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Total asymmetric synthesis of 6-deoxy-5-C-methyl-D-ribo-
hexose: structure in aqueous solution*
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Section de Chimie de I'Université, 2 Rue de ia Barre, CH-1005 Lausanne ( Switzeriand)
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ABSTRACT

(1R,2R 4 R)-2-exo-Cyano-7-oxabicyclo[2.2.1]hept-5-en-2-yl (15)-camphanate [1, Diels—Alder ad-
duct of furan to I-cyanovinyl (L S)-camphanate, a “‘naked sugar”’] was transformed with high stereoselectiv-
ity into (1S5,4S5,5R,6R,7R)-6-exo0,7-exo-(isopropylidenedioxy)-4-exo-methyl-2,8-dioxabicyclo[3.2.1]Joctan-
3-one [(—)-4] and (15,5R,6R,7 R)-6-ex0,T-exo-(isopropylidenedioxy)-4,4-dimethyl-2,8-dioxabicyclo[3.2.1]
octan-3-one {(—)-5]. Reaction of (—)-5 with Me,SiCH,Li gave 5,7-dideoxy-5,5-dimethyl-2,3-O-isopropyl-
idene-D-ribo-heptofuranos-6-ulose [( + )-8, which was then converted into 6-deoxy-5-C-methyl-D-ribo-hex-
ose (10 steps from furan, 59% overall yield) and derivatives. N.m.r. studies established that branching of
6-deoxy-D-allose by a methyl group at C-5 favours the furanose versus the pyranose form of the carbo-
hydrate in aqueous solution.

INTRODUCTION

Except for noviose? (6-deoxy-5-C-methyi-4-O-methyl-L-/yxo-hexose), the aldose
moiety of noviosylcoumarin antibiotics, branched-chain carbohydrates with the terti-
ary carbon atom at position 5 are rare natural compounds. Walton et al.’ reported the
conversion of D-ribose into methyl 6-deoxy-2,3-O-isopropylidene-5-C-methyl-D-ribo-
hexofuranoside (5 steps, 12% overall yield), and Nutt and Walton* prepared 5',5'-di-C-
methyladenosine via methyl 2,3,5-tri-O-benzoyl-6-deoxy-5-C-methyl-f-D-ribo-hexofu-
ranoside. To our knowledge, the unprotected branched sugar has not been described.
We now report a total synthesis of 6-deoxy-5-C-methyl-D-ribo-hexose and show that, in
aqueous solution, the furanose form is preferred.

RESULTS AND DISCUSSION

Double hydroxylation of the optically pure Diels—Alder adduct 1 of furan and
1-cyanovinyl (1S)-camphanate (a “naked sugar’’), followed by diol protection as the
isopropylidene derivative and saponification of the camphanate, was reported® to yield
the ketone (+)-2 and (1S)-camphanic acid (recovery of the chiral auxiliary). Baeyer—
Villiger oxidation of (+)-2 with 3-chloroperoxybenzoic acid (NaHCO,, CH,Cl,, 20°)

* Enantiomerically pure 7-oxabicyclo[2.2.1]hept-5-en-2-yl derivatives as synthetic intermediates, Part XVI.
For Part XV, see ref. 1.
*To whom correspondence should be addressed.
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afforded 98% of the corresponding lactone (—)-3. Deprotonation of (—)-3 with
(Me,Si),NLi in tetrahydrofuran followed by quenching with methyl iodide gave the
exo-monomethylated derivative (—)-4 (98%) with high stereoselectivity. The exo con-
figuration of the methyl group was indicated”® by the absence of coupling between H-4
and H-5.

Deprotonation of (—)-4 with (Me,Si),NLi in tetrahydrofuran at —65° followed
by quenching with methyl iodide gave 96% of the dimethylated lactone (—)-5. Direct
double a-methylation of the ketone (+)-2 with potassium hydride and methyl iodide
afforded 74% of 6, whereas oxidation with 3-chloroperoxybenzoic acid afforded 74 % of
(—)-5. Only traces of the regioisomeric lactone 7 were formed under these conditions.
The high regioselectivity of the Baeyer—Villiger oxidation 6—5 can be attributed’ to the
enhanced migratory aptitude of the C-1-C-2 bond due to the interaction with the
electron pair on O-7. Although shorter than the method that involves isolation of (—)-4,
the route 2—6—5 gave a lower overall yield (55%) than the route 2—+3—-4-5 (92%).
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Attempts to generate the methylketone (+ )-8 addition of methyl lithium to the
lactone (—)-5 all failed. However, treatment of (—)-5 with 2.5 equiv. of Me,SiCH,Li in
pentane or tetrahydrofuran'® followed by aqueous NH,Cl work-up afforded 98% of the
a,f-D-ribo-heptofuranos-6-ulose derivative (+)-8, which was transformed into the
corresponding f-furanosyl acetate (—)-9 (97%) by treatment with acetic anhydride—
pyridine. Compound (—)-9 could be obtained (87%) from (—)-5 by a ““one-pot”
procedure (cf. 95% for the two-step procedure). Baeyer—Villiger oxidation of (—)-9
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with peroxytrifiuoroacetic acid afforded 95% of the 6-deoxy-5-C-methyl-g-D-ribo-

hexofuranose derivative (—)-10. Methanolysis of (—)-10 gave (—)-11 (98%), treatment

of which with methanol, 2,2-dimethoxypropane, and p-toluenesulfonic acid gave the

known® derivative (—)-12. Hydrolysis (M H,SO,, 80°, 2.5 h) of (—)-12 gave the un-

protected sugar as an 89:11 mixture (94%) of the furanose and pyranose forms 13a,5
and 14a,8, respectively. The 'H- (Table I) and *C-n.m.r. (Table II) signals of 13a, 138,

142, and 148 were assigned with the help of double-irradiation experiments and the
C/'H-correlated 2D spectrum (Fig. 1). The signal for H-1at4.75 p.p.m. (J,, 7.8 Hz) is

typical of B-D-allopyranose and its derivatives'' with the *C, conformation' (trans-

diaxial protons), and that at 4.72 p.p.m. (J, , 1.0 Hz) was attributed to the a-pyranose

form 14« for which a W-type coupling (J, , 1.0 Hz) is possible only in the 'C, conforma-

tion, as for D-allose and 6-deoxy-4-O-methyl-D-allose''. As expected, the chemical shifts

for the H-1 resonances are slightly larger for the furanoses 13« and 138 than for the

corresponding pyranoses 14x and 144. Distinction between the signals of 13x and 138 is

based on the '*C/'H-correlated 2D spectrum and the comparison of the '>C chemical

shifts with those reported for the a-furanose and B-furanose forms, respectively, of
D-allose'.

Integration of the various signals (Table I and II) established the proportions of
13x, 135, 142, and 148. In contrast to 6-deoxy-5-C-methyl-D-xplo-hexose'S, which exists
(at 40°) essentially as an 8:92 mixture of the a- and S-pyranose forms, and to p-allose''
for which a 3:5.5:15.5:76 mixture of the corresponding a-furanose, S-furanose, o-
pyranose, and S-pyranose forms is observed in aqueous solution at 24°, 6-deoxy-5-C-
methyl-D-ribo-hexose prefers the furanose form. This observation can be interpreted in
terms of a greater release of strain (gauche effects) between the hydroxyl groups and the
methyl groups in both of the furanose forms 13« and 138 than in the pyranose forms 14«
and 14f. For 6-deoxy-5-C-methyl-D-xylo-hexose, gauche interactions of HO-3 and the
Me,C-5-OH moiety (absent from 13x and 13f) are probably responsible for the relative
instability of the corresponding a- and f-furanose forms.

Since (18,28S,45)-2-exo-cyano-7-oxabicyclo[2.2.1]hept-5-en-2-yl (1R)-campha-
nate [the diastereometer of 1 derived from (1 R)-camphanic acid]’ is as readily available
as 1, the above approach is also applicable to the total, asymmetric synthesis of
6-deoxy-5-C-methyl-L-ribo-hexose.

EXPERIMENTAL

For general remarks, see ref. 17.

(1S,48,5R,6R,7R )-6-ex0,7-exo-( Isopropylidenedioxy ) -4-exo-methyl-2,8-dioxa-
bicyclof3.2.1]octan-3-one [(—)-4}. — A solution of (—)-3% (5 g, 25 mmol) in anhydrous
tetrahydrofuran (50 mL) at —40° was added with stirring to a solution of (Me,Si), NLi
in the same solvent [prepared by addition of 15.6 mL of 1.6M BuLi in hexane (Fluka)toa
solution of hexamethyldisilazane (6.2 mL) in anhydrous tetrahydrofuran (100 mL) at
0°]at —65°. The mixture was stirred at this temperature for 30 min, Mel (30 mL, 480
mmol) was added, and the temperature was allowed to rise to — 20° during 20 min [the
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Fig. 1. “C/'H-correlated 2D-spectrum of 13,8 + 14«8 (400 MHz, D,0, 125 mg/mL, 25°, program:
XHCORRDC.AUR, Bruker). The 1D-spectra were measured under the usual conditions.
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end of the reaction was determined by t.l.c.on silica gel with CH,Cl,—Et,O (3:1) and
detection with vanillin]. The mixture was poured into a vigorously stirred mixture of
CH,(Cl, (100 mL) and saturated aqueous NH,Cl at 0°. The organic layer was collected
and the aqueous phase was extracted with CH,Cl, (2 x 50 mL). The organic extracts
were combined and dried (MgSQO,), and the solvent was evaporated. The white solid was
recrystallised from AcOEt-light petroleum (1:3) to yield (—)-4 (524 g, 98%),
m.p.133.5-134°, [a]3, —35°, ()3, —38°, [a]5, —43.5°, [a]%, —80.5°, [a]23, —140° (¢
0.635, chloroformy); 4,,, (iso-octane) 218 nm (g 73), A, (95% EtOH) 218 nm (g 75);v5
2980, 2935, 1735, 1380, 1365, 1190, 985, 860, 835, and 720 cm~'. N.m.r. data (CDCl,):
'H (250 MHz), 65.70(d, 1 H, J, s | Hz, H-1),4.79,4.63 (2d, 2 H,J; , 5.8 Hz, H-6,7), 4.28
(d,1H, J, 51 Hz, H-5),2.55(q,1 H, J, s 7.8 Hz, H-4), 1.46 (d, 3 H, J,., 7.8 Hz, Me-4),
1.45,1.30 (2 s, each 3 H, CMe,); >C (90.55 MHz), 6 168.5 (s, C-3), 113.4 (s), 103.2 (d,
'Jeu 184 Hz, C-1), 84.2 (d, 'J.y 157 Hz), 83.6 (d, 'J.y 161 Hz), 81.6 (d, 'J,, 157 Hz)
C-5,6,7),40.7 (d, 'Jy 130 Hz, C-4),25.924.9 (2 q, Jeu 127Hz), 17.9(q, 'J i 130 Hz,

Me). Mass spectrum (70 eV); m/z 214 (3%, M! ), 199 (53,), 185(6), 141 (8), 112 (39), 100
(57), 85 (99), 83 (93), 71 (74), 59 (100), 55 (57).

Anal. Calc. for C,(H,,0, (214.22): C, 56.06; H, 6.59. Found: C, 56.13; H, 6.50.

(IRS,4RS,5SR,6SR,7SR ) -6-ex0,7ex0-(isopropylidenedioxy)-4-exo-methyl-2,8-
dioxabicyclof3.2.1 Joctan-3-one [(+ )-4]. — Prepared from (4 )-3%'%, as described above,
(+)-4had m.p. 118-119°.

(IS,5R,6R,7R )-6-exo0,7-exo-( Isopropylidenedioxy )-4,4-dimethyl-2,8-dioxabicy- -
clof3.2.1 Joctan-3-one [(—)-5]. — A solution of (—)-4 (30 g, 140 mmol) in anhydrous
tetrahydrofuran (300 mL) at —40° was added to a stirred solution of (Me,Si),NLi
[prepared from 35 mL of (Me,Si),NH in 600 mL of tetrahydrofuran and 100 mL of 1.6M
BulLiin hexane] at —65°. The mixture was stirred at — 60° for 30 min, MeI (180 mL, 2.8
mol) was added, and the temperature was allowed to rise to —20° during 30 min. The
mixture was monitored and worked-up essentially as described for (—)-4, and the
product was recrystallised from AcOEt-light petroleum (1:1) to yield (—)-6 (30.6 g,
96%), m.p. 119.5-120°, [a]2, — 14°, [a]2, —15°, [a]Z, — 17°, [, —35°, [, —67° (¢
0.645, chloroform); 4., (iso-octane) 284 (g 26), 230 nm (¢ 246), A, (95% EtOH) 284 (¢
25),229 nm (sh. £ 232); v& 2995, 2980, 2950, 1750, 1375, 1210, 1155, 1090, 995, 865, 835,
and 740 cm~'. N.m.r. data (CDCL,): 'H (250 MHz), 6 5.65(d, 1 H, J, ;0.5 Hz, H-1), 4.85,
476(2d,2H, J;;5.5Hz,H-6,7),4.12(d, 1 H, J, ;0.5 Hz, H-5), 1.47 (s, 6 H, 2 Me); 1.32,
1.27 (2s,each 3H, CMe,); °C (90.55 MHz),  172.1 (s, C-3), 113.3(s), 103.5(d, 'J,, 184
Hz,C-1),87.8(d, 7oy 159 Hz), 83.5(d, 'J.; 162 Hz), 78.1 (d, 'J;; 158 Hz, C-5,6,7),43.7
(s, C-4), 27'5.’ 26.0,25.0,20.4(4q, ‘JC_H 127-130 Hz, 4 Me). Mass spectrum (70 eV): m/z
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228 (4%, MT), 213 (31),126(20), 111 (12), 100(51), 97 (42), 85 (100), 69 (26), 55 (29), 45
(10).

Anal. Calc. for C,,H,,0, (228.10): C, 57.92; H, 7.07. Found: C, 52.72; H, 7.08.

(IRS,5SR,6SR,7SR )-6-ex0,7-exo-( Isopropylidenedioxy )-4,4-dimethyl-2,8-di-
oxabicyclo[3.2.1]octan-3-one {( 1 )-5]), — Prepared by the above procedure from (4 )-4,
(£)-5 had m.p. 141-141.5°.

(IRS,4RS,5RS,6RS )-5-ex0,6-exo-( Isopropylidenedioxy ) -3,3-dimethyl-7-oxabi-
cyclof2.2.1]heptan-2-one (6). — A 20% suspension of KH (1.5 g) in oil was washed with
anhydrous pentane (freshly distilled from Na) (25 mL, 5 times). The resulting white
powder was dried under Ar, anhydrous tetrahydrofuran (25 mL) was added, the
mixture was cooled to 0°, Mel (3.4 mL, 54 mmol) was added, and the temperature was
allowed to rise to 18°. A solution of (+)-2" (1 g, 5.4 mmol) in anhydrous tetrahydrofu-
ran (25 mL) was added dropwise with vigorous stirring during ~15 min. MeOH (10 mL)
was added, the mixture was poured into ice—water (100 mL) and extracted with CH,Cl,
(2 x 100 mL), the combined extracts were dried (MgSO,), and the solvent was
evaporated. The yellowish solid was recrystallised from Et,0-light petroleum (1:2) and
then purified by flash-column chromatography on silica gel (40 g) with AcOEt-light
petroleum (1:3) to give 6 (850 mg, 74%), m.p. 104.5-105°; 4_,, (iso-octane) 315 nm (¢
31), 4., (95% EtOH) 313 nm (¢ 30), vEBr 2080, 2940, 2880, 1760, 1375, 1210, 1080, 1065,
1005, 860, 835, 780, and 730 cm~'. N.m.r. data (CDCL,): 'H (250 MHz), 6 4.68, 4.38 (24,
2H,J,5.5Hz,H-5,6),4.25(s,2H, H-1,4), 1.44,1.25,1.18,0.92 (4 5, each 3 H, 4Me); °C
(90.55MHz), 6 214.6 (s, C-2), 113.4(s), 87.8 (d, "J; 162 Hz), 85.0(d, 'J,; 169 Hz), 79.0
(d, Yoy 157Hz), 78.8(d, 'J 4 159) (C-1,4,5,6),45.3 (s, C-3),25.8,25.1 (2q, Jen 127Hz),
23.2,18.5(2q, 'Jcy 130 Hz). Mass spectrum (70eV): m/z 212 (11%,M* ) 197 (52), 183
(13), 155 (3), 127 (12), 109 (50), 97 (86), 85 (100), 69 (61), 59 (48), 55 (66).

Anal. Calc. for C; H,,0, (212.10): C, 62.25; H, 7.60. Found: C, 61.99; H, 7.59.

(IRS,5SR,6SR,7RS )-6-ex0,7-exo-( Isopropylidenedioxy }-4,4-dimethyl-3,8-di-
oxabicyclo[ 3.2.1 Joctan-2-one (7). — A mixture of 6 (594 mg, 2.8 mmol), NaHCO, (950
mg, 11.2 mmol), 3-chloroperoxybenzoic acid (55%, 1.8 g, 5.6 mmol), and CHCI, (60
mL) was stirred at 20° for 15 h. The reaction was monitored by t.l.c. as described above.
After the addition of CH,Cl, (40 mL), the solution was washed with H,O (100 mL), then
with saturated aqueous NaHCO, (50 mL). The aqueous phases were extracted with
CH,Cl, (50 mL). The organic extracts were combined and dried (MgSO,), and the
solvent was evaporated. The residue was recrystallised from AcOEt-light petroleum
(1:4) to yield (+)-5 (472 mg, 74%). Column chromatography on silica gel LOBAR C
(Lichroprep Si60, 40—63 um, 1:3 AcOEt-light petroleum) of the material in the mother
liquor gave 7 (6 mg, 1%). 'H-N.m.r. data (360 MHz, CDCl,): 6 5.01 and 4.80(2d, J;, 6.0
Hz, H-6,7), 4.59 (s, H-1), 4.10 (s, H-5), 1.58, 1.52, 1.44, and 1.36 (4 s, 4 Me).

5,7-Dideoxy-2,3-O-isopropylidene-5,5-dimethyl-a.f-D-ribo-heptofuranos-6-ulose
[(%)-8]). — A M solution of Me,SiCH,Li in pentane (55 mL, 55 mmol) was added siowly
to a stirred solution of (—)-5 (5 g, 21.9 mmol) in anhydrous tetrahydrofuran (250 mL) at
—65° under Ar. The mixture was stirred at —65° for 5 min and the reaction was
monitored by t.l.c. [CH,Cl,-Et,0 (3:1), detection with vanillin and 2,4-dinitrophenyl-
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hydrazine], MeOH (30 mL) was added dropwise, the temperature was adjusted to —40°
for 20 min, and the reaction was monitored by t.l.c. (Et,O-light petroleum, 2:1). The
mixture was poured into saturated aqueous NH,Cl] at 0° (400 mL) and extracted with
CH,CI, (3 x 250 mL), the extracts were combined and dried (MgSO,), and the solvent
was evaporated. The residue was distilled (Biichi, bulb-to-bulb) at 80-100°/0.15 Torr to
yield (+)-8 (5.26 g, 98%), as a colourless oily 1:1 a,f-mixture, [a]23, +0.2°, [¢]2; +0.6°,
[l +0.8°, [0, +4.0°, [a]%5 +21°, (¢ 0.645, chloroform); 4, (iso-octane) 286 nm (¢
27), Ay.x (95% EtOH) 286 nm (g 32); vii™ 3500, 3420, 2990, 2940, 1710, 1370, 1215, 1150,
1075, 870, 850, amd 805, cm~'. « Anomer: n.m.r. data (C,D,): 'H (250 MHz), § 5.22 (dd,
1H,/,,44,/J,448.2Hz,H-1),4.44(dd, 1 H, J,,7.2,J,,3.8 Hz, H-3),4.18 (dd, | H, J,,
7.2,J,,4.4Hz,H-2),4.08(d, 1 H, J,,3.8 Hz, H-4),3.99(d, 1 H, J, o4, 8.2 Hz, OH), 1.78 (s,
3H, MeCO), 1.26,1.01,0.93,0.87 (45, each 3 H, 4 Me); *C (90.55 MHz, CDCl,),5212.3
(s,C-6),114.7(s),96.7 (d, 'J. 178 Hz, C-1), 87.4 (d, 'J; 148 HZ), 81.0 (d, '/, 158 Hz),
80.1 (d, 'Jcy 160 Hz) (C-2,3,4), 49.9 (s, C-5), 26.4, 26.3, 24.7, 22.1, 20.7 (5 q, 'Jcy
125-130 Hz, 5 Me). 8 Anomer: n.m.r. data (C{Dy): 'H (250 MHz), 6 5.49 (dd, 1 H, J,,
0.9, J, o4 6.5 Hz, H-1),4.55(dd, 1 H, J,,6.3, J,, 3.1 Hz, H-3),4.49 (dd, 1H, J,, 6.3, J, ,
0.9Hz, H-2),4.12(d, 1 H, J;,3.1Hz, H-4),3.78 (d, 1 H, J, o4, 6.5 Hz, OH), 1.76 (s, 3 H,
MeCO), 1.39, 1.09,0.95,0.94 (4 s, each 3 H, 4 Me); °C (90.55 MHz, CDCl,): § 214.1 (s,
C-6),112.9(s), 103.6 (d, 'J. 4 171 Hz, C-1),92.7 (d, 'J;; 149 Hz), 87.0 (d, 'Jcyy 157 Hz),
80.6 (d, 'J.y 158 Hz) (C-2,3,4), 50.5 (s, C-5), 26.9, 26.3, 25.1, 22.5, 2047 S a, en
126130 Hz, 5 Me). Mass spectrum (c.i., NH;): m/z 262 (74%), 244 (14, M *), 227 (100),
98 (14), 86 (19).

Anal. Cale. for C,,H,,0;(244.29): C, 59.00; H, 8.25. Found: C, 59.29; H, 8.36.

3,7-Dideoxy-2,3-O-isopropylidene-3,5-dimethyl-o,f-DL-ribo-heptofuranos-6-ulo-
se [(1)-8]). — Obtained by the above procedure from ( +)-5, (+)-8 had m.p. 64-65°
(from AcOEt-light petroleum, 1:5).

3,7-Dideoxy-2,3-O-isopropylidene-5,5-dimethyl-B-D-ribo-heptofuranosyl-6-ulose
acetate [(—)-9]. — (a) A mixture of (+)-8 (9.6 g, 39.3 mmol), Ac,0 (37 mL, 391 mmol),
pyridine (31 mL, 384 mmol), and tetrahydrofuran (60 mL) was stirred at 20° for 1 h,
then concentrated. Toluene (2 x 25 mL) was evaporated from the residue, which was
then distilled at 120°/0.1 Torr to yietd (—)-9 (10.9 g, 97%), m.p. 83.5-84°, [a)}, — 34°,
[a]B, —36°, [a]5, —41°, [a]23, —64°, [a]3; —82° (c 1.015, chloroform); 4., (iso-octane)
283 (£30), 222 nm (sh, £ 75), A,,, (95% EtOH) 283 nm (& 34); v5)r 2985, 2940, 1745, 1700,
1370, 1235, 1215, 1105, 1080, 975, 965, 865, 850, and 800 cm~'. N.m.r. data (C,D;): 'H
(250 MHz), 6 6.46 (s, 1 H, H-1),4.63(dd, 1 H, J,,6.0 Hz, J;, 3.0 Hz, H-3),4.44 (d, 1 H,
J,; 6.0 Hz, H-2), 4.36 (d, 1 H, J,, 3.0 Hz, H-4), 1.86 (s, 3 H, MeCO), 1.59 (s, 3 H,
CH,CO,), 1.40, 1.13,0.98,0.96 (4 s, each 3 H, 4 Me); °C (90.55 MHz, CDCl,), 6 211.5 (s,
C-6),169.3(s), 113.4 (s), 101.8 (d, 'J¢y 179 Hz, C-1),93.6 (d, 'Jyy 152 Hz), 85.4(d, 'V
159 Hz), 80.0 (d, 'J; 158 Hz) (C-2,3,4), 50.0 (s, C-5), 26.9, 26.7, 25.2, 21.6, 21.0, 20.4 (6
q, 'Jc iy 126-130 Hz, 6 Me). Mass spectrum (c.i., NH,): m/z 304 (100%), 260 (3), 244 (15),
227 (32), 77 (14).

Anal. Calc. for C,,H,,0, (286.33): C, 58.72; H, 7.74. Found: C, 58.65; H, 7.70.

(b) A M solution of Me,SiCH,Li in pentane (330 mL) was added slowly to a stirred
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solution of (—)-5§ (30 g, 131.4 mmol) in anhydrous tetrahydrofuran (1.5 L) at —65°
under Ar. The mixture was stirred at —65° for 15 min and the reaction was monitored
by t.l.c. (CH,Cl,-Et,0, 3:1). MeOH (180 mL) was added slowly and the temperature
allowed to rise to —40°. The mixture was stirred at —40° for 20 min and the reaction was
monitored by t.l.c. (Et,O-light petroleum, 2:1). The mixture was poured into saturated
aqueous NH,CI (1 L) at 0°, the aqueous layer was extracted with CH,Cl, (2 x 300 mL),
the organic extracts were combined, and the solvent was evaporated. The residue was
dissolved in tetrahydrofuran (180 mL), Ac,0 (115 mL) and pyridine (95 mL) were
added, and the mixture was stirred at 20° for 1 h, then concentrated. Toluene (3 x 75
mL) was evaporated from the residue, which was then recrystallised from AcOEt-light
petroleum (1:2) to yield (—)-9 (28g, 87%).

5,7-Dideoxy-2,3-O-isopropylidene-5,5-dimethyl-f-DL-ribo-heptofuranosylulose
acetate [( +)-9]. — Prepared by the above procedure from (+)-8 or (+)-5, +9 had m.p.
76-76.5°.

1,5-Di-O-acetyl-6-deoxy-2,3-O-isopropylidene-5-C-methyl-f-D-ribo-hexofurano-
se [(—)-10]. — Freshly prepared (CF,CO),0 (4 mL, 28.8 mmol) was added to a stirred
mixture of 90% H,0, (0.55mL, 22.5 mmol) and CH,Cl, (5.45mL) at 0°, and stirring was
continued at 0° for 1 h. 2.25M CF,CO,;H in CH,Cl, (0.89 mL, 2.0 mmol) was mixed with
CH,C], (3 mL) and added dropwise to a stirred solution of (—)-9 (200 mg, 0.7 mmol) in
CH,Cl, (3 mL) during 30 min (20° under Ar). After the end (~3 h) of the oxidation (t.l.c.;
Et,O-light petroleum, 2:1; vanillin), CH,Cl, (10 mL) was added and the solution was
washed with M NaHCOQ, (10 mL), then with half-saturated aqueous NaHCO, (10 mL).
The combined aqueous layers were extracted with CH,Cl, (15 mL). The organic phases
were combined, then dried (MgSO,), and the solvent was evaporated to yield (—)-10
(200 mg, 95%), m,p. 109-110° (from AcOEt-light petroleum, 1:3), [x]3, —93°, [0]Z,
—97°, [a]3 —110°, [a]is —185°, [a}3es —285° (¢ 0.650, chloroform): 4_, (iso-octane)
214 nm (g 170); A, (95% EtOH) 210 nm (g 125); v¥Pr 2990, 2950, 1735, 1385, 1370, 1245,
1165, 1150, 1105, 1065, 1005, 975, and 865 cm ™', N.m.r. data (C,Dy): 'H (250 MHz), 6
6.52(d,1H,J,,8.0Hz H-1),4.61(dd, 1 H, J,,6.0, J;, 1.9 Hz, H-3),4.47(dd, 1 H, J,,
0.8, J,, 6.0 Hz, H-2), 4.07 (d, 1 H, J;, 1.9 Hz, H-4), 1.57 (s, 3 H, Ac), 1.47 (s, 6 H,
Ac+Me), 1.36, 1.34, 1.13 (3 5, each 3 H, 3 Me); ’C (62.9 MHz), 6 169.0, 168.5 (2’5, 2
CO), 113.1(s), 102.8 (d, 'Jy 180 Hz, C-1), 94.6 (d, 'J; 154 Hz), 86.3 (d, 'J.;; 160 Hz),
80.9 (d, 'Joy 158 Hz) (C-2,3,4), 81.3 (s, C-5), 27.0, 25.4,22.4,21.9,21.8,20.5 (6 q, 'Jc iy
126-129 Hz, 6 Me). Mass spectrum (c.i., NH,): m/z 320 (82%, M + 18), 287 (15), 260
(10), 243 (100), 201 (30), 185 (24), 143 (42), 131 (40), 100 (54), 85 (47).

Anal. Cale. for C H,,0, (302.33): C, 55.62; H, 7.33. Found: C, 55.79; H, 7.28.

1,5-Di-O-acetyl-6-deoxy-2,3-O-isopropylidene-5-C-methyl-f-DL-ribo-hexofur-
anose [(+)-10]. — Prepared by the above procedure from (+)-9, (4)-10 had m.p.
86-86.5°.

6-Deoxy-2,3-O-isopropylidene-5-C-methyl-B-D-ribo-hexofuranose [(—)-11]. — A
mixture of (—)-10 (100 mg, 0.33 mmol), K,CO, (23 mg, 0.16 mmol), and MeOH (4 mL)
was stirred at 20° for 5 h, then filtered through silica gel (5 g), and the solvent was
evaporated to yield (—)-11 (72 mg, 98%), as a colourless oil, [a)3, —9.1°, [a]3, —9.5°,
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[2]35 — 11°, [af33s — 17°, [o]%s —23°, (c 1.455, chloroform); 4, (iso-octane) 291 (e 22),
283 (£ 25), 230 (¢ 175), 206 nm (¢ 525); ., (95% EtOH) 228 (sh, ¢ 130), 204 nm (¢ 440);
vilm 3250 (br), 2990, 1380, 1250, 1205, 1170, 1075, 1060, 1030, 950, 870, 840, and 800
em~'. N.m.r. data (C;Dy): 'H (250 MHz), §5.49(d, 1 H, J, o, 6.4 Hz, H-1), 4.86 (dd, 1 H,
J,359,7,,0.5Hz, H-3),4.82(d, 1 H, J, o4 6.4 Hz, OH), 4.53 (d, 1 H, J,; 5.9 Hz, H-2),
4.05(d, 1H, J,,0.5 Hz, H-4), 3.60 (s, 1 H, OH), 1.41, 1.17,1.10, 1.03 (4 s,each 3 H, 4
Me); °C (62.9, C,Dy), 112.1 (s), 103.4 (d, "J.; 173 Hz, C-1),94.9 (d, 'J.; 148 Hz), 87.5
(d,"Jcy 157 Hz), 81.3 (d, 'Jy 157 Hz) (C-2,3,4), 70.7 (s, C-5), 27.1, 26.7, 25.6, 24. 9(4q,
'Jcu 126 Hz, 4 Me). Mass spectrum (c.i., NH,): m/z 236 (66%, M + 18), 218 (100, M* ),
201 (55), 117 (15), 101 (17), 85 (20).

Anal. Calc. for C,jH,;0, (218.25): C, 55.03; H, 8.31. Found: C, 55.16; H, 8.34,

6-Deoxy-2,3-O-isopropylidene-5-C-methyl-f-DL-1ibo-hexofuranose [(+)-11]. —
Prepared by the above procedure from (+)-10, (+)-11 had m.p. 74-75° (from AcOEt—
light petroleum, 1:5).

Methyl 6-deoxy-2,3-O-isopropylidene-5-C-methyl-f-D-ribo-hexofuranoside [(—)-
12]. — A mixture of (—)-11 (0.5 g, 2.3 mmol), 2,2-dimethoxypropane (4.2 mL),
p-toluenesulfonic acid monohydrate (0.87 g, 4.6 mmol), and MeOH (10 mL) was stirred
at 20° for 48 h, then neutralised with AcONa (470 mg, 5.8 mmol), filtered through Celite,
and concentrated. Column chromatography (CH,CL—Et,0, 3:1) of the residue on silica
gel (10 g) gave a yellowish oil (480 mg, 90%) that was distilled at 90°/0.1 Torr to give
(—)-12,m.p. 35.5-36.5°, []%, —64°, [a]5, —66°, [a]%, — 75°, [a]ass — 123°, [a]5ss — 182.5°
(¢ 3.750, chloroform); lit. m.p. 35-36°, [0]33s —63°; 4, (iso-octane) 236 (¢ 83),218 nm (¢
75); Anay (95% EtOH) 243 (¢ 85), 216 nm (g 61); viir 3470 (br), 2980, 2940, 2840, 1375,
1210, 1090, 1030, 950, 865, and 835 cm~'. N.m.r. data (CDCl,): 'H (250 MHz), 6 4.95 (s,
H-1),4.87,4.55(2d,2H, J,, 6.0 Hz, H-2,3),4.09 (s, 1 H, H-4), 3.46 (s, 3 H, MeO), 3.44
(s, 1 H, OH), 1.46, 1.30 (2 s, each 3 H, 2 Me), 1.23 (s, 6 H, 2 Me); “C (62.9 MHz),6111.9
(s),110.5(d, 'J.y 174 Hz, C-1),95.1 (d, '/ 4 149 Hz), 85.7(d, 'J;; 159 Hz), 80.8(d, Jen
156 Hz) (C-2,3,4), 70.1 (s, C-5), 55.9 (q, 'Jcy 143 Hz, MeO), 27.0, 26.4, 25.1,24.7 (4 q,
'Jeou 126 Hz, 4 Me). Mass spectrum (c.i., NH,): m/z 250 (100%, M + 18),233 (10, M +
1), 218 (20), 201 (4), 115 (3), 101 (2).

Anal. Calc. for C, H,,0, (232.28): C, 56.88; H, 8.68. Found: C, 56.95; H, 8.59.

Methyl 6-deoxy-2,3-O-isopropylidene-5-C-methyl-B-pL-ribo-hexofuranoside
[(£)-12]. — Prepared by the above procedure from (+)-11, (+)- 12 had m.p. 37.5-
38.5°.

6-Deoxy-5-C-methyl-a,-nD-ribo-hexose (13a,8 + 14a,8). — A solution of (—)-11
(1g, 4.6 mmol) in 0.5M H,SO, (20 mL) was heated to 80° for 150 min, then cooled to 20°,
neutralised with BaCO, to pH 7-8, and filtered (Celite), and the solvent was evaporated.
A solution of the residue in acetone was dried (MgSO,) and then concentrated to yield
the title mixture (770 mg, 94%), as a colourless oil, [a]3, +25°, [a]25; +25°, [o]% +27.5°,
[0, +39°, [2]%s +53° (¢ 2.59, water). The 'H- (250 MHz, D,0) and "C-n.m.r. data
(62.9) MHz, D,0) are recorded in Tables I and II, respectively.
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