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Abstract

The reductive opening of epoxid&s9, 13 derived fromb-glucose and .8 derived fromb-fructose using lithium
and a catalytic amount of 44li-tert-butylbiphenyl (DTBB) in THF at—78°C allows the formation of-oxido
organolithium derivatives? 10, 14 and19), which, by reaction with different electrophiles {8, D,O, Me;SiCl,
PhCHO, MeCO, EtCO, (CH,)sCO, CGQ)] at the same temperature yields, after hydrolysis with water, the expected
branched-chain functionalised carbohydrates. An alternative route for comfduddrived from the epoxid8,
consists of the deprotonation of the chlorohydtihfollowed by the same protocol of lithiation-reaction with an
electrophile. The application of this methodology to the oxethalows compound to be obtained through the
correspondingy-functionalised organolithium intermediat&sFinally, the addition of the dianiorb (resulting
from the DTBB-catalysed lithiation of phthalan and isochroman) to the ket®aesl23, derived fromb-glucose
andbp-fructose, respectively, allowed the stereoselective functionalisation at the 3-position of the sugars, giving the
corresponding diol26 and27, which can cyclise to the corresponding heterocy2ieand29, respectively, under
Mitsunobu reaction conditions. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Carbohydrates are the most abundant organic compounds in hafmesidering their biological
activity, they play an important role in molecular recognition, cell signalling, biomolecular transport,
the immune system and, in fact, in virtually every essential biological prédessn a chemical point of
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view, carbohydrates constitute one of the most important families of the chiral pool of natural products,
which can be used for the preparation of enantiopure moleéutegarticular, naturally occurring-

glucose is one of the molecules most used in the so-called EPC (enantiomerically pure compounds)
synthesis, which uses natural products as starting materials and a source of éninaliggent years

much effort has been focused on the preparation of branched-chain functionalised carbohydrates, bearing
mainly an alcohol functionality at the branching carbon atom, due to their presence as glycosidic
components of many antibioti®ésOn the other hand, during the last decade we have developed a new
methodology for the preparation of organolithium compounds consisting of the use of lithium powder
and a catalytic amount of an arene, naphthalene drdi;tert-butylbiphenyl (DTBB) being the most
commonly used® This methodology has allowed us to generate organolithium reagents starting from
non-halogenated materiai$,functionalised organolithium intermediatégstarting from chlorinated
precursors? etherst® thioethers'*sulfoned® and saturated heterocyclésand polylithiated synthon.

Among the different methods for generating functionalised organolithium compounds, the reductive
opening of epoxides using lithium and a stoichioméfrior catalytid® amount of an arene has been
shown to be effective for the generation @foxido-functionalised organolithium derivatives. In this
paper, we describe the application of the aforementioned arene-catalysed lithiation of epoxides derived
from carbohydrates such as glucose or fructose derivatives.

2. Results and discussion

The reaction of the protected eporyglucosel with an excess of lithium (1:14 molar ratio) and

a catalytic amount of DTBB (1:0.1 molar ratio, 5 mol%) in THF a78°C for 2 h followed by
treatment with different electrophiles {EH,0, D,O, Me;SiCl, PhCHO, MeCO, (CH)sCO] at the

same temperature for 10 min afforded, after hydrolysis with water, the expected pr@auftihe
corresponding intermediat probably being involved in the process (Scheme 1 and Table 1). In the
case of prochiral carbonyl compounds, such as benzaldehyde, a 2:3 diastereomeric mixture was isolated
(Table 1, entry 4), which was separated by chromatography (neutral silica gel, hexane:ethyl acetate),
giving the corresponding pure diastereomers. The unequivocal assignment of the stereochemistry of both
formed stereocentres in diddsl and3d’ was performed by single-crystal analysis of compo8dd(Fig.
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Scheme 1Reagents and condition§) Li, DTBB (5%), THF, —78°C, 2 h; (ii) E=H,0, D,O, Me&;SiCl, PhCHO, MgCO,
(CH,)sCO, —78°C, 10 min; (iii) HO, —78 to 20°C

Since oxetanes can be reductively opened using lithium and a catalytic amount of$3V@Rpplied
the above-mentioned methodology to the oxetane derivatiMeut performing the lithiation step at
—40°C. In this case, the reaction with different electrophilesHD.O, PhCHO, MeCO, (CH:)sCO]
always gave the ‘reduced’ produea (E=H; >95% yield) except for the deuterolysis in which a 98% yield
of compoundb was obtained with only 55% of deuterium incorporation (MS) (Scheme 2). It seems that,
under these reaction conditions, the intermedgiartially decomposed by abstracting a proton from the
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Table 1
Preparation of compoundssfrom the epoxidel

Producta
Electrophile
Entry E+ No. E Yield (%)b
1 H,0 3a H 95
2 D,0 3b D 95¢
3 MesSiCl 3¢ MesSi 50 (70)
4 PhCHO 3d+3d’ PhCHOH 50 (65)d
5 Me,CO e Me,COH 20 (55)
6 (CHp)sCO 3f (CH,)sCOH 60

a All products 3 were 295% pure (300 MHz 'H NMR and/or GLC). b Isolated yield after column
chromatography (ncutral silica gel, hexane/ethyl acetate) based on the starting material 1; in
parenthesis GLC yield. ¢ 75% Deuterium incorporation (from MS). d 2/3 Diastereomeric mixture
(75 MHz 13C NMR).

Fig. 1.

reaction medium, probably from the THF, thus giving the corresponding pr@dLinstead of reacting
with the electrophile, except in the case of deuterium oxide.
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Scheme 2Reagents and condition@) Li, DTBB (5%), THF, —40°C, 3 h; (ii) E=H,0, D,0O, —40°C, 10 min; (iii) HO, —40 to
20°C

Starting materialsl and 4 were prepared from commercially available compouhdvhich was
oxidised with pyridinium chlorochromate (PCC) in @, to give the keton®, followed by treatment
with a stoichiometric amount or an excess of trimethylsulfoxonium iodide in 80—-85% yield (Scheme
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Scheme 3Reagents and condition§) PCC, AcO, CH,Cl,, 20°C, 30 min; (ii) KOBU (1 equiv.), MgSOI (1 equiv.), BtOH,
50°C, 2.5 h; (i) KOBU (4 equiv.), MgSOl (4 equiv.), BtOH, 50°C, 1.5 h

When the epimeric epoxid@was submitted to the same procedure as shown in Scheme 1 and using
various electrophiles [k, D,O, PhCHO, EXCO, (CH)5CO] we always isolated the same prodlita
resulting from a lithium/hydrogen exchange. In this case, the corresponding dikhgeemed to be
very unstable and decomposed during the lithiation time (2 h), under the reaction conditions employed,
by abstraction of a proton from the reaction medium (Schensé 4).

In order to avoid the former problem we lithiated the chlorohydinpreviously deprotonated with
Bu'Li in THF at —78°C, using the same procedure as above, so that the corresponding intermediate
10 was formed in only 30 min, and its decomposition could be avoided and compddrmsild be
isolated, after reaction with4D, (CH,;)sCO and compounfl (Scheme 5 and Table 2). In the last case, the
stereochemistry of compourddis that corresponding to the attack of intermedit@¢o the upper face
of the ketoneB.24 A definitive proof of theC, symmetry in compoundlldis observed in its NMR spectra
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Scheme 4Reagents and condition§) Li, DTBB (5%), THF, —78°C, 2 h; (ii) E=H,0, D,O, PhCHO, E{CO, (CH;)sCO,
—78°C; (iii) H,O

(see the Experimental part). The stereochemistry of comptiagvas confirmed by its preparation by
reaction of keton® with methyllithium.
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Scheme 5Reagents and conditiongi) Bu"Li, THF, —78°C; (ii) Li, DTBB (5%), THF, —78°C, 30 min; (iii) E=D,0
(CH;)sCO, 8, =78 to 0°C; (iv) HO

Table 2
Preparation of compoundd from the chlorohydrirl2

Producta

Electrophile
Entry E+ No. E Yield (%)b
1 D0 11b D 65 (78)
2 (CHp)sCO 11c (CH3)sCOH 61
3 8 11d - 20 (63)

a All products 12 were 293% pure (300 MHz 'H NMR and/or GLC). b Isolated yield after
column chromatography (neutral silica gel, hexane/ethyl acetate) based on the starting material
12; in parenthesis GLC yield.

Starting material® and 12 were prepared from ketoreby reaction with in situ generated chloro-
methyllithium (from chloroiodomethane and Bii), the only difference being the reaction temperature
for the hydrolysis: at low temperature the chlorohydkihdid not cyclise to the epoxid@ but at room
temperature this was the reaction product formed (Scheme 6).
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Scheme 6Reagents and conditiong) CICH,l, LiBr, THF, 10 min; (ii) Bu"Li, THF, —78 to 20°C; (iii) as (ii) but at-78°C and
then HO, —78 to 0°C; (iv) HO

Another epoxide derived fronn-glucose is compound3, which was lithiated and reacted with

electrophiles [HO, D>O, PhCHO, MeCO, (CH)sCO, CQ] using the same procedure shown in
Scheme 1. Thus, the expected compoubblsvere isolated, dianiod4 probably being involved as an
intermediate (Scheme 7 and Table 3). Also in this case, when benzaldehyde was used as electrophile, a
3:1 diastereomeric mixture of compouricand15c¢ was obtained (Table 3, entry 3).

Li
o
o] i Lo— o i _
\/O\/O (o) \/o\/o (o]
o

13 14 15
Scheme 7Reagents and conditiong) Li, DTBB (5%), THF, —78°C, 2.5 h; (ii) E=H,0, D,O, PhCHO, MgCO, (CH,)sCO,
CO,, —78°C, 10 min; (iii) O, —78 to 20°C
Table 3
Preparation of compounds from the epoxidel3

Producta
Electrophile
Entry E+ No. E Yield (%)b
1 H,0 15a H 95
2 D,0 15b D 95¢
3 PhCHO 15c¢+15¢’ PhCHOH 80d
4 Me,CO 15d Me,COH 25
5 (CHp)sCO 15e (CH;)sCOH 65
6 CO, 15f COH 34

a All products 15 were 295% pure (300 MHz 1H NMR and/or GLC). b Isolated yield after
column chromatography (neutral silica gel, hexane/ethyl acetate) based on the starting material
13. ¢<90% Deuterium incorporation (from MS). d 3/1 Diastereomeric mixture (75 MHz 13C
NMR).

The preparation of the starting epoxiti® was carried out starting from the commercially available
triol 16, which was treated with diisopropyl azodicarboxylate (DIAD) and triphenylphosphine in benzene
at reflux, to give the epoxid&7.2° This epoxide was finally protected with chloromethyl ethyl ether to
give 13 (Scheme 8).

In order to establish the scope of the methodology described in this paper, we applied this procedure to
the epoxidel8 derived fromb-fructose. This compound was used as a 4:1 diastereomeric mixture, which
could not be separated chromatographically, the major compound being the stlBctifeer lithiation
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Scheme 8Reagents and conditiong) PP, DIAD, PhH reflux, 2.5 h; (ii) BdLi, CICH,OEt, THF,—78 to 20°C

and reaction with different electrophiles, compoug@svere isolated resulting from the reaction of the
major diasteroisomer, except for compo@@with E=D, in which the same 4:1 mixtur@@b and20b’)

was obtained and separated chromatographically (Scheme 9 and Table 4). Also in this case2@fdimer
was prepared in poor yield when the ketd8was used as electrophilic component (Table 4, entry 6).
Also for compoun®0faC, symmetry was observed in the NMR spectra (compare to compbloydee

the Experimental part). The stereochemistry of compow8dmd20was also confirmed by preparation

of 20a by reaction of keton@3 with methyllithium (62% isolated yieldd* The use of benzaldehyde
afforded an 8:1 mixture of diastereom@@cand20c/, resulting from the major intermedial®.
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Scheme 9Reagents and condition§) Li, DTBB (5%), THF, —78°C, 2 h; (ii) E=H,0, D,O, PhCHO, E{CO, (CH,)sCO, 23,
—78°C, 10 min; (iii) HO, —78 to 20°C

Table 4
Preparation of compoun@® from the epoxidel8

Producta

Electrophile
Entry E+ No. E Yield (%)b

1 HO 20a H 95¢

2 D,O 20b+20b’ D 95¢.d

3 PhCHO 20c+20c¢’ PhCHOH 75¢

4 Et,CO 20d Et;COH 40

5 (CH,)sCO 20e (CH)sCOH 42

6 23 20f - 15

a All products 20 were 297% pure (300 MHz 'H NMR and/or GLC). b Isolated yield after
column chromatography (neutral silica gel, hexane/cthyl acetate) based on the starting material
18. ¢ A 4:1 diastereomeric mixture was obtained (75 MHz 13C NMR). d 90% Deuterium
incorporation (from MS). ¢ A 8/1 Diastereomeric mixture corresponding to the structures 20 (OH
group down).

The mentioned 4:1 diastereomeric mixture of epoxi@i®@sand 18 was prepared starting from the
commercially availabl®-fructose21, which was converted into the compouR@by reaction with 2,2-
dimethoxypropane in acetone under perchloric acid catalysis. Com@ames oxidised with PCC in
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CH_Cl, and acetic anhydride to give the ketd® which finally afforded the epoxidels8and18’ using
the same methodology as for epoxiléScheme 10).
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Scheme 10Reagents and conditioné) Me,C(OMe),, HCIO, cat., MeCO, 0°C, 6 h; (ii) PCC, AgO, CH,Cl,, 30 min; (iii)
KOBU! (1 equiv.), MgSOI (1 equiv.), B¢©OH, 50°C, 2.5 h

In the final part of this study we use a different approach to prepare the branched-chain functionalised
sugars, which consisted of adding functionalised organolithium compounds to kK&ton23 in a
stereoselective manner. As organolithium component we used dia2harend 25b, easily accessible
by DTBB-catalysed lithiation of phthala2¢&® and isochroma@4b,?’ respectively. Once intermediates
25 were generated, the reaction with ketdher 23 at —78°C for 10 min afforded, after hydrolysis,
the expected compoun@$ or 27, respectively (Scheme 11). These diols can be easily cyclised under
Mitsunobu-type reaction conditions to yieId heterocyd@d8®r 29, respectively (Scheme 11).
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Scheme 11Reagents and condition§) Li, DTBB (2.5%), THF, —78 to 20°C, 30 min; (ii)3, —78°C, 10 min; (iii) H,O, —78
to 20°C; (iv) 23, —78°C, 10 min; (v) PP% DIAD, PhH reflux, 3 h

In conclusion, we have reported here a new way to prepare branched-chain functionalised carbohy-
drates involving functionalised organolithium compounds derived from the carbohydrate or by using an
external organolithium derivative and a ketone, derived from a sugar, as the chiral source.
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3. Experimental
3.1. General

Melting points were obtained with a Reichert Thermovar apparatus. FT-IR spectra were obtained on a
Nicolet Impact 400D spectrophotometer. NMR spectra were recorded on a BrukeBd@EB00 MHz for
1H and 75 MHz for'3C) using CDC4 as solvent and TMS as internal standard; chemical shifts are given
in § (ppm) and coupling constantd) @re given in hertzt3C NMR assignments were made on the basis
of DEPT experiments. Mass spectra (El) were obtained at 70 eV on a Shimadzu QP-5000 spectrometer,
fragment ions ir/zwith relative intensities (%) in parentheses. Elemental analyses were performed by
the Microanalyses Service at the University of Alicante. High resolution mass spectra were performed by
the corresponding service at the University of Alicante using a Finnigan MAT 95 S apparatus. The purity
of volatile products and the chromatographic analyses (GLC) were determined with a Hewlett—Packard
HP-5890 instrument equipped with a flame ionisation detector and a 12 m capillary column (0.2 mm
diam., 0.33 mm film thickness), using nitrogen (2 ml/min) as carrier gggetd=275°C, Teolum=60°C
(3 min) and 60-270°C (15°C/min). Thin layer chromatography (TLC) was carried out on Schleicher
& Schuell F1500/LS 254 plates coated with a 0.2 mm layer of silica Belialues are given under
these conditions. Column chromatography was performed using silica gel 60 of 35—70 mesh. All starting
materials were commercially available (Acros, Aldrich, Fluka) of the best grade and were used without
further purification. THF was dried over benzophenone ketyl under an argon atmosphere and distilled
before use.

3.2. Preparation of compourt

To a dichloromethane solution (70 ml) of commercially availablglucose derivative (5.2 g, 20
mmol) was added acetic anhydride (8 ml, 84.6 mmol) and PCC (13 g, 60 mmol) and the mixture
was stirred at 25°C for 30 min. Then the resulting mixture was filtrated and evaporated (15 mmHQg).
The resulting residue was purified by column chromatography (silica gel, hexane:ethyl acetate) to give
1,2;5,6-diO-isopropylidenex-D-glucofuranos-3-ulos&:28 (83% yield) R; 0.31 (hexane:ethyl acetate,
4;1); v (film) 1774 (C=0), 1215 cm?! (CO); 6y 1.34 (6H, s, XCHg), 1.44 (3H, s, CH), 1.46
(3H, s, CH), 4.02-4.05 (2H, m, BCHH), 4.35-4.40 (2H, m, BCHCHH), 4.36 (1H, d,J=4.6,
CHCHOy), 6.14 (1H, d,J=4.6, OGHO); 6¢ 25.3, 25.9, 27.1, 27.5 {(4CHj3), 64.3 (CHO), 76.3 CHCH>),

77.2 (CHCHCH), 78.9 CHCHGOy), 103.1 (OCHO), 110.4, 114.3 ¥&(CHs),], 176.2 (CO);m/z243
[M*—(CHs), 5.5%], 101 (56), 85 (17), 71 (10), 59 (12), 43 (100) [found?-+MCHs), 243.0825;
C11H1506 requires: M, 243.0869];f]p2°=+131.5 £ 1.27 (CHCIL)] {lit. 28°[x]p2°=+107 (CHC})}.

3.3. Preparation of epoxidé

To atert-butanol solution (30 ml) of trimethylsulfoxonium iodide (3.30 g, 15 mmol) was added-a
butanol solution (30 ml) of potassiutart-butoxide (1.80 g, 16 mmol) at 50°C under argon. After 30 min
at this temperature, a neirt-butanol solution (15 ml) of keton@ (3.77 g, 14.6 mmol) was added and
stirring was continued for 3 h. Then the resulting mixture was evaporated (15 mmHg) and the resulting
residue was hydrolysed with water (30 ml) and extracted with ethyl aceta#(Bl). The organic layer
was dried over anhydrous sodium sulfate and evaporated (15 mmHg). The resulting residue was purified
by column chromatography (silica gel, hexane:ethyl acetate) to giveaBt8/dro-3€-hydroxymethyl-
1,2:5,6-diO-isopropylidenex-D-glucofuranosel:2® (82% yield) R 0.48 (hexane:ethyl acetate, 4:1);
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(film) 1213, 1166 cm! (CO); 6y 1.27 (3H, s, CH), 1.32 (3H, s, CH), 1.34 (3H, s, CH), 1.40 (3H,
s, CHs), 3.09 (1H, d,J=4.9, OGHHC), 3.17 (1H, dJ=4.9, OCHHC), 4.00-4.04 (3H, m, C¥CH), 4.29
(1H, d,J=3.7, HCHO,), 4.37 (1H, d,J=6.7, AHCHCH,), 5.95 (1H, d,J=3.7, OCHO);6¢c 25.2, 26.4,
26.8, 26.9 (4CHg), 46.3 (CHC), 65.05 (CHC), 66.9 CH2CH), 72.9 CHCHCH,), 76.4 CHCHy,),

84.5 CHCHO,), 104.2 (OCHO), 109.5, 112.6 ¥C(CHs),]; m/z257 [M*—(CHs), 4.3%], 101 (26), 59
(12), 43 (100) [found: M—(CHa), 257.1029; GoH170¢ requires: M, 257.1025];¢]p%°=+55.5 ¢ 1.08

(CH2Cl)] {lit. 2° [x]p?°=+55 [c 1.7 (MeOH)]}.

3.4. Preparation of oxetarng

To atert-butanol solution (30 ml) of trimethylsulfoxonium iodide (8.80 g, 40 mmol) was added-a
butanol solution (30 ml) of potassiutart-butoxide (4.48 g, 40 mmol) at 50°C under argon. After 30 min
at this temperature, a net@rt-butanol solution (10 ml) of ketong (2.58 g, 10 mmol) was added and
stirring was continued for 3 h. Then the resulting mixture was evaporated (15 mmHg) and the resulting
residue was hydrolysed with water (30 ml) and extracted with ethyl acetat®O(Bl). The organic layer
was dried over anhydrous sodium sulfate and evaporated (15 mmHg). The resulting residue was purified
by column chromatography (silica gel, hexane:ethyl acetate) to givea88/dro-3€-(3-hydroxyethyl)-
1,2;5,6-diO-isopropylidenex-D-glucofuranosed: (83% vyield) Rr 0.46 (hexane:ethyl acetate, 4:1);
(film) 1215, 1076 cm* (CO); 6y 1.34 (3H, s, CH), 1.41 (3H, s, CH), 1.48 (6H, s, XCH3), 2.77-2.86
(2H, m, tH,CH,0), 3.89 (1H, d,J=7.6, CHCHCH,), 4.02 (1H, dd,J=8.5, 5.8, CHE&IH), 4.14 (1H, dd,
J=8.5, 6.4, CHCHH), 4.48-4.56 (1H, m, HCH,), 4.57—4.61 (2H, m, OC}CH,), 4.67 (1H, d,J=3.5,
CHCHO), 5.79 (1H, d,J=3.5, OCHO);6¢c 23.7, 25.4, 26.4, 26.9 ¢4CHs), 31.2 (OCHCH,), 67.5
(OCH2CHy), 73.2 (CHCO), 77.2 CH2CH), 82.05 (CHCHCHjy), 85.5 CHCHCH,), 90.9 (CHCHOy),
104.05 (OCHO), 109.3, 112.1 $Z(CHa),]; m/z272 [M*—(CHa), 2.0%)], 271 (13), 111 (11), 101 (90),
99 (20), 97 (19), 95 (13), 85 (12), 83 (16), 73 (16), 72 (19), 71 (13), 69 (11), 59 (24), 55 (20), 43 (100), 42
(21) [found: Mf—(CHz), 217.1176; GasH190g requires: M, 271.1181]if]p2°=+27.9 [£ 0.98 (CHCL)].

3.5. Preparation of epoxide

To a suspension of lithium bromide (0.79 g, 9.1 mmol) in THF (15 ml) were added chloroiodomethane
(0.66 ml, 9.1 mmol) and ketor8(1.7 g, 6.5 mmol) at 25°C under argon. The reaction mixture was cooled
down to—78°C and 1.6 Mh-butyllithium hexane solution (4.5 ml, 7.8 mmol) was added dropwise. The
reaction mixture was allowed to get to 25°C overnight and was hydrolysed with water (30 ml) and
extracted with ethyl acetate X830 ml). The organic layer was dried over anhydrous sodium sulfate
and evaporated (15 mmHg). The resulting residue was purified by column chromatography (silica
gel, hexane:ethyl acetate) to give 3ghhydro-3€-hydroxymethyl-1,2;5,6-dB@-isopropylidenes-b-
allofuranose9:282 (30% yield)Rr 0.15 (hexane:ethyl acetate, 4:1){film) 1074, 1020 cm?! (CO); 6n
1.32(3H, s, CH), 1.37 (3H, s, CH), 1.40 (3H, s, CH), 1.63 (3H, s, CH), 2.99 (1H, d J=5.2, OGHHC),

3.39 (1H, dJ=5.2 OCHHC), 3.91 (1H, ddJ=7.3, 4.9, ZHCHH), 3.96-4.08 (2H, m, BCHH), 4.25 (1H,
d, J=6.7, HCHCH,), 4.43 (1H, d J=3.7, (HCHO,), 5.87 (1H, dJ=4.3, OCHO);6¢ 25.2 (CH), 26.5
(2xCHz), 26.8 (CH), 26.9 (CH), 64.3 (Ch), 67.0 CHCH_y), 75.1 (CHCH,), 75.7 CHCHCHy), 80.5
(CHCHG,), 103.8 (OCHO), 109.9, 113.6 ¥C(CHjs),]; m/z257 [M*—(CHa), 0.4%], 101 (17), 59 (20),
55 (18), 44 (12), 43 (100), 41 (16)x[p%°=+85.6 [ 1.20 (CH:CI,)].
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3.6. Preparation of chlorohydrid2

To a suspension of lithium bromide (1.31 g, 14.7 mmol) in THF (20 ml) were added chloroiodo-
methane (1.08 ml, 15.6 mmol) and keto8€2.7 g, 10.5 mmol) at 25°C under argon. The reaction
mixure was cooled down te-78°C and a 1.6 Mh-butyllithium hexane solution (9.3 ml, 14.9 mmol)
was added dropwise. The reaction mixture was stirred at the same temperature for 30 min and hy-
drolysed with water (30 ml). After that, it was extracted with ethyl acetate3(BBml). The organic
layer was dried over anhydrous sodium sulfate and evaporated (15 mmHg). The resulting residue was
purified by column chromatography (silica gel, hexane:ethyl acetate) to giset8eromethyl-1,2;5,6-
di-O-isopropylidenex-D-allofuranosel2: (20%) Ry 0.30 (hexane:ethyl acetate, 4:1); m.p. 122-123°C
(dichloromethane/pentaney; (KBr) 3675-3028 (OH), 1210, 1081, 1016 (CO), 800-600 &r(CCl);
on 1.36 (3H, s, CH), 1.39 (3H, s, CH), 1.46 (3H, s, CH), 1.61 (3H, s, CH), 3.01 (1H, s, OH), 3.60
(1H, d,J=12.2, GHHCI), 3.89-3.97 (3H, m, CHCI, CHCHCHy,), 4.09-4.16 (2H, m, CHB,), 4.64 (1H,

d, J=3.7, (HCHO), 5.80 (1H, d,J=3.7, OCHO);6¢ 25.1, 26.5, 26.6, 26.65 ¥dCHz), 45.5 (CHCI),
67.9 (CHCHO), 73.0 CHCH20), 79.2 (COH), 80.9G@HCHCH,), 82.1 CHCHO), 103.8 (OCHO),
110.0, 112.9 [XC(CHj3)]; m/z293 [M*—(CHg), 7.0%], 101 (33), 72 (12), 59 (46), 55 (19), 43 (100),
41 (14). Anal. calcd for ggH»1ClOg: C, 50.57; H, 6.85; found: C, 50.36; H, 6.6&]p%°=+23.4 £ 1.20
(CH2CIR)].

3.7. Preparation of epoxid&7

To a benzene solution (40 ml) of commercially availabtglucose derivativd 6 (1.0 g, 4.54 mmol)
and triphenylphosphine (1.31 g, 4.98 mmol) in the presence of 4 A molecular sieves under argon was
added dropwise diisopropyl azodicarboxylate (0.97 ml, 4.98 mmol) at 25°C. The reaction mixture was
heated at 80°C for 2.5 h. Then the resulting mixture was evaporated (15 mmHg) and the resulting residue
was hydrolysed with water (30 ml) and extracted with ethyl acetatel@3ml). The organic layer was
dried over anhydrous sodium sulfate and evaporated (15 mmHg). The resulting residue was purified
by column chromatography (silica gel, hexane:ethyl acetate) to give 5,6-anhyd@idopropylidene-
«-D-glucofuranosel 7:3° (80% yield) Rf 0.28 (hexane:ethyl acetate, 3:3);(film) 3538—-3140 (OH),
1083, 1065 cm! (CO); 6y 1.32 (3H, s, CH), 1.48 (3H, s, CH), 2.87 (1H, dd,J=4.6, 2.7, OGIH),
2.97-3.00 (1H, m, OCH), 3.30 (1H, br s, OH), 3.40-3.43 (1H, mHCH,), 4.00-4.03 (1H, m,
CHCHCH,), 4.24-4.29 (1H, m, BOH), 4.52 (1H, dJ=3.7, (HCHO,), 5.98 (1H, d,J=3.7, OCHO);
Oc 26.1, 26.7 (XCHg), 45.9 (CHO), 50.3 CHCHy), 75.2 (COH), 79.2CHCHCH,), 85.0 CHCHO,),
104.9 [C(CHs)2], 111.8 (OCHO);m/z 187 [M*—(CHg), 12.2%)], 59 (82), 57 (13), 55 (15), 43 (100);
[¢]p?°=—25.0 [c 1.00 (CHCB)] {lit. 3° [x]p?°=—25 [c 1 (CHCB)]}.

3.8. Preparation of epoxid&3

To a THF solution (40 ml) of epoxidé7 (0.91 g, 4.56 mmol) at-78°C under argon was added
dropwise a 1.6 Mn-butyllithium hexane solution (3.64 ml, 5.47 mmol). After 5 min at the same
temperature, chloromethyl ethyl ether (0.92 ml, 5.47 mmol) was added and the reaction mixture was
allowed to rise to 25°C overnight and then hydrolysed with water (30 ml) and extracted with ethyl acetate
(8%x40 ml). The organic layer was dried over anhydrous sodium sulfate and evaporated (15 mmHg).
The resulting residue was purified by column chromatography (silica gel, hexane:ethyl acetate) to
give 5,6-anhydro-3-ethoxymethyl-1,29-isopropylidenex-D-glucofuranosel3: (79% yield) R 0.60
(hexane:ethyl acetate, 3:3);(film) 1088, 1031 cm? (CO); 61 1.24 (3H, t,J=6.9, CHCH3), 1.47 (3H,
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s, Chs), 1.49 (3H, s, CH), 2.76-2.78 (1H, m, CHBH), 2.87-2.92 (1H, m, CHCH), 3.20-3.24 (1H,

m, CHCH,), 3.60-3.71 (2H, m, 8,CHg), 3.76 (1H, ddJ=7.0, 3.0, GZICHCH,), 4.31 (1H, d,J=3.0,
CHOCH,0), 4.62 (1H, dJ=3.5, (HCHGOy), 4.77-4.83 (2H, m, OC}D), 5.92-5.98 (1H, m, OCHO);

Oc 14.9 (CHCH3), 26.1, 26.7 (XCHs), 46.8 (CHCHCH>), 48.1 (CHCHCHy), 63.8 CH2CH3), 79.4
(CHOCH;0), 81.4 CHCHCH), 83.1 CHCHOy), 94.3 (OCHO), 105.2 (OCHO), 111.9 (OCOjn/z

245 [M*—(CHs), 5.5%], 129 (30), 117 (16), 85 (25), 73 (12), 69 (12), 59 (100), 57 (15), 55 (36) 43 (84)
[found: M*, 260.1251; GoH»00e requires: M, 260.1259];d]p2°=—38.8 [c 1.44 (CHCl,)].

3.9. Preparation of keton23

To a suspension ab-fructose (18.42 g, 100 mmol) and 2,2-dimethoxypropane (7.4 ml, 60 mmol) in

acetone (370 ml) was added perchloric acid (4.3 ml, 70%) at 0°C. The reaction mixture was stirred at
the same temperature for 6 h. After that, a saturated ammonium hydroxide aqueous solution (5 ml) was
added. Then the resulting mixture was evaporated (15 mmHg) and the resulting residue was hydrolysed
with water (30 ml) and extracted with dichloromethane4® ml). The organic layer was dried over
anhydrous sodium sulfate and evaporated (15 mmHg). The resulting residue was co@panddvas
used for the preparation of keto28 without further purification. To a dichloromethane solution (80
ml) of D-fructose derivative22 (7.74 g, 30 mmol) were added acetic anhydride (12 ml, 126.9 mmol)
and PCC (19.5 g, 90 mmol) and the mixture was stirred at 25°C for 30 min. Then the resulting mixture
was filtrated and evaporated (15 mmHg). The resulting residue was purified by column chromatography
(silica gel, hexane:ethyl acetate) to give 1,2;4,%dsopropylideneB-p-fructopyranos-3-ulos@3:3!
(91% yield)Rs 0.23 (hexane:ethyl acetate, 4:1); m.p. 96-97°C (dichloromethane/pentad¥) itp.
102-103°C)y (KBr) 1748 (C=0), 1229, 1099 cm! (CO); 5y 1.40 (6H, s, XCHz), 1.46 (3H, s, CH),
1.55 (3H, s, CH), 3.99 (1H, dJ=9.5, CAHHO), 4.12 (1H, d,J=13.4, CHGHHO), 4.39 (1H, dd,)=13.4,
1.8, CHCHHO), 4.55 (1H, dd,J=5.5, 1.2, GC{CHCO), 4.61 (1H, dJ=9.5, CAHHO), 4.73 (1H, d,J=5.5,
CHCO); 8¢ 26.0 (2<CHj3), 26.5 (CH), 27.1 (CH), 60.1 (CHCH,0), 70.0 CHCH»0), 75.8 (CCHO),
77.9 (CHCO), 104.1 CCH,0), 110.6, 113.8 [RC(CHj3),], 196.9 (CO);m/z243 [M*—(CHj3), 9.0%],
117 (33), 114 (36), 85 (36), 72 (11), 59 (72), 58 (10), 56 (14), 43 (100), 42 (47), 41 (P3f;%E—-100.9
[c 1.35 (CHCI)].

3.10. Preparation of epoxide3

To atert-butanol solution (50 ml) of trimethylsulfoxonium iodide (4.58 g, 20.8 mmol) was added a
tert-butanol solution (50 ml) of potassiutart-butoxide (2.33 g, 20.8 mmol) at 50°C under argon. After
30 min at this temperature, a neert-butanol solution (50 ml) of ketong2 (5.38 g, 20.8 mmol) was
added and stirring was continued for 3 h. Then the resulting mixture was evaporated (15 mmHg) and
the resulting residue was hydrolysed with water (30 ml) and extracted with ethyl acetat@ (83l).
The organic layer was dried over anhydrous sodium sulfate and evaporated (15 mmHg). The resulting
residue was purified by column chromatography (silica gel, hexane:ethyl acetate) to ¢iaal8/8ro-3-
C-hydroxymethyl-1,2;4,5-dB-isopropylideneB-D-psicopyranosé&8: (83% yield)Rs 0.55 (hexane:ethyl
acetate, 3:2)y (film) 1096, 1021 cm? (CO); 54 1.32 (3H, s, CH), 1.33 (3H, s, CH), 1.48 (3H, s, CH),
1.54 (3H, s, CH), 2.68 (1H, d J=5.5, CHCQHHO), 3.22 (1H, d,J=5.5, CHCCHHO), 3.83-3.84 (1H, m,
CHCHHO), 4.01-4.08 (3H, m, CHCHO, CHCH,0, CCHHO), 4.23 (1H, d,J=9.1, CCHHO), 4.39 (1H,
d, J=7.3, (HCHCHZ2);6¢c 25.1 (CH), 25.9 (CH), 26.1 (2xCHg), 48.6 (CHGCH,0), 63.8 (CHCCH0,
CHCH20), 73.5 (C@CH20), 75.0 CHCH;0), 75.8 CHCHCH,;0), 110.4 (2 CCHg), 110.8 (CCCH,0);
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m/z257 [M*—(CHs), 15%)], 139 (14), 72 (29), 59 (15), 55 (12), 43 (100), 42 (25), 41 (15) (found: M
272.1280; GaH200g requires: M, 272.1260)0]]p2°=—120.1 [ 1.20 (CHCl,)].

3.11. DTBB-catalysed lithiation of epoxid&s9, 13 and 18, and reaction with electrophiles. Isolation
of compounds8, 11, 15and20. General procedure

To a cooled £ 78°C) blue suspension of lithium powder (0.10 g, 14.0 mmol) and a catalytic amount of
4,4 -di-tert-butylbiphenyl (0.04 g, 0.15 mmol) in THF (5 ml) was added the corresponding epoxide (1.0
mmol) uner argon and the mixture was stirred at the same temperat@ & fio thecase of compounds
1,9 and18and 2.5 h in the case of compourit’d Then the corresponding electrophile (1.2 mmol; 0.5
ml in the case of water and deuterium oxide; £Ofas bubbled for 30 min) was added-a78°C and
the temperature was allowed to rise to 20°C overnight. The resulting mixture was hydrolysed with water
(20 ml) and extracted with ethyl acetate<@0 ml). The organic layer was dried over anhydrous sodium
sulfate and evaporated (15 mmHg). The resulting residue was purified by column chromatography (silica
gel, hexane:ethyl acetate) and/or recrystallised to yield pure pra8lucts15and20. Yields are included
in Tables 1, 3 and 4. Physical, spectroscopic and analytical data follow.

3.11.1. 1,2;5,6-Di@-isopropylidene-3z-methyl«-D-glucofuranosea?®

R: 0.31 (hexane:ethyl acetate, 4:1)(film) 3664-3061 (OH), 1215, 1076 cth (CO); 6y 1.32 (3H,
s, CHp), 1.35 (3H, s, CH), 1.44 (3H, s, CH), 1.47 (3H, s, CH), 1.51 (3H, s, CH), 2.14 (1H, br s,
OH), 3.80 (1H, d,J=7.6, CHCHCHy), 3.97-4.02 (1H, m, OBH), 4.12-4.17 (1H, m, OCH), 4.23
(1H, d,J=3.5, (HCHOy), 4.25-4.30 (1H, m, BCHy), 5.86 (1H, d J=3.5, OCHO);6¢ 20.0, 25.2, 26.4,
26.7,27.1 (%CHs), 67.7 (CHCH,), 73.6 CHCH,), 80.05 CHCHCH,), 83.1 CHCHO,), 87.65 (COH),
104.6 (OCHO), 109.6, 112.3 J&(CHs)2]: m/z259 [M*—(CHs), 16.6%], 159 (16), 101 (48), 100 (44),
99 (11), 85 (30), 83 (19), 73 (11), 72 (13), 71 (13), 59 (67), 55 (14), 43 (100), 42 (16) [fouhd(GHs),
250.1158: GoH190g requires: M, 259.1182]:d]p2°=+21.1 [ 0.72 (CHCL)] {lit. 22 [«]p2°=+23 [c 1.0
(Me,CO)]}.

3.11.2. 3€-Deuteriomethyl-1,2;5,6-db-isopropylidenex-b-glucofuranosedb
Rr 0.31 (hexane:ethyl acetate, 4:1)(film) 3664—3061 (OH), 1215, 1076 cth (CO); 5y 1.32 (3H,
s, CH), 1.36 (3H, s, CH), 1.44 (3H, s, CH), 1.47 (2H, s, CHD), 1.51 (3H, s, CH), 2.35 (1H,
br s, OH), 3.80 (1H, dJ=7.6, CHCHCH,), 3.98-4.02 (1H, m, OBH), 4.11-4.16 (1H, m, OCH),
4.23 (1H, d,J=3.5, (HCHO,), 4.25-4.32 (1H, m, BCH,), 5.86 (1H, d,J=3.5, OCHO);6¢ 19.6 (t,
Jcp=19.5, CHD), 25.2, 26.4, 26.65, 27.1 §&CHs), 67.7 (CHCH,), 73.5 CHCHy), 79.9 CHCHCHy),
83.0 CHCHO,), 87.6 (COH), 104.5 (OCHO), 109.5, 112.242(CHs)2]; m/z260 [M*—(CHj3), 9.3%)],
101 (39), 100 (40), 85 (23), 84 (10), 72 (14), 59 (63), 55 (10), 44 (63), 43 (100), 42 (16) [found:
M*—(CHa), 260.1247; GoH18DOg requires: M, 260.1244];¢]p2%=+22.9 k£ 1.25 (CHCl)].

3.11.3. 1,2;5,6-Dio-isopropylidene-3=-(trimethylsilylmethyl)e-D-glucofuranose3c

Rr 0.27 (hexane:ethyl acetate, 4:1)(film) 3643-3117 (OH), 1069, 1013 crh (CO); 54 0.18 [9H,
s, Si(CH)3], 1.21 (2H, s, CHSI), 1.31 (3H, s, CH)), 1.36 (3H, s, CH), 1.45 (3H, s, CH), 1.50 (3H, s,
CHs), 1.95 (1H, br s, OH), 3.81 (1H, d76.7, (HCHCH,), 3.96-4.01 (1H, m, OBH), 4.11-4.16 (1H,
m, OCHH), 4.25 (1H, d,J=3.7, GHCHGOy), 4.25-4.29 (1H, m, BCHy), 5.83 (1H, d,J=3.7, OCHO);
oc 0.3 [SI(CH)3], 21.5 (CHSI), 25.2, 26.2, 26.6, 27.1 {&CHj3), 67.7 (COH), 74.1 (CHO), 82.7
(CHCH;0), 84.5 CHCHCHy), 86.1 CHCHO), 104.6 (OCHO), 109.6, 112.0 ¥XC(CHz)2]; m/z331
[M*—(CHj3), 0.1%], 115 (45), 101 (19), 100 (47), 85 (26), 75 (34), 73 (76), 59 (25), 55 (10), 45 (19), 44
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(27), 43 (100) [found: M—(CHs), 331.1585; GsH,706Si requires: M, 331.1577]f]o2°=+27.8 £ 1.18
(CHCI)].

3.11.4. (2R)-3-C-(2-Hydroxy-2-phenylmethyl)-1,2;5,6-@-isopropylidenex-b-glucofuranose3d

Minor isomer:Rs 0.29 (hexane:ethyl acetate, 4:¥)film) 3691-3107 (OH), 3033 (ArCH), 1065 cth
(CO); 61 1.34 (3H, s, CH), 1.37 (6H, s, XCHj3), 1.51 (3H, s, CH), 2.02-2.07 (1H, m, COHEBH),
2.25-2.33 (1H, m, COHCH), 2.66 (1H, br s, OH), 2.88 (1H, br s, OH), 3.83 (1HJd6.7, GHCHCH,),
4.00-4.13 (2H, m, OCHRBy;), 4.38-4.42 (1H, m, OBCH,), 4.60 (1H, d,J=3.4, HCHOy), 5.19-5.23
(1H, m, CHOH), 5.93 (1H, d,J=3.4, OCHO), 7.12—-7.40 (5H, m, ArH}p¢c 25.3, 26.6, 26.7, 27.2
(4xCHz), 39.5 CH,COH), 67.2 (CHCOH), 73.0 (CHCHOH), 73.7 (CHO), 82.1 CHCH,0), 83.6
(CHCHCHy), 85.9 CHCHOy), 104.8 (OCHO), 109.1, 112.4¥&(CHs)2], 125.6, 128.1, 128.7 (ArCH),
144.0 (ArC);m/z289 [M*—(PhCH), 1.6%], 105 (13), 104 (13), 101 (18), 100 (20), 85 (13), 59 (12), 58
(14), 44 (32), 43 (100), 42 (11) [found: M (CHs, CH3COCH;, H20), 289.1081; GsH1705 requires:
M, 289.1076]; x]p?°=+33.3 £ 1.11 (CH:CI,)].

3.11.5. (29)-3-C-(2-Hydroxy-2-phenylmethyl)-1,2;5,6-@-isopropylidenes-b-glucofuranose8d

Major isomer?! Ry 0.24 (hexane:ethyl acetate, 4:1); m.p. 94-95°C (dichloromethane/pentane);
(KBr) 3708-3118 (OH), 3061, 3036 (ArCH), 1222, 1063 TcnfCO); 6y 1.28 (3H, s, CH), 1.36 (3H,
s, Chg), 1.41 (3H, s, CH), 1.49 (3H, s, CH), 2.25-2.28 (2H, m, COHB&y,), 3.00 (1H, br s, OH), 3.70
(1H, br s, OH), 3.88 (1H, d=7.3, CHCHCH,), 4.00 (1H, dd,)=8.5, 6.1, CHE&IH), 4.14 (1H, dd,)=8.5,
6.1, CHCHH), 4.35-4.41 (2H, m, OBCH,, CHCHO), 5.23-5.29 (1H, m, BOH), 5.82 (1H, d,J)=3.4,
OCHO), 7.11-7.37 (5H, m, ArH)jc 25.4, 26.4, 26.6, 27.1 ¢4CHz), 40.4 CH,COH), 67.8 (CHCOH),
71.2 (CHCHOH), 72.9 (CHO), 81.2 CHCH,0), 84.1 CHCHCH,), 87.4 CHCHO,), 104.3 (OCHO),
109.5, 112.2 [XC(CHa),], 125.6, 127.6, 128.5 (ArCH), 144.4 (ArCin/z 322 [M*—(2xCHz, H,0),
0.6%)], 105 (14), 104 (15), 101 (14), 100 (21), 85 (14), 59 (13), 58 (15), 44 (18), 43 (100), 42 (10) [found:
M*—(CHa), 369.1605; GgH»507 requires: M, 365.1600];¢]p2°=+19.5 [c 1.12 (CH:Cly)].

3.11.6. 3€-(2-Hydroxy-2-methylpropyl)-1,2;5,6-dd-isopropylidene-D-glucofuranosee

Rr 0.27 (hexane:ethyl acetate, 4:1)(film) 3670-3074 (OH), 1165, 1069 crh (CO); 5y 1.32 (3H,
s, CHg), 1.35 (3H, s, CH), 1.37 (3H, s, CH), 1.44 (3H, s, CH), 1.47 (3H, s, CH), 1.49 (3H, s,
CHs), 1.95 (1H, d,J=14.9, (HHCOH), 2.16 (1H, dJ=14.9, CHHCOH), 2.37 (1H, br s, OH), 3.77
(1H, d,J=6.4, (HCHCH), 4.03—4.13 (2H, m, CHB,), 4.34-4.41 (1H, m, @CH,), 4.50 (1H, d J=3.4,
CHCHOy), 5.11 (1H, br s, OH), 5.87 (1H, d=3.4, OCHO);6¢ 25.45, 26.5, 26.7, 27.2 {4CHs), 28.9,
33.7 [COH(CH3)2], 40.0 (CH2C), 67.4 COH(CHs),], 73.1 (COHCHy), 77.2 (CHO), 81.5 CHCH,),
84.2 CHCHCH,), 86.2 CHCHO,), 105.0 (OCHO), 109.1, 112.0 ¥X(CHz)2]; m/z299 [M*—(CHs,
H20), 1.6%], 241 (12), 143 (35), 111 (11), 101 (55), 100 (68), 97 (10), 85 (55), 83 (29), 73 (11), 72
(15), 71 (31), 59 (76), 58 (12), 57 (17), 56 (13), 55 (33), 44 (10), 43 (100), 42 (18) [fouhd(GH3),
317.1555; GsH2507 requires: M, 317.1600];d]p?°=+27.8 £ 1.50 (CHCIy)].

3.11.7. 3€-(1-Hydroxycyclohexylmethyl)-1,2;5,6-@Hsopropylidenex-b-glucofuranosesf3?

R: 0.34 (hexane:ethyl acetate, 4:1); m.p. 108-109°C (dichloromethane/pentdK&r;) 3689-3093
(OH), 1222, 1158 cm! (CO); 5y 1.32 (3H, s, CH), 1.37 (3H, s, CH), 1.44 (3H, s, CH), 1.50 (3H,
s, CHs), 1.30-1.96 [10H, m, (Ch)s], 2.00-2.08 (2H, m, COHBy), 2.47 (2H, br s, 2OH), 3.78 (1H,
d, J=7.3, (HCHCHp), 4.01-4.13 (2H, m, CHB,), 4.34-4.41 (1H, m, GCH,), 4.46 (1H, d,J=3.1,
CHCHGO,), 5.85 (1H, dJ=3.1, OCHO);0¢ 21.8, 21.9, 25.3 (8CHy>), 25.45, 26.5, 26.7, 27.25 ¥4CH3),
36.6, 39.15, 41.15 (BCHy), 67.3 [COH(CH)s], 73.1 (COHCH), 74.0 (CHO), 81.3 CHCH,), 84.2



T. Soler et al. / TetrahedromAsymmetry11 (2000) 493-517 507

(CHCHCH,), 86.4 CHCHO), 105.0 (OCHO), 109.0, 111.9 KC(CHs),]; m/z357 [M*—(CHs), 0.6%),
281 (23), 183 (21), 143 (52), 101 (83), 100 (100), 99 (36), 95 (35), 85 (71), 81 (43), 71 (38), 67 (21), 59
(62), 57 (21), 55 (63), 43 (98), 42 (28)x][p2°=+30.1 [ 1.79 (CHCI,)].

3.11.8. 1,2;5,6-Di@-isopropylidene-32-methyl«-D-allofuranosel 1a282

Rr 0.13 (hexane:ethyl acetate, 4:1) (48% yiebd)film) 3637—-3107 (OH), 1076, 1008 cth(CO); 5n
1.28 (3H, s, CH), 1.35 (3H, s, CH), 1.36 (3H, s, CH), 1.45 (3H, s, CH), 1.59 (3H, s, CH), 2.68 (1H, br
s, OH), 3.78 (1H, dJ=7.3, GHCHCH), 3.98 (1H, ddJ=11.1, 8.1, GiH), 4.07-4.13 (2H, m, BCHH),
4.17 (1H, d,J=3.7, (HCHO,), 5.7 (1H, d,J=3.7, OCHO);6¢c 19.5, 25.2, 26.4, 26.6, 26.7 X&Hs3),
67.7 (CHCH,), 73.7 CHCH,), 77.4 CHCHCH,), 81.4 CHCHO,), 84.7 (COH), 103.6 (OCHO), 109.5,
112.8 [2XC(CHs)2]; m/z 259 [M*—(CHs), 6.4%], 101 (16), 100 (24), 85 (13), 59 (39), 55 (14), 44
(13), 43 (100) [found: M—(CHz), 259.1176; GoH190s requires: M, 259.1182];¢]p%°=+23.7 £ 1.26
(CH:CIR)].

3.11.9. 6-Deoxy-®-ethoxymethyl-1,8-isopropylidenex-D-glucofuranosel5a

Rr 0.38 (hexane:ethyl acetate, 3:2)(film) 3645-3106 (OH), 1082, 1025 cth(CO); oy 1.24 (3H, t,
J=7.0, CHCHj3), 1.34 (3H, d J=6.1, CHMH3), 1.50 (3H, s, CH), 1.56 (3H, s, CH), 3.06 (1H, d J=4.6,
OH), 3.56-3.71 (2H, m, B,CHa), 3.93 (1H, dd,J=8.2, 2.7, (H{CHOH), 3.98-4.02 (1H, m, BOH),
4.22 (1H, dJ=2.7, (HCHCHOH), 4.56 (1H, dJ=3.7, GHCHO,), 4.75 (1H, d,J=6.4, OGHHO), 4.80
(1H, d, J=6.4, OCHHO), 5.92 (1H, d,J=3.7, OCHO);6¢ 14.9 (CHCHj3), 20.4 (CHOHCH3), 26.3,
26.8 (2xCHs), 64.4 CH2CHs), 64.9 CHOCH,0O), 81.7 (CHOH), 83.6GHCHOH), 84.1 CHCHO,),
95.6 (OCHO), 105.1 (OCHO), 111.8 (OCOm/z247 [M*—(CHjs), 0.5%], 113 (32), 85 (13), 59 (100),
55 (11), 45 (21), 44 (11), 43 (72) [found: ™M (CHs), 247.1176; G1H190¢ requires: M, 247.1182];
[«]p?°=—48.2 [c 1.10 (CHCI,)].

3.11.10. 6-Deoxy-6-deuterio-B-ethoxymethyl-1,B-isopropylidenes-b-glucofuranosel 5b

Rr 0.38 (hexane:ethyl acetate, 3:2)(film) 3645-3106 (OH), 1082, 1025 crh(CO); 61 1.26 (3H, t,
J=3.6, CHCHs3), 1.31 (6H, s, XCHs), 1.32-1.35 (2H, m, CbD), 3.10 (1H, d J=4.9, OH), 3.56-3.74
(2H, m, (H>CHg), 3.93 (1H, ddJ=8.1, 2.9, ZICHOH), 3.99-4.10 (1H, m, BOH), 4.23 (1H, d,)=3.0,
CHOCH;0), 4.56 (1H, dJ=3.8, (HCHO), 4.75 (1H, d J=6.4, OCGHHO), 4.80 (1H, d)=6.4, OCHHO),
5.90 (1H, d,J=3.8, OCHO);6¢ 14.9 (CHCH3), 20.1 (t,Jcp=20.1,CH2D), 26.2, 26.7 (XCHg), 64.4
(CH»CHz3), 64.8 CHOCH;0), 81.7 (CHOH), 83.6GHCHOH), 84.0 CHCHO,), 95.5 (OCHO), 105.1
(OCHO), 111.8 (OCO)m/z 248 [M"—(CHz), 0.3%], 113 (38), 85 (20), 84 (11), 71 (11), 60 (11), 59
(100), 55 (17), 46 (16), 45 (14), 44 (21), 43 (82), 41 (32) [found: [263.1475; G,H21DOg requires:
M, 263.1479]; iX]p?°=—41.3 [c 1.46 (CHCI)].

3.11.11. (19)-6-Deoxy-30-ethoxymethyl-&-(hydroxyphenylmethyl)-1,@-isopropylidenex-D-
glucofuranosels5c

Major isomer:Rs 0.27 (hexane:ethyl acetate, 3:3);(film) 3682-3085 (OH), 3024 (ArH), 1085,
1031 cnt?! (CO); 6K 1.22 (3H, t,J=7.0, CH:CHg), 1.30 (3H, s, CH), 1.49 (3H, s, CH), 2.00-2.10
(1H, m, CHOHGHH), 2.20 (1H, dd,J=14.6, 7.9, CHOHCH), 3.24 (1H, br s, OH), 3.51-3.70 (2H,
m, CH2CHg), 3.78 (1H, br s, OH), 4.10 (2H, m,KEICHOH), 4.20 (1H, m, GZICHCHOH), 4.53 (1H,
d, J=3.7, (HCHO), 4.72 (1H, d,J=6.7, OHHO), 5.08-5.11 (1H, m, CHPh), 4.77 (1H, 6.7,
OCHHO), 5.88 (1H, d,J=3.7, OCHO), 7.22-7.40 (5H, m, ArH)jc 14.9 (CHCHs), 26.3, 26.8
(2xCHz), 41.7 (CHOHCHy), 64.6 CH2CHjs), 66.3 CHOCH,0), 71.5 CHCHOH), 82.0 (PhCHOH),
82.2 CHCHOH), 83.6 CHCHO,), 95.9 (OCHO), 105.1 (OCHO), 111.9 (OCO), 125.6, 127.1, 128.3
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(ArCH), 144.5 (ArC):m/z335 [M*—(CHs, H,0), 0.2%], 113 (31), 105 (16), 77 (10), 59 (100), 43 (36)
[found: M*—(2H,0, CHsCOCH), 274.1208; GgH1504 requires: M, 274.1205]:4]p2°=—18.2 [c 1.00
(CH,Cly)].

3.11.12. (1R)-6-Deoxy-30-ethoxymethyl-&-(hydroxyphenylmethyl)-1,@-isopropylidenex-D-
glucofuranosel 5¢

Minor isomer:Rs 0.34 (hexane:ethyl acetate, 3:2)(film) 3658—-3113 (OH), 3058, 3054 (ArH), 1085,
1024 cnt! (CO); 6K 1.25 (3H, t,J=3.7, CH:CHg), 1.30 (3H, s, CH), 1.46 (3H, s, CH), 1.84-1.96
(AH, m, CHOHGHH), 2.15-2.20 (1H, m, BOHCHH), 3.57-3.79 (2H, m, B,CHg), 3.82 (1H, br
s, OH), 3.98 (1H, ddJ=8.2, 2.7, GICHOH), 4.16 (1H, m, G1OH), 4.19 (1H, br s, OH), 4.21 (1H,
d, J=3.0, (HCHCHOH), 4.55 (1H, dJ=3.7, (HCHO,), 4.76 (1H, d,J=6.7, OCHHO), 4.84 (1H, d,
J=6.7, OCHHO), 5.00-5.03 (1H, m, CHPh), 5.89 (1H, &3.7, OCHO), 7.24-7.40 (5H, m, ArH);
Oc 14.9 (CHCH3), 26.3, 26.7 (¥CHj3), 42.8 (CHOHCHy), 64.5 CH2CH3), 69.7 CHOCH;O), 75.0
(CHCHOH), 81.5 (PhCHOH), 82. GHCHOH), 83.6 CHCHOy), 95.8 (OCHO), 105.1 (OCHO), 112.0
(OCO), 125.6, 127.4, 128.3 (ArCH), 144.4 (Ar@)/z321 [M*—(CH,CHjs, H,0), 0.6%], 113 (16), 105
(15), 77 (10), 59 (100), 43 (39) [found: ™ (2H,0O, CH;COCHg), 274.1208; GeH1304 requires: M,
274.1205]; ]p?°=—38.3 [c 1.15 (CHCLL)].

3.11.13. 6-Deoxy-®-ethoxymethyl-&-[(1-hydroxy-1-methyl)ethyl]-1,B-isopropylidenex-D-
glucofuranose 5d°2

Rr 0.34 (hexane:ethyl acetate, 3:2)(film) 3670-3087 (OH), 1083, 1033 crh(CO); 61 1.26 (3H, t,
J=7.0, CHCHs), 1.27 (3H, s, CH), 1.31 (3H, s, CH), 1.33 (3H, s, CH), 1.49 (3H, s, CH), 1.73 (1H,
dd,J=14.6, 11.0, CHOHEH), 1.78 (1H, dd,J=14.6, 2.4, CHOHCH), 3.42 (1H, br s, OH), 3.59-3.77
(2H, m, (H,CHz3), 3.97 (1H, ddJ=8.5, 3.0, CHOHG@l), 4.08 (1H, br s, OH), 4.22-4.27 (2H, mHOH,
CHOCH,0), 4.56 (1H, d,J=3.7, (HCHO,), 4.77 (1H, d J=6.1, OCGHHO), 4.84 (1H, dJ=6.1, OCHHO),
5.90 (1H, d,J=3.7, OCHO);6¢ 14.9 (CHCHj3), 26.3, 26.8 (XCHjz), 27.9, 31.6 (XCOHCH3), 45.2
(CHOHCHy), 64.4 (CH>CHj3), 66.8 CHOCH,0), 71.3 (COH), 81.5 (CHOH), 83.8CHCHOH), 95.8
(OCH,0), 105.0 (OCHO), 111.9 (OCOM/z305 [M*—(CHs), 0.4%], 59 (100), 43 (71):f]p?°=—17.0
[c1.15 (CHCI)].

3.11.14. 6-Deoxy-8-ethoxymethyl-&-(1-hydroxycyclohexyl)-1,8-isopropylidene-b-glucofura-
nosel5e

Rr 0.34 (hexane:ethyl acetate, 3:2)(film) 3648—3115 (OH), 1086, 1024 crh (CO); 6y 1.22-1.25
(3H, m, CHCH3s), 1.31 (3H, s, CH), 1.49 (3H, s, CH), 1.55-1.71 [12H, m, (8>)s, CH,COH], 3.23
(1H, br s, OH), 3.59-3.75 (2H, m,H3CHs), 3.96 (1H, ddJ=8.4, 2.7, GZICHOH), 4.06 (1H, br s, OH),
4.22 (1H, d,J=2.7, CHOCH), 4.22-4.26 (1H, m, BOH), 4.56 (1H, dJ=3.7, (HCHO,), 4.75 (1H,
d, J=6.4, OHHO), 4.83 (1H, d,J=6.4, OCHHO), 5.90 (1H, d,J=3.7, OCHO);6¢c 14.9 (CHCHs),
22.1,22.3, 25.8 (8CHy), 26.3, 26.8 (XCHjs), 36.1, 40.1 (XCH), 43.5 (CHOHCH>), 64.4 CH>CHj3),
66.0 (CHOH), 72.2 (COH), 81.3 (GHDCH), 83.1 CHOHCH), 83.6 CHCHGO), 95.7 (OCHO), 105.1
(OCHO), 111.9 (OCO)n/z314 [M*—(CH3CH,0OH), 0.1%], 113 (38), 85 (13), 81 (15), 71 (12), 59 (100),
57 (19), 55 (33), 44 (21), 43 (65), 42 (10) [found:M(CH3CH,OH), 314.1707; GH260s requires: M,
314.1729]; K]p?°=—23.5 [c 1.35 (CHCL,)].

3.11.15. 6€-Carboxy-6-deoxy-®-ethoxymethyl-1,B-isopropylidene-p-glucofuranose 532
R 0.12 (hexane:ethyl acetate, 3:2)(film) 3694—-3043 (OH), 1723 (€0), 1084, 1029 cm* (CO);
Sy 1.24 (3H, t,J=7.1, CHCHs), 1.31 (3H, s, CH), 1.49 (3H, s, CH), 2.58 (1H, dd,J=16.5, 9.5,
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CHOHCHH), 2.88 (1H, dd,J=16.5, 2.4, CHOHCH), 3.56-3.76 (2H, m, B,CHs), 4.06 (1H, dd,
J=8.8, 2.7, GICHOH), 4.23 (1H, dJ=2.7, GHCHCHOH), 4.24-4.33 (1H, m, lOH), 4.57 (1H, d,
J=3.4, GHCHOy), 4.76 (1H, d,J=6.7, OGHHO), 4.81 (1H, d,J=6.7, OCHHO), 5.88 (1H, d,J=3.4,
OCHO); 5¢ 14.8 (CHCH3), 26.2, 26.8 (XCHs), 38.6 (CHOFCH,), 64.4 CH,CHs), 65.1 (CHOH),
81.1 CHOCH,), 81.8 CHCHOH), 83.6 CHCHO), 95.7 (OCHO), 105.1 (OCHO), 112.0 (OCO),
177.2 (CQH); [«]p2=—19.9 [c 0.89 (CHCly)].

3.11.16. 1,2;4,5-D-isopropylidene-3=-methyl-D-psicopyranos@0a

Major isomer:Rs 0.62 (hexane:ethyl acetate, 3:2)(film) 3623-3122 (OH), 1215, 1044 crth(CO);
on 1.24 [3H, s, C(OH)@®i3], 1.39 (3H, s, CH), 1.42 (3H, s, CH), 1.49 (3H, s, CH), 1.60 (3H, s, CH),
2.53 (1H, br s, OH), 3.97 (1H, d=9.8, CGHHO), 4.06 (1H, dJ=5.5, AHCHCH,), 4.10-4.18 (3H, m,
CHCHy), 4.30 (1H, d,J=9.8, CAHHO); 6¢ 20.2 [C(OHXH3], 25.5, 25.7, 25.8, 26.2 ¢4CHj3), 59.7
(CHCH,), 70.4 (COH), 71.6 (CHy), 71.8 CHCHy), 75.5 CHCHCH,), 106.9, 108.9 [2C(CHs)],
112.3 CCH;0); m/z259 [M*—(CHj3), 4.6%], 157 (10), 99 (20), 85 (12), 79 (11), 59 (36), 52 (11), 43
(100), 42 (11) [found: M—(CHs), 259.1187; GH1906 requires: M, 259.1182]:d]p?°=—118.7 £ 1.10
(CH:CIR)].

3.11.17. 3e-Deuteriomethyl-1,2;4,5-dB-isopropylideneS-D-psicopyranos@0b

Major isomer:Rs 0.62 (hexane:ethyl acetate, 3:2)(film) 3645-3078 (OH), 1220, 1097, 1030 ciM
(CO); 61 1.23 (2H, m, CHD), 1.39, 1.42, 1.49, 1.60 (12H, sx&€Hz), 2.51 (1H, br s, OH), 3.97 (1H,
d, J=9.5, CAHHO), 4.06 (1H, dJ=5.5, (HCHCH), 4.14-4.21 (3H, m, CHC}D), 4.30 (1H, dJ=9.5,
CCHHO); 6¢ 19.5 (t,Jcp=19.5, CHD), 25.5, 25.7, 25.8, 26.2 $dCH3), 59.7 CHCH,0), 70.3 (COH),
71.6 (QCH,0), 71.8 CHCH,0), 75.5 CHCHCH,0), 106.9 CCH,0), 108.9, 112.3 [RC(CHz)2]; m/z
260 [M*—(CHs), 8.0%], 158 (18), 117 (14), 100 (36), 99 (15), 85 (23), 84 (16), 72 (13), 59 (64), 57
(16), 55 (10), 43 (100), 42 (29), 41 (18) [found:*M275.1440; @3H21DO0g requires: M, 275.1479];
[x]p?°=—123.7 £ 1.30 (CHCL)].

3.11.18. 3€-Deuteriomethyl-1,2;4,5-dB-isopropylidene8-D-fructopyranose20t

Minor isomer:Rs 0.52 (hexane:ethyl acetate, 3:2)(film) 3645-3078 (OH), 1220, 1077, 1030 ci
(CO); 61 1.31 (2H, m, CHD), 1.35, 1.44, 1.49, 1.51 (12H, sx&Hs), 2.53 (1H, br s, OH), 3.81
(1H, d, J=12.8, (HCHCH,), 3.90 (1H, d,J=9.8, CGHHO), 4.19-4.23 (3H, m, BCHCHHO), 4.30
(1H, dd, J=7.3, 2.4, CEIHO); 6c 21.8 (t,Jcp=20.7, CHD), 24.8, 25.7, 26.0, 26.4 {4CHs), 62.6
(CHCH,0), 71.3 (COH), 72.3 (CH»0), 73.0 CHCH,0), 77.9 CHCHCH;0O), 105.9 CCH,0), 109.0,
110.5 [2<C(CHz)2]; m/z260 [M*—(CHg), 9.0%], 158 (16), 117 (13), 100 (31), 99 (13), 85 (20), 84 (14),
72 (19), 59 (51), 57 (14), 55 (10), 44 (100), 43 (53), 42 (27) [found; B¥5.1440; GzH21DOg requires:
M, 275.1479]; ix]p2°=—89.6 [c 0.85 (CHCIy)].

3.11.19. (2R)-3-C-(2-Hydroxy-2-phenylethyl)-1,2;4,5-@-isopropylidenes-p-psicopyranos€0c

Major isomer: m.p. 126-127°C (dichloromethane/pentaRe)).40 (hexane:ethyl acetate, 3:3);
(KBr) 3606-3278 (OH), 3016, 3004 (ArH), 1217, 1089, 1040¢r(CO); 5y 1.36 (3H, s, CH), 1.43
(3H,s,CH), 1.46 (3H, s, CH), 1.68 (3H, s, CH), 1.93 (2H, dJ=5.5, COHQH,), 2.71 (2H, br s, 2OH),
3.94 (1H, dJ=9.8, CGHHO), 4.17-4.38 (4H, m, BCH,0O, CCHHO), 4.62 (1H, d,)=1.8, (HCHCH,O),
5.13 (1H, m, G1OH), 7.24-7.41 (5H, m, ArH))c 25.1 (CH), 25.6 (CH), 25.7 (CH), 26.3 (CH), 45.1
[C(OH)CH2], 59.6 (CHCH,0), 68.9 (CHOH), 71.7 (CH20), 72.3 CHCH,0), 75.9 CHCHCH,), 77.2
(COH), 107.5 CCH20), 109.3, 112.6 [RC(CHs3)2], 125.7, 126.9, 128.2 (ArCH), 144.9 (ArQn/z347
[M*—(H20, CHg), 8%], 131 (12), 114 (23), 105 (20), 104 (24), 85 (14), 77 (11), 59 (15), 55 (11), 44
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(10), 43 (100), 42 (21), 41 (12). Anal. calcd fopdBlos07: C, 63.14; H, 7.41; found: C, 63.07; H, 7.11.
[]p2°=—123.5 [ 0.98 (CHCl,)].

3.11.20. (29)-3-C-(2-Hydroxy-2-phenylethyl)-1,2;4,5-@-isopropylidene8-D-psicopyranos@0c

Minor isomer:Rs 0.44 (hexane:ethyl acetate, 3:2)(film) 3670-3133 (OH), 3006, 3000 (ArH), 1225,
1069, 1026 cm?! (CO); 6y 1.37 (3H, s, CH), 1.45 (3H, s, CH), 1.46 (3H, s, CH), 1.65 (3H, s, CH),
2.96 (1H, d,J=16.2, COH®H), 3.16 (1H, d,J=16.2, COHCHH), 3.46 (1H, d,J=9.8, CGHHO), 3.73
(1H, d,J=9.8, CCHHO), 4.03-4.18 (3H, m, BCHCH_, OH), 4.24-4.28 (1H, m, PhHEOH), 4.67 (1H, d,
J=13.4, CHGHHO), 4.92 (1H, dJ=13.4, CHCHHO), 5.29 (1H, br s, OH), 7.09-7.28 (5H, m, ArtH¢
24.5 (CH), 25.1 (CH), 26.2 (CH), 26.6 (CH), 41.1 (COHCHy), 63.7 (CHCH20), 70.7 (CHOH), 72.3
(CCH0), 72.6 CHCH,0), 73.6 CHCHCHy), 73.9 (COH), 105.2¢CH,0), 109.4, 110.2 [ C(CH3)2],
125.8, 127.5, 128.4 (ArCH), 144.1 (ArQyn/z347 [M*—(H20, CHg), 13.5%], 131 (11), 105 (19), 104
(17), 59 (11), 55 (15), 44 (10), 43 (100), 42 (18), 41 (12) [found:-NH20, CHg), 347.1521; GoH230s
requires: M, 347.1495]:¢]p?°=-57.7 [c 1.33 (CH:CL,)].

3.11.21. 3€-(2-Ethyl-2-hydroxybutyl)-1,2;4,5-db-isopropylidenes-D-psicopyranos@0d

Rr 0.48 (hexane:ethyl acetate, 3:2)(film) 3555-3107 (OH), 1218, 1053 crh (CO); 5y 0.90 (6H,
dd,J=14.6, 7.3, XCH,CH3), 1.26-1.63 (4H, m,2CH,CHz), 1.34 (3H, s, CH), 1.46 (3H, s, CH), 1.49
(3H, s, CH), 1.51 (3H, s, CH), 1.81 [1H, d,J=15.0, C(OH)CG1H], 1.96 [1H, d,J=15.0, C(OH)CHH],
2.82 (1H, br s, OH), 3.67 (1H, m, CH@H), 3.87 (1H, d,J=10.1, CCHHO), 4.18 (1H, d,J=10.1,
CCHHO), 4.24-4.35 (3H, m, BCHH, OH), 4.69 (1H, dJ=7.3, CHCHCH,); ¢ 7.5, 8.2 (2<CH,CHys),
24.4, 25.1, 26.3, 26.6 (4CCH3), 31.9, 33.7 (XCH,CHj3), 36.1 (COHCH,), 64.0 (CHCH0), 72.6
(CCH20), 73.0 CHCH,0), 74.3 (CHCH,COH), 75.6 CHCHCH,), 76.1 (GCCOH), 105.7, 109.1
[2XC(CHa)2], 109.6 CCH;0); m/z345 [M*—(CHjs), 1.0%], 197 (18), 111 (13), 99 (13), 87 (12), 85
(22), 83 (23), 79 (11), 69 (11), 59 (38), 57 (59), 55 (26), 45 (15), 43 (100), 42 (15), 41 (25) [found:
M*—(CHa), 345.1912; G7H»907 requires: M, 345.1913];¢]p2°=—-46.2 [c 1.00 (CHCl,)].

3.11.22. 3€-(1-Hydroxycyclohexylmethyl)-1,2;4,5-@HsopropylideneS-bp-psicopyranos@0e

Rr 0.56 (hexane:ethyl acetate, 3:3);(film) 3665-3101 (OH), 1214, 1067, 1012 tt(CO); Sn
1.32-1.70 (10H, m, 5CHy), 1.35, 1.47, 1.48, 1.51 (12H, sx&€H3), 1.77 (1H, d,J=15.3, COHCEH),
2.02 (1H, m, COHCHi), 2.85 (1H, br s, OH), 3.68 (1H, ddi=12.8, 1.8, CHEIHO), 3.88 (1H, d,
J=10.1, CCHHO), 4.18 (1H, d,J=10.1, CGHHO), 4.27-4.32 (3H, m, BCHHO, OH), 4.68 (1H, d,
J=7.3, (HCHCH,); 6c 22.1, 24.5, 25.1, 25.5, 26.2, 26.6{€H3, 3xCH,, C(OH)CH,C(OH)], 38.5
[C(OH)CH2CHg], 40.2 [C(OH)CHCH>], 41.0 [C(OHCH,CHjy], 63.8 (CHCH20), 72.5 (CCH20), 72.9
(CHCH:0), 74.3 [CHC(OH)C], 76.0 CHCHCH), 105.7 (GCCHy), 109.0, 109.7 [ C(CHs)2]; m/z354
[M*—(H20), 0.4%], 339 [M —(CHs, H,0), 5.0%], 123 (12), 117 (10), 95 (49), 94 (10), 85 (20), 81 (19),
79 (11), 67 (16), 59 (53), 57 (17), 55 (28), 43 (100), 42 (20), 41 (33) [fount:-(CH3), 357.1907;
Ci1gH2007 requires: M, 357.1913];d]p?°=—60.8 [c 1.30 (CHCIy)].

3.11.23. Compound0f

M.p. 232-233°C (dichloromethane/pentari&)0.49 (hexane:ethyl acetate, 3:2)(KBr) 3634-3150
(OH), 1220, 1079 cm! (CO); 5y 1.39 (6H, s, XCHg), 1.47 (12H, s, 4CHg), 1.61 (6H, s, XCHa),
1.94 (2H, s, CCHC), 4.01 (2H, dJ=9.8, 2<CCHHO), 4.05-4.18 (4H, m, CHCH,), 4.25-4.29 (2H,
m, 2xCHCHy), 4.35 (2H, d,J=6.1, 2<CHCHCH,), 4.44 (2H, d,J=9.8, 2<CCHHO), 4.58 (2H, br s,
2Xx0H); 6c 24.9, 25.4, 26.2, 26.6 $8CH3), 43.4 (QCH2C), 60.7 (2<CHCH,), 70.6 (2<CCHy), 71.0
(2xCOH), 72.5 (< CHCHy), 75.8 (2xCHCHCH,), 107.1, 109.2, 111.9 KC(CHj3)2, (2xCCH,0)];
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m/z317 [M*—(215), 0.2%)], 85 (17), 59 (22), 43 (100), 42 (12), 41 (10). Anal. calcd f@HGoO12: C,
56.38; H, 7.57; found: C, 56.10; H, 7.5%]p2°=—104.6 [ 1.00 (CHCl,)].

3.12. Preparation of compounddaand20aby addition of methyllithium to keton8sand 23

A 1.6 M methyllithium diethyl ether solution (0.5 ml, 0.8 mmol) was added-a8°C to the
corresponding ketone (0.5 mmol) THF solution (5 ml) under argor @&°C. After 10 min at this
temperature the reaction mixture was hydrolysed with water (15 ml), allowed to reach 25°C and extracted
with ethyl acetate (320 ml). The organic layer was dried over anhydrous sodium sulfate and evaporated
(15 mmHg). The resulting residue was purified by column chromatography (silica gel, hexane:ethyl
acetate) to yield the title compounds. Yields are given in the text. Physical and spectroscopic data are
given above.

3.13. DTBB-catalysed lithiation of the oxetathdsolation of compound8. General procedure

To a cooled (—40°C) blue suspension of lithium powder (0.10 g, 14.0 mmol) and a catalytic amount
of 4,4 -di-tert-butylbiphenyl (0.04 g, 0.15 mmol) in THF (6 ml) was added oxetdan@®.27 g, 1.0
mmol) under argon and the mixture was stirred at the same temperature for 3 h. Then the corresponding
electrophile (1.2 mmol; 0.5 ml in the case of water and deuterium oxide) was added at —40°C and the
temperature was allowed to rise to 20°C overnight. The resulting mixture was hydrolysed with water
(20 ml) and extracted with ethyl acetatex ml). The organic layer was dried over anhydrous sodium
sulfate and evaporated (15 mmHg). The resulting residue was purified by column chromatography (silica
gel, hexane:ethyl acetate) and/or recrystallised to yield pure pro@udtields are given in the text.
Physical, spectroscopic and analytical data follow.

3.13.1. 3€-Ethyl-1,2;5,6-diO-isopropylidenex-D-glucofuranoséa

Rr 0.32 (hexane:ethyl acetate, 4:%)(film) 3670-3099 (OH), 1075 cmt (CO); 61 1.05 (3H, t,J=7.4,
CH,CHs), 1.32 (3H, s, CH), 1.35 (3H, s, CH), 1.42 (3H, s, CH), 1.51 (3H, s, CH), 1.81 (2H, q,J=7 .4,
CH2CHa), 2.34 (1H, br s, OH), 3.81 (1H, d=7.6, (HCHCH,), 3.99 (1H, dd,J=8.5, 5.5, CHCHEiH),
4.12 (1H, ddJ=8.5, 6.4, CHCHCH), 4.24-4.28 (1H, m, CHBCH,), 4.31 (1H, d,J=3.4, CHCHO,),
5.85 (1H, d,J=3.4, OCHO):5¢ 7.9 (CHCHs), 25.1 CH2CHa), 25.6, 26.4, 26.6, 27.1 $4CHz), 67.65
(OCHp), 73.45 (COH), 82.9¢HCH,0), 83.5 CHCHCH,), 85.2 CHCHQO,), 104.5 (OCHO), 109.4,
112.2 [2<C(CHa)2]; m/z273 [M*—(CHj3), 5.0%], 101 (37), 100 (30), 85 (19), 71 (12), 59 (34), 57 (40), 55
(12), 43 (100), 42 (10) [found: K-(CHz), 273.1340; GsH2106 requires: M, 273.1338];d]p%°=+25.5
[c0.69 (CHCIL)].

3.13.2. 3€+(2-Deuterioethyl)-1,2;5,6-dD-isopropylidenex-b-glucofuranosehb

R 0.32 (hexane:ethyl acetate, 4:3);(film) 3657-3112 (OH), 1074 cmt (CO); 6y 1.05 (2H, t,
J=7.3, CHD), 1.32 (3H, s, CH), 1.35 (3H, s, CH), 1.43 (3H, s, CH), 1.51 (3H, s, CH), 1.81 (2H,
t, J=7.3, (H,CH2D), 2.10 (1H, br s, OH), 3.81 (1H, d=7.6, (HCHCH,), 3.98 (1H, ddJ=8.5, 5.5,
CHCHCHH), 4.10-4.15 (1H, m, CHCHaH), 4.24-4.28 (1H, m, CHBCHy), 4.31 (1H, d,J=3.4,
CHCHO), 5.85 (1H, d,J=3.4, OCHO);6¢ 7.7 (1,Jcp=20.7, CHD), 25.2 (Ch), 25.7 CH2CHD), 26.4,
26.6, 27.2 (XCHg), 67.7 (OCH), 73.6 (COH), 83.0 CHCH), 83.5 CHCHCHy), 85.2 CHCHO,),
104.6 (OCHO), 109.5, 112.3 XC(CHj3),]; m/z274 [M*—(CHs), 4.0%)], 101 (39), 100 (45), 85 (27), 72
(11), 71 (14), 59 (50), 58 (28), 57 (35), 55 (10), 44 (14), 43 (100), 42 (13) [fourid: (@H3), 274.1394;
C13H20D0g requires: M, 274.1401];f]p%°=+28.5 [¢ 1.26 (CHCIy)].
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3.14. Preparation of compoundd from the chlorohydrirl2. General procedure

A 1.6 M n-butyllithium hexane solution (0.69 ml, 1.1 mmol) was added to a chlorohydxi®.31 g,
1.0 mmol) THF solution (5 ml) under argon af78°C. After 10 min at this temperature, the resulting
solution was transferred via cannula to a coole@&°C) blue suspension of lithium powder (0.10 g, 14.0
mmol) and a catalytic amount of 4;di-tert-butylbiphenyl (0.04 g, 0.15 mmol) in THF (5 ml) under
argon. The mixture was stirred at the same temperature for 30 min. Then the corresponding electrophile
(2.2 mmol; 0.5 ml in the case of deuterium oxide) was added/&°C and the temperature was allowed
to rise to 20°C overnight. The resulting mixture was hydrolysed with water (20 ml) and extracted with
ethyl acetate (320 ml). The organic layer was dried over anhydrous sodium sulfate and evaporated (15
mmHg). The resulting residue was purified by column chromatography (silica gel, hexane:ethyl acetate)
and/or recrystallised to yield pure produdts Yields are included in Table 2. Physical, spectroscopic
and analytical data follow.

3.14.1. 3€-Deuteriomethyl-1,2;5,6-eD-isopropylidenex-D-allofuranosellb

M.p. 123-124°C (dichloromethane/pentari®)0.19 (hexane:ethyl acetate, 4:1)(KBr) 3625-3113
(OH), 1267, 1076, 1014 cmt (CO); 6y 1.27 (2H, s, CHD), 1.35 (3H, s, CH), 1.36 (3H, s, CH),
1.45 (3H, s, CH), 1.59 (3H, s, CH), 2.68 (1H, s, OH), 3.78 (1H, dI=6.7, (HCHCH,), 3.90-3.96
(A1H, m, CHMHH), 4.07-4.13 (2H, m, CHH), 4.17 (1H, d,J=3.7, HCHGOy), 5.7 (1H, d,J=3.7,
OCHO); 6¢ 18.9 (t,Jcp=20.1, CHD), 25.2, 26.4, 26.6, 26.7 {dCHj3), 67.7 (CHCH,), 73.7 CHCH,),
77.3 CHCHCH,), 81.4 CHCHO,), 84.7 (COH), 103.5 (OCHO), 109.5, 112.84€(CHs)]; m/z260
[M*—(CHj3), 6.7%], 101 (19), 100 (26), 85 (11), 72 (11), 59 (48), 55 (15), 44 (53), 43 (100), 42 (14),
41 (13). Anal. calcd for @H»:DOg: C, 56.71; H, 8.42; found: C, 5.79; H, 8.8Gx]p?°=+26.2 £ 1.35
(CHCIR)].

3.14.2. 3€-(1-Hydroxycyclohexylmethyl)-1,2;5,6-0-isopropylidene-D-allofuranosellc

M.p. 122-123°C (dichloromethane/pentari®)0.22 (hexane:ethyl acetate, 4:1)(KBr) 3665—-3083
(OH), 1214, 1085, 1018 cm (CO); 5y 1.36 (6H, s, XCHzg), 1.44 (3H, s, CH), 1.58 (3H, s, CH),
1.24-1.68 (10H, m, SCH,), 1.73-1.77 (1H, m, COHBH), 2.00 (1H, d J=15.3, COHCHH), 2.82 (1H,
br s, OH), 3.08 (1H, br s, OH), 3.76 (1H, &7.3, HCHCH,), 3.92 (1H, ddJ=7.9, 5.5, CHEICHO),
4.07-4.18 (2H, m, BCHHO), 4.94 (1H, dJ=3.7, GHCHO,), 5.71 (1H, d,J=3.7, OCHO);5¢ 21.9,
22.2 (2xCHy), 25.3, 25.6 (XCHj3), 26.6 (Ch), 26.7 (2<CHg), 39.7 (CH), 40.8 (COHCHy), 67.6
(OCH2CH), 71.9 (COH), 73.3 (OCECH), 80.0 (COH), 81.5 (OCBCHCH), 83.3 CHCHOy), 103.7
(OCHO), 109.6, 112.5 [RC(CHgz),]; m/z357 [M*—(CHjs), 0.12%)], 101 (22), 100 (10), 95 (14), 85 (11),
73 (15), 71 (14), 67 (10), 59 (17), 55 (16), 44 (23), 43 (100), 42 (14), 41 (29). Anal. calcd §olB£D7:
C, 61.27; H, 8.66; found: C, 61.19; H, 8.6&]p%°=—7.5 [c 1.00 (CH:CI,)].

3.14.3. Compoundld

M.p. 169-170°C (dichloromethane/pentari&)0.32 (hexane:ethyl acetate, 3:2)(KBr) 3691-3133
(OH), 1260, 1068, 1030 cnt (CO); 5y 1.37 (12H, s, 4CHjz), 1.45 (6H, s, XCHjz), 1.59 (6H, s,
2xCHs), 1.91 (2H, s, CCHC), 2.81 (2H, br s, 0H), 3.78 (2H, dd,J=12.5, 7.5, ZCHCHHO),
3.93-3.97 (2H, m, RCHCHHO), 4.07-4.12 (4H, m,2CHCHCHy), 5.26 (2H, dJ=3.4, 2<CHCHO,),
5.77 (2H, d J=3.4, 2<OCHO); 6¢ 25.3, 26.6, 26.7 (8CHs), 32.9 (GCH,C), 67.8 (2xCHCH,0), 73.1
(2xCHCH20), 79.6 (2<CHCHCH,), 80.5 (2<CHCHO), 82.8 (2<COH), 103.8 (XOCHO), 109.7,
112.5 [4<C(CHs3)2]; m/z515 [M*—(OH), 3.8%], 207 (11), 101 (15), 58 (10), 57 (18), 56 (10), 55 (12),
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44 (56), 43 (100), 42 (18), 41 (27). Anal. calcd fossB0012: C, 56.38; H, 7.57; found: C, 56.69; H,
7.50. [x]p2°=+32.7 £ 1.05 (CHCIy)].

3.15. Reaction of intermediat@s with ketones8 and 25. Isolation of compound26 and 27. General
procedure

To a cooled £78°C) blue suspension of lithium powder (0.10 g, 14.0 mmol) and a catalytic amount
of 4,4 -di-tert-butylbiphenyl (0.04 g, 0.15 mmol) in THF (6 ml) was added phthalan or isochr@&#fan
(2.0 mmol) under argon and the mixture was allowed to reach 25°C in 30 min. After that, it was cooled
down to—78°C and a THF solution (0.5 ml) of keton8®r 23 (1.0 mmol) was added dropwise. Stirring
was continued at the same temperature for 10 min, hydrolysed with water (30 ml) and extracted with
ethyl acetate (320 ml). The organic layer was dried over anhydrous sodium sulfate and evaporated (15
mmHg). The resulting residue was purified by column chromatography (silica gel, hexane:ethyl acetate)
and/or recrystallised to yield pure produ2g&and27. Yields (based on the starting mate28), physical,
spectroscopic and analytical data follow.

3.15.1. 3€{2-(Hydroxymethyl)phenylmethyl]-1,2;5,6-@l-isopropylidenex-D-allofuranose26a

M.p. 119-120°C (dichloromethane/pentane) (58% yidRd)).39 (hexane:ethyl acetate, 3:2)(KBr)
3600-3106 (OH), 3000 (ArH), 1069, 1006 tt(CO); 6y 1.25 (3H, s, CH), 1.41 (3H, s, CH), 1.48
(3H, s, CH), 1.54 (3H, s, CH), 2.67 (1H, d,J=14.4, COH®H), 3.44 (1H, d,J=14.4, COHCHH),
3.46-3.57 (2H, br s,:20H), 3.89 (1H, dJ=8.2, HCHCH,), 3.96-4.00 (1H, m, CHBH), 4.14-4.19
(1H, m, CHCHH), 4.26-4.31 (1H, m, GCH,), 4.34 (1H, d,J=3.5, (HCHO,), 4.55 (1H, d,J=12.1,
CHHOH), 4.75 (1H, dJ=12.1, CHHOH), 5.85 (1H, d,J=3.5, OCHO), 7.14-7.43 (4H, m, ArHj;c 25.3
(CHg), 26.4 (CH), 26.6 (2<CHj3), 33.9 (PhCH), 63.0 (CHOH), 67.9 (CHO), 73.2 CHCH,0), 79.3
(CHCHCH), 80.5 (COH), 82.6 GHCHO,), 103.4 (OCHO), 109.7, 112.4 ¥(CHg)2], 127.3, 127.7,
130.6, 131.9 (ArCH), 134.3, 140.9 (ArQn/z347 [M*—(CHs, H20), 0.8%)], 145 (12), 104 (25), 101
(17), 100 (11), 85 (11), 44 (24), 43 (100), 42 (10). Anal. calcd fagHzs07: C, 63.14; H, 7.42; found:
C,62.91; H, 7.12.&]p?°=+26.6 [ 0.98 (CHCly)].

3.15.2. 3€-[2-(2-Hydroxyethyl)phenylmethyl]-1,2;5,6-@-isopropylidenex-b-allofuranose26b

M.p. 112-113°C (dichloromethane/pentane) (67% yigRd).16 (hexane:ethyl acetate, 3:2)(KBr)
3680-3052 (OH), 3022 (ArH), 1071 cth (CO); 6y 1.26 (3H, s, CH), 1.40 (3H s, CH), 1.50 (3H,
s, CHs), 1.55 (3H, s, CH), 2.72 (1H, d,J=14.8, Ph®&IHC), 2.85 (1H, br s, OH), 2.87-3.06 (2H,
m, PhCHCHy), 3.31 (1H, d,J=14.8, PhCHHC), 3.38 (1H, br s, OH), 3.80-3.88 (3H, mH@OH,
CHCHCHy), 3.99 (1H, dd,J=8.2, 5.8, CH®1IH), 4.17 (1H, ddJ=8.2, 6.2, CHCHH), 4.24 (1H, d J=3.7,
CHCHOy), 4.28-4.35 (1H, m, BCHy), 5.82 (1H, d J=3.7, OCHO), 7.19-7.40 (4H, m, ArHyc 25.4,
26.4,26.6, 26.7 (4CHs), 33.2 (PICH,C), 35.9 (PhCHCHy), 63.4 (CHOH), 67.9 (CHO), 73.2 (COH),
79.9 CHCHy), 80.4 CHCHCHy), 82.7 CHCHOy), 103.6 (OCHO), 109.7, 112.5 ¥&(CHjz),], 126.4,
127.1,129.8, 132.1 (ArCH), 134.7, 138.1 (Ar@){z379 [M"—(CHs), 0.15%], 117 (10), 101 (21), 100
(18), 85 (12), 71 (12), 59 (17), 54 (11), 44 (55), 43 (100), 42 (13). Anal. calcd fg£507: C, 63.46;
H, 7.65; found: C, 63.46; H, 7.65cp?°=+32.2 [c 1.00 (CHCIy)].

3.15.3. 3€-[2-(Hydroxymethyl)phenylmethyl]-1,2;4,5-@i-isopropylidene8-D-psicopyranos@7a
M.p. 181-182°C (dichloromethane/pentane) (80% yidRlD).41 (hexane:ethyl acetate, 3:2)(KBr)

3498-3091 (OH), 3060, 3023 (ArCH), 1209, 1076 ¢n{CO); 6y 1.27 (3H, s, CH), 1.39 (3H, s,

CHg), 1.53 (3H, s, CH), 1.57 (3H, s, CH), 3.03 (1H, d,J=14.6, Ph®&iH), 3.07 (1H, br s, OH),
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3.14 (1H, d,J=14.6, PhCHH), 3.43 (1H, br s, OH), 3.96 (1H, d=9.8, CGHHO), 4.05-4.13 (1H, m,
CHCHHO), 4.20-4.25 (2H, m, CHCHO, Ph@HHOH), 4.35 (1H, d,J=5.5, PhCHHOH), 4.42 (1H,

d, J=9.8, CCHHO), 4.64-4.66 (2H, m, BCHCH,0), 7.21-7.39 (4H, m, ArH)pc 25.2, 25.3, 25.8,
26.5 (4xCHg), 37.4 (PhCH), 59.9 CHCH,0), 63.3 (PhCHOH), 71.5 (CCH,0), 72.3 CHCH,0), 75.4
(CHCHCH,), 107.0 CCH20), 108.9, 112.4 [2C(CHa)2], 127.0, 127.1 (ArCH), 127.4 (COH), 130.3,
132.5 (ArCH), 134.7, 140.5 (2ArCin/z362 [M"—(H20), 2.5%)], 145 (10), 129 (11), 117 (12), 115 (12),
105 (12), 104 (27), 103 (10), 91 (12), 85 (15), 59 (15), 58 (10), 55 (12), 44 (24), 43 (100), 42 (15),
41 (14). Anal. calcd for goH2g07: C, 63.14; H, 7.42; found: C, 63.22; H, 7.3x]p2°=-52.1 [c 1.10
(CH2CIL)].

3.15.4. 3€-[2—(2-Hydroxyethyl)phenylmethyl]-1,2;4,5-@i-isopropylidene8-D-psicopyranos@7b

R 0.27 (hexane:ethyl acetate, 3:2) (85% yiehd)film) 3649-3112 (OH), 3071 (ArCH), 1213, 1078,
1060 cnt! (CO); 6y 1.25, 1.40, 1.53, 1.56 (12H, sx&Hz), 1.91 (1H, br s, OH), 2.88 (1H, br s, OH),
2.95 (1H, d,J=14.0, Ph®&IHC), 3.06-3.12 (3H, m, PhAHO, Ph@H,CHy), 3.91 (2H, m, PhCHCH)),
3.96 (1H, d,J=9.5, CGHHO), 4.04—-4.09 (1H, m, CHBH), 4.16—4.21 (2H, m, BCHH), 4.29 (1H, d,
J=6.1, CHCHCH,), 4.43 (1H, d,J=9.5, CCHHO), 7.13-7.36 (4H, m, ArH)d¢c 25.2, 25.3, 25.7, 26.5
(4xCHg), 35.4, 37.2 (XPhCH,), 60.0 (CHOH), 63.2 (CHCH20), 71.5 (GCH,0), 72.4 CHCH,0),
72.6 (COH), 75.2CHCHCH,), 107.1 CCH,0), 108.8, 112.3 [C(CHj3),], 125.7, 126.8, 129.1, 132.5
(ArCH), 135.5, 138.1 (ArC)m/z379 [M*—(CHa), 0.5%], 201 (14), 129 (10), 118 (12), 117 (31), 115
(14), 105 (10), 91 (11), 85 (16), 59 (41), 57 (12), 55 (11), 43 (100), 42 (14), 41 (16), 40 (10) [found:
M*—(CHs), 379.1776; GoH70O7 requires: M, 379.1757];d]p?°=—74.6 [c 1.00 (CHCI,)].

3.16. Cyclisation of compoun@$ and?27. Isolation of compound®8 and29. General procedure

To a benzene solution (5 ml) of dioB6 or 27 (0.25 mmol) and triphenylphosphine (0.16 g, 0.6
mmol) in the presence of 4 A molecular sieves (0.5 g) under argon was added dropwise diisopropyl
azodicarboxylate (0.12 ml, 0.6 mmol) at 25°C. The reaction mixture was heated at 80°C for 3 h. Then
the resulting mixture was evaporated (15 mmHg) and the resulting residue was hydrolysed with water
(10 ml) and extracted with ethyl acetate<(0 ml). The organic layer was dried over anhydrous sodium
sulfate and evaporated (15 mmHg). The resulting residue was purified by column chromatography (silica
gel, hexane:ethyl acetate) to give compougsand29. Yields (based on the starting materiaBand
27), physical, spectroscopic and analytical data follow.

3.16.1. Compound8a

M.p. 123-124°C (dichloromethane/pentane) (50% yidRd)).31 (hexane:ethyl acetate, 4:L)(KBr)
3035, 3023 (ArH), 1076, 1039 crm (CO); 6y 1.27 (3H, s, CH), 1.32 (3H, s, CH), 1.46 (3H, s, CH),
1.61 (3H, s, CH), 2.44 (1H, d J=15.9, C&HHPh), 3.25 (1H, dJ=15.9, CCHHPh), 3.99 (1H, ddJ=8.1,
5.0, CHHHO), 4.11 (1H, dJ=5.8, GHCHCH,), 4.12—-4.24 (2H, m, BCH,, CHCHH), 4.19 (1H, d,
J=3.7, (HCHO,), 4.90 (1H, dJ=15.3, OG4HPh), 5.01 (1H, dJ=15.3, OCGIHPh), 5.69 (1H, dJ=3.7,
OCHO), 7.04-7.23 (4H, m, ArH)¢c 25.3, 26.5, 26.6, 26.9 $4CHz), 30.0 (QCCH2Ph), 65.2 (CHKCH)>),
67.6 (OCHPh), 73.5 CHCHCHy), 80.8 CHCHy,), 81.1 CCH;Ph), 81.9 CHCHGO;), 103.6 (OCHO),
109.6, 113.0 [¥C(CHa)2], 124.3,126.4, 126.6, 128.9 (ArCH), 130.8, 135.1 (An@)z347 [M*—(CHjs),
1.8%], 145 (18), 117 (13), 104 (21), 101 (24), 100 (23), 85 (23), 72 (10), 59 (10), 55 (12), 44 (12), 43
(100), 42 (12) [found: M—(CHzg), 347.1495; GgH»306 requires: M, 347.1496];¢]p%°=+128.0 £ 1.00
(CHCIR)].
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3.16.2. Compoun#8b

Rr 0.37 (hexane:ethyl acetate, 4:1) (70% yiebd)film) 3053 (ArCH), 1083 cm? (CO); 6y 1.20 (3H,
s, CHs), 1.38 (3H, s, CH), 1.47 (3H, s, CH), 1.56 (3H, s, CH), 2.61 (1H, d J=15.1, CGHHPh), 2.74
(1H, dd,J=15.6, 4.9, CHCHHPh), 3.31-3.39 (1H, m, C4€HHPh), 3.51 (1H, dJ=15.1, CCHHPh),
3.75 (1H, m, G({HCHzPh), 4.02-4.04 (1H, m, CHdH), 4.07-4.18 (4H, m, BCHCHH, CHCHO,),
4.25-4.31 (1H, m, CHCH,Ph), 5.66 (1H, dJ=3.7, OCHO), 7.02-7.26 (4H, m, ArH)c 25.5,
26.5, 26.6, 27.1 (ACHs), 38.7 (GCH2Ph), 39.7 (CHCH2Ph), 66.0 CH2CH,Ph), 67.2 (CHCH)),
73.3 CHCHCH,), 79.7 CHCH,), 81.8 CCH;Ph), 82.7 CHCHO,), 103.4 (OCHO), 109.4, 112.8
[2XxC(CHa),], 126.6, 127.1, 129.4, 130.2 (ArCH), 136.6, 141.4/2C); m/z361 [M*—(CHj3), 1.7%)],
118 (18), 117 (22), 115 (11), 101 (23), 100 (23), 91 (11), 85 (20), 71 (11), 59 (10), 55 (15), 44 (12), 43
(100), 42 (11) [found: M—(CHs), 361.1651; GoH2505 requires: M, 361.1651];¢]p%°=+41.8 ¢ 1.00
(CH:CIR)].

3.16.3. Compoung9a

Rr 0.64 (hexane:ethyl acetate, 3:2) (45% yiebd)film) 3029 (ArCH), 1262, 1092, 1025 cm (CO);
Sn 1.37 (3H, s, CH)), 1.45 (6H, s, XCHs), 1.46 (3H, s, CH), 2.97 (1H, d,J=16.2, PhE&iH), 3.16
(1H, d, J=16.2, PhCHH), 3.47 (1H, d,J=9.8, CAHHO), 3.73 (1H, d,J=9.8, CCHHO), 4.06 (1H, dd,
J=13.1, 2.1, CHEIHO), 4.14-4.18 (2H, m, BCHCHHO), 4.24-4.28 (1H, m, BCH,0), 4.67 (1H, d,
J=13.4, Ph®iHO), 4.92 (1H, dJ=13.4, PhCHHO), 7.09-7.26 (4H, m, ArH)$c 25.8, 26.0, 26.3, 26.5
(4xCHjg), 32.1 (PHCH2C), 60.9 (CHCH,0), 66.8 (PhCHO), 71.3 CHCH,0), 71.4 (CCH,0), 73.7
(CHCHCH;0), 77.7 CCHCHCH,), 106.6, 109.5 [XC(CH3)], 111.6 CCH,0), 124.4, 126.3, 127.2,
127.8 (ArCH), 134.1, 136.7 (ArC)n/z362 (M*, 5.5%), 173 (14), 145 (15), 144 (15), 129 (11), 117 (16),
116 (13), 115 (13), 105 (14), 104 (27), 100 (12), 85 (20), 59 (19), 55 (14), 44 (16), 43 (100), 42 (18), 41
(17) [found: M*, 362.1740; GoH2606 requires: M, 362.1729];d]p%°=—83.3 [c 0.94 (CHCL,)].

3.16.4. Compoun#9b

Rr 0.66 (hexane:ethyl acetate, 3:2) (40% yieMdfilm) 3067 (ArH), 1247, 1215, 1053 cm (CO); 5n
1.16 (3H, s, CH), 1.46 (3H, s, CH), 1.50 (3H, s, CH), 1.53 (3H, s, CH), 2.82 (1H, m, PhEHCH)),
3.12 (1H, d,J=15.9, Ph®HC), 3.28 (1H, m, PhCHCHy), 3.65 (1H, dd,J=12.8, 7.3, CHEIHO),
3.68 (1H, d,J=15.9, PhCHHC), 3.91-4.19 (5H, m, BCHCHHO, PhCHCH,0), 4.20 (1H, d,J=9.8,
CCHHO), 4.39 (1H, d,J=9.8, CCHHO), 7.04-7.26 (4H, m, ArH)pc 25.85 (2<CHj3), 26.8, 27.9
(2xCHzg), 38.1 (PICH,C), 39.2 (PICH,CHy), 62.6 (CHCH20), 63.9 (CCH20), 67.55 (PhCHCH)),
70.1 CHCH,0), 74.5 (PhCHC), 74.9 CHCHCH;0O), 106.6, 109.9 [2C(CH3)2], 110.3 [CCH0O],
126.6, 126.9, 129.3, 130.1 (ArCH), 136.5, 139.6 (Arf2)z376 (M", 2.6%), 176 (11), 118 (13), 117
(25), 115 (13), 100 (15), 91 (11), 85 (15), 59 (16), 55 (11), 44 (24), 43 (100), 42 (16), 41 (17) [found:
M*, 376.1926; G1H2506 requires: M, 376.1886];d]p?°=—19.4 [c 1.45 (CH.CI,)].
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