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Despite the extensive amount of research on nonenzymatic [1,2]-hydride shifts,2 there have
been particularly few reports on similar transfers related to carbohydrates.3 We wish to report
here the novel example of the stereoselective [1,2]-hydride shifts which occured in the reactions
of methyl 3-0-mesyl-D-allofuranoside derivatives with MeMgl. These reactions will serve to
prepare not only specifically labeled sugars but also branched-chain deoxy sugars.

Treatment of 1,2:5,6-di-0-cyclohexy11‘dene-u-D-anofuranose4

with mesyl chloride gave the
corresponding mesylate 1 [88%; mp 119.5=121.5°; [u][z)3 +82.2° (¢ 1.3, CHC13)]. A suspension of 1
in absolute methanol was gently refluxed in the presence of sulfuric acid for 3 hr. The metha-
nol was removed by repeated coevaporation with dry benzene to give, after neutralization with
calcium hydroxide, an anomeric mixture of methyl 5,6-0-cyclohexylidene-3-0-mesyl-g-D-allo-
furanoside 2a [needles; mp 138-140°; [a]§4 -44.6° (c 1, CHC13); mass m/e 352 (M+), 141 (the 5,6~
0-cyclohexylidene group)] and its a-anomer 3a [prisms; mp 118-119°; [a]g2 +97.7° (¢ 1, CHC13);
mass m/e 352 (M+), 141] in a ratio of 2:1. Each anomer could be separated by fractional
crystallization from isopropyl ether-benzene.

In order to demonstrate the hydride shift, the deuterated (at C-2) analogues of 2a and 3a
were prepared. Thus, 3a was oxidized with Ru04, followed by reduction with NaBD4 to give
exclusively a monodeuterated "D-allo" analogue 3b [mass m/e 353 (M*); nor (CDCl3) 6 4.92 (1H, s,
H])]; the use of NaBH4 instead of NaBD4 had resulted in the formation of 3a. Treatment of 3b
with refluxing methanol in the presence of sulfuric acid gave 2b [mass m/e 353 (M+); nmr (CDC13)
8 4.87 (TH, s, Hy ).

An ethereal solution of MeMgl (6 mol. equiv.)5 was added to a stirred suspension of 2a in

dry ether at 0-5° over a period of 40 min, and the mixture was stirred at room temperature for
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3 hr. After the usual work-up, the crystallization of crude products from water-ethanol led to
the isolation of methyl 5,6-0-cyclohexylidene-3-deoxy-2~C-methyl-g-D-arabino-hexofuranoside 4a
. 25 . = =
[mp 69-70°; [a]D -69.4° (¢ 1, CHC13), nmr (CDC13) § 2.09 (1H, q, J3a,3b_]1‘5 Hz, J3b’4—6.5 Hz,
Hsb),6 1.88 (1H, bq, J3a,3b=1]'5 Hz, 333,4=8~0 Hz, H3a)]; chromatographic purification of the
residual material on silica gel with n-hexane-ether gave another crop of 4a and a very small
amount of the corresponding C-2 epimer 5a [mp 90-92°; [a]g0 -80.2° (c 0.3, CHCI3); nmr (CDC13) 8
- - 6 - =
2.09 (14, q, J3a,3b'13'] Hz, J3b,4-6.6 Hz, H3b)’ 1.91 (1H, q, J3a,3b']3'1 Hz, J3a,4-8.6 Hz,
H3a)]' Under similar conditions, 2b yielded 4b [mass m/e 273 (M+); nmr (CDC13) § 2.09 (1H, bd,
J3b,4=gg, 5 Hz, H3b)] and 5b [mass m/e 273 (M+); nmr § 2.08 (1H, bd, J3b’4=6.5 Hz, H3b)]. Both
4b and 5b were exclusively labeled by the deuteriums at C-3 (S-configurations).

On the other hand, 3a gave, in a similar experiment, methyl 5,6-0-cyclohexylidene-3-deoxy-
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2-C-methyl-a-D-ribo-hexofuranoside 6a [syrup; bp 128-130° (bath-temperature)/2 mmHg;

[5" +75.2° (c 1, CHC); nme (CDC13) 6 2.11 (T, Q. Jgy 3=12.4 Hz, Jgy 4=7.0 Hz, Hy),® 1.93
(14, q, J3a,3b=12‘4 Hz, J3a,4=6.4 Hz, H3a)] and methyl 5,6-0-cyclohexylidene-a-D-allofuranoside
7a [syrup; [a]g1 +100° (c 1, CHC13)]. In this case, no epimer of 6a could be detected.
Simitarly 3b gave 6b [mass m/e 273 (M+); nmr (CDC]s) 6§ 2.08 (1H, bd, J3b’4=6 Hz, H3b)] and 7b [
mass m/e 275 (M+); nmr (CDC]3) 5 4.90 (1H, s, H])]. The transfer of the deuterium again took
place stereoselectively to give the S-configuration at C-3 in 6b.

The structures of the newly synthesized branched-chain deoxy sugars 4 - 6 were assigned on
the basis of their spectroscopic data, elemental analyses, and chemical transformations. The
nmr spectra of 4a - 6a showed singlets due to the anomeric protons and quartets characteristic
of the AB parts of ABX systems, which were assignable to H3a (A),
Hap (B), and Hy (X);6 the spectra of the deuterated analogues

revealed no signals due to H3a' The relatively large values (

8.6-6.4 Hz) of the coupling constants for H3a-H4 and H3b-H4 in

Me
8 (C3-endo)

4a - 6a suggested that these compounds favorably existed in C2-
exo or C3-gggg_conformations.7 For example, the C3-gggg_confor-
mation of 4a can be depicted as in 8, in which H3a and the methyl group at C-2 as well as H3a
and H4 constitutes an axial-quasi axial pair. Spin-spin decoupling experiments demonstrated
that the methyl protons in the former pair were coupled to H3a (J=0.8 Hz) because of their W-
shaped arrangement.

In the ir spectra (in CC14) of 4a - 6a, only 5a showed a broad band near 3250 en! due to
polymeric intermolecular hydrogen-bonds. This observation was consistent with the trans, rather
than cis, relationship between the methoxy and hydroxy groups in 5a.

When 4a was treated with cyclohexanone in the presence of sulfuric acid, 1,2:5,6-di-0-
cyclohexylidene-3-deoxy-2-C-methyl-g-D-arabino-hexofuranose [syrup; [a]g3 -21.0° (¢ 1, CHC13)]
was obtained, whereas both 5a and 6a gave, under similar conditions, the corresponding o-D-ribo-
hexofuranose [syrup; [a]g2 +10.3° (c 1, CHC13)]. Furthermore, 4a was treated in aqueous dioxane
with Dowex 50W-X8 (H+ form), followed by oxidation with KMnO4 to give the known S-(+)-2-methyl-
malic ac1d8 after chromatographic purification with Dowex 50W-X8 (H+ form), thus indicating the
S-configuration at C-2 in 4a.

A possible mechanism of formation of 4b and 5b is shown in Eq. 1. The cyclic intermediate

9 undergoes the stereoselective [1,2]-deuteride shift and the elimination of a molecule of
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mesyloxymagnesium iodide in a concerted manner to give the uloside derivative 10, which,

in

turn, is suffered from the attack of MeMgl to yield the products.5 The formation of 6b can

also be explained in terms of the same mechanism, but that of the a-anomer of 9 will be sup-

pressed probably because of the competitive chelation of the magnesium with the oxygen atom of

the methoxy group. The g-elimination of the mesyloxy group and the deuterium from 2b may lead

to

the formation of the nondeuterated analogue of 19,9 but this is not the case in the present

reaction. The anomeric configurations of 10 and its a-anomer influence significantly the

determination of the stereochemistry at C-2 in 4b - _p.lo
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