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Conversion of 2,3-O-isopropylidene-p-glyceraldehyde into 2-deoxy-D-ery-
thro-pentose™
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The addition of carbanions to 2,3-O-isopropylidene-D-glyceraldehyde (1) is
of interest for probing diastercoface selectivity and as a model for the synthesis of
higher 2-deoxyaldoses or aldoses®. The addition of allyimagnesium bromide to 1
resulted™* in a 2:1 preference for the erythro adduct 3°. This unsatisfactory selec-
tivity is typical for the addition” ™ !' of various carbanions to 1. although some such
rcactions strongly favour formation of the erythro diastereomer™'”. Also, the con-
version of these adducts into 2-deoxypentoses frequently involves elaborate reac-
tion-scquences. However. such simple adducts as 3 can easily be converted™® into
2-deoxy-D-erythro-pentosc (2-deoxy-D-ribose) (4). An ideal solution to the prob-
lem would therefore involve a highly selective formation of the homoallyl alcohols
2 and 3. and we now report that this can be achicved by the addition of allviboro-
nates to 1.

Homoallyl alcohols are formed in high yield by the addition of such allylboro-
nates as 2-allyl-4.4.5,5-tetramethyl-1,3 2-dioxaborolane (5) to aldehydes’?. Reac-
tion of 5 with 1 gave 60% of a mixture of the alcohols 2 and 3 in the ratio 1:4, and
this stereoselectivity was similar to that for the addition® of an allyltin compound
to 1. The stereoselectivity can be enhanced by using chiral reagents': thus. ( ~)-
(1R.25,35.45)-ex0-2 exo-3-(allylborylenedioxy)-endo-3-phenylbornane'™ (6) with
1 gave 879 of a mixture of 2 and 3 in the ratio 4:96. The mixture was converted
into 4 in high yield by hydrolysis with triffluoroacetic acid'®, followed by ozonolysis
and work-up with triphenylphosphine'®. 2-Deoxy-D-ervthro-pentose (4) was iden-
tified by its '3*C-n.m.r. spectrum'” and by transtormation into the anilide™.

This type of synthesis of 2-deoxypentoses'® is of interest only if a 4.5-disubsti-
tuted derivative is desired, since there are casier routes to 2-deoxy-b- and -L-ery-
ithro-pentose!™192" However. this approach to pentoses by ascent of the series?
may be advantageous if such analogues of 4 as 2-deoxy-2-methylpentoses are re-

*Stercoselective Synthesis of Alcohols. Part XIV. For Part X111, see ref. |
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quired. This is illustrated by the conversion of 1 into 2,3-O-~isopropylidene-1-
C-[(1R)-1-methylprop-2-enyl}-D-erythro-glycerol (9) by reaction of 1 with
{ —)‘{1R,28,35,45)-exo-2,excz-3—({(z)~2-butenylborylenedioxy}-endo-3—phenyibor—
nane' (7). The relative configuration of the newly formed stereocentres was as-
signed on the basis of ref. 21,

On using racemic 7, the ratio of diastercoisomers 8 and 9 was 3:97; with opti-
cally active 7 of the proper configuration, a single diastereomer 9 was formed. The
addition of ( «»)-(IR,ZS,3S,4S)-exo—2,exa—3-{(£)-2»bu1enylborylenedic)xy}oendo{%—
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phenylbornane (10} to 1 was less stereoselective. On changing [rom racemic 10 to
the pure enantiomer, the ratio of diastercomers 11 and 13 changed from 33:67 to
28:72. The homoallyl alcohols 9, 11, and 12 could be transformed inio 2-deoxy-2-
methylpentoses by methods used in the conversion 3- »4.

EXPERIMENTAL

General. — Temperatures were not corrected. Nomir. spectra (internal
MeS1) were recorded with Jeol FX 100, Varian XI 100, Varian CFT 20, and
Bruker WH 400 spectrometers. (.l.c. was performed with a Perkin-Elmer F-900
gas chromatograph. Preparative g.lc. was effected with a Varian--Aerograph A-
90-P-3 instrument .

2-Methoxy-4,4.5,5 tetramethyl-7,3, 2-dioxaborolune". - To a solution of
pinacol (39.09 g. 4.5 mol) in dry benzene (300 ml) was added ttimethyl borate
(51.96 g. 0.5 mol) during 10 min at 20°. After stirring for 1 h. the methanol-ben-
zene azeotrope was distilled off. and most of the residual benzene was removed in
vacuo at 35°. The crude product (79.7 g) was distiled at 30° (bathy i ° Torr to
give the title compound (64.1 g) contwinmg 3.57¢ ot benzene. N m.r. data
(CDCI): 'HL, 8 1.24 (s, 12 H) and 3.56 (s, 3Hj: ""CLA 2324532 12, and 8231,

2-Allvl-4.4,5,5-tetramethyl-1,3,2-dioxaborofane (5). — To a solution of the
foregoing dioxaborolane (20 g. 127 mmel) in tetrabydrofuran (00 mi.) at —78°
was added 1.26M allvimagnesium bromide in ether (135 mi ) dropwise under na-
trogen during 1 h. Atter stirring for an additional 3 h at -7 . acetn! chloride™”
(15.7 g, 0.2 mol) was added during 30 mm. The mixtare was stirced for 30 min,
brought to 1oom temperature, Gltered, and concentrated in vacuo, to give crude §
(118 gj. b.p. 33.5-54°/13 TVorr. In order to destroy the residual starting-material.
a solution of the distillate in ether {50 mL) wus washed with water ¢ ~ 15 mL),
dricd (Na.80,), and concentrated; the residue was distilled to give 57 (8.9 g.
42923 Nomor. data (CDCL): 'HL 8 125 (50 12 H)L 168175 (m. 2 H) . 4 851 (m.
2H),and 5.6-6.1 (m. 1 H); '*C. 8161, 24,3826, 114 2. and 133 6.

Ancl. Cale. for CoHBO-: CL04.33, H, 10,20, Found. U, nd (8 H. 10.32.

2.3-O-Isopropvlidenc-1-C-t prop-2-¢uyl)-D-threo- (2} and -D-ervihro-glyeerol
(3). -~ Toasolution of 5 (1.68 g. 10 mmol) in light petroleum {(b.p. 40-607) (10 ml.)
under nitrogen at —78% was added 1.2-O-isopropylidene-t-ghyceraldehyvde=" (1: 1.3
g. 10 mmol). The mixture was allowed to attain room temperature and then stirred
for 13 h. After the addition of tricthanolamine (1.49 g, 10 mmol). the mixture was
stirred for 2.5 h and then filtered. and the precipitate was washed with light petrole-
um (6 ml.). The combined filtrate and washings were concentrated i vacuo. and
the residue was cluted from silica gel (30 g) with dichloromcthane. The cluate was
voncentrated in vacuo, and the residue was distitled at 1207 (bathy'19 © Torr, to
give a mixture (1.03 g, 609 ) of Z and 3 in the ratio 22:78. as determined by g.h.c
using a capillary column {150 ft) ot UCON. A sample of this mixture was puritied
by g.l.c. using a column (5 £t > (1L.25 in.) of 577 of ST 30 on Chromosorb G (AW
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DMCS) at 120°. N.m.r. data (CDCl): 'H, 6 1.35-1.36 (25, 3 H), 1.42-1.44 (2 s,
3H), 1.90 (d, 1 H,J 3.1 Hz, OH), 2.15-2.36 (m, 2 H), 3.57-3.60 (m, 0.2 H), 3.71—
3.80 (m, 0.8 H), 3.89-4.05 (m. 3 H), 5.09-5.19 (m, 2 H), and 5.78-5.88 (m, 1 H);
3C (of. ref. 4) 3, 5 25.2,26.5, 37.6, 65.2, 70.4, 78.0, 109.0, 115.1, and 134.0; 2,
38.1,65.9,71.5, 78.4,109.3, and 117.7, with remaining signals obscured.

(1R,28,35,45)-ex0-2-ex0-3-(allylborylenedioxy)-endo-3-phenylbornane'? (6;
5.94 g, 20 mmol) and 1 (2.60 g, 20 mmol) were reacted as described above. The
crude product (3.43 g), which contained 87% of 3 as indicated by n.m.r. spectros-
copy, was obtained by distillation at b.p. 120° (bath)/10~2 Torr. A sample of 3 was
purified by g.l.c. as described above. N.m.r. data (CDCls): 'H, 8§ 1.34 (s, 3 H), 1.41
(s, 3H), 2.07 (d, 1 H,J 2.7 Hz, OH), 2.10-2.35 (m, 2 H), 3.71-3.80 (m, 1 H). 3.87-
4.04 (m,3 H).5.08-5.18 (m, 2 H). and 5.77-5.88 (m, 1 H) (cf. ref. 4).

(45,5R)-Hex-1-ene-4,5,6-triol. — A mixture of crude 3 (1.54 g), trifluoroace-
tic acid (1 ml.), water (10 mL), and methanol (10 mL) was stirred for 14 h at room
temperature and then concentrated in vacuo, and the residue was extracted with di-
chloromethane (3 x 5 mL). The aqueous phase was concentrated in vacuo at 35°
(bath). Water (2 x 5 mL) was distilled from the residue (0.98 g, 96%), which was
then dried over P,O; and recrystallised twice from ethyl acetate, to give the title
compound as a colourless solid (0.9 g), m.p. 54-55°, [@]3" +9.2° (¢ 5.7, D,O).
N.m.r. data (D,O; relative to HOD, 4.80 p.p.m.): 'H, 8 2.10-2.45 (m, 2 H), 3.5-
3.8 (m, 4 H), 5.11-5.15 (m, 2 H), and 5.79-5.90 (m, 1 H); 3C (D,0; relative to
MeOH, 49.0p.p.m.), § 36.6,62.6,71.2,74.2, 117.8 and 135.0 (cf. ref. 4).

Anal. Calc. for CgH,05: C, 54.53; H, 9.15. Found: C, 54.29; H,9.17.

2-Deoxy-D-crythro-pentose (4). — A solution of (45.5R)-hex-1-ene-4,5,6-
triol (0.91 g, 6.9 mmol) in methanol (200 mL) at —78° was ozonised until a blue
colour persisted (~20 min). The excess of ozone was removed with a stream of ni-
trogen (30 min). After adding a solution of triphenylphosphine (3 g) in di-
chloromethane (100 mL) at —78°, the mixture was stirred for Y0 min and slowly al-
lowed to attain room temperature. The solvents were removed in vacuo, a solution
of the residue in dichloromethane (30 mL) was washed with water (3 x 5 mL), the
combined aqueous extracts werc washed with ether (3 X 5 mL) and then concen-
trated in vacuo, and the residue was dried over P,QOs in vacuo, to give 4 (0.93 g) as
a syrup, the "*C-n.m.r. data for which corresponded to reported data'’.

This product (139 mg, 1.04 mmol) was treated at 5° for 5 h with a solution of
aniline (0.5 mL) in ethanol (2.5 mL). The precipitate was recrystallised thrice from
ethanol (3 mL), to give the anilide™"¢ (65 mg), m.p. 169-171°.

2,3-O-Isopropylidene-1-C-[(IR)-1-methylprop-2-enyl]-D-crythro-glycerol (9).
— To a solution of { —)-(1R,2S5,35,45)-ex0-2,ex0-3-[( Z)~2-butenylborylenedioxy]
endo-3-phenylbornane’® (7; 775 mg, 2.5 mmol) in light petroleum (b.p. 40-60°, 10
mL) at —78° was added 1 (325 mg, 2.5 mmol), and the mixture was allowed to at-
tain room temperature during 5 h. After stirring overnight, a solution of tri-
ethanolamine (375 mg, 2.5 mmol) in dichloromethane (3 mL) was added, and the
mixture was stirred for 2 h, filtered through silica gel (20 g), and eluted with di-
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chloromethane. The eluate was concentrated in vacuo, and the residue was bulb-
to-bulb distilied in vacuo below room temperature. to give 9 (0.4 g. 86%) as a
viscous oil. N.m.t. data (CDCly): '"H. 8 1.11 (d. 3 H. J 7 Hz). 1.38 (5. 3 H1). 1.45
(.3 H).1.95-2.62 (m, 2 H). 3.454.40 (m, 4 H). 4.83-5.32 (m. 2 H). and 5.48-6.18
(m. 1 H): 3C, 8 15.19.25.25, 26.48. 40.52, 64.59_. 73,61, 76.65. 108.62. 115.28. and
140.20. The diastereomeric purity, determined by g.l.c. as described above, was
=>08%%.

Anal. Cale. for C(H 403 C, 64.49; H. 9.74. Found: C, 64.60: H. 9.31.

2,3-O-Isopropylidene-1-C-[(1R)-I-methyiprop-2-envi|-D-threo-givcerol  (11)
and 2,3-O-isopropylidene-1-C-[(1S)-1-methylprop-2-enyl)-p-erythro-glvcerol (12).
—  (—)-(1R,25,38,45)-ex0-2.exea-3-[( E)-2-butenylborylenedioxy]-endo-3-phenyl-
bornane' (10; 775 mg. 2.5 mmol) was reacted with I, as described above, to give
a mixture (85%) of 1t and 12. N.m.r. data (CDCI3): 'H, 8 0.95-1.79 (m, 9 H),
1.95-2.70 (m, 2 H), 3.58—4.52 (m, 4 H), 4.78-5.35 (m, 2 H), and 5.60-6.32 (m, |
H); BC. 8 16,46, 16.61. 25.01, 2526, 26,11, 26.49. 40.15. 41 23, 63.50. 66.04,
74.75,79.72,108.58_, 109.13, 115.34, 116.01, 139.14, and 139 48; the remaining sig-
nals were obscured by the solvent peak. The ratio of 11 and 12. determined by
g.l.c. as described above, was 28:72.

Anal. Cale. for CyH:,O5: C. 64.49, 11, 9.74. Found: C. 64.53; H,9.65.
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