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Synthesis of 4-deoxy-D-erythro-pentose (*‘4-deoxy-D-ribose’)
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(Received April 13th, 1981; accepted for publication in revised form, June Sth, 1981)

As a part of the program aimed at the total synthesis of deoxyriboflavins, this
paper describes the synthesis of *‘4-deoxy-D-ribose” from D-giucose. Several groups
have reported the synthesis of the p-!-2, L-1-3** or pDL-forms® of 4-deoxyribose.

The known 3-0-benzyl-5,6-dideoxy-1,2-O-isopropylidene-a-D-ribo-hex-5-eno-
furanose (1) appeared to be a suitable precursor of 4-deoxy-p-ribose derivatives, and
its synthesis was achieved from },2:5,6-di-O-isopropytidene-«-p-glucofuranose via
the five-step route previously described®. Selective hydroboration of (1) with bis(3-
methyl-2-butyl)borane, prepared in situ by the hydroboration of 2-mcthyl-2-butene
with diborane generated in the reaction of sodium borohydride with methyl iodide’
in diglyme at 0°, foilowed by oxidation with 309 hydrogen peroxide, Ied to syrupy
3-0-benzyl-5-deoxy-1,2-O-isopropylidene-«-D-ribo-hexofuranose (2) as a single pro-
duct in 93 % yield. Compound 2 was converted into a mixture of methyl 4-deoxy-2-
O-benzyl-f-D-erythro-pentopyranoside (3a) and its x anomer (3b) in a total yield
of 63 % via the following sequence of reactions: acid hydrolysis of the isopropylidene
group, periodate oxidation of the C-1-C-2 bond, alkaline hydrolysis of the 3-formate,
and glycosidation in methanol with 29 hydrogen chloride. The f-(3a) and «-(3b)
glycosides were separated by chromatography and hydrogenated over 10 % palladium-
on-carbon catalyst to produce methyl 4-deoxy-f-D-erythro-pentopyranoside (4a) and
the % anomer (4b) in quantitative yield, respectively. Acid hydrolysis of compound
4a produced 4-deoxy-p-erythro-pentose (5). The f configuration for 4a is confirmed
by the large coupling constant (d, 3.8 Hz) of the anomeric proton and the negative
optical rotation of —95.9° by comparison of those with 4b (d, 2.0 Hz and +80.3°).

EXPERIMENTAL

General methods. — Melting points were determined on a micro hot stage and
are uncorrected. T.l.c. was performed with 0.25-mm layers of Silica Gel 60 F,sg4,
and indication was effected with sulfuric acid. Optical rotations were determined with
a JASCO Model DIP-4 polarimeter. Elemental analyses were carried out on a Perkin—
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Elmer Model 240 elemental analyzer. Proton and carbon magnetic resonance spectra
were recorded on JEOL PS-100, FX-60, and FX-100 spectrometers. Proton—proton
spin-decoupling and proton—carbon selective decoupling experiments were performed
with the FX-100 and the FX-60 instruments, respectively. Chemical shifts are given
on the J scale and spin couplings in Hz. Unless otherwise stated, n.m.r. spectra were
measured at 25° in chloroform-d, with tetramethylsilane (6 0.00) as the internal
standard. Signals are described as s (singlet), d (doublet), t (triplet), q (quartet),
o (octet), or m (complex multiplet). Spectra were analyzed on a first-order basis.

3-O-Benzyl-5,6-dideoxy-1,2-O-isopropylidene-x-p-ribo-hex-5-enofuranose (1).—
This compound was prepared® from 1,2;5,6-di-O-isopropylidene-a-D-glucofuranose.
The distilled product had b.p. 115-120°/0.01 mmHg; [«]}> +60° (¢ 1.2, chloroform);
[Lit.® b.p. 123-125°/0.1 Torr, [«]3° +64° (¢ 1.0, chioroform).]

3-O-Benzyl-5-deoxy-1,2-O-isopropylidene-o-D-ribo-fiexofuranose (2). — A so-
lution of 2-methyl-2-butene (2.1 g, 30 mmol) and sodium borohydride (570 mg,
15 mmol) in dry diglyme (15 mL) was treated dropwise with a solution of methyl
iodide (2.13 g, 15 mmol) in diglyme (3 mL) below 5° over a period of 30 min with
magnetic stirring. Rapid evolution of gas (methane) was observed during the addition
of methyl iodide. After stirring for 1.5 h at 0°, a solution of (1, 2.76 g, 10 mmol) in
diglyme (10 mL) was added and the mixture stirred for 20 h at room temperature.
The organoborane was oxidized by adding 4 mL. of 3» sodium hydroxide at 10-15°,
followed by dropwise addition of 4 mL of 309, hydrogen peroxide. The mixture was
stirred for an additional 2 h at room temperature. Brine (30 mL) was added and the
mixture extracted with three 50-mL portions of ether. The extracts were combined,
washed once with water, and dried over anhydrous magnesium sulfate. After removal
of the solvent, the product was chromatographed on silica gel (2:1 benzene-ethyl
acetate), giving syrupy 2 (2.74 g, 93%); [«]5> +80.9° (¢ 1.24, methanoi); 'H-n.m.r.
data (CDCl3): 6 5.70 (d, J, , 4.0 Hz, H-1), 4.56 (dd, J, ; 4.5 Hz, H-2), 3.50 (dd,
J3,4 8.5 Hz, H-3),4.15 (0, J4 5 4.8, J4 5- 7.0 Hz, H-4), 1.78-2.08 (m, J5 ¢ 6.0 Hz, H-5),
3.75 (q, H-6), 4.65 (q, Jyenzy1ic 11.3, OCH,Ph), 1.37, 1.60 (s, CMe,), 2.43 (t, OH),
and 7.33 (s, arom).

Methyl 2-O-benzyl-4-deoxy-B- and-a-D-erythro-pentopyranosides (3a and 3b). —
A solution of 2 (8.7 g, 29.6 mmol) in 49 sulfuric acid (106 mL) was heated at 100°
until the starting material was absenrt, as shown by t.l.c. (Rg 0.29; ethyl acetate).
The solution was made neutral by additicn of 3»m aqueous sodium hydroxide and was
concentrated to 10 mL. To the concentrate was added a solution of sodium periodate
(11.2 g, 52.3 mmol) in 100 mL of water with stirring. After stirring for 30 min at
room temperature (Rg 0.72; ethyl acetate), the mixture was extracted with chloro-
form (50 mL x 4). The extracts were combined, and evaporated to give 2-O-benzyl-
4-deoxy-3-O-formyl-D-erythro-pentose as a syrup. The resultant formate was hydro-
lyzed with 0.1M sodium hydroxide (35 mL) in methanol (20 mL) at room temperature
for 30 min (R 0.52; ethyl acetate). After being mede neutral by addition of hydro-
chloric acid, the solution was evaporated to dryness, to give syrupy 2-O-benzyl-4-
deoxy-D-erythro-pentose. The syrup was dissolved in the 2% methanolic hydrogen
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TABLE I

13C-N.M.R. SPECTRA; CHEMICAL SHIFTS MEASURED AT 25 MHz

Compound

1 2 3a b 4a 4b s
Solvent CDCls CDCls CDCl3 CDCl3 D-0° D20- D202
C-1 103.7 d 1043 d 998 d 99.7d i0i.6 d 101.24d 94.1 d (94.1)
Cc-2 79.1 @b 773 d 772 d 745d 69.3d 68.9 d 70.6 4 (69.9)
-3 81.8d 82.1d 65.7d 652d 65.8d 67.8d 66.2 d (68.2)
Cc4 77.6 d* 77.1d 304t 318t 2871t 287t 295t (27.6)
C-5 1349d 352¢ 5881t 545t 591t 588t 594t (60.3)
C-6 1188 ¢ 604t
OCH:Ph 22t 724t 727t 704 t
OMe 552q 557 q 554 ¢q 563 q

O herse

2With acetone (0 30.30) as the internal standard. PAssignments may be interchanged. <Chemical
shifts for compound 1; 26.5, 26.8, 112.8, 1279, 128.4, and 137.5: for 2; 26.9, 113.1, 128.4, 128.7,
and 137.5.

chloride (130 mL), and the solution kept overnight at room temperature (R 0.68
and 0.60; ethyl acetate). The acid was made neutral by addition of solid sodium
carbonate, and the solution concentrated and extracted with chloroform (50 mL x 3).
The combined extracts were dried (sodium sulfate) and evaporated to give an ano-
meric mixture of methyl 2-O-benzyl-4-deoxy-D-erythro-pentopyranoside (crude yield
6.17 g, 88%;), which was chromatographed (R 0.45 for the § anomer (3a) and 0.35
for the « anomer (3b); 2:1 benzene-ethyl acetate) to give 3a (3.61 g), 3b (0.36 g),
and a mixture (3a and 3b) (0.50 g); total yield 64 %,. Compound 3a had [«]}> —47.0°
(c 1.6, methanol). *H-n.m.r. (CDCl3): § 4.65 (d, J, , 4.0 Hz, H-1), 3.38 (m, H-2),
3.95 (m, H-3), 1.72 (m, J; s 5.5 Hz, H-4), 3.68 (t, H-5), 3.38 (s, OMe), 4.63 (q,
Joeazyric 11.5, OCH,Ph), 2.62 (d, OH), and 7.25 (s, arom).

Anal. Calc. for C;3H,;50,: C, 65.53; H, 7.61. Found: C, 65.23; H, 7.56.

Compound 3b had [«]}° +65.8° (¢ 2.7, methanol); 'H-n.m.r. (CDCl;): &
4.65 (d, J;.; 3.0 Hz, H-1), 3.50 (dd, J, ; 4.0 Hz, H-2), 4.15 (dd, J5 4 8.0 Hz, H-3),
1.84 (m, H-4), 3.30-3.55 (m, H-5), 3.90 (m, H-5"), 3.42 (s, OMe), 4.63 (Q, Jbenzyiic
12.0, OCH,Ph), and 7.31 (s, arom).

Methyl 4-deoxy-B- and a-D-erythro-pentopyranosides (4a and db). — Hydrogena-
tion of the benzyl ether 3a (420 mg) over 109, Pd-C (150 mg) in methanol (8 mL)
for 3 h afforded syrupy 4a (260 mg, 100%); [all® —95.9° (¢ 1.0, water) [lit.3 [«]3!
+39.2° (¢ 0.2, water) for the L enantiomer, and lit.* [«]3! +104° for ethyl 4-deoxy-
B-L-erythro-pentopyranoside]; 'H-nm.r. (D,0, with sodium 4,4-dimethyl-4-sila-
pentane-1-sulfonate as the internal standard); 6 4.65 (d, J,,, 3.8 Hz, H-1), 3.64 (t,
Ja5 3.2 Hz, H-2), 4.03 (0, J5.4 5.0, J5 o 8.0 Hz, H-3), 1.80 (m, J, 5 5.0 Hz, H-1),
3.77 (dd, Js,s- 6.0 Hz, H-5), and 3.40 (s, OMe). The 2,3-Diacetate of 4a had [«]}°



NOTE 301

—88.8° (¢ 0.93, chloroform); *H-n.m.r. (CDCl;): § 4.62 (d, J, ; 2.5 Hz, H-1), 5.02
(t, J25 3.0 Hz, H-2), 5.21 (0, J5 4 5.0 Hz, H-3), 1.82 (m, H-4), 3.70-3.95 (m, H-5),
3.37 (s, OMe), and 2.02, 2.11 (s, OCOCH,).

Anal. Calc. for the Z,3-diacetate C,H,04: C, 51.72; H, 6.94. Found: C, 51.51;
H, 6.93.

The o anomer (3b) gave 4b (98%); [o]}° +80.3° (c 1.1, water); 'H-n.m.r.:
(D,0. with sodium 4,4-dimethyl-4-silapentane-1-sulfonate as the internal standard):
0 4.48 (4, J, , 2.0 Hz, H-1), 3.80 (t, H-2), 3.30-4.05 (m, H-3, H-5), 1.78 (q, H-4),
and 3.45 (s, OMe). The bis(p-nitrobenzoate) of 4b had m.p. 184-185°; 'H-n.m.r.
data (CDCl;): 5 4.80 (d, J; , 2.8 Hz, H-1), 5.42 (t, J, 5 2.8 Hz, H-2), 5.55 (m, H-3),
2.18 (q, J4 5 4.5, H-4), 3.50-4.20 (m, H-5), and 3.50 (s, OMe).

Anal. Calc. for the bis(p-nitrobenzoate) C,oH,;gN,O;o: C, 53.81; H, 4.06;
N, 6.28. Found: C, 53.93; H, 4.11; N, 6.23.

4-Deoxy-p-erythro-pentose (5). — Compound 4a (209 mg) was hydrolyzed at
100° with M sulfuric acid (20 mL). During 4 h the optical rotation changed from
—93.4 to —20.1° {const). The solution was made neutral with sodium carbonate and
then evaporated to dryness, and the residue extracted with hot ethyl acetate. Evapora-
tien of the extract gave 4-deoxy-D-erythro-pentose (5) (160 mg, 859,) as a colorless
syrup; [o]i3 —25.0° (c 1.1, water) [Lit.! [«]23 —27.6° (¢ 0.5, water)].
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