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Ahstractz The acctyknii alcohol, 3, readily prepared in two steps from propargyl bromide. 1. is converted to ethyl 2- 

dcoxy-D-xy1ofuTan0side. l3, and to the unnamml L-cnantiomer. 12, in 5 steps and 50% overall yield, utilizing asymmetrk 

dihydroxylation (AD) of alkcne 7 for intro&&m df chMity. A similar strategy from the. isomcric Zallylic alcohol, 4, 

afhudai the 2&oxy-L-ribofuranosidc, but in modest alantiomeric excess. 

The stereoselective synthesis of carbohydrates from acyclic non-carbohydrate precursors continues to be an 

-focus for anmnba ofnxzarch gcoups.t~* Asymmetric synthesis of carbohydrates ftomreadily availableuctiml 

in~isanranctivegoplo~sevcnldv~~over,andcomplimauaryto,chiron~~. Inpartict& 

if~rrsynnneaicmdhodoloeycanbeernployedforwhichbathenantiomericv~areRadilyav~,~bothnafural 
. . 

and~CUbohYdlXtCstatochemurtnes ~bCObt&Cdfroma- subiitrate.~3 A de rulyo approach could also 

of&k the pobmtial of introducing isotopic labels or other subsdtucnt pattcms (dcoxy. alkyl substituted) which would be 

pmbkznatktointroduceviaachinmappmach 

We have previously qofted the conversion of a simple five E-allyJic alcoholto a number of ikanoaidcs of 

borhD-andLulant.i~ series, arxI to derived nxxli&d nuclcosideq for example AZ&h ddC=’ and d4T,k utilkiq the 

s~Katsukiasymmmiccpkd&alfori#mduuioItofchMity. 

We an+isaged that asymumic dihydmxylatim (ADP off&s a potmtkUy complimmtary approa& to the synthesis 

of the Ft 2-dcoxycarbohydrates from the m E-allylic alcohol and/or from the isomuic zallylic alcohol. we report 

here an improved route to the E-dlylic alcohol, 5. and its conversion in only 4 steps, in high yield and good 

ala&J&&vity, to both the 2-dwxy-L- and BxyloM alanti-, Milking asymaIe&k dihydIVxylatial+ 
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The acetylenic alcohol, 3, was prepared on multigram scale in two steps from propargyl bromide (Scheme 1). The 

aluminium organometallics derived from propargyl bromide was reacted with trimethyl orthoformate to yield, in 50% yield 

after distillation, the ac&ylene 2 which was hydroxymthylated to give the alcohol, 3, in high yieldg. 

The crude propargykalcohol, 3,90-95% pure by 1H NMR spectroscopy, wss taken on without the need for 

furlher purification. The Z-alkene was obtained in 75-805 yield by hydrogenation in the pmsence of LmdWs catalyst. 

The optimum conditions for selective reduction were reaction at 0 “C for 45 minutes in the absence of quinoline. Longer 

reaction timea or higher temperatures led to contamination by the fully n~Iuced product. Reduction with lithium aluminium 

hydride in THF provided the E-allylic alcohol 5 in 75-80% pure yield after column chmmatography (Scheme 2). This route 

to 5 offers several advantages over our previously employed route from crotonaldehyde? in that chromatography is only 

nzquired for the final step, and the allylic alcohol is also significantly pumr prior to chromatography, thus making synthesis 

much more practicable on multigram scale. 

Lindlar’s catalyst HO 
H,/O°C/45min 

/ 75_Rfl(R 

t-BuPh,SiCI TBDPSO 
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The C2 phthakzine ligands, @HQD)2pHAL and (DHQ)2pHAL are the current optimum catalysts for AD of several 

alkene classes.5JO including E-disubstituted alkenes, which are generally excellent substratesl*. The E-alkene silyl ether, 

7. was asymmetrically dihydroxylated using (DHQD)flHAL to afford diol, 9, in 81% yield, and using (DHQ)ZpHAL to 

give the enantiomeric dial, 8, in similarly good yield (Scheme 3)t2. Treatment of these dials with dilute hydrochloric scid in 

dichloromethane,3 led to very rapid,t3 near quantitative conversion to the known corresponding glycoside derivatives14. 

Very little anomeric selectivity was observed at either 25 “C or at -10 “C, 15 but the anomers were easily separated by 

chromatography. Treatment with tetrabutylammonium fluoride (TEtAF) provided the glycosides, 12 and 1316, in s5% 

yield after duomatographic purification. 

‘lke enantiomeric excess of the D-xylofursnoside. 11. was determined by tH NMR analysis of the derived Mosher’s 

ester derivativet7. Only the sterically less hindered a-anomer reacted with Mosher’s acid, affording the ester in 95% yield, 

with no remaining alcohol detected by tic or NMR spectroscopy of the crude reaction product. The spectroacopic17 

enautiomeric excess (ee) of the D-xylo carbohydrate, 11, was determined to be 91%.t8s and the ee for the L-series was 

determined to be 84-86%.18b The absolute enantiofacial selectivity in the AD reactions was predicted using Sharpless’ 

mnemonk+ or modi&d mnemonic~diii) for AD with these figands, assuming the silyl ether-bearing alkene substitutent to 

be the larger. Proof of the absolute stenzochemistry was established by pmparing the chiral Pool derivedI (stereochemically 

unambiguous) Mosher’s ester derivative of the a-anomer of 11. and comparing the tH NMR shifts with those of the major 

and minor diastereomers of the AD derived carbohydrate Mosher’s eater derivatives of 10 and 1117. This conikrned that 

use of the (DHQD)m ligand afforded the Dxylo configuration consistent with the mnemonic. 

The AD of Z-disubstituted alkenes with sterically similar groups, such as substituted methylene groups, is 

problem&c, since it is known to give generally lower ee’s than the E-isomers.20 However, we examined the AD of the Z- 

alkene silyl ether, 6, using the ligand DHQD-IND. 2W1 This led to good chemical yklds but. as anticipated, relatively poor 

enantioselectivity, affording ultimately the unnatural. methyl 2-deoxy-L-ribofuranoside in 30-358 ee22. Proof of the 

absolute stereochemistry was established by comparison of the diastereomeric shifts of the Moaher’s ester with those for the 
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Moshcr’s ester derivative of methyl 5-tea-buty~~y~~yloxy-2~~-~~~~~~~. Intensthrgly. ia this case, 

acid catalysed cyclization of the diol to the glycoside carried out at -20 T atRaded a single anotuer (identified as the p- 

anon@. isolated in 85% pgihba yield. 
t 

9 OH OMe 

I dil. HCI 
CH2Ch 

10 R=TBDPS 11 R=TBDPS 
I 

12 R=H 
ii 

13 R=H 

scheme 3. i. (DHt&PHAL. K20s02(OH)zt K$O3, MeSONH2, t-BuOH-H20, 
ii. @HQD)$‘H.AL, K@O2(OH)2. K$O3. M&ON-Hz, t-BuOH-Hfl; iii. Bu&F, THF 

In summary, we have developed a short. asymmtric synthesis of the D and L-2-deoxyxylofuranosides from a 

commun, simple achiral in-, preparable iu multigmm quantities in two steps from pmpargyl bromide and trimethyl 

otioformate. This methodology should be applicable to the synthesis of specifically deuteratcd 2_deoxyxylofuranosides, 

and pobartially to 2-deoxyribofuranosi and thence to de&rated nucleosidtzs, the subject of a future repurt%. 
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9.Yicldsquutedarcforpurh%dchIomato 
~spectnlandMalyticaldatkSClC&ddat& 

All compom& 27 gave 

3: *H NhiR (200MHz, CDC13) 84.49 (t. J=5.5Hz, HI), 4.19 (t. J=l.gI-Iz, 2H), 3.33 (s. 6H), 2.83 (br s, HI. OH). 2.5 
(dt, J= 2.1.5.5H~ 2H). 13C NMR (5OMHz. CDCl3) 6 102.3.80.5.80.4, 53.4, 51.0, 23.9. IR vmu cm-‘: 3422, 2939, 
2835.1448,I364.1193.1122,1067,1014. HR MS: C7HlgQj M+I’E&+mquims 162.1126, found 162.1130 
4: lH NMR (2OOMHz. CDCl3) 6 5.62-5.74 (m, lI+, 5.38-5.51 (m, H-I), 4.28 (t,J=5.6Hz, Hi), 4.05 (d, J=6.6Hz, 2II), 
3.25 (s, 6H). 2.9 (br s, 1H. OH), 2.33 (t, J=6.8Hz, ZH). 13C NMR (SOMHz, CDC13) s 131.6, 126.1, 103.8, 57.9, 53.3, 
31.2. IRv,,cm+ 3415, 2937,2835, 1656, 1191, 1125, 1060. 

5: We have mpoited this coutpound pmviously3, and all spectral data also matched that reported by others: Hughes. P.; 
Claniy, J. J. Om. Chem. 1989 54 3260. 
6: lHNMR (36oMHz. CDCl3) S 7.73-7.67 (m. 4I-I) 7.47-7.36 (m, 68) 5.80-5.65 (m, Hi), 5.50-5.38 (m, lH), 4.27 
(m, 3I-I), 3.32 (s, 6I-I). 2.22 (t, J=6.2Hz, 2II), 1.06 (8, 9H). 
7: IH NMR (25OMHz, CDCl3) 8 7.63 (m, 4H). 7.38 (m, 6H). 5.58 (m, 21-I). 4.30 (t, J=5.8H.z. HI.), 4.1 (6. 2H), 3.26 
(s, 6H). 2.29 (m, 2H). 0.98 (s. 9H). 13C NMR (5OMHz, CDC13) S 135.5, 133.7, 131.7, 129.5, 127.5, 125.1, 104.0. 
64.3, 52.8, 35.5, 26.7. 19.1. IR vmlx cm- ‘: 3070, 3048, 2931, 2856, 1472, 1427. 1362. 1113. 1056. HR MS: 
CBH3203Si M+NH4+ rcquhes 402.2455, found 402.2464. 
10. Several other effective AD catalysts have been sported by other groups, e.g. 1,2-diaminocyciohexanc derivatives: 
Hanessian, S.; Mefhe, P.; Girard. M; Bcaudoin. S.; San&u, J.-Y.; Butanni, Y. J. Org. Chem. lP!P3,58,1991. 
11. Unpromucd E-aBylic alcohols give poor ces: Xu, D.: Park, C. Y.; Sharpless. K. B. Tetrahedron Lett. l994,35,2495 
12. Spectral data far 8 and 9 [cnantiomcric dials] : lH NMR (25OMHz. CDCl3) B 7.68 (m. 4H). 7.41 (m, 6H), 4.61 (t. 
J=5.3Hz, HI). 3.89 (m, dt. J=3.3. 9.2Hz). 3.75 (dd, J=1.9, 5.3I-H. 2I-D. 3.55 (m. 1H). 3.34 (s, 61-D. 3.15 (br s. 1H. 
OH), 2.86 (br s. 1H. OH). 1.95-1.73 (m. 2I-I). 1.07 (s, 9H). 13C NMR (~OIvIHz, CD&) g 13515. 132.9, 129.8. 127.7; 
103.1, 73.8, 68.3, 65.5, 53.4, 53.2. 36.4, 26.8, 19.1. IR 
1054. 

v,,,,r cm- l: 3450, 3070, 3049, 2932, 2857, 1427, 1114, 

13.At2Ooc,themacticlawasconlp 
77 

in~1minutc,buta~~of15toU)minutcsw~monctypicalat-10oC. 
14.llleL-aMiD-scriesglyco&il?sl and11wemchlrrcbnsed spechoscopicall~ bycomp=ismr with authentic sample of 
11 prepared by Ficct’s route, and comparison with reported literature values ‘9. SeIected spectraI data for the [minor] g- 

ulollltr Of 11: lH NMR (36OMI-k CpC13) 67.70 (m. 4I-I),7.40 (m, 6H), 5.05 (dd, J=l16, 3.7Hz, HI), 4.34 (m, 1-H). 
4.08 (m, 2H), 3.86 (dd. J=5.8, 10.3Hz. HI), 3.35 (s. 3H), 2.95 (d,J=9.6Hz, 1H. OH), 2.12 (m, 2IB. 1.05 

13C NMR (62.5MHz. CDCl3) 8 136.0, 133.8, 130.0. 128.0, 105.4. 84.9, 71.8.64.6, 55:3, 41.7;27.1. ib.5. 
(s. 9lB. 
&,, 

cm-l: 3521.3070, 3049, 2931, 2857, 1486, 1428, 1112, 1046. Selected data for the [major] a-anomor: tH NMR 
(36OMHr, CDCl3) 67.69 (m. 4I-0, 7.42 (m, 6H). 5.16 (t, J=4.1Hz, HI), 4.60 (m, lH), 4.08-3.94 (m, 3H). 3.34 (s, 
3I-D. 2.98 (d. J=S.lHr, lH, OH). 2.17 (m. 2H. apparent triplet), 1.06 (s. 9H). 
133.1, 130.3, 128.2,104.9,79.5,73.8,63.3, 55.642.9, 27.1, 19.5. 

13C NMR (62.5MHz. CDCl3) 6 135.9, 

z(s_for.Ms ester derivative of [mqr] ~+L_~“oT of 11: 
[Spectra for enantionxric 10 were identical] 

7.64 (m, 4H), 7.24-7.45 (m, llH), 5.58 (m, H-I), 
d dd, J=3.5, 5.2Hz). 5.00 (malor drastcmonnx, dd, J=3.4, 5.4Hz) [total=l~. 4.17 (dt, J=3.1, 

9:PHz. H-I). 3.81 (d, J&OHz. 2H). 3.36 (s. 3H) [minor diastereomer 3.401, 3.30 (s, 3H) [minor diastueomer 3.341, 
2.27 (dcld, J=3.3, 5.8, 15.1H2, HI), 2.11 (d&i, J=1.7, 5.6, 15.1Hz. HI), 1.03 (s, 9I-I). 
15. lhis is in contrast to the xylo- case here, and also in contrast to the lack of such selectivity observed in cyclizations to 
give 2,3didc0xy,3~ or 3-azido-ribofuranosides.~* 
16.Spcctraldatamatchcdliteratum for l3: Dyatkina, N. B.; Azhayev, A. V. Synthesis l!b84 961. 
17. l-lx. mujor diastercomric peaks for 11 were +lcide!nt with those for thq au&?nac 
dcrivative,wbiMthoseofoursynth&1ohadm&mr~ 

_ D-gIymxi& Mct&cfs ester 
peak3coincidemwiththeautlx&cglycoside,aiul tnajor 

diasteFaomer peaks coincidmn with those of the minor diastcrcomcr from the synthetic samples of 11, thus confirming 
lmambigttotts@ boththe structuns of 10 and 11 and absolute stereochemical amigmmmts. 
18.(a)NMRcevaluufromtheMoabcr’sesterduivativeof11ag+withchiralgas 
cyclodextrin column] oft& ~anorner of U. 

Wgwhy (gc) fmmpak B- 
(b) Chiral gc oft& tnacemm derivative ofdcsilylated 8. 

19. Fleet, 0. W. J.; Sun, J. C.; Deromc, A. E. Tefrahedron 1988.44,625. 
20. Wang, L.; Sharpleas, K.B. J. Org. Chem. 1992,114,7568. 
21. While pepring this manwacri~ a comparhxm of DHQD-m and (DHQD)2FHAL for AD of unprotected Z-allyiic 
alcohol substrams has appeanxi, idcaring that the latter may be superior to DHQD-IND for some of these substrates. Van 
Nieuwmhze, M. S.; !&$?s&, K. B. Tefrahedron f.ett. 1994.35,~43. 
22.Twooptmnsforan mute to nbo funsnwti from the higher cc threo dials, 8 and 9, ant a Mitsunobu inversion 
on the glycosides. 10 and 11, or conversion of the diol to the cyclic sulfate and subseqmt Payne 
Opdlg-PWlmKXU marrangemcnt. see: Ko, S. Y.; MaIik, M. J. Org. Clocm. 1994,116,2570. 

lwnmlgcment-Miophenyl 

23. Methyl S-O-t-butyldiphenylsilyI-2d~~-~~~~~~ Masher ester derivative - key 1~ NMR siguais: 5.64 (m, 
1H). 5.11 (dd,J=3.3,5.4HzIz, HI), 4.11 (m. ill), 3.29 (s. 3H). Enantion~& mixture from AD route: 5.64 (m. lH), 5.11 
$d$ J=3.3,5.4Hz) and 5.05 (dd, J=3.3,5.4Hz) (total 1lTJ. 4.20 (m) and 4.11 (m) [total lm, 3.29 (s) and 3.28 (s) [total 

24. FuIl experimental data for all new compounds durcribed here wiU be mported in a forthcoming full paper. 
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