2 
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glycero-a-D-galacto-heptopyranos-7-ylidene]-6-deoxy-l,2-O-isopropylidene-~-D- 
gluco- (6) and -j3-L-ido-furanose (7). The diastereoselectivity of this process was 
temperature-dependent. Thus, when the reaction was quenched at -78”, the ratio 
of 6 and 7 was -3:l (74% yield), whereas, at O”, the ratio was -3:2 and the yield 
was higher (87%). Oxidation of 6 or 7 with the Jones reagent gave the same enone 
8, proving that they were diastereoisomers. 

The configurations of the new chiral centres in 6 and 7 were established by 
the following chemical correlations. Ozonolysis of the double bond in 6 followed by 
reduction of the crude ozonide afforded 3-O-benzyl-1,2-O-isopropylidene-@-D- 
glucofuranoseis (9). Likewise, 7 afforded the ~-id0 isome@ (10) of 9. Thus, the 
configuration of the new chiral centre in 6 is R and that in 7 is S. 

The method reported allows the preparation of the higher sugar allylic 
alcohols (as mixtures of diastereoisomers) in high overall yield from readily 
available derivatives of simple monosaccharides. 

EXPERIMENTAL 

General. - Melting points were determined with a Kofler apparatus and 
were not corrected. Optical rotations were measured with a Perkin-Elmer 141 
spectropolarimeter on solutions in ethyl acetate at 20 f2”. ‘H-N.m.r. spectra (the 
data for 6-8 are recorded in Table I) were recorded with a JEOL JNM-4H-100, 
Bruker WM-250, or Bruker A-400 spectrometer for solutions in CDCl, (internal 
Me&). Mass spectra were recorded with a Finningan 8200 instrument. Column 
chromatography was performed on silica gel (Merck 230-400 mesh). Organic 
solutions were dried over anhydrous magnesium sulfate. 

6-O-Benzyl-7,8-dideoxy-1,2:3,4-di-O-isopropylidene-L-glycero-cY-D-g~acto- 
act-7-ynopyrunose (2). - 7 ,&Dideoxy-l,2 : 3,4-di-0-isopropylidene-L-glycero-(Y-D- 
gulucto-act-7-ynopyranose17 (7.1 g, 25 mmol) in dry N,N-dimethylformamide (30 
mL) was added dropwise to a slurry of sodium hydride (3.0 g of a 50% suspension 
in oil, 60 mmol) in N,N-dimethylformamide (30 mL). A solution of benzyl bromide 
(3.1 mL, 26 mmol) in N,N-dimethylformamide (10 mL) was then added dropwise. 
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The mixture was stirred overnight at room temperature and then diluted with ether 
(L(H) mL), the excess of hydride was decomposed with water, and the organic layer 
was washed thrice with water, dried. and concentrated. Column chromatography 
(light pctroleum-ethcr. 7: I) of’ the crude product af‘fordcd 2 (7.-P g. 19.92 mmol: 
79.7X), isolated as an oil. (crl,) -22” (c 0.9)). ‘Fl-N.m.r. dat;i: ir~i~r &a. 8 5.31 (d, 

1 H. J:_? 5.0 Hz. H-l), 2.N (d, I 1-i. .I,,, 2.0 Hz. H-X). 
Anuf. Calc. for C’JIH?,O,,: C, h7.J: H, 7.0. Found: C, 67.11: H. 7.3. 
_?-O-HPrfZ~l-f)-C-~~F-)-h-O-/~C’tI~~I-7-CiL~OX?‘-i .2..?,~-di-(:)-j.~c?pro~~,):lici~ln~~-l.- 

glycero-a- n-galacto-h~~~~ro~~)~r(ttz~t.s-7-?l(irl- I .I-C)-i.sot~~rr)?~~lirferlE-cu-r>- 
&co- (6) and -p-r.-idrJ-~tmttc,se (7). --- A mixture of I (._.-_ T 7 33 g. 5.93 mmol). tributyl- 
tin hydride (1 .75 mL. h.5 mmolj. azobis(isobutyrc)riitrile) ( IO mg). and xylcne (20 
mLj was boiled under reflux for 3 h. T.1.c. (light pctrolcum-ether. 3: I, Z develop- 
ments) then showed the disappearance of 2 and the formation of two less polar 
products. The mixture was concentrated to dryness under rcduccd prcssurc. 
Column chromatography (light petroleum-ether, 95:5) of the residue gave. first. 
(Z)-6-O-benzyl-7.8-clidcoxy-I .3:3,~-di-O-isc.~propvlid~ne-X-(tribut~lstannylj-~_- . 
gZ~cero-a-o-gnltrctcj-oct-7~-~iiopyral~osc (3; 2.61 g. 3.93 mmol: 6h.3%). isolated as 
an oil. ‘H-N.m.r. data: itr/er itlilt, ~56.07 (1 H,J,,.; 6.0. I.:, 13.2 Hz. H-7j. 6.20 (1 H. 
H-8j. 5.61 (d: 1 H. J,,, 5.0 Hz. H-l j, Isolated second was the 7-1:’ isomer 4 (1.26 g, 
I .90 mmol; 32X), isolated as an oil. ‘IT-K.m.r. data: itrter rtliu. 8 0.35 ( 1 Il. .1,,7 20 

Hz, H-X), 6.13 (I H, .I,,, 1.5 Hz. H-7). S.60 fd. I t-f. J;,, 4.X H/. H-I 1. 
When a solution of 3 (7.5 gj in dry xylcnc (20 mLj was boiled under reflux, 

t.1.c. (light petroleum--ether. 3: 1: 2 developments) showed no shangc after 23 h. 
When a catalytic amount (10 mg) of azobis(isc)butyronitrile) and trihutyltin hydride 
(0.1 ml,) were added and the solution wits boiled under reflux. 1.1.c. after 8 h 
showed the complete conversion of 3 into 4. which was isola~.cd (1..; g. 92%) by 
column chromatography. 

To a solution of 4 ((I.9 g. I .35 mmol) in tetrahydrofuran (3 mL) at -78“ was 
added butyl-lithium (0.94 mL of 1 .6M solution in hexanlX: 1 .S rn~nol, I. 1 equiv. j, 
and the mixture was stirred at --7X” for I 11. ‘I’.l.c. (light petroleum-<thcr. 7: 1) then 
showed disappearance ot’ 4. A solution of 5 (&(I mg, 1 .h5 mmol, dried by evapora- 
tion thrice with xylene) in tctrahydrofuran (? mI..) was added dropwise and the 
mixture was kept for 3 h at ---.7X”. Ether ( IO mL) wils then added followed by 
saturated aqueous ammonium chloride (1 mL). and the organic layer was washed 
with water, dried. and concentrated. Column chromatography (light pclroleum-cthyl 
acetate. 7:3) of the residue afforded. first, 6 (465 mg, 0.71 mmol: .??.3%). isolated 
as an oil. [cx],, -34” (c 1.3). Mass spectrum: m/z 630 (.M-‘ -- 15). 506, 381. 249. 

Aill. Calc. tor~C,,H,,O,,: C. 66.0: F-l, 7. I. Found: C. G.4: t,f. 7. I. 

Eluted second was 21 mixture (32 mg. 0.05 mmol; 3.7%) of 6 and 7. Elutcd 
third was 7 (1% mg, OS mmol); 17.X%), isolated ;IS an oil. (LX\,, --86” (c 0.7). 
Mass spectrum : m/z 639 (M _ -.- IS), 596, 58 1, Z-19. 

And. Found: (.‘. 65.7; l-i, 6.9. 
Altcrnativcly, to a solution of4 (X2Omg. I .23 mmol) in dry tctrahydrofuran (2 
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mLj at -78” was added butyl-lithium (0.86 mL of 1.6~ solution in hexane: 1.37 
mmol, 1.2 equiv.), and the anion was generated for 1 h at -78“. A solution of dry 
5 (360 mg, 1.29 mmolj in tetrahydrofuran (2 mL) was added. and the solution was 
kept for 15 min at -7X” and then allowed to warm to 23”. The reaction was 
quenched by the addition of saturated aqueous ammonium chloride and the 
products were extracted with ether. Column chromatography of the crude material 
afforded 6 (410 mg, 0.63 mmol; 51.2%) and 7 (290 mg. 0.44 mmolt 35.8%). 

3-O-Benzyl-li-C:-[~E)-ri-O-her~zyl-7-de~~~~~-i.2:.?,4-di-C~-i,sotpr~~~~yi~~iet~~a-r.- 
glycero-a-~-galacto-hey~~~~~~r~no,s-7-ylidene]-6-deo~.~-~-v-l,2-O-i.~o~~~rc~~~~vlid~~~e-t~-~~- 
xylo-hexo~ur#no.s-5-~~~~.~e (8). -- (uj A solution of 6 (421) mg. 0.64 mtnol) in acetone 

(10 mLj was titrated with the Jones reagent 1s ( I mL of a 0.7~ solution of the 
oxidant) until t.1.c. (light petroleum-ethyl acetate. 1: 1) indicated disappearance of 

6 and the formation of a less polar product visible in U.V. light. Ether (20 ml,) was 
added, the mixture was washed twice with water, and the organic layer was con- 
centrated. Column chromatography (light petroleum--ethyl acctatc. 1: 1) of the 
rcsiduc gave 8 (334 mg, 0.51 mmol; 70%). isolated as an oil. [NJ,, -70” (c 0.9). 
Mass spectrum: m/z 652 (MT), 637.2649 [(M.+ --. 15); talc. 63~.1639], S61. W-I, 

503, 488. 424, 403, 249, 229. 
Anal. Calc. for C&&O,,: C, 66.2; H, 6.X. Found: C. 66.5: iI. 6.8. 
(bj Alcohol 7 (120 mg. 0.183 mmol) was oxidiscd as described for 6. to afford 

8 (93 mg. 77.5%). 
Determinarion otf the cot$gurutic~n ut the new chit-al cetttre in 6 lmd 7. - 

Ozone was passed through a solution of 6 (102 mg, 0.15 mmol) in dichloromcthane 
(30 mL) at -78”. and the reaction was monitored by t.1.c. (light petroleum-ethyl 
acetate, 1: 1 j. After 10 min, the mixture was poured into a solution of triphcnyl- 
phosphine (30 mg) in dichloromcthane (10 mL). After 1 h at 0”. the: mixture was 
concentrated to dryness and a solution of the residue in dry tettahydrofuran (5 ml.) 
was reduced with lithium aluminium hydride (15 mgj under standard conditions”‘. 
to give 3-O-benzyl-I .2-O-isopropylidene-ly-I,-glucofuranose (9: 30.5 mg. 61%). 
which was isolated by column chromatography (light petroleum-ethyl acetate, 1: 1) 
and shown to be identical with authentic material”. 

Treatment of 7 (97 mg, 0. IS mmol), as described above for 6, g:ive 3-Gben- 
zyl-1,2-O-isopropylidene-P_l.-idofuranosc (10: 27 mg, .56.X%) 1 which was identical 
(t.l.c., ‘H-n.m.r.. i.r.) with authentic material’“. 
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