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Note

Complementary stereoselectivity in the reactions of hexopyranosid-4-
uloses with methylmagnesium iodide and methyllithium*
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Laboratory of Chemistry for Natural Products, Faculty of Science, Tokyeo Instuute of Technology, Nagat-
suta, Midoriku, Yokohama 227 (Japan)

(Recerved May 25th, 1982, accepted for publication in revised form April 25th, 1983)

The stereoselectivity of nucleophilic addition to a glycosidulose is extremely
important for controlled, stercospecific synthesis of branched-chain sugars. Com-
plementary stereoselectivity in the reactions of 3,4-Q-isopropylidenc-B-L-erythro-
pentopyranosid-2-ulose with methylmagnesium iodide? and methyllithium® was
first reported by Williams et al.>. Miljkovié et al.? reported that the reaction of
methyllithium  with  methyl  2,3-di-O-methyl-6-O-triphenylmethyl-a-D-xyio-
hexopyranosid-d-ulose in ether solution at —80° gave stereospecifically the corres-
ponding 4-C-methyl-a-D-glucopyranoside, whereas that of methylmagnesium
iodide under similar conditions afforded, again stereospecifically, the correspond-
ing 4-epimer. The stereoselectivity in the Grignard reaction was explained on the
basis of equatorial attack of the carbanion on the carbonyl group of the substrate
in the *C, conformation, which is fixed by chelation of magnesium with the car-
bonyl oxygen and the adjacent oxygen atoms, as had been suggested in the case of
cis- and trans-4-tert-butyl-2-methoxycyclohexanones®. The result of the reaction
with methyllithium was rationalized on the basis of axial attack of the carbanion on
the carbonyl group in a conformation between the *C; and a half-chair conforma-
tion. The latter arises through dipole repulsion between the almost coplanar C=0
group and the adjacent C-O bonds in solvents of low diclectric constant (such as
ether). The axial methoxyl group at C-1 hinders equatorial attack becausc of elec-
trostatic and nonbonding steric repulsions. The remarkable stereoselectivity in the
reaction with methyllithium was also confirmed by application to analogous a-D-
xylo-hexopyranosid-4-uloses™’. However, in a previous paper®. the authors re-
ported, with methyl 3-O-benzyl-6-dcoxy-2-O-methyl-a-D-arabino-hexopyranosid-
4-ulose (7b), a complementary stercoselectivity of reverse mode to that aforemen-
tioned.

In order to examine the generality of the concepts proposed by Miljkovi¢ et
al., the stereoselectivities in both reactions are compared in this paper by using a

*Branched-chain Sugars, Part XXXIIIL. For Part XXXII. see ref 1.
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“Axial and equatonal attacks are designated based on the *Cy(iv) canformation ot the individual
hexopyranostduloses 7 Data from rets 8, 10, and 13, respectively

series of nine different hexopyranosid-uloses.

In addition 1o several hexopyranosid-4-uloses. namely. methyl 6-deoxy-2.3-
di-O-methyl-a-p-xylo-hexopyranosid-4-utose® (1). benzyl t-deoxy-2,3-0-
methylene-a-D-xyylo-hexopyranosid-4-ulose™ ! (2). the D-ribo isomer® (3) of 1 and
the corresponding 2.3-O-mecthylene derivative™ (4). the D-lvxe somer® (8) of 1
and the corresponding 2.3-()-methylene derivative' (6), and D-wrabino 1somer”
(7a) of 1, mecthyl 4.6-O-henzylidene-2-Q-methyl-a-D-arabiro-'"
hexopyranosid-3-uloses'” (8 and 9) were used as substrates. The stereoselectivities
in the Grignard rcaction of 1-9 at room temperature had been exanined in previ-

and -a-D-ritbo-
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ous papers®'?'?. The reaction of these substrates with methyllithium in ether at
—78° was performed in the current paper, and the results obtained are summarized
in Table I, together with those of the Grignard reaction. Most configurations at the
quaternary carbon atom of these products were assigned from the chemical shifts
of the C-methyl carbon atoms®'?"'¥ as shown in Table I. For compounds 2, 3, and
6, in which only one isomer was obtained, the product of equatorial attack ob-
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tained via the reaction of 3 with diazomethane showed® the C-methyl carbon signal
at 22.0 p.p.m. In addition. the configurations of a few compounds were proved by
chemical methods® ', The stereoselectivity in the reaction of an analogue of 1 with
methyllithium” and in the Grignard reaction of 2 have actually been used for syn-
thesis of natural products”'©

The conformations of the hexopyranosiduloses used here are expected to be
slightly flattened and flexible, except for compounds 2, 8, and 9, in which the rrans-
lused 2.3-O-methylene or 4.6-0O-benzylidene ring is expected to maintain a rather
rigid conformation. Thus. the 'H-n.m.r. parameters (in CDCL) of 1 (J, 5 3.4, J> 5
10.5Hz), 2(J,->3.0.7,5 108 Hz). 3(J, »4.5. /.33 5H2).5(J,-2.0./,53.6Hz).
8 (J, - 4.3 Hz), and 9 (J,-> =0 Hz) indicate the *C,(D) conformation. However.
those of 7a (J, > 2.5. J> 3 8.8 Hz) indicate a conformational change from the original
*C) to S, by oxidative introduction of an carbonyl group®. The conformation of 4
(J12 4.0, J5 3 8.8, J3 s 0.8 Hz) was considered 1o be °S, by the rationale used'” to
assign the S, conformation to the 2,3-O-isopropylidenc analogue (J, 5 3.8, 753 9.0,
Jy 5 1.2 Hz) of 4. It is noteworthy that the reaction products from 4 and 7a arc re-
stored into their original distorted (J, > 5.0-5.4. J- 1 5.4-5.6 Hz) and flattened (/J, »
1.6-2.0, J1 3 3.0-4.2 Hz) *C,(D) conformations, respectively™!". The coupling con-
stants of 1 and 7a measured in ether-d,, were used in the aforementioned interpre-
tation for the stereoselectivity in the reaction with methyllithium®. However. the
change of values (1: /, 5 3.4, /55399 Hzat 25°and J, - 3 4. /-5 10.2 Hr at —70°%:
Ta: J,>2.7.J2:39.0Hzat 25°and J, 5 2.2, 7,2 9.4 Hz at —70°) were very small, and
the tendency in the changes was contradictory to that expected from the interpreta-
tion.

If prior coordination of magncsium to the carbonyl and adjacent oxygen
atoms in the Grignard reaction leads to conformational inversion or change of a
substrate, the stercosclectivity will expected to be different from that in the reac-
tion with methyllithium. Such an instance is observed n reports on
hexopyranosiduloses' ™" ¢ven with the rather rigid, bicyclic system of 1,6-
anhydro-2,3-di-O-(p-tolylsultonyl)-B8-D-ribo-hexopyranosid-3-ulose ™
magnesium-coordinated conformation and the normal conformation of substrates
are illustrated on the left and right sides, respectively. of the cquilibration for-
mulas.

Exclusive or preponderant equatorial attack in both reactions for compounds
2 and 8 is the most common; reagents approach a six-membered ring in a chair con-
formation from the sterically f[avored direction®. Similar results for 9 are
rationalized on the basis that steric hindrance of an axial substituent 1n 8 disposi-
tion is larger than that for the a disposition=>. In the case of compound 5. the differ-
ing results in the two rcactions reflect the extent of the hindrance of the axial
methoxyl group at C-2 in slightly different conformations. The resulis for 6 in non-
chair conformations are also cxplained by the approach of reagents from the less-
hindered site. and selective equatorial attack in the reduction ol the 2.3-0)-150-
propylidene analogue of 6 by sodium borohydride has also been reported™ . Simi-
larly the axial attack in both reactions of 3 may be rationalized.

Thus, a
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In thc present cxperiments, the complementary stereoselectivity in the reac-
tions of 4 with methylmagnesium iodide and methyllithium are new results, as are
those of 1 and 7a. Among the data for these substrates, the exclusive axial attack
in the Grignard reactions of 4 and 7a may only be understood on the basis of ap-
proach of the carbanion from the exo direction to the magnesium-coordinated B, 4
conformation. However no decisive factor that would control the stereoselectivity
in the reaction with methyllithium may be found in the normal conformations of
these substrates, except for the quasi-axial bond of C-2 of 4. Although the selective
axial attack in the reduction of the 2,3-O-isopropylidene analogue of 4 by sodium
borohydride was cxplained by steric factors in the %S, conformation'”, the selectiv-
ity in the reaction of 4 with methyllithium is the reverse. Tt is considered that the
factor controlling the stereoselectivity in reaction of these substrates with methyl-
lithium at lower temperature is rather delicate and weak, and appears only when
strong steric hindrance is lacking. For example, a factor that would avoid the inter-
section of C=0 and C-O dipoles in the transition state, as illustratcd in Scheme 1,
is considered as a candidate, but more data are necessary to confirm it.
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Scheme 1
EXPERIMENTAL

Reaction of hexopyranosiduloses with methyllithium at —78°. — To a solution
of a hexopyranosid-ulose (2 mmol) in ether (20 mL) cooled with Dry Ice and
acetone was added an excess (10 mmol) of methyllithium in ether (10 mL) with stir-
ring, and then the mixture was kept for 2 h at room temperature, and poured into
saturated, aqueous ammonium chloride. Conventional processing of the ethercal
solution gave the crude product, for which the epimeric product-ratio was esti-
mated from its 'H-n.m.r. spectrum. Purification and separation of the products on
a column of silica gel with a suitable solvent system, such as a 3: 1 hexane—ethyl ace-
tate, gave single products, which were characterized by comparison of their physi-
cal properties with those of authentic samples obtained in previous work already
cited.
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