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Starting from lithiated methoxyallene and lactaldehyde de-
rivatives, the four rare 2,6-dideoxy-hexoses L-cymarose, L-
sarmentose, L-diginose and L-oleandrose were synthesized in
a stereodivergent fashion. Key steps towards these four tar-
get monosaccharides were the oxidative ring openings of al-
lene-derived 2,5-dihydrofurans, diastereoselective carbonyl

Introduction

Deoxy sugars, i.e. 2,6-dideoxy sugars, are essential con-
stituents of a large number of biologically active natural
glycosides.[1] Due to the very limited availability of these
“rare” carbohydrates from microbial sources, new ap-
proaches for their de novo synthesis remain a topic of con-
tinuous attention.[2] We were interested in the four 2,6-dide-
oxy-3-O-methyl--hexoses, i.e. -cymarose (1), -sarmentose
(2), -diginose (3), and -oleandrose (4) (Figure 1) because
these monosaccharides occur as subunits in numerous anti-
tumor antibiotics and yet only few synthetic routes to these
carbohydrates have been reported.[3] In particular, we
needed to develop a new and efficient synthesis of -cymar-
ose (1) as part of our ongoing total synthesis of the DNA-
helicase inhibitor heliquinomycin[4] (5, Figure 2). We could
earlier demonstrate the utility of lithiated alkoxyallenes as
versatile C3 building blocks in numerous applications from
heterocyclic to natural product synthesis.[5] Thus, we also
planned to use alkoxyallene methodology for the synthesis
of carbohydrates 1–4 and two synthetic methods previously
explored by our group emerged as key transformations for
this objective (Scheme 1): (i) the preparation of 3-alkoxy-
2,5-dihydrofurans 8 from lithiated methoxyallene 6 and al-
dehydes 7[6] and (ii) the oxidative ring opening of these in-
termediates to α,β-unsaturated γ-keto aldehydes 9.[7] For α-
functionalized dihydrofuran substrates like 8, the latter
transformation resembles a parallel to the Achmatowicz re-
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reductions as well as face-selective hydrogenation protocols.
First glycosylation reactions employing thiophenyl glycosyl
donors of L-cymarose and L-diginose were performed in high
yields and with fair to excellent stereocontrol.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

action (the oxidation of furyl alcohols 10 to 4-enuloses
11)[8] which is a valuable protocol for the construction of
monosaccharide building blocks.[9] Subsequent elaboration
of keto aldehydes 9 into sugars 1–4 would require installing
their relative configurations at C-3 and C-4 by stereodiverg-
ent reductions of the enol ether double bond and the car-
bonyl group while the -configuration at C-5 would trace
back to readily available (S)-(–)-lactaldehydes 7.

Figure 1. The four 2,6-dideoxy-3-O-methyl--hexoses.

Figure 2. Structure of heliquinomycin (5).
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Scheme 1. Approach for the synthesis of deoxy sugars 1–4.

Results and Discussion

The preparation of trityl- and benzyl-protected keto al-
dehydes 9a and 9b is shown in Scheme 2: lithiated meth-
oxyallene 6 was generated in situ by treatment of meth-
oxyallene with n-butyllithium and subsequently lactal-
dehydes 7a[10] and 7b[11] were added to furnish the corre-
sponding α-allenyl alcohols quantitatively. The 5-endo-trig
cyclization of these intermediates was performed with
KOtBu in DMSO or, alternatively, using catalytic amounts
of gold(I) chloride and pyridine,[6c] furnishing dihydrofu-
rans 8a and 8b in high yields (syn/anti 30:70 in each case).
Oxidative ring cleavage using two equivalents of DDQ pro-
vided enantiopure keto aldehydes 9a and 9b, without any
indication of racemization.

Scheme 2. Preparation of keto aldehydes 9a and 9b.

L-Cymarose and L-Sarmentose

ribo-Configured cymarose (1) and xylo-configured sar-
mentose (2) commonly feature an axial 3-O-methyl group
while being epimeric at C-4. Thus, if the correct C-3 config-
uration could be installed via face-selective hydrogenation
of the enol ether double bond prior to the reduction of the
C-4 carbonyl group, both sugars may be derived from a
single intermediate. The preparation of an adequate precur-
sor to 1 and 2 is shown in Schemes 3 and 4. As we reported
previously,[7b] keto aldehyde 9a undergoes a clean detrityl-
ation with iodine in 2-propanol[12] and is concomitantly
converted into α-configured pyranoside 12 with good an-
omeric selectivity. Compound 12, which is also a suitable
precursor for 4-aminohexoses, could be obtained in high
yield and in gram quantities in four straightforward steps
without purification of any intermediates. The use of
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gold(I) chloride as catalyst (5 mol-%) in the cyclization step
makes this procedure even more convenient and efficient
than the previously reported cyclization with KOtBu in
DMSO.[6a,6b] Hydrogenation of 12 proceeds with 1,3-cis-
selectivity[13] and subsequent reduction of the carbonyl
group with -selectride provides ribo-configured pyranoside
13 with entire stereocontrol. As a byproduct, lyxo-config-
ured pyranoside 14 was obtained and could be separated
by column chromatography. Whereas hydrolysis of 13 leads
to -cymarose (1),[7b] it can alternatively be epimerized to
acetate 15 by mesylation and SN2 reaction with cesium ace-
tate in the presence of 18-crown-6,[14] 15 being obtained in
moderate overall yield.[15] Acetate deprotection and hydrol-
ysis furnishes free -sarmentose (2, Scheme 4).

Scheme 3. Synthesis of pyranosides 12, 13 and 14.

Scheme 4. Synthesis of -cymarose (1) and -sarmentose (2).

While the seven-step synthesis of cymarose (1) consti-
tutes the shortest known route to this carbohydrate, the
eleven-step sequence towards sarmentose (2) is just the sec-
ond one yet to be reported.[3] The approach via enuloside
12 combined good stereocontrol in the reduction steps with
minimal use of protecting groups, for both the ribo and the
xylo case. Notably, by use of different alkoxyallenes, a range
of alkoxy groups could be introduced at C-3 leading to vari-
ous unnatural derivatives.

L-Diginose and L-Oleandrose

The shared feature of -diginose (3) and -oleandrose (4)
is the equatorial 3-O-methyl group and analogously to the
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synthesis of cymarose and sarmentose, a directed hydrogen-
ation of the enol ether double served to establish the com-
mon C-3 configuration. To this end, we planned to exploit
the known 3,5-cis-selectivity in the heterogeneous hydro-
genation of α,β-unsaturated δ-lactones of type 17
(Scheme 5).[16] However, all attempts to convert enuloside
12 directly into keto lactone 16 – a possible precursor to
lactones 17 – were unsuccessful.

Scheme 5.

On the other hand, keto aldehydes 9a and 9b could be
reduced to the corresponding diols in a stereodivergent
fashion (Scheme 6): reduction of trityl-protected 9a under
Luche conditions[17] proceeds via the Felkin–Anh mode and
silylation of the crude diol furnished bis(silyl ether) 18 with
high yield and fair syn-selectivity. In turn, the chelation-
controlled reduction of 9b was more laborious. While zinc
borohydride[18] offered perfect anti-selectivity (syn/anti =
1:99), side reactions led to a poor yield of only 30% after
HPLC purification. The same lack of chemoselectivity was
also observed with DIBALH/zinc iodide[19] and other rea-
gent systems. Carrying out the reduction with lithium alu-
minum hydride and lithium iodide,[20] 19 could finally be
obtained, after silylation, with good overall yield and ac-
ceptable anti-selectivity. Bis(silyl ether)s 18 and 19 were em-
ployed in subsequent reactions as mixtures of diastereomers
as separation of the isomers was more easily achieved at
later stages.

syn-Configured bis(silyl ether) 18 was elaborated into un-
saturated lactone threo-21 as shown in Scheme 7. Mono-
desilylation in the primary position, yet unfeasible in this
case using TBAF or HF·pyridine complex, was achieved
with TBACl at room temperature. Subsequent addition of
manganese dioxide to the reaction mixture led to aldehyde
20 in excellent yield. To the best of our knowledge, this
transformation represents the first example of a TES-depro-
tection under these exceptionally mild conditions. Next, tri-

Scheme 8. Synthesis of -oleandrose (4).
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Scheme 6. Preparation of bis(silyl ether)s 18 and 19.

tyl-deprotection was performed using BCl3[21] at –78 °C and
the very sensitive lactol thus generated was immediately
subjected to another manganese dioxide oxidation to give
δ-lactone 21 along with its diastereomer 22, isomers being
separable by column chromatography. Hydrogenation of 21
over Pd/C in acetonitrile left the TES group intact[22] and
gave lyxo-configured lactone 23 exclusively. Reduction with
DIBALH followed by acid-induced cleavage of the silyl
group furnished -diginose (3), in an 11-step sequence start-
ing from lactaldehyde 7a.

Scheme 7. Synthesis of -diginose (3).
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Similarly, erythro-configured lactone 22 could be ac-

cessed from bis(silyl ether) 19 (Scheme 8): TBACl-promoted
mono-desilylation gave the readily separable allylic alcohols
24. anti-24 was debenzylated with LiDBB (lithium di-tert-
butylbiphenyl)[23] and the diol obtained was oxidatively cy-
clized to lactone 22 with manganese dioxide. Hydrogena-
tion of 22 with Lindlar’s catalyst[16b] exclusively gave arab-
ino-configured lactone 25.[24] Reduction with DIBALH and
desilylation with aqueous HCl led to -oleandrose (4), thus
also prepared in 11 steps overall from aldehyde 7b.

Although our novel syntheses of -diginose (3) and -
oleandrose (4) require 11 steps each, they are indeed com-
patible with those previously reported in terms of overall
yield and efficiency.[3] While fair selectivities have been ob-
served in the carbonyl reductions, excellent face discrimi-
nation was achieved in the hydrogenations of both lactones
21 and 22. The latter case once more confirms previously
made observations concerning the highly reliable 3,5-cis-
selectivity in heterogeneous hydrogenations of arabino-con-
figured substrates of this kind.[16d]

Glycosylation Reactions

2-Deoxy glycosides are among the most abundant natu-
ral deoxy glycosides. The diastereoselectivity in glycosyla-
tions employing 2-deoxy glycosyl donors yet remains a sub-
stantial challenge.[25] This is due to the poor configurational
stability of the newly formed anomeric bonds under (Lewis)
acidic conditions, and especially, if 1,3-repulsive interac-
tions with the aglycon occur as it is the case in the ribo-
series. As shown in Scheme 9, we converted precursors to
-diginose and -cymarose 13 and 14 into thiophenyl ace-
tals 26 and 27. Benzoylation of 13 and subsequent treat-
ment with thiophenol and boron trifluoride–diethyl ether
provided ribo-configured donor 26 as a mixture of anomers
(α/β = 33:67). lyxo-Configured pyranoside 14 was acety-
lated and the intermediate acetate was converted into the
readily separable thiophenyl donors α-26 and β-26.[26]

Scheme 9. Preparation of thiophenyl donors 26 and 27.

First results of glycosylations employing donors 26 and
27 with cholesterol (28) and methyl glucoside 29 as ac-
ceptors are summarized in Table 1.

www.eurjoc.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2009, 3595–36043598

Table 1. Glycosylation reactions of thiophenyl donors 26 and 27.

Donor Acceptor Product, % yield α/β

α,β-26 28 α,β-30 (56) 67:33
α,β-26 29 α,β-31 (69) 83:17
α-27 28 α-32 (75) � 95:5
β-27 28 α-32 (77) � 95:5
α-27 29 α-33 (74) � 95:5

Using silver(I) tetrafluoroborate along with 2,6-tert-bu-
tyl-4-methylpyridine (TBMP) as promoter system,[27] deoxy
glycosides 30–33 were obtained in good yields. Thus, reac-
tion of ribo-configured donor α,β-26 with cholesterol gave
glycoside α,β-30 in 56% yield as a 2:1 mixture of anomers
(α/β = 67:33). The reaction of α,β-26 with methyl glucoside
29 leading to glycoside α,β-31 proceeded with slightly better
stereocontrol and gave the α-anomer with 5:1 selectivity
(α/β = 83:17). With lyxo-configured donors α- and β-27,
complete α-selectivity was observed in all cases and yields
were generally higher. Reaction of α-27 with cholesterol (28)
as acceptor provided glycoside α-32 in 75 % yield. Glycosy-
lation of β-27 with 28 similarly was entirely α-selective. This
clearly indicates an SN1 type reaction mechanism and sug-
gests that anomeric mixtures of thiophenyl donors, as α,β-
26 would react to a single product in a stereoconvergent
fashion. Finally, reaction of α-27 with methyl glucoside 29
provided glycoside α-33 in 74% yield.

In light of the glycosylation of the heliquinomycin agly-
con (Figure 1), the results obtained with cymarosyl donor
α,β-26 are promising, but further improvements need to be
made in future experiments. The moderate α-selectivities we
observed can be attributed to the axial methoxy group at
C-3, which destabilizes the α-glycosides by 1,3-diaxial inter-
action and hence leads to the formation of anomeric mix-
tures.

Conclusions

We developed stereodivergent and robust routes to the
four 2,6-dideoxyhexoses 1–4 combining two C3 building
blocks starting from lactaldehydes 7 and lithiated meth-
oxyallene 6. Again, the high utility of the alkoxyallene
methodology in the synthesis of natural products has been
demonstrated,[5] the 7-step preparation of -cymarose (1)
being a particularly efficient showcase application. The
routes described have potential to be applied to the synthe-
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sis of unnatural analogues bearing various alkoxy groups in
the 3-position of the 2-deoxy carbohydrates as well as the
introduction of amino groups at C-3 and C-4 providing un-
natural amino deoxyhexoses. Preliminary experiments on
the 2-deoxy-glycosylation of ribo- and xylo-configured thi-
ophenyl glycosyl donors 26 and 27 showed promising yields
and selectivities, while further investigations have to be car-
ried out for the glycosylation of -cymarose and the heliqui-
nomycin aglycon.

Experimental Section
This section contains experimental procedures for key transforma-
tions. For full detail, please refer to the Supporting Information.

General Methods: Reactions were generally performed under argon
in flame-dried flasks. Solvents and reagents were added by syringes.
Solvents were dried using standard procedures. Commercial rea-
gents were used as received without further purification unless
otherwise stated. Products were purified by flash chromatography
on silica gel (230–400 mesh, Merck or Fluka) or HPLC (Nucleosil
50–5). Unless otherwise stated, yields refer to analytically pure
samples. NMR spectra were recorded with Bruker (AC 500) and
JOEL (Eclipse 500) instruments. Chemical shifts in ppm are re-
ported relative to the following resonances: δ(1H) = 2.49 (DMSO),
3.35 (CH3OH), 4.79 (H2O), 7.25 (CHCl3) and δ(13C) = 39.7 ([D6]-
DMSO), 49.3 (CD3OD), 77.0 (CDCl3). 13C NMR spectra in D2O
were referenced with SiMe4 as external standard. Integrals are in
accordance with assignments; coupling constants are given in Hz.
All 13C spectra are proton-decoupled. For detailed peak assign-
ments 2D spectra were measured (COSY, HMQC, HMBC,
NOESY and NOE if necessary). IR spectra were measured with a
Nicolet 5 SXC FT-IR spectrometer equipped with a DTGS detec-
tor or with a Nicolet Avator 320FT IR spectrometer. MS and
HRMS analyses were performed with Finnigan MAT 711 (EI,
80 eV, 8 kV), MAT CH7A (EI, 80 eV, 3 kV) and Varian Ionspec
QFT-7 (ESI-FT ICRMS) instruments. Elemental analyses were
carried out with CHN-Analyzer 2400 (Perkin–Elmer), Vario EL or
Vario EL III. Melting points were measured with a Reichert appa-
ratus Thermovar and are uncorrected. Optical rotation values were
measured with Perkin–Elmer 241-P and IBZ Polar-LµP polarime-
ters at λ = 589 nm (sodium D emission).

Preparation of Pyranoside 12

Isopropyl 2,6-Dideoxy-3-O-methyl-α-L-glycero-hex-2-enopyranoside-
4-ulose (α-12) and Isopropyl 2,6-Dideoxy-3-O-methyl-β-L-glycero-
hex-2-enopyranoside-4-ulose (β-12): Methoxyallene[28] (5.30 mL,
4.45 g, 63.5 mmol) was dissolved in Et2O (100 mL) at –50 °C and
nBuLi (23.0 mL, 2.50  in hexane, 57.5 mmol) was added slowly.
The solution was stirred for 20 min and then cooled to –78 °C fol-
lowed by the addition of a solution of lactaldehyde 7a[10] (5.79 g,
18.3 mmol) in Et2O (65 mL) over 15 min. The mixture was stirred
at –78 °C for 5 h, then H2O (100 mL) was added and the reaction
was warmed to room temp. The layers were separated and the
aqueous layer was extracted with Et2O (3 �). The combined or-
ganic layers were dried with MgSO4, filtered, concentrated to dry-
ness and the crude allenyl alcohol (yellow oil, 7.18 g, quant.,
syn/anti = 30:70)[29] was dried in vacuo. anti-Isomer: 1H NMR
(500 MHz, CDCl3): δ = 1.03 (d, J = 6.3 Hz, 3 H, 1-H), 2.25 (d, J
= 4.9 Hz, 1 H, OH), 3.28 (s, 3 H, OMe), 3.55 (mc, 1 H, 3-H), 3.83
(dq, J = 3.5, 6.3 Hz, 1 H, 2-H), 5.49–5.55 (m, 2 H, 6-H), 7.20–7.31,
7.46–7.53 (2 m, 15 H, Ph) ppm. 13C NMR (126 MHz, CDCl3): δ =
15.6 (q, C-1), 55.9 (q, OMe), 71.5 (d, C-2), 74.5 (d, C-3), 87.1 (s,
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CPh3), 92.6 (t, C-6), 127.0, 127.7, 128.9 (3d, Ph), 134.4 (s, C-4),
144.8 (s, Ph), 197.9 (s, C-5) ppm. syn-Isomer: 1H NMR (500 MHz,
CDCl3): δ = 0.91 (d, J = 6.3 Hz, 3 H, 1-H), 2.57 (d, J = 7.1 Hz, 1
H, OH), 3.58–3.61 (m, 1 H, 2-H), 3.95 (mc, 1 H, 3-H), 7.20–7.31,
7.46–7.53 (2m, 15 H, Ph) ppm, missing signals could not be lo-
cated. 13C NMR (126 MHz, CDCl3): δ = 15.2 (q, C-1), 56.0 (q,
OMe), 71.2 (d, C-2), 72.0 (d, C-3), 86.7 (s, CPh3), 92.4 (t, C-6),
127.0, 127.6, 129.0 (3d, Ph), 134.3 (s, C-4), 144.9 (s, Ph), 198.4 (s,
C-5) ppm.

The crude allenyl alcohol (7.18 g, max. 18.3 mmol) was dissolved in
CH2Cl2 (270 mL) and pyridine (0.22 mL, 0.21 g, 2.70 mmol). AuCl
(0.21 g, 0.90 mmol) was added and the mixture was stirred at room
temp. for 30 min, conversion being monitored by TLC. H2O
(14 mL) was added to the mixture followed by DDQ (8.33 g,
36.7 mmol) and stirring was continued for 2 h. After addition of
NaHCO3 aq. and H2O, the layers were separated and the aqueous
layer was extracted with CH2Cl2 (3 �). The combined organic lay-
ers were dried with MgSO4, filtered, concentrated and the solution
of the crude product was filtered through a 1 cm pad of silica gel,
then evaporated to dryness to afford 6.56 g of the crude keto alde-
hyde 9a. An analytical sample could be obtained by column
chromatography (silica gel, EtOAc/hexanes = 1:3 � 1:1) and chiral
HPLC analysis with a racemic reference sample showed e.r. � 99:1
(Chiralpak AD column, Daicel Chemical Industries Ltd., n-hexane/
iPrOH = 100:0 � 98:2 over 40 min, flow 1 mL/min, 18 bar, reten-
tion times: (R)-enantiomer 23.1 min, (S)-enantiomer 33.6 min, de-
tection: UV, λ = 254 nm). Yellow solid, m.p. 119–121 °C. [α]D22 =
–122.7 (c = 1.51, CHCl3). 1H NMR (500 MHz, CDCl3): δ = 1.41
(d, J = 6.7 Hz, 3 H, 6-H), 3.58 (s, 3 H, OMe), 4.80 (q, J = 6.7 Hz,
1 H, 5-H), 5.20 (d, J = 7.0 Hz, 1 H, 2-H), 7.20–7.29, 7.44–7.47 (2m,
15 H, Ph), 9.45 (d, J = 7.0 Hz, 1 H, 1-H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 19.2 (q, C-6), 55.9 (q, OMe), 72.1 (d, C-
5), 87.9 (s, CPh3), 109.8 (d, C-2), 127.4, 128.0, 129.0 (3d, Ph) 143.9
(s, Ph), 164.6 (s, C-3), 191.6 (d, C-1), 197.6 (s, C-4) ppm. IR (KBr):
ν̃ = 3090–2900 (=C–H, –C–H), 1725, 1660, 1600 (C=O, C=C) cm–1.
MS (EI, 140 °C): m/z (%) = 400 (� 1) [M]+·, 243 (100) [CPh3]+,
165 (39). C26H24O4 (400.5): calcd. C 77.98, H 6.04; found C 77.80,
H 5.80.

The crude keto aldehyde 9a (6.56 g, max. 16.4 mmol) was dissolved
in CH2Cl2 (40 mL) and HC(OiPr)3 (6.25 g, 32.9 mmol). A solution
of iodine (1.30 g, 5.12 mmol) in iPrOH (85 mL) was added and the
mixture was stirred at 60 °C for 2.5 h. The mixture was poured
onto a 1:1 mixture of NaHCO3 aq. and Na2S2O3 aq. and shaken.
The layers were separated and the aqueous layer was extracted with
CH2Cl2 (3 �). The combined organic layers were dried with
MgSO4, filtered and the solvents evaporated. Column chromato-
graphy (silica gel, EtOAc/hexanes, 1:3) provided α,β-12 (83:17) as
a colorless solid (2.79 g, 76% overall). By HPLC separation, pure
α-12 could be obtained for analysis. α-12: Colorless solid, m.p.
47 °C. [α]D22 = –42.4 (c = 0.25, CHCl3). 1H NMR (500 MHz,
CDCl3): δ = 1.23, 1.27 (2d, J = 6.2 Hz, 2 �3 H, iPr), 1.41 (d, J =
6.8 Hz, 3 H, 6-H), 3.64 (s, 3 H, OMe), 4.03 (sept, J = 6.2 Hz, 1 H,
iPr), 4.66 (q, J = 6.8 Hz, 1 H, 5-H), 5.46 (d, J = 4.2 Hz, 1 H, 1-
H), 5.70 (d, J = 4.2 Hz, 1 H, 2-H) ppm. 13C NMR (126 MHz,
CDCl3): δ = 15.4 (q, C-6), 21.9, 23.2 (2q, iPr), 54.9 (q, OMe), 70.49
(d, C-5), 70.54 (d, iPr), 93.0 (d, C-1), 111.1 (d, C-2), 149.7 (s, C-3),
192.8 (s, C-4) ppm. β-12: 1H NMR (500 MHz, CDCl3): δ = 1.24,
1.29 (2d, J = 6.2 Hz, 2�3 H, iPr), 1.50 (d, J = 6.7 Hz, 3 H, 6-H),
3.65 (s, 3 H, OMe), 4.14 (sept, J = 6.2 Hz, 1 H, iPr), 4.18 (dq, J =
1.1, 6.7 Hz, 1 H, 5-H), 5.54 (dd, J = 1.1, 2.0 Hz, 1 H, 1-H), 5.75
(d, J = 2.0 Hz, 1 H, 2-H) ppm. 13C NMR (126 MHz, CDCl3): δ =
17.0 (q, C-6), 21.7, 23.5 (2q, iPr), 55.0 (q, OMe), 70.6 (d, iPr), 74.8
(d, C-5), 95.0 (d, C-1), 114.3 (d, C-2), 150.2 (s, C-3), 192.8 (s, C-4)



M. Brasholz, H.-U. ReißigFULL PAPER
ppm. α/β-12: IR (film): ν̃ = 3070–2840 (=C–H, –C–H), 1710, 1640
(C=O, C=C) cm–1. MS (EI, 30 °C): m/z (%) = 200 (19) [M]+·, 158
(19), 141 (100) [M – C3H7O]+, 114 (46), 71 (38), 57 (39). HRMS
(EI, 30 °C): m/z calcd. for [C10H16O4]+·: 200.1049, found 200.1052.

Two-Step Conversion of Pyranoside α/β-12 into 13 and 14

Rhodium on Al2O3 (5 wt.-% Rh, 637 mg, 0.31 mmol) was sus-
pended in EtOAc (30 mL) under Ar and the suspension was satu-
rated with H2, via cannula, for 30 min. A solution of α/β-12
(611 mg, 3.05 mmol, α/β = 83:17) in EtOAc (15 mL) was added
and the mixture was stirred at 1 bar H2-pressure and room temp.
for 4.5 h. The mixture was filtered through Celite (with EtOAc), the
filtrate was concentrated and chromatographed (EtOAc/hexanes =
1:2) to afford the intermediate saturated ketones (414 mg, 67%, α-
erythro/β-threo = 81:19). HPLC separation provided the α-erythro
product in pure form.

Isopropyl 2,6-Dideoxy-3-O-methyl-α-L-erythro-hexopyranoside-4-
ulose:[7b] Yellowish solid; m.p. 44 °C. [α]D22 = –252.1 (c = 0.36,
CHCl3). 1H NMR (500 MHz, CDCl3): δ = 1.16, 1.20 (2d, J =
6.2 Hz, 2�3 H, iPr), 1.33 (d, J = 7.0 Hz, 3 H, 6-H), 1.80 (ddd, J
= 6.6, 13.1, 13.6 Hz, 1 H, 2-Ha), 2.68 (ddd, J = 6.6, 6.7, 13.6 Hz,
1 H, 2-Hb), 3.47 (s, 3 H, OMe), 3.94 (sept, J = 6.2 Hz, 1 H, iPr),
4.09 (ddd, J = 0.7, 6.7, 13.1 Hz, 1 H, 3-H), 4.39 (q, J = 7.0 Hz, 1
H, 5-H), 5.19 (t, J = 6.6 Hz, 1 H, 1-H) ppm. 13C NMR (126 MHz,
CDCl3): δ = 15.7 (q, C-6), 21.6, 23.5 (2q, iPr), 34.1 (t, C-2), 58.2
(q, OMe), 69.2 (d, iPr), 71.3 (d, C-5), 77.2 (d, C-3), 94.7 (d, C-1),
211.5 (s, C-4) ppm.

Isopropyl 2,6-Dideoxy-3-O-methyl-β-L-threo-hexopyranoside-4-ulo-
se:[7b] 1H NMR (500 MHz, CDCl3): δ = 1.18, 1.23 (2d, J = 6.2 Hz,
2�3 H, iPr), 1.25 (d, J = 6.5 Hz, 3 H, 6-H), 2.06 (dt, J = 3.6,
12.4 Hz, 1 H, 2-Ha), 2.47 (ddd, J = 1.5, 6.6, 12.4 Hz, 1 H, 2-Hb),
3.48 (s, 3 H, OMe), 3.95 (sept, J = 6.2 Hz, 1 H, iPr), 4.22 (dd, J =
6.6, 12.4 Hz, 1 H, 3-H), 4.34 (q, J = 6.5 Hz, 1 H, 5-H), 5.10 (br. d,
J = 3.6 Hz, 1 H, 1-H) ppm. 13C NMR (126 MHz, CDCl3): δ = 13.8
(q, C-6), 24.6, 23.2 (2q, iPr), 40.0 (t, C-2), 58.3 (q, OMe), 69.3 (d,
iPr), 70.1 (d, C-5), 78.3 (d, C-3), 94.7 (d, C-1), 205.8 (s, C-4) ppm.
Mixture of diastereomers: IR (KBr): ν̃ = 2980–2830 (C–H), 1740
(C=O) cm–1. MS (EI, 80 °C): m/z (%) = 202 (2) [M]+·, 174 (3) [M –
CO]+, 159 (2) [M – C3H7]+, 143 (27) [M – C3H7O]+, 130 (46), 103
(44), 72 (65), 59 (100) [C3H7O]+. HRMS (EI, 80 °C): m/z calcd. for
[C10H18O4]+·: 202.1205, found 200.1212.

-Selectride® (9.00 mL, 1.00  in THF, 9.00 mmol) was added at
–78 °C to the mixture of the above ketones (886 mg, 4.38 mmol) in
THF (12 mL). The mixture was stirred at –78 °C for 6 h, then
NH4Cl aq. (10 mL) was added. After warming to room temp., H2O
was added and the layers were separated. The aqueous layer was
extracted with EtOAc (3 �) and the combined organic layers were
dried with MgSO4, filtered and concentrated. Column chromatog-
raphy (silica gel, EtOAc/hexanes, 1:1) provided pyranosides 13 (RF

≈ 0.30, 732 mg, 82%) and 14 (RF ≈ 0.20, 79 mg, 9%). Due to the
volatility of the products, vacuum drying was carried out at 0 °C.

Isopropyl 2,6-Dideoxy-3-O-methyl-α-L-ribo-hexopyranoside (13):
Colorless liquid. [α]D22 = –189.0 (c = 0.46, CHCl3). 1H NMR
(500 MHz, CDCl3): δ = 1.09, 1.17 (2d, J = 6.2 Hz, 2�3 H, iPr),
1.22 (d, J = 6.4 Hz, 3 H, 6-H), 1.70 (ddd, J = 3.6, 4.6, 14.7 Hz, 1
H, 2-Ha), 2.17 (ddd, J = 1.8, 3.6, 14.7 Hz, 1 H, 2-Hb), 2.58 (d, J =
9.5 Hz, 1 H, OH), 3.25 (dt, J = 3.6, 9.5 Hz, 1 H, 4-H), 3.38 (s, 3
H, OMe), 3.57 (q, J = 3.6 Hz, 1 H, 3-H), 3.81 (sept, J = 6.2 Hz, 1
H, iPr), 3.93 (qd, J = 6.4, 9.5 Hz, 1 H, 5-H), 4.83 (dd, J = 1.8,
4.6 Hz, 1 H, 1-H) ppm. 13C NMR (126 MHz, CDCl3): δ = 17.8 (q,
C-6), 21.5, 23.4 (2q, iPr), 31.3 (t, C-2), 56.1 (q, OMe), 64.9 (d, C-
5), 68.8 (d, iPr), 72.3 (d, C-4), 74.9 (d, C-3), 94.0 (d, C-1) ppm. IR
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(film): ν̃ = 3470 (OH), 2970–2830 (C–H) cm–1. MS (pos. FAB): m/z
(%) = 227 ([M + Na]+, 7).

Isopropyl 2,6-Dideoxy-3-O-methyl-β-L-lyxo-hexopyranoside (14):
[α]D22 = –125.4 (c = 0.41, CHCl3). 1H NMR (500 MHz, CDCl3): δ
= 1.11, 1.16 (2d, J = 6.2 Hz, 2 �3 H, iPr), 1.27 (d, J = 6.6 Hz, 3
H, 6-H), 1.80–1.84 (m, 2 H, 2-H), 2.13 (br. s, 1 H, OH), 3.37 (s, 3
H, OMe), 3.60–3.65 (m, 1 H, 3-H), 3.75–3.78 (m, 1 H, 4-H), 3.86
(sept, J = 6.2 Hz, 1 H, iPr), 3.90 (br. dq, J = 0.7, 6.6 Hz, 1 H, 5-
H), 5.00–5.02 (m, 1 H, 1-H) ppm, broadening of signals observed
at 25 °C. 13C NMR (126 MHz, CDCl3): δ = 16.8 (q, C-6), 21.3,
23.3 (2q, iPr), 30.0 (t, C-2), 55.5 (q, OMe), 65.3 (d, C-5), 67.7 (d,
C-4), 68.3 (d, iPr), 74.7 (d, C-3), 95.2 (d, C-1) ppm.

2,6-Dideoxy-3-O-methyl-L-ribo-hexose (L-Cymarose, 1): Pyranoside
13 (61 mg, 298 µmol) was dissolved in THF (2 mL) and HCl (2 

aq., 0.30 mL) was added. After 23 h at room temp., the mixture
was diluted with THF (8 mL) and Dowex Marathon A2 resin
(OH–-form, 520 mg) was added. After 2 h of stirring, NaOH solu-
tion (5  aq., 0.20 mL) was added and stirring was continued for
another 2 h. The mixture was further diluted with THF (5 mL) and
MgSO4 was directly added, followed by filtration. The filtrate was
concentrated and column chromatography (silica gel, 100%
EtOAc) provided the product as an oil. The oil was repeatedly
taken up with Et2O and the solvents evaporated to dryness. Pro-
longed drying at 0.1 mbar furnished 26 mg (54%) of 1 as colorless
needles. Analytical data see below.

Reduction of Keto Aldehydes 9a and 9b

(2E,4R,5S)-3-Methoxy-1,4-bis(triethylsiloxy)-5-trityloxyhex-2-ene
(syn-18) and (2E,4S,5S)-3-Methoxy-1,4-bis(triethylsiloxy)-5-tri-
tyloxyhex-2-ene (anti-18): A solution of CeCl3·7H2O (13.9 g,
37.3 mmol) in MeOH (100 mL) was added at –78 °C to a solution
of keto aldehyde 9a (6.77 g, 16.9 mmol) in CH2Cl2 (120 mL).
NaBH4 (1.98 g, 52.4 mmol) was added and the mixture was stirred
at –78 °C for 3 h. Then NH4Cl aq. (50 mL) was added, and H2O
(500 mL) after warming to room temp. The layers were separated
and the aqueous layer was extracted with CH2Cl2 (3 �). The com-
bined organic layers were dried with MgSO4, filtered and concen-
trated. The crude foamy product (syn/anti = 73:27 by 1H NMR)
was dried in vacuo. The crude product (5.98 g, max. 14.8 mmol)
was dissolved in CH2Cl2 (200 mL) and DMAP (0.40 g, 3.27 mmol),
iPr2NEt (8.00 mL, 5.80 g, 44.9 mmol) and TESCl (7.50 mL, 6.68 g,
44.3 mmol) were added. After 17 h of stirring at room temp., the
mixture was poured onto NaHCO3 aq., the layers were separated
and the aqueous layer was extracted with CH2Cl2 (3 �). The com-
bined organic layers were dried with MgSO4, filtered and concen-
trated. Column chromatography (silica gel, EtOAc/hexanes, 1:10)
provided syn/anti-18 (colorless oil, 8.17 g; 76% over 2 steps, syn/anti
= 68:32) and HPLC separation furnished samples of the pure dia-
stereomers. The yield of the reaction varies between 76–96%. syn-
18: Colorless oil. [α]D22 = –5.9 (c = 0.58, CHCl3). 1H NMR
(500 MHz, CDCl3): δ = 0.48–0.54, 0.55 (m, q, J = 8.0 Hz, 2�6 H,
SiEt3), 0.59 (d, J = 6.2 Hz, 3 H, 6-H), 0.87, 0.93 (2t, J = 8.0 Hz,
18 H, SiEt3), 3.48 (s, 3 H, OMe), 3.71 (quint, J = 6.2 Hz, 1 H, 5-
H), 4.22–4.28 (m, 3 H, 4-H, 1-H), 4.63 (dd, J = 6.4, 7.3 Hz, 1 H,
2-H), 7.18–7.28, 7.51–7.54 (2m, 15 H, Ph) ppm. 13C NMR
(126 MHz, CDCl3): δ = 4.5, 4.6, 6.76, 6.79 (2t, 2 q, SiEt3), 16.9 (q,
C-6), 54.0 (q, OMe), 58.8 (t, C-1), 73.1 (d, C-5), 73.5 (d, C-4), 86.7
(s, CPh3), 100.7 (d, C-2), 126.8, 127.4, 129.3 (3d, Ph), 145.4 (s, Ph),
156.6 (s, C-3) ppm. anti-18: Colorless oil. [α]D22 = +11.8 (c = 1.08,
CHCl3). 1H NMR (500 MHz, CDCl3): δ = 0.55–0.66 (m, 12 H,
SiEt3), 0.87 (d, J = 6.2 Hz, 3 H, 6-H), 0.90, 0.98 (2t, J = 7.9 Hz,
18 H, SiEt3), 3.29 (s, 3 H, OMe), 3.52 (quint, J = 6.2 Hz, 1 H, 5-H),
4.25 (dd, J = 6.2, 12.0 Hz, 1 H, 1-Ha), 4.33 (dd, J = 7.7, 12.0 Hz, 1
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H, 1-Hb), 4.36 (d, J = 6.2 Hz, 1 H, 4-H), 4.55 (dd, J = 6.2, 7.7 Hz,
1 H, 2-H), 7.16–7.26, 7.41–7.45 (2m, 15 H, Ph) ppm. 13C NMR
(126 MHz, CDCl3): δ = 4.5, 4.7, 6.4, 6.9 (2t, 2 q, SiEt3), 18.3 (q,
C-6), 53.9 (q, OMe), 58.5 (t, C-1), 72.2 (d, C-5), 73.6 (d, C-4), 86.4
(s, CPh3), 99.9 (d, C-2), 126.7, 127.3, 129.2 (3d, Ph), 145.3 (s, Ph),
156.7 (s, C-3) ppm. syn/anti-18: IR (film): ν̃ = 3090–2810 (=C–H, –
C–H), 1660 (C=C) cm–1. MS (pos. FAB): m/z (%) = 655 ([M +
Na]+, �1), 243 ([CPh3]+, 100), 165 (63), 115 ([C6H15Si]+, 87).
C38H56O4Si2 (633.0): calcd. C 72.10, H 8.92; found C 71.91, H 9.06.

(2E,4S,5S)-5-Benzyloxy-3-methoxy-1,4-bis(triethylsiloxy)hex-2-ene
(anti-19) and (2E,4R,5S)-5-Benzyloxy-3-methoxy-1,4-bis(triethylsi-
loxy)hex-2-ene (syn-19): Keto aldehyde 9b (0.99 g, 3.99 mmol) was
dissolved in Et2O (50 mL) and LiI (1.83 g, 13.7 mmol) was added
at –25 °C, portionwise, with vigorous stirring. After 10 min, the
mixture was cooled to –78 °C and LiAlH4 (0.60 g, 15.8 mmol) was
added. After 2.5 h at –78 °C, EtOAc (30 mL) was slowly added,
then a concentrated aqueous solution of K2CO3 (4 mL). The mix-
ture was warmed to room temp. and diluted with EtOAc (30 mL).
MgSO4 was directly added and the mixture was filtered through
silica gel (with EtOAc). The filtrate was evaporated to dryness and
the crude product (syn/anti = 30:70 by 1H NMR) was dried in
vacuo. The crude diol mixture (0.97 g) was dissolved in CH2Cl2
(50 mL) and DMAP (0.08 g, 0.65 mmol), iPr2NEt (2.00 mL, 1.45 g,
11.2 mmol) and TESCl (2.00 mL, 1.78 g, 11.8 mmol) were added.
After 20 h of stirring at room temp., the mixture was poured onto
NaHCO3 aq., the layers were separated and the aqueous layer was
extracted with CH2Cl2 (3 �). The combined organic layers were
dried with MgSO4, filtered and concentrated. Column chromatog-
raphy (silica gel, EtOAc/hexanes, 1:10) provided syn/anti-19 (1.37 g;
71% over 2 steps, syn/anti = 30:70) and HPLC separation furnished
samples of the pure diastereomers. anti-19: Colorless oil. [α]D22 =
–23.8 (c = 0.08, CHCl3). 1H NMR (500 MHz, CDCl3): δ = 0.55–
0.68 (m, 12 H, SiEt3), 0.93, 0.97 (2t, J = 7.8, 8.1 Hz, 18 H, SiEt3),
1.25 (d, J = 6.3 Hz, 3 H, 6-H), 3.51 (s, 3 H, OMe), 3.66 (qd, J =
6.3, 8.0 Hz, 1 H, 5-H), 4.19 (d, J = 8.0 Hz, 1 H, 4-H), 4.23 (dd, J
= 5.6, 12.2 Hz, 1 H, 1-Ha), 4.39 (dd, J = 8.1, 12.2 Hz, 1 H, 1-Hb),
4.42, 4.48 (AB system, JAB = 11.7 Hz, 2�1 H, CH2Ph), 4.72 (dd,
J = 5.6, 8.1 Hz, 1 H, 2-H), 7.22–7.32 (m, 5 H, Ph) ppm. 13C
NMR (126 MHz, CDCl3): δ = 4.4, 4.6, 6.7, 6.8 (2t, 2 q, SiEt3), 17.1
(q, C-6), 54.1 (q, OMe), 58.5 (t, C-1), 71.5 (t, CH2Ph), 72.5 (d, C-
4), 76.3 (d, C-5), 100.6 (d, C-2), 127.3, 127.7, 128.1 (3d, Ph), 138.8
(s, Ph), 156.1 (s, C-3) ppm. syn-19: Colorless oil, [α]D22 = –6.5 (c =
0.16, CHCl3). 1H NMR (500 MHz, CDCl3): δ = 0.58–0.65 (m, 12
H, SiEt3), 0.93, 0.96 (2t, J = 7.7, 8.1 Hz, 18 H, SiEt3), 1.02 (d, J =
6.3 Hz, 3 H, 6-H), 3.50 (s, 3 H, OMe), 3.70 (qd, J = 6.3, 7.6 Hz, 1
H, 5-H), 4.23 (dd, J = 6.6, 12.1 Hz, 1 H, 1-Ha), 4.30 (d, J = 7.6 Hz,
1 H, 4-H), 4.33 (dd, J = 7.6, 12.1 Hz, 1 H, 1-Hb), 4.62, 4.73 (AB
system, JAB = 12.0 Hz, 2� H, CH2Ph), 4.65 (dd, J = 6.6, 7.6 Hz,
1 H, 2-H), 7.23–7.37 (m, 5 H, Ph) ppm. 13C NMR (126 MHz,
CDCl3): δ = 4.2, 4.4, 6.48, 6.54 (2t, 2 q, SiEt3), 16.4 (q, C-6), 54.0
(q, OMe), 58.1 (t, C-1), 72.6 (t, CH2Ph), 74.4 (d, C-4), 77.8 (d, C-
5), 99.7 (d, C-2), 127.0, 127.4, 127.9 (3d, Ph), 139.1 (s, Ph), 156.7
(s, C-3) ppm. syn/anti-19: IR (film): ν̃ = 3090–2830 (=C–H, –C–
H), 1665 (C=C) cm–1. MS (EI, 100 °C): m/z (%) = 480 (5) [M]+·,
345 (39) [M – C9H11O]+, 241 (15), 214 (49), 171 (62) 115 (27)
[C6H15Si]+, 91 (100) [C7H7]+. C26H48O4Si2 (480.8): calcd. C 64.95,
H 10.06; found C 65.26, H 10.19.

TES-Deprotection with TBACl, Conversion of Bis(silyl ether) 18 into
Aldehyde 20

(2E,4R,5S)-3-Methoxy-4-triethylsiloxy-5-trityloxyhex-2-enal (syn-
20) and (2E,4S,5S)-3-Methoxy-4-triethylsiloxy-5-trityloxyhex-2-
enal (anti-20): TBACl (5.59 g, 20.1 mmol) was suspended in THF
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(330 mL) and the mixture was stirred at room temp. for 1 h. At
0 °C, a solution of bis(silyl ether) syn/anti-18 (4.31 g, 6.81 mmol,
syn/anti = 68:32) in THF (25 mL) was added and the resulting mix-
ture was stirred for 2 h at room temp., conversion being complete
by TLC. Molecular sieves (4 Å, 1.36 g) and MnO2 (29.8 g,
343 mmol) were added and the suspension was stirred at room
temp. for 30 h, then filtered through Celite (with CH2Cl2) and con-
centrated in vacuo. Column chromatography (silica gel, EtOAc/
hexanes, 1:4) provided aldehyde syn/anti-20 as yellowish oil (3.34 g,
95%, syn/anti = 77:23). Samples of the pure diastereomers were
obtained by HPLC separation. syn-20: Colorless oil. [α]D22 = –22.9
(c = 0.18, CHCl3). 1H NMR (500 MHz, CDCl3): δ = 0.42 (q, J =
8.0 Hz, 6 H, SiEt3), 0.82 (t, J = 8.0 Hz, 9 H, SiEt3), 0.90 (d, J =
6.3 Hz, 3 H, 6-H), 3.69 (s, 3 H, OMe), 3.81 (dq, J = 5.6, 6.3 Hz, 1
H, 5-H), 4.39 (d, J = 5.6 Hz, 1 H, 4-H), 5.45 (d, J = 7.7 Hz, 1 H,
2-H), 7.21–7.30, 7.45–7.49 (2m, 15 H, Ph), 9.83 (d, J = 7.7 Hz, 1
H, 1-H) ppm. 13C NMR (126 MHz, CDCl3): δ = 4.4, 6.6 (t, q,
SiEt3), 16.5 (q, C-6), 55.7 (q, OMe), 72.6 (d, C-5), 73.9 (d, C-4),
87.1 (s, CPh3), 106.7 (d, C-2), 127.1, 127.6, 129.0 (3d, Ph), 144.7
(s, Ph), 177.2 (s, C-3), 191.6 (d, C-1) ppm. anti-20: Colorless solid,
m.p. 124–126 °C. [α]D22 = +69.2 (c = 0.56, CHCl3). 1H NMR
(500 MHz, CDCl3): δ = 0.54–0.59 (m, 6 H, SiEt3), 0.89 (t, J =
8.1 Hz, 9 H, SiEt3), 1.03 (d, J = 6.1 Hz, 3 H, 6-H), 3.49 (s, 3 H,
OMe), 3.57 (qd, J = 6.1, 7.1 Hz, 1 H, 5-H), 4.60 (d, J = 7.1 Hz, 1
H, 4-H), 5.24 (d, J = 7.8 Hz, 1 H, 2-H), 7.19–7.27, 7.40–7.48 (2m,
15 H, Ph), 9.90 (d, J = 7.8 Hz, 1 H, 1-H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 4.6, 6.6 (t, q, SiEt3), 18.6 (q, C-6), 55.7 (q,
OMe), 73.3 (d, C-5), 75.6 (d, C-4), 86.7 (s, CPh3), 105.8 (d, C-2),
127.0, 127.5, 128.9 (3d, Ph), 144.7 (s, Ph), 178.4 (s, C-3), 190.3 (d,
C-1) ppm. syn/anti-20: IR (film): ν̃ = 3090–2875 (=C–H, –C–H),
1660, 1610 (C=O, C=C) cm–1. MS (EI, 130 °C): m/z (%) = 516 (�1)
[M]+·, 243 (100) [CPh3]+, 165 (22). C32H40O4Si (516.7): calcd. C
74.38, H 7.80; found C 74.08, H 7.62.

Hydrogenation of Lactones 21 and 22

2,6-Dideoxy-3-O-methyl-4-triethylsiloxy-L-lyxo-hexono-1,5-lactone
(23): Pd/C (10 wt.-% Pd, 222 mg, 0.21 mmol) was suspended, under
Ar, in MeCN (7 mL) and the suspension was saturated with H2 via
a cannula for 30 min. A solution of lactone 21 (173 mg, 0.64 mmol)
in MeCN (5 mL) was added and the mixture was vigorously stirred
at 1 bar H2 pressure and room temp. for 18 h. The mixture was
filtered through Celite (with EtOAc), the filtrate was concentrated
and chromatographed (silica gel, EtOAc/hexanes = 2:3) to provide
lactone 23 (140 mg, 80%, dr � 95:5). Colorless solid; m.p. 31 °C.
[α]D22 = –30.6 (c = 0.31, CHCl3). 1H NMR (500 MHz, CD3OD): δ
= 0.73 (mc, 6 H, SiEt3), 1.04 (t, J = 8.0 Hz, 9 H, SiEt3), 1.39 (d, J
= 6.5 Hz, 3 H, 6-H), 2.55 (dd, J = 10.8, 17.7 Hz, 1 H, 2-Hax), 2.85
(dd, J = 6.7, 17.7 Hz, 1 H, 2-Heq), 3.42 (s, 3 H, OMe), 3.73 (ddd,
J = 2.0, 6.7, 10.8 Hz, 1 H, 3-H), 4.16 (mc, 1 H, 4-H), 4.46 (dq, J =
1.1, 6.5 Hz, 1 H, 5-H) ppm. 13C NMR (126 MHz, CD3OD): δ =
6.3, 7.5 (t, q, SiEt3), 18.1 (q, C-6), 32.9 (t, C-2), 57.0 (q, OMe),
69.8 (d, C-4), 77.6 (d, C-3), 78.9 (d, C-5), 173.4 (s, C-1) ppm. IR
(KBr): ν̃ = 2995–2835 (C–H), 1720 (C=O) cm–1. MS (pos. FAB):
m/z (%) = 297 ([M + Na]+, 50), 275 ([M + H]+, 20), 245 ([M –
C2H5]+, 39), 87 (100). C13H26O4Si (274.4): calcd. C 56.90, H 9.55;
found C 56.72, H 9.33.

2,6-Dideoxy-3-O-methyl-4-triethylsiloxy-L-arabino-hexono-1,5-lac-
tone (25): Pd on CaCO3 (5 wt.-% Pd, 3.5 wt.-% Pb, 653 mg,
0.31 mmol) was suspended, under Ar, in MeCN (15 mL) and the
suspension was saturated with H2 via a cannula for 30 min. A solu-
tion of lactone 22 (155 mg, 0.57 mmol) in MeCN (4 mL) was added
and the mixture was vigorously stirred at 1 bar H2-pressure and
room temp. for 24 h. The mixture was filtered through Celite (with
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EtOAc), the filtrate was concentrated and chromatographed (silica
gel, EtOAc/hexanes = 1:3) to provide lactone 25 (132 mg, 84%, dr
� 95:5) as a colorless oil as well as 10 mg of unreacted 22. [α]D22 =
–36.9 (c = 0.13, CHCl3). 1H NMR (500 MHz, CDCl3): δ = 0.61–
0.70 (m, 6 H, SiEt3), 0.97 (t, J = 8.0 Hz, 9 H, SiEt3), 1.42 (d, J =
6.5 Hz, 3 H, 6-H), 2.70 (ddd, J = 0.7, 4.0, 16.6 Hz, 1 H, 2-Hax),
2.85 (dd, J = 5.1, 16.6 Hz, 1 H, 2-Heq), 3.35 (s, 3 H, OMe), 3.54
(ddd, J = 4.0, 4.1, 5.1 Hz, 1 H, 3-H), 3.57 (ddd, J = 0.7, 4.1, 7.7 Hz,
1 H, 4-H), 4.13 (qd, J = 6.5, 7.7 Hz, 1 H, 5-H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 4.8, 6.7 (t, q, SiEt3), 18.5 (q, C-6), 32.7 (t,
C-2), 56.5 (q, OMe), 74.6 (d, C-4), 77.6 (d, C-5), 79.8 (d, C-3),
170.0 (s, C-1) ppm. IR (film): ν̃ = 2955–2830 (C–H), 1760
(C=O) cm–1. MS (pos. FAB): m/z (%) = 297 ([M + Na]+, 51), 275
([M + H]+, 72), 243 ([M – OCH3]+, 50), 87 (100). C13H26O4Si
(274.4): calcd. C 56.90, H 9.55; found C 56.52, H 9.68.

Preparation of Glycoside 32

Methyl 4-O-Benzoyl-2,6-dideoxy-3-O-methyl-α-L-ribo-hexopyrano-
syl-(1�6)-2,3,4-tri-O-acetyl-α-D-glucopyranoside (α-31) and Methyl
4-O-Benzoyl-2,6-dideoxy-3-O-methyl-β-L-ribo-hexopyranosyl-
(1�6)-2,3,4-tri-O-acetyl-α-D-glucopyranoside (β-31): Thiophenyl
donor α,β-26 (38 mg, purity 85%, 0.09 mmol, α/β = 33:67), methyl
glucoside 29 (54 mg, 0.17 mmol) and TBMP (2,6-tert-butyl-4-meth-
ylpyridine, 26 mg, 0.13 mmol) were dissolved in CH2Cl2 (2 mL)
and molecular sieves (powdered, 4 Å, 160 mg) were added. The re-
sulting suspension was stirred for 1 h at room temp., then the reac-
tion flask was protected from light and AgBF4 (55 mg, 0.28 mmol)
was added at 0 °C. The mixture was stirred at 0 °C for 3 h, then
filtered through Celite (with EtOAc) and the (turbid) filtrate was
concentrated in vacuo. Column chromatography (silica gel, EtOAc/
hexanes, 1:1) provided β-31 (colorless sticky oil, RF ≈ 0.50, 6 mg,
12%) and α-31 (colorless sticky oil, RF ≈ 0.40, 29 mg, 57%), hence
α/β = 83:17. α-31: [α]D22 = +6.7 (c = 0.23, CHCl3). 1H NMR
(500 MHz, CDCl3): δ = 1.21 (d, J = 6.4 Hz, 3 H, 6�-H), 1.88 (ddd,
J = 3.9, 4.3, 14.7 Hz, 1 H, 2�-Ha), 1.98, 2.01, 2.05 (3s, 3�3 H,
OAc), 2.28 (ddd, J = 2.0, 3.9, 14.7 Hz, 1 H, 2�-Hb), 3.34, 3.41 (2s,
2�3 H, OMe), 3.44 (dd, J = 6.7, 11.5 Hz, 1 H, 6-Ha), 3.77 (dd, J
= 1.9, 11.5 Hz, 1 H, 6-Hb), 3.83 (br. dt, J = 3.3, 3.9 Hz, 1 H, 3�-
H), 3.97 (ddd, J = 1.9, 6.7, 10.3 Hz, 1 H, 5-H), 4.38 (qd, J = 6.4,
8.9 Hz, 1 H, 5�-H), 4.80 (dd, J = 2.0, 4.3 Hz, 1 H, 1�-H), 4.849 (dd,
J = 3.3, 8.9 Hz, 1 H, 4�-H), 4.854 (dd, J = 3.6, 10.2 Hz, 1 H, 2-H),
4.93 (d, J = 3.6 Hz, 1 H, 1-H), 4.98 (dd, J = 9.4, 10.3 Hz, 1 H, 4-
H), 5.46 (dd, J = 9.4, 10.2 Hz, 1 H, 3-H), 7.41–7.45, 7.53–7.57,
8.04–8.07 (3m, 2 H, 1 H, 2 H, OBz) ppm. 13C NMR (126 MHz,
CDCl3): δ = 17.5 (q, C-6�), 20.61, 20.64, 20.7 (3q, OAc), 31.8 (t, C-
2�), 55.0, 57.2 (2q, OMe), 63.0 (d, C-5�), 66.3 (t, C-6), 68.8 (d, C-
5), 69.2 (d, C-4), 70.3 (d, C-3), 70.9 (d, C-2), 73.5 (d, C-3�), 74.6
(d, C-4�), 96.4 (d, C-1), 97.0 (d, C-1�), 128.4, 129.8 (2d, OBz), 129.9
(s, OBz), 133.1 (d, OBz), 165.9 (s, OBz), 169.6, 170.0, 170.1 (3s,
OAc) ppm. IR (film): ν̃ = 3065–2845 (=C–H, –C–H), 1755, 1720
(C=O) cm–1. MS (ESI-TOF): m/z (%) = 607 (13) [M + K]+, 591
(100) [M + Na]+. C27H36O13 (568.6): calcd. C 57.04, H 6.38; found
C 57.21, H 6.51. β-31: [α]D22 = +80.6 (c = 0.85, CHCl3). 1H NMR
(500 MHz, CDCl3): δ = 1.23 (d, J = 6.4 Hz, 3 H, 6�-H), 1.75 (ddd,
J = 2.7, 9.2, 13.8 Hz, 1 H, 2�-Hax), 2.00, 2.01, 2.06 (3s, 3�3 H,
OAc), 2.20 (ddd, J = 2.1, 4.4, 13.8 Hz, 1 H, 2�-Heq), 3.37, 3.40 (2s,
2 �3 H, OMe), 3.57 (dd, J = 2.4, 10.7 Hz, 1 H, 6-Ha), 3.91 (mc, 1
H, 3�-H), 3.94 (ddd, J = 2.4, 4.9, 9.6 Hz, 1 H, 5-H), 3.97 (dd, J =
4.9, 10.7 Hz, 1 H, 6-Hb), 4.11 (qd, J = 6.4, 9.2 Hz, 1 H, 5�-H), 4.77
(dd, J = 3.0, 9.2 Hz, 1 H, 4�-H), 4.82 (dd, J = 2.1, 9.2 Hz, 1 H, 1�-
H), 4.88 (dd, J = 3.7, 9.6 Hz, 1 H, 2-H), 4.94 (d, J = 3.7 Hz, 1 H,
1-H), 5.08 (t, J = 9.6 Hz, 1 H, 4-H), 5.46 (t, J = 9.6 Hz, 1 H, 3-H),
7.42–7.47, 7.55–7.59, 8.03–8.07 (3m, 2 H, 1 H, 2 H, OBz) ppm. 13C
NMR (126 MHz, CDCl3): δ = 18.1 (q, C-6�), 20.71, 20.73, 20.8
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(3q, OAc), 34.6 (t, C-2�), 55.3, 58.2 (2q, OMe), 66.7 (t, C-6), 68.0
(d, C-5), 68.2 (d, C-5�), 69.2 (d, C-4), 70.4 (d, C-3), 70.9 (d, C-2),
74.7 (d, C-3�), 75.2 (d, C-4�), 96.6 (d, C-1), 97.9 (d, C-1�), 128.4,
129.7 (2d, OBz), 129.9 (s, OBz), 133.2 (d, OBz), 165.8 (s, OBz),
169.4, 170.1, 170.2 (3s, OAc) ppm.

Analytical Data of 2,6-Dideoxyhexoses 1–4: Information on the as-
signments of the furanose tautomers is given in the Supporting
Information.

2,6-Dideoxy-3-O-methyl-L-ribo-hexose (L-Cymarose, 1): After equil-
ibration in CD3OD, the NMR spectra showed two pyranose tauto-
mers (α-pyranose 8%, β-pyranose 50%; α/β = 14:86) and two fu-
ranose tautomers (α-furanose 20%, β-furanose 22%; α/β = 48:52).
Colorless solid, m.p. 86–88 °C (lit.[30] 86–87 °C, -enantiomer).
[α]D22 = –49.8 [c = 0.27, H2O, equilibrated, lit.[3d] [α]D25 = –51.5 (c =
0.33, H2O)]. α-Pyranose: 1H NMR (500 MHz, CD3OD): δ = 1.22
(d*, 3 H, 6-H), 1.76 (ddd, J = 3.2, 4.0, 14.5 Hz, 1 H, 2-Ha), 2.17
(ddd, J = 2.1, 3.9, 14.5 Hz, 1 H, 2-Hb), 3.25 (dd, J = 3.2, 9.1 Hz,
1 H, 4-H), 3.47 (s, 3 H, OMe), 3.64 (dt, J = 3.2, 3.9 Hz, 1 H, 3-H),
4.08 (mc, 1 H, 5-H), 5.03 (dd, J = 2.1, 4.0 Hz, 1 H, 1-H) ppm,
*signal partially overlapped. 13C NMR (126 MHz, CD3OD): δ =
18.3 (q, C-6), 33.6 (t, C-2), 58.4 (q, OMe), 66.0 (d, C-5), 73.8 (d,
C-4), 78.9 (d, C-3), 92.4 (d, C-1) ppm. β-Pyranose: 1H NMR
(500 MHz, CD3OD): δ = 1.22 (d, J = 6.3 Hz, 3 H, 6-H), 1.49 (ddd,
J = 2.6, 9.8, 14.0 Hz, 1 H, 2-Hax), 2.21 (ddd, J = 2.0, 3.4, 14.0 Hz,
1 H, 2-Heq), 3.15 (dd, J = 3.4, 9.6 Hz, 1 H, 4-H), 3.43 (s, 3 H,
OMe), 3.59 (dt, J = 2.6, 3.4 Hz, 1 H, 3-H), 3.74 (dq, J = 6.3,
9.6 Hz, 1 H, 5-H), 4.94 (dd, J = 2.0, 9.8 Hz, 1 H, 1-H) ppm. 13C
NMR (126 MHz, CD3OD): δ = 18.7 (q, C-6), 36.7 (t, C-2), 58.0 (q,
OMe), 71.4 (d, C-5), 74.5 (d, C-4), 79.2 (d, C-3), 92.9 (d, C-1) ppm.
α-Furanose: 1H NMR (500 MHz, CD3OD): δ = 1.18 (d, J =
6.4 Hz, 3 H, 6-H), 1.95 (dt, J = 1.4, 15.2 Hz, 1 H, 2-Ha), 2.11 (ddd,
J = 5.4, 6.7, 15.2 Hz, 1 H, 2-Hb), 3.32 (s, 3 H, OMe), 3.67–3.70
(m, 1 H, 5-H), 3.91–3.94 (m, 2 H, 3-H, 4-H), 5.45 (dd, J = 1.4,
5.4 Hz, 1 H, 1-H) ppm. 13C NMR (126 MHz, CD3OD): δ = 19.3
(q, C-6), 40.0 (t, C-2), 57.1 (q, OMe), 68.5 (d, C-5), 82.1 (d, C-3),
88.9 (d, C-4), 99.6 (d, C-1) ppm. β-Furanose: 1H NMR (500 MHz,
CD3OD): δ = 1.21 (d, J = 6.3 Hz, 3 H, 6-H), 2.04 (ddd, J = 3.8,
6.6, 13.6 Hz, 1 H, 2-Ha), 2.09 (ddd, J = 3.9, 5.3, 13.6 Hz, 1 H, 2-
Hb), 3.30 (s, 3 H, OMe), 3.71–3.78 (m, 2 H, 4-H, 5-H), 4.05–4.09
(m, 1 H, 3-H), 5.49 (dd, J = 3.8, 5.3 Hz, 1 H, 1-H) ppm. 13C NMR
(126 MHz, CD3OD): δ = 19.5 (q, C-6), 41.0 (t, C-2), 56.9 (q, OMe),
69.2 (d, C-5), 82.4 (d, C-3), 89.4 (d, C-4), 99.8 (d, C-1) ppm. The
spectroscopic data for the pyranoses are in agreement with the lit-
erature.[31]

2,6-Dideoxy-3-O-methyl-L-xylo-hexose (L-Sarmentose, 2): After
equilibration in CD3OD, the NMR spectra show two pyranose tau-
tomers (α-pyranose 13%, β-pyranose 81%; α/β = 14:86), the β-
furanose (5%) as well as traces of the α-furanose and the open
chain aldehyde (total ca. 1%). Colorless oil, [α]D22 = –11.4 [c = 0.40,
H2O, equilibrated, lit.[32] [α]D24 = –15.9 (c = 0.34, H2O)]. α-Pyranose:
1H NMR (500 MHz, CD3OD): δ = 1.22 (d, J = 6.7 Hz, 3 H, 6-H),
1.79 (dddd, J = 1.1, 2.4, 3.7, 14.4 Hz, 1 H, 2-Heq), 2.11 (ddd, J =
3.3, 4.0, 14.4 Hz, 1 H, 2-Hax), 3.46 (s, 3 H, OMe), 3.54 (mc, 1 H,
3-H), 4.30 (dq, J = 1.7, 6.7 Hz, 1 H, 5-H), 5.11 (mc, 1 H, 1-H)
ppm, the signal of 4-H could not be located. 13C NMR (126 MHz,
CD3OD): δ = 16.9 (q, C-6), 30.7 (t, C-2), 57.8 (q, OMe), 64.4 (d,
C-5), 69.4 (d, C-4), 79.4 (d, C-3), 92.8 (d, C-1) ppm. β-Pyranose:
1H NMR (500 MHz, CD3OD): δ = 1.25 (d, J = 6.6 Hz, 3 H, 6-H),
1.72 (ddd, J = 3.0, 9.9, 13.5 Hz, 1 H, 2-Hax), 1.91 (mc, 1 H, 2-Heq),
3.38 (mc, 1 H, 4-H), 3.42 (s, 3 H, OMe), 3.56 (q, J = 3.0 Hz, 1 H,
3-H), 3.92 (dq, J = 1.2, 6.6 Hz, 1 H, 5-H), 4.91 (dd, J = 2.2, 9.9 Hz,
1 H, 1-H) ppm. 13C NMR (126 MHz, CD3OD): δ = 17.2 (q, C-6),
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33.3 (t, C-2), 57.5 (q, OMe), 68.4 (d, C-4), 71.0 (d, C-5), 80.6 (d,
C-3), 93.8 (d, C-1) ppm. β-Furanose: 1H NMR (500 MHz,
CD3OD): δ = 1.93 (mc, 1 H, 2-Ha), 2.40 (ddd, J = 1.9, 5.7, 14.2 Hz,
1 H, 2-Hb), 3.31 (s, 3 H, OMe), 3.89 (dd, J = 3.9, 7.0 Hz, 1 H, 4-
H), 3.99 (mc, 1 H, 3-H), 5.59 (dd, J = 4.3, 5.7 Hz, 1 H, 1-H) ppm,
the signals of 5-H and 6-H are covered and could not be located.
13C NMR (126 MHz, CD3OD): δ = 19.6 (q, C-6), 40.8 (t, C-2), 57.1
(q, OMe), 67.9 (d, C-5), 82.9 (d, C-3), 86.2 (d, C-4), 99.1 (d, C-1)
ppm; signals of the α-furanose in the 1H NMR spectrum: δ = 5.43
(dd, J = 1.8, 5.4 Hz, 1 H, 1-H) ppm; signals of the free aldehyde
form: δ = 9.60 (d, J = 8.1 Hz, 1 H, CHO) ppm. The spectroscopic
data correlate satisfyingly with the literature (1H NMR: 200 MHz,
D2O;[3i] 300 MHz, CDCl3 of n-butyl-2,6-dideoxy-3-O-methyl-β--
xylo-hexopyranoside[33]).

2,6-Dideoxy-3-O-methyl-L-lyxo-hexose (L-Diginose, 3): After equili-
bration in D2O, the NMR spectra show two pyranose tautomers
(α-pyranose 42%, β-pyranose 44%; α/β = 49:51) and two furanose
tautomers (α-furanose 10 %, β-furanose 4%; α/β = 71:29). Colorless
solid, m.p. 83–85 °C (lit.[34] 81–87 °C). [α]D22 = –66.0 [c = 0.10, H2O,
equilibrated, lit.[35] [α]D25 = –63.2 (c = 0.10, H2O)]. α-Pyranose: 1H
NMR (500 MHz, D2O): δ = 1.20 (d, J = 6.7 Hz, 3 H, 6-H), 1.83
(ddd, J = 3.7, 12.1, 13.2 Hz, 1 H, 2-Hax), 1.88 (tdd, J = 1.2, 5.2,
13.2 Hz, 1 H, 2-Heq), 3.38 (s, 3 H, OMe), 3.75 (ddd, J = 2.8, 5.2,
12.1 Hz, 1 H, 3-H), 3.93 (mc, 1 H, 4-H), 4.11 (br. q, J = 6.7 Hz, 1
H, 5-H), 5.35 (mc, 1 H, 1-H) ppm. 13C NMR (126 MHz, D2O): δ
= 16.3 (q, C-6), 29.7 (t, C-2), 55.1 (q, OMe), 66.5 (d, C-5), 67.0
(d, C-4), 74.2 (d, C-3), 91.5 (d, C-1) ppm. β-Pyranose: 1H NMR
(500 MHz, D2O): δ = 1.24 (d, J = 6.3 Hz, 3 H, 6-H), 1.55 (dt, J =
10.0, 12.1 Hz, 1 H, 2-Hax), 2.04 (dddd, J = 1.0, 2.3, 4.8, 12.1 Hz, 1
H, 2-Heq), 3.38 (s, 3 H, OMe), 3.56 (ddd, J = 3.0, 4.8, 12.1 Hz, 1
H, 3-H), 3.63 (dq, J = 1.0, 6.3 Hz, 1 H, 5-H), 3.83 (mc, 1 H, 4-H),
4.80 (dd, J = 2.3, 10.0 Hz, 1 H, 1-H) ppm. 13C NMR (126 MHz,
D2O): δ = 16.1 (q, C-6), 32.6 (t, C-2), 54.9 (q, OMe), 65.9 (d, C-
4), 70.9 (d, C-5), 77.3 (d, C-3), 93.8 (d, C-1) ppm. α-Furanose: 1H
NMR (500 MHz, D2O): δ = 1.19 (d, J = 6.6 Hz, 3 H, 6-H), 2.02
(td, J = 1.3, 14.5 Hz, 1 H, 2-Ha), 2.22 (ddd, J = 5.4, 7.0, 14.5 Hz,
1 H, 2-Hb), 3.34 (s, 3 H, OMe), 3.78–3.82 (m, 1 H, 5-H), 3.95 (ddd,
J = 1.3, 2.6, 7.0 Hz, 1 H, 3-H), 4.04 (dd, J = 2.6, 5.0 Hz, 1 H, 4-
H), 5.58 (dd, J = 1.3, 5.4 Hz, 1 H, 1-H) ppm. 13C NMR (126 MHz,
D2O): δ = 18.3 (q, C-6), 38.4 (t, C-2), 56.5 (q, OMe), 67.8 (d, C-
5), 81.9 (d, C-3), 87.4 (d, C-4), 98.4 (d, C-1) ppm. β-Furanose: 1H
NMR (500 MHz, D2O): δ = 2.13 (ddd, J = 4.2, 6.5, 14.1 Hz, 1 H,
2-H), 3.34 (s, 3 H, OMe), 5.59 (dd, J = 4.2, 5.1 Hz, 1 H, 1-H) ppm,
missing signals could not be located. The spectroscopic data are in
good agreement with the literature (1H NMR, 200 MHz, D2O,[3i]

500 MHz, CDCl3 for the α-pyranose[31]).

2,6-Dideoxy-3-O-methyl-L-arabino-hexose (L-Oleandrose, 4): After
equilibration in CD3OD, the NMR spectra show two pyranose tau-
tomers α/β = 61:39. Colorless oil. [α]D22 = +9.7 [c = 0.50, H2O,
equilibrated, lit.[3u] [α]D20 = +10.4 (c = 1.25, H2O)]. α-Pyranose: 1H
NMR (500 MHz, CD3OD): δ = 1.26 (d, J = 6.2 Hz, 3 H, 6-H),
1.48 (ddd, J = 3.6, 11.5, 12.9 Hz, 1 H, 2-Hax), 2.25 (ddd, J = 1.4,
4.9, 12.9 Hz, 1 H, 2-Heq), 3.05 (t, J = 9.2 Hz, 1 H, 4-H), 3.46 (s, 3
H, OMe), 3.55 (ddd, J = 4.9, 9.2, 11.5 Hz, 1 H, 3-H), 3.88 (dqd,
J = 0.4, 6.2, 9.2 Hz, 1 H, 5-H), 5.27 (mc, 1 H, 1-H) ppm. 13C
NMR (126 MHz, CD3OD): δ = 18.7 (q, C-6), 36.7 (t, C-2), 57.7 (q,
OMe), 69.1 (d, C-5), 78.1 (d, C-4), 79.5 (d, C-3), 92.9 (d, C-1) ppm.
β-Pyranose: 1H NMR (500 MHz, CD3OD): δ = 1.31 (d, J = 6.2 Hz,
3 H, 6-H), 1.35 (ddd, J = 9.8, 11.6, 12.3 Hz, 1 H, 2-Hax), 2.35 (ddd,
J = 2.1, 4.9, 12.3 Hz, 1 H, 2-Heq), 3.02 (t, J = 9.0 Hz, 1 H, 4-H),
3.24 (ddd, J = 4.9, 9.0, 11.6 Hz, 1 H, 3-H), 3.32 (qd, J = 6.2, 9.0 Hz,
1 H, 5-H), 3.47 (s, 3 H, OMe), 4.78 (dd, J = 2.1, 9.8 Hz, 1 H, 1-
H) ppm. 13C NMR (126 MHz, CD3OD): δ = 18.6 (q, C-6), 38.9 (t,
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C-2), 57.6 (q, OMe), 73.6 (d, C-5), 77.3 (d, C-4), 82.1 (d, C-3), 95.2
(d, C-1) ppm. The spectroscopic data are in agreement with the
literature.[3u]

Supporting Information (see also the footnote on the first page of
this article): Full experimental details and spectroscopic data of all
compounds not described in the printed version, copies of NMR
spectra of all compounds.
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