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Abstract: The acetylenic alcohol, 3, readily prepared in two steps from propargyl bromide, 1, is converted to methyl 2-
deoxy-D-xylofuranoside, 13, and to the unnatural L-enantiomer, 12, in 5 steps and 50% overall yield, utilizing asymmetric
dihydroxylation (AD) of alkene 7 for introduction of chirality. A similar strategy from the isomeric Z-allylic alcohol, 4,
afforded the 2-deoxy-L-ribofuranoside, but in modest enantiomeric excess.

The stereoselective synthesis of carbohydrates from acyclic non-carbohydrate precursors continues to be an
important focus for a numbes of research groups.12 Asymmetric synthesis of carbohydrates from readily available achiral
intermediates is an attractive goal, offering several advantages over, and complimentary to, chiron strategies. In particular,
if an asymmetric methodology can be employed for which both enantiomeric variants are readily available, then both natural
and unnatural carbohydrate stereochemistries can be obtained from a common substrate.26.3 A de novo approach could also
offer the potential of introducing isotopic labels or other substituent patterns (deoxy, alkyl substituted) which would be
problematic to introduce via a chiron approach.

We have previously reported the conversion of a simple five-carbon E-allylic alcohol to a number of furanosides of
both D- and L-enantiomeric series, and to derived modified nucleosides, for example AZT,3 ddC3b and d4T,3¢ utilizing the
Sharpless-Katsuki asymmetric epoxidation for introduction of chirality.

We envisaged that asymmetric dihydroxylation (ADY*S offers a potentially complimentary approach to the synthesis
of the parent 2-deoxycarbohydrates from the same E-allylic alcohol and/or from the isomeric Z-allylic alcohol. We report
here an improved route to the E-allylic alcohol, §, and its conversion in only 4 steps, in high yield and good
enantioselectivity, to both the 2-deoxy-L- and D-xylofuranoside enantiomers, utilizing asymmetric dihydroxylationS.

‘We considered that the E.allylic alcohol, 5, could be prepared from the acetylene 3 (by lithium aluminium hydride
reduction) and that synthesis of § via an acetylene precursor would also be attractive for two other reasons. Firstly the Z-
allylic alcohol should also then be available from this intermediate, and secondly an acetylenic intermediate would allow for
introduction of deuterium via reduction (to either Z- or E-dideuterated alkencs) and thus to specifically dideuterated
furanoside carbohydrates,” which are precursors, for example, to deuterated nucleosides. Therefore, acetylene 3 would
serve as a potentially highly versatile common achiral intermediate.
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The acetylenic alcohol, 3, was prepared on multigram scale in two steps from propargyl bromide (Scheme 1), The
aluminium organometallic3 derived from propargyl bromide was reacted with trimethyl orthoformate to yield, in 50% yield
after distillation, the acetylene 2 which was hydroxymethylated to give the alcohol, 3, in high yieldS.

The crude propargylic.alcohol, 3, 90-95% pure by 1H NMR spectroscopy, was taken on without the need for
further purification. The Z-alkene was obtained in 75-80% yield by hydrogenation in the presence of Lindlar’s catalyst.
The optimum conditions for selective reduction were reaction at 0 °C for 45 minutes in the absence of quinoline. Longer
reaction times or higher temperatures led to contamination by the fully reduced product. Reduction with lithium aluminium
hydride in THF provided the E-allylic alcohol § in 75-80% pure yield after column chromatography (Scheme 2). This route
t0 5 offers several advantages over our previously employed route from crotonaldehyde,3 in that chromatography is only
required for the final step, and the allylic alcohol is also significantly purer prior to chromatography, thus making synthesis
much more practicable on multigram scale.
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The Ca phthalazine ligands, (DHQD)2PHAL and (DHQ)2PHAL are the current optimurm catalysts for AD of several
alkene classes,5-10 including E-disubstituted alkenes, which are generally excellent substrates!1. The E-alkene silyl ether,
7, was asymmetrically dihydroxylated using (DHQD)2PHAL to afford diol, 9, in 81% yield, and using (DHQ)2PHAL to
give the enantiomeric diol, 8, in similarly good yield (Scheme 3)!2. Treatment of these diols with dilute hydrochloric acid in
dichloromethane,3 led to very rapid,!3 near quantitative conversion to the known comresponding glycoside derivatives!4,
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 (TBAF) provided the glycosides, 12 and 1316, in 295%
yield after chromatographic purification.

The enantiomeric excess of the D-xylofuranoside, 11, was determined by 1H NMR analysis of the derived Mosher’s
ester derivativel7. Only the sterically less hindered a-anomer reacted with Mosher’s acid, affording the ester in >95% yield,
with no remaining alcohol detected by tlc or NMR spectroscopy of the crude reaction product. The spectroscopicl?
enantiomeric excess (ee) of the D-xylo carbohydrate, 11, was determined to be 91%,188 and the ee for the L-series was
determined to be 84-86%.180 The absolute enantiofacial selectivity in the AD reactions was predicted using Sharpless’
mnemonic52 or modified mnemonicS<(ii) for AD with these ligands, assuming the silyl ether-bearing alkene substitutent to
be the larger. Proof of the absolute stereochemistry was established by preparing the chiral pool derived19 (stereochemically
unambiguous) Mosher’s ester derivative of the a-anomer of 11, and comparing the 'H NMR shifts with those of the major
and minor diastereomers of the AD derived carbohydrate Mosher’s ester derivatives of 10 and 1117. This confirmed that
use of the (DHQD)>PHAL ligand afforded the D-xylo configuration consistent with the mnemonic.

The AD of Z-disubstituted alkenes with sterically similar groups, such as substituted methylene groups, is
problematic, 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.20.21 This led to good chemical yields but, as anticipated, relatively poor
enantioselectivity, affording ultimately the unnatural, methyl 2-deoxy-L-ribofuranoside in 30-35% ee22. Proof of the
absolute stereochemistry was established by comparison of the diastereomeric shifts of the Mosher’s ester with those for the
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Mosher’s ester derivative of methyl 5-tert-butyldiphenylsilyloxy-2-deoxy-D-ribofuranoside?3. Interestingly, in this case,
acid catalysed cyclization of the diol to the glycoside carried out at -20 °C afforded a single anomer (identified as the g-
anomer), isolated in 85% purified yield. -
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Scheme 3.  i. (DHQ)2PHAL, K20802(0H)3, K2CO3, MeSONH3, t-BuOH-H0;
ii. (DHQD);PHAL, K20s02(0H)3, K2C0O3, MeSONH3, t-BuOH-H20; iii. BuyNF, THF

In summary, we have developed a short, asymmetric synthesis of the D- and L-2-deoxyxylofuranosides from a
common, simple achiral intermediate, preparable in multigram quantities in two steps from propargyl bromide and trimethyl
orthoformate. This methodology should be applicable to the synthesis of specifically deuterated 2-deoxyxylofuranosides,
and potentially to 2-deoxyribofuranosides and thence to deuterated nucleosides, the subject of a future report24,
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8. The acetal 2 could also be obtained from the oflcatalysedbyAlClg,butﬂwywldswmpoor(dO%)

9. Yields quoted are for purified chromato yhomogeueomproductsunlm indicated. All compounds 2-7 gave
satisfactory spectral and analytical data. Selected data24

3: IH NMR (200MHz, CDCl3) 5 4.49 (t, J=5.5Hz, lH), 4.19 (t, J=1.9Hz, 2H), 3.33 (s, 6H), 2.83 (br s, 1H, OH), 2.5
(dt, J= 2.1, 5.5Hz, 2H). !3C NMR (50MHz, CDCl3) 5 102.3, 80.5, 80.4, 53.4, 51.0, 23.9. IR vpax cm-l: 3422, 2939,
2835, 1448, 1364, 1193, 1122, 1067, 1014. HR MS: C7H1203 M+NH4* requires 162.1126, found 162.1130

4: TH NMR (200MHz, CDCl3) & 5.62-5.74 (m, 1H), 5.38-5.51 (m, 1H), 4.28 (t, J=5.6Hz, 1H), 4.05 (d, J=6.6Hz, 2H),
3.25 (s, 6H), 2.9 (br s, 1H, OH), 2.33 (t, J=6.8Hz, 2H). 13C NMR (50MHz, CDCl3) & 131.6, 126.1, 103.8, 57.9, 53.3,
31.2. IR vmax cmrl: 3415, 2937, 2835, 1656, 1191, 1125, 1060.

5: We have reported this compound previously3, and all spectral data also matched that rted by others: Hu P
Clardy, J. J. Org. Chem. 1989 54 3260 epo Y ghes.

6: 1H NMR (360MHz, CDCl3) 5 7.73-7. 67 (m, 4H), 7.47-7.36 (m, 6H), 5.80-5.65 (m, 1H), 5.50-5.38 (m, 1H), 4.27
(m, 3H), 3.32 (s, 6H), 2.22 (t, J=6.2Hz, 2H), 1.06 (s, 9H).

7: 1H NMR (250MHz, CDCl3) § 7.63 (m, 4H), 7.38 (m, 6H), 5.58 (m, 2H), 4.30 (t, J=5.8Hz, 1H), 4.1 (s, 2H), 3.26
(s, 6H), 2.29 (m, 2H), 0.98 (s, SH). 13C NMR (50MHz, CDCl3) 5 135.5, 133.7, 131.7, 129.5, 127.5, 125.1, 104.0,
64.3, 52.8, 35.5, 26.7, 19.1. IR vmax cnvl: 3070, 3048, 2931, 2856, 1472, 1427, 1362, 1113, 1056. HR MS:
Ca3H3203Si M+NH4* requires 402.2455, found 402.2464.

10. Several other effective AD catalysts have been reported by other groups, e.g. 1,2-diaminocyclohexane derivatives:
Hanessian, S.; Meffre, P.; Girard, M.; Beaudoin, S.; Sancéau, J.-Y.; Benanni, Y. J. Org. Chem. 1993, 58, 1991.

11. Unprot:ected E-allyhc alcohols give poor ees: Xu,D Park, C. Y Sharpless, K. B. Tetrahedron Lett, 1994 35,2495
12. Spectral data for 8 and 9 [enantiomeric diols] : 1H NMR (250MHz, CDCl3) 5 7.68 (m, 4H), 7.41 (m, 6H), 4.61 (,
J=5.3Hz, 1H), 3.89 (m, dt, J=3.3, 9.2Hz), 3.75 (dd, J=1.9, 5.3Hz, 2H), 3.55 (m, 1H), 3.34 (s, 6H), 3.15 (br s, 1H,
OH), 2.86 (br 8, 1H, OH), 1.95-1.73 (m, 2H), 1.07 (s, 9H). 13C NMR (50MHz, CDCl3) § 135.5, 132.9, 129.8, 1277,
}8341, 73.8, 68.3, 65.5, 53.4, 53.2, 364, 26.8, 19.1. IR vy, cmrl: 3450, 3070, 3049, 2932, 2857, 1427, 1114,
13. At 20 °C, the reaction was comp! lfmnslmmme,hnapenodoflStoZOmmuteswasmmetyplcalat -10°C.

14. The L- and D-series glycosides 10 and 11 were characterised spectroscopically by comparison with authentic sample of
11 prepared by Fleet's route, and comparison with reported literature values!9, Selected spectral data for the [minor] g-
anomer of 11: 1H NMR (360MHz, CDCl3) 57.70 (m, 4H), 7.40 (m, 6H), 5.05 (dd, J=1.6, 3.7Hz, 1H), 4.34 (m, 1H),
4.08 (m, 2H), 3.86 (dd, J=5.8, 10.3Hz, 1H), 3.35 (s, 3H), 2.95 (d, J=9.6Hz, 1H, OH), 2.12 (m, 2H), 1.05 (s, 9H).
13C NMR (62.5MHz, CDCl3) & 136.0, 133.8, 130.0, 128.0, 105.4, 84.9, 71.8, 64.0, 55.3, 41.7, 27.1, 19.5. IR vpax
cm-l: 3521, 3070, 3049, 2931, 2857, 1486, 1428, 1112, 1046. Selected data for the [major) a-anomer: 1H NMR
(360MHz, CDClg) 57.69 (m, 4H), 7.42 (m, 6H), 5.16 (t, J=4.1Hz, 1H), 4.60 (m, 1H), 4.08-3.94 (m, 3H), 3.34 (s,
3H), 2.98 (d, J=5.1Hz, 1H, OH), 2.17 (m, 2H, apparent triplet), 1.06 (s, 9H). 13C NMR (62.5MHz, CDCl3) §135.9,
133.1, 130.3, 128.2, 104.9, 79.5, 73.0, 63.3, 55.6, 42.9, 27.1, 19.5. [Spectra for enantiomeric 10 were identical]
NMR data for Mosher‘s ester denvauve of [major] &-anomer of 11: 7.64 (m, 4H), 7.24-7.45 (m, 11H), 5.58 (m, 1H),
5.12 (minor diastereomer, dd, J=3.5, 5.2Hz), 5.00 (major diastereomer, dd, J=3.4, 5.4Hz) [total=1H], 4.17 (dt, J=3.1,
9.9Hz, 1H), 3.81 (d, J=6.0Hz, 2H), 3.36 (s, 3H) [minor diastereomer 3.40], 3.30 (s, 3H) [minor diastereomer 3.34],
2.27 (ddd, J=3.3, 5.8, 15.1Hz, 1H), 2.11 (ddd, J=1.7, 5.6, 15.1Hz, 1H), 1.03 (s, 9H).

15. This is in contrast to the xylo- case here, and also in contrast to the lack of such selectivity observed in cyclizations to
give 2,3-dideoxy,3® or 3-azido-ribofuranosides.3s

16. Spectral data matched literature for 13: Dyatkina, N. B.; Azhayev, A. V. Synrhesis 1984 961.

17. The major diastereomeric peaks for 11 were co:ncu:lent with those for the authentic D-glycoside Mosher’s ester
derivative, while those of our synthetic 10 had minor diastereomer peaks coincident with the autheatic glycoside, and major
diastereomer peaks coincident with those of the minor diastereomer from the synthcnc samples of 11, thus confirming
unambiguously both the structures of 10 and 11 and absolute stereochemical

18. (a) NMR cc value from the Mosgher’s cster derivative of 11 agreed with chiral gas chronntography (gc) {Chrompak B-
cyclodextrin cohuimn] of the a-anomer of 13. (b) Chiral gc of the triacetate derivative of desilylated 8.

19. Fleet, G. W. J,; Son, J. C.; Derome, A. E. Tetrahedron 1988, 44, 625.

20. Wang, L;; Sharpless, KB.J. Org. ‘Chem. 1992, 114, 7568.

21. While preparing this manuscript a comparison of DHQD-IND20 and (DHQD)2PHAL for AD of unprotected Z-allylic
alcohol substrates has appeared, indicating that the latter may be superior to DHQD-IND for some of these substrates. Van
Nieuwenhze, M. S.; less, K. B. Tetrahedron Lett. 1994, 35, 843.

22. Two options for an i route to ribo furanosides from the higher ec threo diols, 8 and 9, are a Mitsunobu inversion
on the glycosides, 10 and 11, or conversion of the diol to the cyclic sulfate and subsequent Payne rearrangement-thiophenyl
opening-Pummerer rearrangement. see: Ko, S. Y.; Malik, M. J. Org. Chem. 1994, 116, 2570.

23. Methyl 5-O-t-butyldiphenylsilyl-2-deoxy-a-D-ribofuranoside Mosher ester derivative - key 1H NMR signals: 5.64 (m,
1H), 5. 11 (dd, J=3.3, 5.4Hz, 1H), 4 11 (m, 1H), 3.29 (s, 3H). Enantiomeric mixture from AD route: 5.64 (m, 1H), 5.11
(dd, J=3.3, 5.4Hz) and 5.05 (dd, J=3.3, 5.4Hz) {total 1H], 4.20 (m) and 4.11 (m) [total 1H], 3.29 (s) and 3.28 (s) [total
3

24. Full experimental data for all new compounds described here will be reported in a forthcoming full paper.
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