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Stereochemical differentiation in the reactions of organometallic reagents
with levoglucosenone and some of its dihydro derivatives
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The reactions of methylmanganese iodide with fevoglucosenone, its dihydro derivative,
and |.6-anhydro-3-deoxy-4- O-methyl-B-p-erythro-hexopyran-2-ulose were found to be highly
diastereoselective compared to the reactions of Li-, Mg-. and Cu-based reagents. This specific
feature of the manganese reagent is due to the enhanced tendency of manganese for chelation.
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In continuation of our studies!+2 dealing with the
diastereofacial selectivity of organomanganese reagents
in reactions with carbonyl compounds. we investigated
the reactions of methylmanganese iodide, similar lithium
and magnesium derivatives, and copper "ate-complexes”
with levoglucosenone (1) and its dihydro derivatives,
viZ.. 1.6-anhydro-3.4-dideoxy-3-p-gflycero-hexopyran-2-
ulose (2) and | 6-anhvdro-3-deoxy-4-O-methyl-3-0-
erythro-hexopyran-2-ulose (3), and compared the
diastereoselectivities of the corresponding reactions. The
reaction products are compounds 4a,b.3 5.3 6a,b.3and 7
(Scheme 1). Organic derivatives of Mnal!_ like those of

TilV, 14 exhibit higher chelating capacity than organo-
metallic reagents traditionally used for alkylation at a
carbony!l group. This provides grounds for expecting a
high degree of diastereoselectivity in reactions with
substrates containing an a-ketoacetal fragment, capable
of effective coordination to a metal.

13C NMR spectroscopy proved to be the most infor-
mative method for stereochemical identification of dia-
stercomers. The criterion used to assign the products of
methylation of levoglucosenone to the erythro-series is
an upfield shift of the signals of C(2), C(5). and C(6)
caused by the syn-interaction of the substituents at C(2)
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Table 1. 3C NMR chemical shifts for compounds
(CDCl,, 8)

Com- Cihy €2y C3y CH C(5 Cih)y Me
pound

4a 105.3 733 1333 1278 714 697 232
4b : 1049 68.6 i31.8 1287 706 687 210
5 1013 2007 360 387 778 680 187
6a 1060 706 322 273 732 675 217
6b 1035 700 297 236 727 672 239
7 106.0 700 357 766 742 660 233

and C(5). The possibility of this influence is supported
by the results of MM+ molecular mechanics calcula-
tions performed using the HyperChem 5.0! program
package (1996): according to these calculations. the
distance between H¥(6) and the methyl group proton
is sufficient for this and amounts to 3.4 A. The validity
of the assignment of signals of dihvdro derivative 6a is
additionally confirmed by the fact that i1s spectrum is
identical to that of the hvdrogenation product obtained
from individual threo-isomer 4a. The ratio of erytaro-
and threo-isomers is retained during hydrogenation of
the diastereomer mixture. It is of interest that the '°C
NMR signals for the methyl groups, which occur at 23.2
ppm in the thareo-isomer 4a and at 21.0 ppm in the
erythro-isomer 4b, are observed at 21.7 ppm and 239
ppm, respectively, after hydrogenation. This is consis-
tent with general features3:6 of shielding of substituents
in a six-membered ring occurring in the 'C,4 conforma-
tion. After hydrogenation of the double bond in thareo-
isomer da, the pyranose ring acquires the 'C, conforma-
tion and the methy! group occupies an axial position.
This is accompanied by an upfield shift of the CH;
signal in the '3C NMR spectra. Correspondingly, upon

hydrogenation of the double bond in eryraro-isomer 4b.,
the methyl group assumes an equatorial orientation,
which results in a downfield shift of its 3C NMR signal
{Table 1).

The shielding effect of the anhvdro bridge on the
methyl-group protons is manifested in the 'H NMR
spectra of both methylated derivatives of levoglucosenone
d4a,b and their saturated analogs 6a.b. Whereas the
singlet due to the CHj; group in threc-diastereomers 4a
and 6a is exhibited at ~1.2 ppm, the signals for the
methyl groups in eryrhro-isomers 4b, 6b are shifted
upfield and occur at 1.18 ppm and 1.14 ppm, respec-
tively (Table 2).

The reaction of levoglucosenone (1) with the Grignard
reagent MeMgl proceeds diastereoselectively, regardless
of the temperature (20 °C or —78 °C), to give rAreo-
isomer 4a3 (Table 3). However. this process is not
regiospecific; the content of the addition product 5 at
~78 °C reaches 14%. At ~20 °C. the yield of this
compound is 6%.3

The reaction of MeLi with levoglucosenone (1) at
=78 °C, which is the reference reaction regarding deter-
mination of the direction of the attack. occurs, as
expected, regiospecifically but its stereoselectivity is rela-
tively low and reverse to that observed with the Grignard
reagent MeMgl; the threo-4a : erythro-4b ratio is
~ 45 : 35 (see Table 3). The use of MeMnl results in the
stereospecific formation of a mixture of [.2- and
| .4-addition products in 52 : 48 ratio. As in the case of
MeMgl. raising the temperature (to —3 °C) resulted in a
higher regioselectivity: the 4a : 5 ratio increased 1o
24 : . The reaction of LiCuMe, proceeds as diastereo-
specific 1.4-addition, as opposed to a previous study3;
no |,2-addition products were detected.

Although approach of the chelating agent from the
Si- and Re-sides is seemingly equivalent, the reaction

Table 2. 'H NMR (CDCly) chemical shifts (8) and spin-spin coupling constants (J/Hz) of compounds 47

Com- 5 (J/Hz)
pound H(l) OH H(3) H*(3) H(4) He(4) H(5) HeY(6) Here(6) CH,
4a 5034 2.68 5.5 dd 5.90 dd 458 m 3.64 dd 3724 1.20 s
(2.0)  brs {2.0. 9.8) 4.4.9.8) (4.0, 6.7  (6.7)
4b 517d 231 5.60 dd 5.98 dd 458 m 3.60 m 1185
(2.0 brs (2.0, 9.8) (4.4, 9.8
5 5045  —  2804dd 2.04 dd 2.30 ddd 4.40 dd 3.95 dd 4.02 dd 1.18d
{7.9.16.2) (1.0, 16.2) (1.0.7.2. 7.9 (1.0, 5.0) (3.0.7.5)  (1.0.7.3) (1.
6a 4985 225 185ddd  1.68dd 1.72 ddd 1.34dd 450 brs 3.78 dd 385d 1.21 s
brs (5.5, 108, (55.114)  (5.5.10.08, (3.5, 13.0) 20,70 (7.1
11.4) 13.00
6b 498s 268 220m 1.50—1.75 4.48 brs 376 m 3.87d
br.s m (3H) (7.2) i.12s
7 5955 260 1.60dd 1.96 d - 3224 4.33d 3.75 ad 3.68d 1.28 s
5.96 brs  (47.147) (147 - (4.7) (3.3 (33.7.7) (.1

* The signal of OMe, & 3.31 5 (3 HJ: the integral intensities of signals correspond to expected values.
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Table 3. Reactions of organometallic reagents with ketones 1, 2,
and 3 (Et;O. —78-20 °C, 3 h, 20 °C, 20 h, [reagentiy :
fsubstratefy = 1.5 : I}

Reagent  Sub- Reagent Isomer Yield

strate products ratio® (%) (%)

a b : 5§

MelLi 1 4a.,b 45 35 - 94
MeMagl 1 4a,b+ 5 82 4 |4 70
MeMgl? 1 d4ab+5 90 6 4 67
MeMnl! 1 4a + 5 52 — 48 67
MeMnl© 1 4a + 35 % — 4 68
LiCuMe, 1 5 — — 100 75
MeLi =~ 2 6a,b 63 37 — 82
MeMel 2 6a.b 75025 — 85
MeMsl? 2 62,b 7426 — 82
MeMni 2 6a.h 92 8 -~ 69
MelLi 3 7a we - - 78
LiCuMe, 3 7a 100 — —~ 52
MeMel ~ 3 Ta 100 — — 70
MeMnl 3 Ta 160 — — 66

“ According to 'H NMR spectroscopy.
5 The reaction was carried out at 20 °C.
¢ The reaction was carried out at =5 °C.

pathway is evidently governed by a-chelate control from
the side of the oxygen atom of the anhydro bridge,
which is located closer and is less shielded (according to
MM+ calculations in the HyperChem 5.0! package
(1996)). The alternative coordination of the reagent on
the Si-side, to a more “stretched” fragment to give a
five-membered cyclic transition state is unlikely, from
the energy standpoint, for the rigid bicyclic structure of
the 1,6-anhydro sugar.
In this case. an increase
in the coordination ca-
pacity of the reagent
should increase the pro-
cess diastereoselectivity
and the content of the 0 H
threo-isomer 4a, due to

the attack of the carbonyl group by the nucleophile from
the side opposite to the anhydro bridge.”

Indeed, whereas the reaction of Mcli gives the
Cram product with low diastereoselectivity, the reac-
tions of levoglucosenone with MeMgl and MeMnl are
termed diastereoselective and diastereospecific processes,
respectively, with respect to the chelate control product.
The slight predominance of the ervthro-isomer in the
case of MelLi is due to the fact that the equatorial attack
is somewhat more preferred owing to the flaitening of
the pyran ring.® The inversion of the diastereosclectivity
of the !,2-addition of MeLi to dihydrogenated deriva-
tive 2 is due to the fact that the !C, conformation is
more susceptible to an axial attack; this is also facili-
tated by the antiperiplanar effect, which forces the more
polar hydroxy group to an equatorial position®? (cf.
Ref. 10). The introduction of the methoxy group to

{

]
—Mn—R

o)

C{4) adds a more rigorous stereocontrol factor; com-
pound 3 is converted into the final product upon 1,3-
diaxial interaction; no erythro-diastereomer 7b was de-
tected after the reaction with Meli or even with
LiCuMe;, which is known!! 1o be susceptible for
B-chelation.

Thus, high diastereoselectivity of the 1.2-addition of
MeMnl to levoglucosenone and some its derivatives,
which must be due to the high chelating capacity of
manganese, characterizes MeMnl as the most efficient
reagent for this type of reaction.

Experimental

'H and '3C NMR spectra were recorded on a Bruker AM
300 spectrometer (300.13 and 75.47 MHz, respectively) in
CDCly using Me,Si as the internal standard. IR spectra were
measured on a UR-20 instrument in thin films. Optical rotation
was measured on a Perkin—Elmer-141 instrument.

Carbonyl substrates 2 and 3 were synthesized from
levoglucosenone using published procedures.'213 Known pro-
cedures were also used to prepare ethereal solutions of
arganolithium ' and organomagnesium!® compounds, Mnl,,16
and LiMesCu.t7 All the reactions were carried out under argon;
Ef,O was distilled over LiAlH,; immediately before the reac-
fon.

Reaction of substrates 1, 2, and 3 with MeMnl (general
procedure). A |.11 M ethereal solution of MeLi (2.72 mL. 3.02
mmot) was added with stirring and cooling to =10 *C to a
suspension of Mnl; (0.933 g, 3.02 mmol) in'$ mL of anhydrous
Et;0. The mixture was stirred for 30 min at —3 °C, After
cooling the mixture to =78 *C, a solution of the corresponding
ketone (2.02 mmol) in 5 mL of E1,O was added. The reaction
mixture was stirred for | h at —78 °C, heated to ~20 <C for 3 h.
kept for 20 °C for an additional 20 h, and hvdrolyzed with a
saturated solution of NH,Cl. The products were extracted with
EtOAc (3%3 mL) and the combined extracts were dried with
MgSO,; and concentrated. The residue was chromatographed
on Si0, (elution with hexane—AcOEt= 2: 1. or 1 : | for
compound 7a),

Reaction of substrates 1, 2, and 3 with MeLi (general
procedure). A 0.85 M erhereal solution of MelLi (2.36 mL, 2.0]
mmol} was added with stirring and cooling to ~78 °C 10 a
solution of the corresponding ketone (1.34 mmol) in 8 mL of
anhydrous Et;O. The reaction mixture was stirred for { h at
=78 *C. heated to 20 °C over a period of' 3 h. kept at 20 °C for
20 h, and hydrolvzed with a saturated solution of NH,Cl. The
products were extracted with EtOAc (3%35 mL) and the com-
bined exracts were dried with MgSO, and concentrated. The
residue was chromatographed on SiO; (elution with hexane—
AcOEL, 2: 1, or | : | for compound 7a).

Reaction of substrates 1, 2, and 3 with MeMgl (general
procedure). A 2.44 M ethereal solution of MeMgl (1.04 mi,
2.5 mmol) was added with stirring and cooling to —=78 °C 1o a
solution of the corresponding ketone (1.7 mmol) in § mL of
anhydrous Et,O. The reaction mixture was stirred for 1 h at
~7% *C. heated to 20 °C over a period of 3 h. kept at 20 °C for
20 h. and hydrolyzed with a saturated solution of NH,Cl. The
products were extracted with EtOAc (3x5 mL) and the com-
bined extracts were dried with MgSQO, and concentrated. The
residue was chromatographed on SiO; (elution with hexane—
AcOEt, 2: 1, or t : | for compound 7a).

1,6-Anhydro-3,4-dideoxy-2- C-methyl-B-p-threo-hex-3-
enopyranose (4a), 36%, oil, Ry 0.30 (hexane : AcOEt=2: 1),
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Jaip™ =78.2° (¢ 1.0. CHCly). IR, v/em™!: 830, 905 (C=C),
1010, 1140 (C—~0—C). 3300 (OH).
1.6-Anhydro-3,4-dideoxy-4- C-methyl-B-p-erpthro-hexo-
pyran-2-ulose (5), 31%, oil. R; 0.64 (hexane : AcOEL=2: 1),
[alp™® =234.7° {¢ 1.0, CHCIL). IR, v/em™' 1010, 1130
(C—~0—C). 1740 (C=0).
1,6-Anhydro-3,4-dideoxy-2- C-methyl-3-p-threo-hexopyra-
nose (6a) and 1,6-anhydro-3,4-dideoxy-2- C-methyl-B-p-eryrhro-
hexopyranose (6b) were prepured as oils in a ratio of 92 : 8 to
631 37. Ry 0.33 (hexane : AcOEL= 2: 1), lalp® —227.8" {for
the 92 : § ratio) (¢ 1.0, CHCl3). IR, v/em™H {010, 1130
(C—0—C), 3500 (OH).
1.6-Anhydro-3-deoxy-2- C-methyi-4- O-methyl-B-v-arabino-
hexopyranose (7a). oil. Ry 0.40 (hexane : AcOEt= 1 : I),
lalp?® —80.0° (¢ 1.0, CHCIy). IR, v/em™': 1110, 1140
(C~0—=C). 1730 (O—CHy3). 3400 (OH). Found (%): C. 54.6;
H. 7.9. C4H,,04. Calculated (%): C, 55.1: H. 8.0.
1.6-Anhydre-3,4-dideoxy-2- C-methyl-B-n-threo-hexopyra-
nose (6a) and 1,6-anhydro-3,4-dideoxy-2- C-methyl-8-p-erythro-
hexopyranose (6b). 5% Pd/C (0.01} g) was added to a solution
of a 7:3 mixture of 4a and 4b (0.22 2, 1.53 mmol) in 15 mL of
anhvdrous AcOEt and the mixture was stirred in a hydrogen
atmosphere. After completion of the reaction (TLC monitor-
ing). the reaction mixture was filtered off, the filtrate was
concentrated, and the residue was chromatographed on SiO,;
{hexane : ACOE1 = 2 : 1) to give 2 mixture ot éband 6ain7:3
ratio and in 93% yield. [alp™¥ —270.2° (¢ 1.0. CHCl).
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