Carbohydrate Research, 123 (1983) 153-156
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

Note

1,2-O-Trichloroethylidene-«-p-galactofuranose*
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(Received October 21st, 1982; accepted for publication, May 31st, 1983)

Previously known cyclic acetal derivatives of D-galactose usually contain the
sugar ring in the pyranoid form'?. The reaction of D-galactose with acetone affords
mainly 1,2:3,4-di-O-isopropylidene-a-D-galactopyranose, and only a small propor-
tion of 1,2:5,6-di-O-isopropylidene-a-D-galactofuranose® is formed. The lower
preference for the furanoid derivative may be due to the non-bonded interactions
between the endo-methyl group of the 1,2-O-isopropylidene ring and the 5,6-O-
isopropylidene ring. From D-glucose, the corresponding glucofuranose derivative
is obtained in good yield; similar interactions are not possible as the 5,6-O-isopro-
pylidene ring is exo with respect to the fused-ring system.

After the reaction of D-galactose and chloral catalysed with sulphuric acid,
only one of the two possible isomers of 1,2-O-trichloroethylidene-a-D-galac-
tofuranose (1) was isolated. The n.m.r. spectra provide evidence that, in 1 and its
derivatives, the trichloromethyl groups occupy the exo position (S-isomer). For cy-
clic acetals, the n.m.r. signals for acetal protons that are endo appear® at lower
fields than those for the corresponding exo protons. As expected, the acetal-proton
singlets of known 1,2-O-trichlorocthylidene-«-D-glucofuranose derivatives were
observed” in the range 8 5.27—5.34 for the R-isomers, whereas the values for the $-
isomers were in the range 8 5.58-5.63. The acetal-proton singlets for derivatives of
1 appeared at even lower fields (8 5.65-5.78), suggesting that the protons occupy
the endo position (S-isomer). The other diastereoisomer is not formed, probably
because of the interactions between the trichloromethyl group and the endo sub-
stituent on C-4. Molecular models indicate that, for galactochloralose derivatives
in 273 or E, conformations, interactions between the 1,2-acetal ring and the endo
substituent on C-4 should be small as these groups diverge from each other. In such
a situation, however, H-3 and H-4, and even H-2 and H-3, would be almost trans,
and hence relatively large J> 3 and J; 4 values are to be expected. In the n.m.r.
spectra of all of the chloralose derivatives, the H-1 and H-2 signals appear as low-
field doublets*®. The J, , and J, ; values are invariably ~4 and ~0 Hz, respectively,
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and the values of J34 are in the range of 0—4 Hz. (¢f. (-2 Hz for the galac-
tochloralose derivatives®). Conformational analysis of 1.2:5.6-di-O-isoprop-
ylidene-a-p-galactofuranose” indicated that the dibedral angle for H-1/F-2 should
be small (~-10°), with those for H-2/H-3 and 11-3/H-4 being 118 and 132°, respec-
tively. The observed coupling constants were 3.8, 1.0, and 4.0 Hz, respectively.
consistent with a conformation 7 (E, == 'T}, = F,) in which the 5.6-ring is slightly
away from the 1.2-ring but not at the most extremc distance. For the galac-
tochloralose derivatives, the J; ; values are smaller. which suggest a furanose ring
more distorted towards the 7, conformation in spite of the undesirable interac-
tions mentioned above.
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The structure of compound 1 was shown by chemical means. A triacetate 2
and an isopropylidenc derivative 3 of 1 were prepared, and 3 was also characterised
as its monoacetate 4 and monomethyl ether 5. Hydrolysis of § to remove the iso-
propylidene ring gave 6, which was converted into 3-O-methyl-1,2-O-1ri-
chloroethylidene-w-1L-arabino-pentodialdo-1.4-furanose (7) by glycol fission. The
crude pentodialdose 7 was directly converted into its crystalline 2.4-dini-
trophenylhydrazone, the n.m.r. spectrum of which was consistent with the
suggested structure. Further evidence is provided by the similarities with the n.m.r.
data for 3-0O-methyl-1.2-O-trichloroethylidene-D-xvio-pentodialdose  2.4-dini-
trophenylhydrazone®.

EXPERIMENTAL

T.l.c. was performed on Kieselgel (Merck, 7731) with toluene—methanol
(9:1). N.m.r. spectra were recorded for solutions in CDCl; at 100 MHz (Varian
HA-100) with Me,Si as internal standard. Melting points are uncorrected. Optical
rotations were determined with a Perkin—Elmer 141 polarimeter.

1,2-O-Trichloroethylidene-a-D-galactafuranose (1). — D-Galactose (90 g)
was added to chloral (150 mL) in portions with mcchanical stirring. Sulphuric acid
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(4 mL; sp. gr. 1.84) was added, the mixture was boiled under reflux for 2 h, and
chloroform (100 mL) was added to the mixture while it was still warm. After cool-
ing, the mixture was diluted to 500 mL with chloroform and kept at room tempera-
ture overnight. The precipitate was collected, washed with chloroform, and air-
dried. The light-brown product (80 g, 52%), which appeared to be a single com-
pound by t.1.c. and n.m.r. spectroscopy, was recrystallised from boiling water and
then from hot methanol, to give 1, m.p. 205-207°, [a]} —38°(c 2, methanol)
{(Found: C, 31.06; H, 4.05; Cl, 34.25. CgH,;,Cl504 calc.: C, 31.04; H, 3.58; Cl,
34.36%).

Acetylation (pyridine~acetic anhydride) of 1 gave the 3,5.6-triacetate 2
{95%), m.p. 128-130° {from ethanol), [a}ly +0.5° (¢ 3.1, chloroform) (Found: C,
38.69; H, 4.05; Cl, 24.30. C4H7C1504 calc.: C, 38.60; H, 3.93; Cl, 24.41%).
N.m.r. data: & 6.23 (d, 1 H, J, » 3.8 Hz, H-1), 4.97 (d, 1 H, J,; 0 Hz, H-2), 5.17
(s, 1 H,J3,4 ~0Hz, H-3),4.24 (d, 1H, J, 56.7 Hz, H-4), 5.34 (m, 1 H, J5 4 4.0 Hz,
Jse 6.7 Hz, H-5), 4.40 (q. 1 H, Js - 11.4 Hz, H-6), 4.18 (g, 1 H, H-6"), 2.05, 2.10,
2.13(9H, 3 Ac),and 53.78 (s, 1 H, CCI.CH).

5,6-O-Isopropylidene-1,2-O-trichloroethylidene-a-D-galactofuranose (3). —
Conventional methods, using 2,2-dimethoxypropane and toluene-p-sulphonic acid
or acetone and hydrochloric acid, both converted 1 into 3 (80%); the solvent for 1
was N, N-dimethylformamide. After recrystallisation from methanol, 3 had m.p.
214-216° (dec.), [a]f +18° (¢ 4.8, pyridine) (Found: C, 37.74; H, 4.22; C1, 30.70.
C1HsCl3 Og cale.: C, 37.79; H, 4.32; CI, 30.42%).

Acetylation of 3 gave the 3-acetate 4 (95%), m.p. 139-140° (from ethanol},
[a]l —10.5% (¢ 2.5, chloroform) (Found: C, 39.89; H, 4.30; CI, 27.00. C,5H,,Cl;05
cale.: C, 39.87; H, 4.37; Cl1, 27.16%). N.m.r. data: §6.30 (d, 1 H, J, > 4.0 Hz, H-1),
502(d, 1 H, J,; ~0.5 Hz, H-2), 5.10 (s, 1 H, J3 4, ~0 Hz, H-3), 3.80-4.50 (m, 4
H, H-4,5,6,6"),2.10 (3 H, Ac). 1.40, 1.46 (6 H, 2 Me)}, and 5.71 (s, 1 H, CCI,CH).

5,6-O-{sopropylidene-3-O-methyl-1,2-O - trichloroethylidene-a-D-galacto-
furanose (5). — A solution of compound 3 (5 g) in N, N-dimethylformamide (50
mL) was treated with silver oxide (10 g) and methyl iodide (15 mL) for 24 h. The
usual work-up procedure® gave 5 as a syrup (4.8 g, 92%), which, after crystallisa-
tion, had m.p. 65-67° (from ethanol-water), [a]y —34° (¢ 2.4, chloroform),
(Found: C, 39.32; H, 4.70; Cl, 29.02; OMe, 8.40. C;:H,»Cl3Q¢ calc.: C, 39.63; H,
4.71; C1, 29.25; OMe, 8.53%). N.m.r. data: § 6.23(d, 1 H, J, ; 4.0 Hz, H-1), 498
(d, 1 H, Jo5 0 Hz, H-2), 3.68 (d, 1 H, J534 2.0 Hz, H-3), 3.934.06 (m, 4 H, H-
4,5,6,6"),3.35 (s, 3 H, OMe), 1.28,1.30 (6 H, 2 Me), and 5.73 (s, 1 H, CCl; CH).

3-O-Methyl-1,2-O-trichloroethylidene-a-D-galactofuranose  (6). — Com-
pound 5 {4 g) was hydrolysed with M hydrochloric acid (10 mL) in ethanol (15 mL)
by boiling under reflux for 1 h. Chioroform extraction gave a syrup which crystal-
lised to give 6 (1.8 g. 51%), m.p. 72-73° (from methanol-water), [a]ly —58° (¢5.1,
methanol) (Found: C, 33.36; H, 4.02; Cl, 32.54; OMe, 9.40. C;H,;Cl304 calc.: C,
33.40; H, 4.05; Cl, 32.87;, OMe, 9.59%).

3-O-Methyi-1,2-O-trichloroethylidene-o-1-arabino-pentodialdo-1,4-furanose
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2,4-dinitrophenylhvdrazone. A solution of 6 (0.8 2) in a mixture of methunol (20
mbL) and water (30 mL) was treated with sodium metaperiodate (0 5 g) overnight,
Extraction of the solution with chloroform and removal of the solvent gave a svrup
(0.7 g) which was conventionally converted into the ttle compound (2097 ). m.p
178 - 179° (from chloroform), [a},‘;’ —I8.5% (¢ 1.9, chloroform) {Found: €. 35 37 H.
2.85.Cl, 22,75 N, 11.89: OMe, 6.51. CjHCENO cade - CLU 3365110277 CL
2255 NIRRT OMe, 6,587 ), Nomur data: 6. 38 (o T HO A 40 M, H-1). 5 12
(d. TH /2 2 O TI-2) 432 (5, THL 5 0 0Tz 113,500 (dL THL S, <4 8 He T4,
738 (d. 1 H, H-5). 355 (<. 3 H, OMe), S.50 (s, T H.CCLCH)Y, 796 (d T H LU,
8.7 Hz. Ph). 8.36 (. | 11. 7, 2.0 Hz, Ph). 912 (d. | H, Ph),and 11 12 (s, UL
NH).

ACKNOWITDGMEUNTS

We thank Dr. M. R. Jenner of the Philip Lyle Memorial Rescarch Labora-
tory (Tatc & Lyle Ltd.) for providing the n.m.r. spectra, and Dr. 2. [ ewis (Roval
Holloway College) for measurement of the optical rotation vidues.

REITRENCES

K. FREUDLE NBIRG AND R, M HIXON, Ber, 36 (1922)2119-2127,

0.C DrJoNGH anD K BirviasN, g, Am Chem S L B (1904y 67-74

N BAGUHTT. K W Buck. A B Fosier, M H Ranpart el M o Wismr froc Chem Sog
(1u6d) TI8-119

S ForSEN. B, LinDBERG aNDBL G SHEvANDER, Acta Chem Scarnd | 19 {1960 ) 330 30y

LY ek er. Carbrofivdr Res | 36 11977) K7-91

H AN AasD T YU C 1 Ry unpublished results

TS A Brace oD Hanr DK N Stissor asnr A S Tracty Can J Cliern SO 1972y 1924 1a2

1
2
3

VIR



