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Abstract A couple of enannomenc octopyranoses. endowed wrth drfferenttated protecttve groups. namely the L- 

three-D-talo- and D-three-L-talo- octose &nVahVt?S L-6 and D-6, were synthesuedfrom the enanhomers of threose 

L-I and D-l tn ca 10% overall yzeld tn five zndrwdual steps The synthettc plan emphasizes the value of 2- 

(tnmethylsdoq)jkn (TMSOF) as four-carbon homologanve reactant of homochlral aldehyde precursors en route to 

hrgher-carbon monosacchande touts 

The recogmtton of the central role played by complex sugars m biologcally active products1 coupled with the 

synthetic value of related multlfunctlonal fragments2 has stimulated a great deal of interest m tlus matter 3 

Recent reports from our laboratory+’ ldentdied a novel strategy for the synthesis of higher carbon sugars based 

on stereoselective elonganon of homochlral Cn precursors using 2-(tnmethylnloxy)furan (TMSOF) In the 

event, BF3- medated ad&non selectively generates Cn+4 butenohdes which, by a senes of clean reactions, can 

be converted into advanced multifunctional structures or targets, by explcntmg the strong choral bias of the 

butenohde mamc?s 

TMSOF C,, Chuon C,,& Mamx Intermediate Target 

llus prmciple is apphed here in the total synthesis of an enanttomenc couple of octopyranoses, namely 

protected L-three-D-ralo- and D-three-L-talo- octopymnose derivahves ~-6 and D-6 5 Four-carbon elongaaon of 
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2,3-0-isopropyhdene-4-O-benzyl-L- and D-thxeose L-l and D-l m CH2Cl2 ~th TMSOF m the prea 

eqmv of BF3 etherate, followed by protechon of the newly formed OH’s at C-5 as mmethylsllyl ethe 

generated L- and Pgalacm- configurated unsaturated &tones L-2 and D-2 m 66% and 69% yield xe: 

~th no other dustemxnsomexx observed m the 300 MHz lH NMR spectra of the nxcnon mxtmc 

0 0 

o&l 
H 

+i 

L-l 

- TMSO 

TMSOF 

i BF3 OEt,, CHQ,, -8O”C, then 
TMSCl, pyndme, rt, SiO, 

D-1 

OTMSO OTMS 0 

c&l 
0 

L-2 D-2 

ii KMn04, DCH- 18-crown-6, 
CH*c1~,15-2oY!, SIO, 

OTMS 0 OTMS 0 

o&l 
0 0 

c ~-3 R=H 
Iii, TMSCl, pyndme, rt, 

D-3 R=H 

~-4 R=TMS SlO, D-4 R=TMS 

I 

iv, DIBALH, CH$&, -!WC, then 
clmc acid, methanol, rt I 

C 
~-5 R=H v A%O, pyndme, DMAP, 

c 

D-5 R=H 

~-6 R=Ac lt, SIO, D-6 R=Ac 



Total synthesis of octopyranose denvatlves 8027 

Treatment of the couple L-2 and D2 m CH$l2 vvlth sohd KMnO4 III the presence of &cyclohexane- 18- 

crown-6-ether6 at 15-20°C resulted 111 lughly selective cls-tiydroxylation of the butenohde double bond 

generatmg L-three-D-kalo- and D-rhreo-I&do- octonolactomx L-3 and D-3 (50% and 48% yield), m wluch the 

newly forged cis OH’s are anu with respect to the large subsmuent at C-4 Silylahon of ~-3 and D-3 with 

Me#Cl(2 5 eqmv) m pyndme at room temperatuxe led to pmtecuon of the two hydroxy fimcnons, gwmg ~-4 

and D-4, the configurations of which were corroborated by a strong NOE observed between the two CIS 

hydrogens at C-2 and C-3 and the absence of an effect between the anti-disposed hydrogens at C-2 and C-4 

A clean protocol of three mild reacuons then allowed the octopyranose formanon Lactone to lactol 

reduction using DIBALH in CH2C12 at -9O’C followed by dealylauon (clmc acid, methanol, 25’C) afforded 

crude pyranoses L-5 and D-5, which were converted into the correspondmg tetraacetates ~-6 and ~-6 by 

A&/pyndme/ DMAP treatment, m 5 1% and 53% overall yields for the three final steps of the sequence 

The tH NMR spectra of this enanno-pax m CDC13 were supenmposable showmg, m the anomenc 

region, only two resonances at 6 6 06 (d, J= 1 5 Hz) and 6 5 53 (d, J=2 2 Hz) m a 89 11 ratio for the a- 

pyranose and P-pyranose The major anomers a-~-6 and U-D-~ were separated from the corresponchng j3- 

counterparts by flash chromatography on sdlca gel, and this allowed unantnguous assignment of the talose 

nature of the rmg to be determined In CDC13 solution, a-~-6 mamly exists m 4C1 conformation, and tins was 

ascertained by the presence of a strong NOE between axially disposed H-3 and H-5 and a four-bond W 

coupling constant (4J=0 9 Hz) between dtequatonal H-2 and H-4 7 As expected, the opncal rotation values of 

pure cc-enanuomers were nearly equal but reverted, being +15 0’ (c 0 24. CHC13) for a-L-6 and -15 lo (c 0 9, 

CHC13) for a-D-6 

In order to further support the gven configurational assignments, pyranose D-6 was fully deprotected 

by hydrogenolytic debenzylatlon followed by acidic treatment and reaction with Dowex OH- form resin There 

was obtained D-three-L-rufo-octose as a wlnte soled, whose physical and spectroscopy charactenstlcs well 

matched the values recently reported by Vogel for a totally syntheuc sample 5 

We note m summary that two extremely selective steps, the addmon and the hydroxylauon reactions, 

combined with few simple transformations were employed in this synthetic scheme Th1.s provided the 

octopyranose couple 6 m cu 10% overall yield for the entire sequence movmg from the avadable precursors 1 

and TMSOF The applicability of this new strategy to the total synthesis of other iugher carbon sugars 1s a 

matter of pnme interest in our laboratory 

EXPERIMENTAL 

General remarks, see ref 4 optical rotations, (XD (c in g/100 mL) 

2-(Trimethylsiloxy)furan (TMSOF) was prepared from commercial grade 2-furaldehyde (furfural, 

Aldrich) via 2(5H)furanone 879 TMSOF 1s also commercially avadable (Fluka, Aldrich) and can be stored 

months at -2O’C 

2,3-0-Isopropylidene-4-O-benzyl-L- and D-threose (L-l and D-l) were prepared from 

commercial &methyl-L- and D-tartrate (Aldrich) via the correspondmg 2,3-O-uopropyhdenethreltols &*O 
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5-O-(Trimethylsilyl)-6,7-O-isopropylidene-8-O-benzyl-2,3-dideoxy-L-g~Z~cto-~t~ 

enono-1,4-lactone (L-2). Threose L-l (4 94 g, 19 7 mmol) and TMSOF (4 0 g, 25.5 mmol) 

&ssolved in dry CH2Cla (100 mL) under argon, and the mixture was cooled to -8Y’C With sturmg 

etherate (2.42 mL, 19 7 mmol) was added and the soluhon was stirred for 5 h A saturated aqueous Nal 

solution was added at -85% and, after ambient temperahne was reached, the resultmg mixture was exb 

Hrlth CH2Cl2 (3x30 mL). After drymg (MgSOb), the soluQon was evaporated under reduced pressure a~ 

crude oily product &ssolved m pyridme (50 mL). Tnmethyhulyl chhmde (5.0 mL, 40 mmol) was then i 

under s-g at 0°C and the mixture allowed to react at 25’C for 4 h. Water (150 mL) was added ar 

mixture extracted ~nth CH2Cl2 (3x30 mL). The combmed extracts, washed wth water and dried over Ml 

were concentrated m vacua to furmsh a crude rnmture from which the major component ~-2 was punfi 

flash chromatography (1 1 hexane/ethyl acetate, Rf 0 53): 5.28 g (66%), colorless 011, [U]D +21 9” (c 

CHC13), 1H NMR (300 MHz, CDCl3) 6 7.49 (dd, J 5 9. 17, lH, H-3). 7 33 (m, 5H, Ph), 6 13 (dd, I 

1 9, lH, H-2). 5 07 (dt, J 4 9, 1 7, lH, H-4). 4.60 (ABq, J 12 2, Av 29 3, 2H. CH2Ph). 4 12 (td, . 

2 4, lH, H-7). 3 87 (t. J 7 5, 1H. H-6), 3 69 (dd, J 8 1, 4 6, lH, H-5), 3 67 (dd, J 10 2, 2.4, H-8a), 

(dd, J 10.5, 7 1, H-8b), 143 and 1 38 (2s, each 3H, Me), 0.07 (s, 9H, S1Me3). l3C NMR (75 4 

CDC13) 6 172 51, 153 46. 153 38, 137 67, 128.27, 127.92, 127.65, 122 43, 122.28, 110 03, 84 92, ; 

76 66,75 30,73.53,7155.27 04,26 85.0 35 Anal. Calcd for C21H3006S1 C, 62 04, H. 7 44 Four 

62.23, H. 7 60 

2,3,5-Tri-0-(trimethylsilyl)-6,7-O-isopropylidene-8-O-benzyl-L-threo-D-talo-octo 

1,4-lactone (L-4) To a soluaon of L-2 (4.0 g, 9 8 mmol) in CH2C12 (130 mL), d1cyclohexano-18-crol 

ether (0.8 g, 1.3 mmol) and powdered KMnO4 (1 6 g, 10 mmol) were added at -1O’C under snmn8 

mixture was stn-red at amblent temperature for 6 h then solrd sodmm sulfite (3 g) and water (100 mL) 

added and the brown slurry filtered over a c&e pad. The filtrates were extracted ~nth CH2C12 (3x50 mI 

the combmed extracts dned (MgSO4) and evaporated to dryness Flash chromatography over sd1ca gel ( 

hexane/ethyl acetate) afforded lactone ~-3: Rf 0.43.2.15 g (50%), [a]D -27 4’ (c 4 2, CHCl3). 1H NMR 

MHz, CDC13) 6 7.30 (m, 5H), 4 56 (m, 4H), 4 39 (bs, lH), 4.12 (m, 2H) 3 82 (bd, 2H), 3 59 (m, 3H) 

(s, 6H), 0 12 (s, 9H) Tlus matenal was &ssolved 111 pyndme (15 mL) and TMSCl(2 47 mL, 19 5 mmol 

added and the mixture was stn~ed at ambient temperature for 5 h Water (50 mL) was added and the m 

extracted with CH2C12 (3x25 mL) The organic extracts, washed with water and tied (MgSOb), 

concentrated m vacua to gwe a xes1due which was subjected to flash chromatography over silica gel elutml 

a hexane/ethyl acetate 80 20 solvent mrxture. Pure ~-4 (Rf 0 50) was obtamed as an 011~ substance 2 

(41% yield from L-2), [U]D +25 0” (c 3.0. CHC13), 1H NMR (300 MHz, CDC13) 6 7 33 (m, 5H, Ph) 

(ABq. J 12.3, Av 28 2, 2H, CHzPh), 4 37 (s, 2H), 4 32 (d, J 3 9, lH), 4 11 (td, J 6 6, 2 1, lH), 3 7 

2H), 3 66 (dd. J 10 2, 2 1, 1H). 3 52 (dd. J 10 2. 6 9, lH), 1 41 (s. 3H). 140 (s, 3H). 0 21 (s, 9H) 

(s, 9H), 0 10 (s, 9H). Anal Calcd for C27H&& C, 55 44, H, 8 27 Found C. 55 50, H, 8 48 

1,2,3,4-Tetra-O-acetyl-6,7-O-isopropylidene-S-O-benzyl-L-threo-D-talo-octopyra~ 

(~-6). To a solution of L-4 (2 0 g. 3 4 mmol) 1n anhydrous CH2C12 (50 mL) was added a 1M solub 

DIBALH 1n CH2Cl2 (10 mL) v1a cannula at -90°C After the reacuon was stu-red at this temperature fc 

methanol (2 mL), solid sodmm-potasstum tartrate (2 g), and water (10 mL) were added and the mixtm 
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suned at amblent temperatme for 4 h The nuxtme was extracted with CH2Cl2 (3x20 mL) and the extracts dned 

over MgS04. Evaporation of the solvent gave an ally residue winch was &ssolved m methanol (5 mL) and 

treated urlth sobd cltnc acid (0 2 g) After the mlxhu-e was stmed overmght, the solvent was removed and the 

residue subJected to flash chromatography elutmg vvlth 9 1 ethyl acetate/methanol Thus afforded pyranose L-5 

as an mseparable mmtme of anomers Thu maknal was dusolved 111 pyndme (5 mL) and treated urlth A& (5 

mL) and a catalytic amount of DW (20 mg) After bemg stured at room temperature for 12 h, the mlxhue 

was poured m 40 mL of water and extracted with CH2Cl2 (3x30 mL) After drymg, the solvent was evaporated 

and the residue flash chromatographed over sd~ca gel elutmg with 1 1 hexane/ethyl acetate Thus afforded ~-6 as 

a mixture of a and p anomers m a ratio of 89:11, as estimated by lH NMR via integration of the two 

resonances at 6 5 53 (.I 2 2 Hz, P-pyranose) and 6 6 06 (J 15 Hz, a-pyranose) This substance (0 93 g, 51% 

peld) was subJected to a further chromatographlc matment with the same eluant mutture that allowed pure a-L- 

6 (Rf 0 35) to be separated 0 54 g (30% yteld), a glassy solid, [C%]D +15 0” (c 0 24, CHC13), lH NMR (300 

MHz, CDCU) 6 7.39 (m, 5H, Ph), 6 06 (d, J 1 5, lH, H-l), 5 47 (ddd, J 3 6, 2 5,O 9, lH, H-4), 5 31 (t, J 

3 6. lH, H-3). 5 09 (ddd. J 3 6, 1 5, 0 9, lH, H-2), 4 61 (m, 2H, H-5 and H-6), 4 04 (td, J 6 9, 2 4, lH, 

H-7). 3 92 ( ABq, J 10 0, Av 17 5, 2H, CHzPh), 3 70 (dd, J 10 8, 2 7, lH, H-8a), 3 54 (dd, J 10 5, 6 6, 

1H. H-8b), 2 15, 2 14,2.11, 2 01 (four s, each 3H, OAc), 1 37, 1 36 (two s, each 3H, Me), l3C NMR (75 4 

MHz, CDC13) 6 169 72, 128 40. 128 30, 127 74, 127 70, 127 58, 110 31, 91 50, 80 60, 73 40, 73 17, 

73 06, 70 78, 66 35, 65 50, 65 15,27 07, 27 06, 20 83,20 64,20 59, 20 57 Anal Calcd for &H&12 

C, 57 99, H, 6 36 Found C, 58 12, H, 6 44 

5-O-(Trimethylsilyl)-6,7-O-isopropylidene-S-O-benzyl-2,3-dideoxy-D-guZuc~~-oct-2- 

enono-1,4-lactone (D-2). This was prepared from ~-1 and TMSOF parallelmg the procedure described for 

L-2 Yield 698, a glass, [U]D -21 7’ (c 1 2, CHCI3), lH NMR as for L-2 Anal Calcd for C21H3&S1 C, 

62 04, H. 7 44 Found C, 62 30, H, 7 61 

2,3,5-Tr~-O-(trimethylsilyl)-6,7-O-isopropylidene-8-O-benzyl-D-threo-L-talo-octono- 

1,4-lactone (D-4) Thus was prepared from D-2 accordmg to the procedure described in the preparaUon of L- 

4 Yield 485, an 011, [a]D -25 2’ (c 0 6, CHCl3), 1H NMR as for L-4 Anal Calcd for C27H&&& C, 

55 44, H, 8 27 Found C, 55 52, H, 8 49 

1,2,3,4-Tetra-O-acetyl-6,7-O-isopropyl~dene-8-O-benzyl-D-threo-L-talo-octopyranose 

(~-6). This was prepared from D-4 followmg the protocol described m the preparation of ~-6 Yield 53% 

(34% for pure a-anomer), a glassy white solid, [a]D -15 lo (c 0 9, CHC13), 1H NMR and l3C as for ~-6 

Anal Calcd for Q&I34012 C, 57 99, H, 6 36 Found C, 57 69, H, 6 24 

D-three-L-tale-Octose Fully deprotcctcd octose ~-6 (70 mg, 0 13 mmol) was &ssolved m 2 mL of 

methanol and hydrogenated (1 Ann, Hz) at ambient temperature m the presence of Pd/C catalyst (10 mg) After 

12 h the solution was fitered to remove the catalyst and the filtrates evaporated The residue was dissolved III 

AcOH/HzO 8 2 (2 mL) and heated to 60°C for 12 h The solvent was evaporated and the glassy residue 

subjected to Dowex 1x8 (OH- form) treatment m MeOH (5 mL) After being stu-red at room temperature 

ovemlght, the resin was removed by filtration and the solvent evaporated and the residue washed with ether (5 
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mL) to furnish 21 mg of a white powder: mp 136-144T (sealed capillary); [a]D -14.5” (c 0.6, H20, after 

equilibration); lH NMR (300 MHz, D20) 6 5.23 (bs,O.lH), 5.17 (d. J 3.9, 0.05H). 5.15 (d, J 1.5. 0.7H), 

5.13 (d, J 2.2,0.15H). Reported values:5 mp 140-146’C; [a12’D -14.1’ (c 1. H20, after 4 days). 
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