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ABSTRACT

2-Deoxy-3-0-methyl-D-arabino-hexose (2) was synthe-
sized by photodeoxygenation in hexamethyl-phosphor-triamide/
water with 1ight of 254 nm. The isopropylidene-protecting
group was photochemically resistent,whilst the benzylidene
group was cleaved.

INTRODUCTION

The synthesis of deoxy sugars has been an important
field of research for years.3 Many laborious multi-step

procedures for the regioselective deoxygenation of particu-
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lar hydroxylfunctions have been deve]oped.4 The reduction

5-10

of regioselectively prepared esters with solvated elec-

trons, which are prepared by irradiation in hexamethyl phos-

)2,4,10-16,

phortriamide (HMPT)/water (97/3, v/v works well.

This method shortens long reaction paths as we recent-
ly described for the synthesis of D-oleandrose 1.2

Pivaloates yield more deoxygenated products than aceta-

13,16

tes Furthermore, the pivaloyl group can be regiose-

5,10,17

lectively introduced into carbohydrates. Other

bulky esters such as benzoates and p-toluolsulfonates

are not suitable for photodeoxygenation, because these

esters are saponified.a’16

13,14b,17

The isopropylidene-protec-

ting group and the tert—butyldimethylsilyl

groupz’”’19 proved to be stable under the experimentatl
conditions of the photodeoxygenation. The reaction of the
ultraviolet light adsorbing benzylidene function, which
is frequently used in carbohydrate chemistry, with photo-
chemically generated solvated electrons has not yet been
investigated. Irradiation under oxidative conditions
(acetone, air) cleaves the benzylidene ketal to a mix-

ture of the benzoates.20

The present study investigates
the suitability of this protecting group for the photo-
deoxygenation process illustrated by the synthesis of

2-deoxy-3-0-methyl-D-arabino-hexose 2, a constituent of

Pteris inaequalis Baker var. aequata (MiQ) Tagawa.21

RESULTS AND DISCUSSION

5,6

The described regioselective acylation of the

readily available methyl 4,6-0-benzylidene-a-D-glucopy-
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ranoside (g)23 with pivaloyl chloride in pyridine could
be improved and resulted in the 2-monopivaloate 4, isolated
after crystallisation, (schema 1). Methylation of 4 with
sodium hydride/methyl iodide in N,N-dimethyl formamide
only gives the methyl ether 5 in 14 % yield (20 % turn-
over) due to the steric covering of the 3-hydroxyl group
by the adjacent bulky O-substituents 2-0-pivaloyl and
4,6-g-benzy11dene. Thus 4 was treated with the more re-
active reagent methyl trifluoromethane sulfonate/2,6-di-
tert=butyl pyridine/Hg(CN)2 yielding 89 % of the me-
thyl ether 5. Irradiation of 5 in HMPT/H,0 (97/3, v/v)
does not lead to the deoxygenated product but cleaves

the benzylidene-protecting group. After 48 h of irradia-

tion the educt 5 is completely converted to 6. Exten-
sion of the reaction time to 24 h does not convert 6 but

decomposes it. For characterisation 6 was converted by

0 HO
0 0 HO 0

1 H3CO
" Ro OCH; TR oy,
R' R? R
3 H H 6 Piv
4L H  Piv 7 H
5 CH; Piv

Scheme 1
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Zemplén-cleavage to the known methyl 3-gomethy1-a-g-glu-

25

copyranoside 7, which has recently been isolated from

the ho]otoxines.26
Thus, the benzylidene-protection group is not only photo-

10 but also

chemically Tabile under oxidative conditions,
reacts in the photoreduction.

So the isopropylidene group was used, which proved
to be stable under the experimental conditions]3’14b’17
Methyl 4,6-0-isopropylidene-2-0-pivaloyl-a-D-glucopyrano-
side 9, which is easily accessible from §,17 was success-
%u]]y methylated with methyl iodide/silver oxide to 10
{schema 2). In the subsequent photodeoxygenation of
ester 10 the protecting group does not interfer, giving
the 2-deoxy sugar 11 in high yields. Acidic hydrolysis
of 11 or of 12, which is obtained by deprotection of 11
using the mild method of J. Thiem eta].,12 gives the
title compound 2.

This photochemical procedure shortens the conventio-
nal synthesis of Z2-deoxy-3-0-methyl-D-arabino-hexose 2,
which involves eight steps from D-glucose, to six steps,

showing the synthetic power of the photodeoxygenation

process.

EXPERIMENTAL

For general remarks and procedures see 11t.10

Methyl 4,6-0-benzylidene-2-0-pivaloyl-a-D-glucopy-
5

ranoside (4).” This compound was prepared according to
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H3C H3C
H3C’&t0 H3CX~0
0 0 0
R'0 g H;CO
R0 OCH, » OCHs
R' R? o
8 H H
CH,0H
g H Piv
- HO 0
10 CH; Piv H3CO
12 OCHs
— CH20H
HO 0
H3CO OH
2
CH;
HO 0
H3CO OH
1
Scheme ?

the procedure for methy]l 3,6-di-0-pivaloyl-a-D-mannopy-

ranoside.m’17

Methyl 4,6-0—benzy1idene-3-0—methy1-2-O-pivaloy1—a-g-

glucopyranoside (58). a) To a solution of 4 (25.65 g, 70.0

mmol), 2,6-di-tert=butyl pyridine (35 ml, 160.0 mmol) and
Hg(CN)2 (0.42 g) 1in abs. CH2C12 (300 ml1) was added methyl
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trifluoromethane sulfonate (16.7 m1, 153.0 mmol) The
solution was refluxed for 26 h, then cooled to 0°C and
after addition of methanol (10 ml} to destroy the rea-

gent the solvent was removed in vacuo and the resulting
syrup chromatographed on silica gel with ethyl acetate/n-
hexane {(1:10) to give 23.7 g (89 %).

b) Methylation of 4 (19.5 g, 53.2 mmol) with sodium hy-
dride/methyl iodide in tetrahydrofuran as usua12 gave
after chromatographic separation on silica gel with ethyl
acetate/n-hexane (1:10) 2.86 g (14 %) 5 and 15.6 g (80 %)
of the educt 4. Compd. 5: m.p. 40-43°C, [al2> + 568.0°

(¢ = 1.06, CHCT4), 'H-NMR (CDC1,): 6 = 1.23 (s, 9H, C-CH,),
3.55 (s, 3H, 3-OCH3), 3.6-4.3 and 4.6-4.8 (m, 6H, 2-H, 3-H,
4-H, 5-H, 6-H), 4.87 (d, TH, 1-H), 5.50 (s, 1H, H-benzyl-

idene), 7.2-7.5 (m, 5H, ArH), J = 4,5 Hz.

1
Anal. Calcd for C20H2807 (380.4):C, 63.14; H, 7.42.
Found: C, 63.07; H, 7.56.

Photodeoxygenation of methyl 4,6-0-benzylidene-3-0-

methy1-3-0—pivaloy1—a—Q-g]ucdpyranoside (5). A solution

of 5 (8.00 g, 21.0 mmol) in HMPT/Hzo (240 m1, 97/3, v/v)

was irradiated for 48 h as described in ref.2>'0>1]

Additional 24 h of irradiation led to total decompositon.

2,10,11

The reaction mixture was worked up as usual and

chromatographed on silica gel with ethyl acetate to give
2.11 g (34 %) of a syrup (6), [al2> + 123.3 (c= 1.33,

1

CHC13); H-NMR (CDC]3): § = 1.25 (s, 9H, C—CH3), 3.37

(s, 3H, 1—OCH3), 3.60 (s, 3H,3-OCH3), 3.7-4.7 (m, 8H, 2-H,
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3-H, 4-H, 5-H, 6-H, OH), 4.90 (1H, d, 1-H), J, ,= 4.5 Hz;
T3C-NMR (CDCT): 6 = 27.10 (C-CH,), 38.77 (C-CH,), 55.38,
61.12 (0CH,), 61.89 (C-6), 70.06, 71.16, 73.72, 81.39
(c-2, C-3, C-4, C-5), 97.23, 178.05 (C=0).

Anal. Calcd for C13H2407 (292): Cc, 53.41; H, 8.28.

Found: C, 53.20; H, 8.39.

Methyl 3-0-methyl-a-D-glucopyranoside (7). A solu-

tion of 6 (1.96 g, 6.7 mmol) and sodium methylate (120
mg) in abs. methanol (120 ml) was stirred at room tempe-
rature for 72 h. After neutralisation with acidic ion ex-
changer, the reaction mixture was filtered, the solvent
removed and the residue chromatographed on silica gel

with ethyl acetate to give 7 1.14 g (82 %): m.p. 102-105°
25a 27 25b 25
), lalg
+ 158.4 (c= 1.01, acetone) (lit. [aj5* +157.0%1 (c= 1.95,
250 (o127 4+ 164%2 (c= 0.86, H,0),%°% [a]2°
)27, 1

D
;5 H-NMR (ds-pyridine): § = 3.43

¢ (1it. 80-81°C, 80-82°C, 103-106°C

[al]

acetone), +
+161{c= 1.4, acetone
(s, 3H, 1-0CH3), 3.80 (s, 3H, 3-OCH£a 3.7-4.3 (m, 6H,
2-H, 3-H, 4-H, 5-H, 6-H), 4.98 (s, 1H, 1-H), 5.7-7.7

(bs, 3H, OH); 3

C-NMR (d5-pyr1d1ne): § = 54.98 (3-OCH3),
60.80 (1-OCH3), 62.44 (C-6), 70.94, 73.14,-73.68, 85.35
(c-2, C-3, C-4, C-5), 101.13 (C-1).

Anal. Calcd for C8H1606 (208.2): C, 46.15; H, 7.75.

Found: C, 46,32; H, 7.81.

Methyl 4,6-0-isopropylidene-2-0-pivaloyl-a-D-giuco-

pyranoside (9). This compound was prepared according to
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1iterature17

10

using a general procedure as described in
17);

+ 122.6 (c=

ref to give 9 (75 %) m.p. 134°C (1it. 134°C

(@12> + 122.3 (c= 1.00, CHCT,) (Tit. [al5
1.00, CHC13)17); TomMR (COCT4): 6 = 1.24 (s, 9H, C-CH,),
1.44 (s, 3H, CH3-isopropylidene), 1.52 (s, 3H, CH3-iso—

propylidene), 3.26 (bs, 1H, OH), 3.35 (s, 3H, 0CH;), 3.4-

4.2 (m, 54, 3-H, 4-H, 5-H, 6-H), 4.69 (dd, 1H, 2-H), 4.89

. = - .13
(d, TH, 1-H); J1’2— 3.9, J2’3- 9.4 Hz;

§ = 19.10, 29.09 (CH3-isopropy11dene), 27.02 (C—EH3),

C-NMR (CDCT3):

38.85 (E-CH3), 55.44 (OCH3), 62.32 (C-6), 62.98, 69.02,
73.54, 74.23 (c-2, C-3, C-4, C-5), 97.71 (C-1), 99.88
(C-isopropylidene), 178.24 (C=0).

Anal. Calcd for C 07 (318.4): C, 56.59; H, 8.23.

15126
Found: C, 56.73; H, 8.08.

Methyl 4,6-0-isopropylidene-3-0-methyl-3-0-pivaloyl-a-

- D-glucopyranoside (10). A solution of 9 (10.0 g, 31.4

mmol) in methyl iodide (300 ml) was refluxed with silver
oxide (90.0g) for 120 h. After filtration, the solvent
was removed in vacuo and the remainig residue was chro-
matographed on silica gel with ethyl acetate/n-hexane
(1:10) to give a syrup (10) 6.38 (65 %); [al}® + 119.3

1

(c=1.21, CHC13); H-NMR (CDCT3): § = 1.22 (s, 9H, C~-CH

5)
1.30 (s, 3H, CH3-1sopropy11dene), 1.50 (s, 3H, CH3-iso-

propylidene), 3.32 (s, 3H, 1—OCH3), 3.48 (s, 3H, 3-OCH3),
3.5-3.9 (m, 5H, 3-H, 4-H, 5-H, 6-H), 4.6-4.7 (m, TH, 2-H),

4,82 (d, 1H, 1-H), J1 o= 4.0 Hz.

5
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Anal. Calcd for C16H2807 (332.4): ¢, 57.82; H, 8.49.
Found: C, 57.73; H, 8.61.

Methyl 2-deoxy-4,6-0-isopropylidene-3-0-methyl-a-

Q-arabino-hexopyranoside (11). A solution of 10 (6.60 g,

19.9 mmol) in HMPT/H20 (240 ml1, 97/3, v/v) was irradia-

ted for 48 h as described for 5 and worked up as usual

2,10,11 4, give 11 2.76 g (60 %), colourless syrup,

[a1§5 + 93.8 (c= 1.13, CHC13); TH-NMR (CDCT4):

(s, 3H, CH3-isopropy11dene), 1.51 (s, 3H, CH3-isopropy1-

§ = 1.30

idene), 1.5-1.8 (m, tH, 2a-H), 2.24 (ddd, 1H, 2e-H), 3.30
{s, 3H, 1-OCH3), 3.40 (s, 3H, 3-OCH3), 3.5-3.9 {(m, 5H,

3-H, 4-H, 5-H, 6-H), 4.75 (d, 1H, 1-H); J
13

1,2 4:25 oy 26"

13.5, J = 3.0 Hz; C-NMR (CDC13): s = 19.19, 29.34

2e,3
(CH3-isopropy11dene), 35.55 (C-2), 54.61, 57.66 (OCH3),
62.57 (c-6), 63.77 (c-5), 74.82, 75.83 (C-3,C-4), 99.07
(C-1), 99.61 (C-isopropylidene).

Anal. Calcd for C11H2005 (232.3): C, 56.88; H, 8.68.

Found: C, 56.73; H, 8.95.

Methyl 2-deoxy-3-0-methyl-a-D-arabino-hexopyrano-

side (12). To a solution of 1t (1.86 g, 8.0 mmol) in

abs. methanol (20 ml) was added dropwise trifluoroacetic

acid anhydride (0.3 ml1) and stirred for 3h at 20°C. The

solvent was removed in vacuo and the remaining syrup
dissolved in abs. methanol (10 ml) and again concentra-
ted in vacuo. This procedure was repeated twice. The re-

maining syrup was chromatographed on silica gel with
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ethyl acetate/n-hexane (1:5) to give 12 1.06 g (69 %),

25 25 25
colourless syrup, [a]D + 83.61, [a]546 + 99.1, [a]436
25 _
+163.6,[a]235 + 245.8 (c= 1.10, CHC13).
Anal. Calcd for C_H,_.0_. (192.2): C, 49.99; H, 8.39.

81675
Found: C, 50.10; H, 8.27.

2-Deoxy-3-0-methyl-D-arabino-hexose (g). A solu-

tion of 11 (602 mg, 2.6 mmol) in acetic acid/water (20
ml, 1/3, v/v) was stirred at 100°C for 1 h and worked

up as usua]2 to give 2 425 mg (99 %); m.p. 110-112°C (1it.

110-111°c,% 110-112°¢%%); [@12® + 14,1 (c= 1.00, H,0)
(lit. [al2® + 18.5 (c= 1.84, Hy0),% + 14.7 (c= 1.56, H,0),
21 . 5.1 (5 min) = + 13.9 (30 min) (c= 1.37, H,0).%°

Anal. Calcd for C 05 (178.2): C, 47.19; H, 7.92.

7M14
Found: C, 47.31; H, 8.11.
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