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Quasienantiomeric Levoglucosenone and two enantiomers of a racemic partner can significantly differ
Isolevoglucosenone Allow the Parallel Kinetic in terms of energy, resulting in a partial kinetic resolution of
Resolution of a Racemic Nitrone the racemate. Iano_dlﬁerent_s_ubstrates with similar reactivity
and opposite enantioselectivities are used (such as in a PKR
Francesca Cardona,* Daniela Lalli, Cristina Faggi exper!ment), eqqh of them can react with the ‘.‘matched"
Andrea Goti. and Alberto Brandi ’ enantiomer avpldlng fqrmatlon of minor addupts deriving from
' “mismatched” interactions. We have used this strategy for the
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(HeteroBioLab), Polq Scientifico e Te_cnologlco, bkisity of two different glycals$:
Florence, ltaly, Vli_della_Lastrucl:ua 13, 1-50019 Sesto We noticed that levoglucosenon® énd isolevoglucosenone
lorentino, ltaly (2) are quasienantiomets? and we envisaged that they could
be ideal substrates to be used in PKR experiments. We report
here our results on the parallel kinetic resolution (PKR) of a
racemic nitrone8 with 1 and2 en route to the stereodivergent
synthesis of imindz-disaccharide precursofs.
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Cycloadditions of chiral pyrrolin&l-oxides to levoglucose- ) / \ (_Z
none () and isolevoglucosenon&)(proceed with a high 7< BuO OfBu BuO  OfBu OfBu
level of double asymmetric induction. Partial kinetic resolu- 3 4 enta 5

tions (KR) of both enantiomers of a racemic nitrdheere _ _ _
achieved, and a parallel kinetic resolution (PKR) experiment FIGURE 1. Dipolarophiles and nitrones employed.
allowed the stereoselective divergent synthesis of two

quasienantiomeric imin&-disaccharide precursorsl LeVOglucosenondﬁ is a convenient Starting material derived
from renewable sources, being produced from the pyrolysis of
cellulose? Isolevoglucosenone?) is readily synthesized from

In a Parallel Kinetic Resolution (PKR3 two quasienantio-  b-glucose in four synthetic step$These two easily available
meric reagents are used to simultaneously derivatize eachisomers have an intriguing chemical structure: the 1,6-anhydro
enantiomer of a racemate to give two distinct quasienantiomeric bridge eliminates the need for protecting groups at the anomeric
products. This strategy is particularly convenient for less carbon and at the C-6 OH, and fixes the conformation of the
efficient kinetic resolutions (KR) where, as racemate conversion system in such a way that thep-face is sterically hindered
increases, the concentration factor allows the reaction with alsoand reactions occur with high stereochemical control by attack
the less reactive enantiomer to occur, thus lowering the ee ofat thea-p-face. The use of and2 as templates for the design
the recovered substrate. During a PKR experiment, in the of imino-C-disaccharides and analogues has been widely
optimal case where the competing derivatizations occur with exploited by Vogel and co-worket$The activated double bond
similar rates (both enantiomers react simultaneously) andin levoglucosenonelj and isolevoglucosenon&)(ensures a
complementary enentioselectivities, products ee values are closénigh reactivity and regioselectivity in 1,3-dipolar cycloadditions.
to the theoretical limit calculated for the inherent enantioselec- However, while cycloadditions of nitrones and nitrile oxides to
tivities, regardless of the extent of conversion, and recovery
can exceed 90%. (3) For a review, see: Cardona, F.; Goti, A.; Brandi, Bur. J. Org.

Cycloaddition reactions are nicely suited for KR and PKR Chem.2001, 2999-3011 and references cited therein.
experimen@,since the_y occur thr_qugh a concerted mechanism A_;(‘é)rapézﬁfu:f%m'ggbg‘ug"Sm?llj?dsyi’”Xga&ogprlorésgéy_‘égcz'?‘:h" S-; Got,
and with highly organized transition states strongly governed (5) Cardona, F.; Valenza, S.; Goti, A.; Brandi, Bur. J. Org. Chem.
by steric factors. Thanks to double asymmetric induction, the 1999 1319-1323.

i i : (6) For a recent review on chiral cyclic nitrones see: Revuelta, J.; Cicchi,
transition states deriving from an enantiopure substrate and thes.; Goti, A.; Brandi, A Synlett2007, 485-504.
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SCHEME 1. Double Asymmetric Induction in the SCHEME 2. Synthesis of the “Mismatched” Adducts 8 and
Cycloadditions of 1 and 2 to EnantiomericL- and 9
p-Tartaric Acid Derived Nitrones, Respectively: Synthesis of
the “Matched” Adducts 6 and 7
1+ 5

8 (36%)

9 (17%)

signal pairs ab 4.17 (H-4) and 3.81 (H-), andd 3.68 (H-3)
and 4.27 (H-2 in 9. This stereochemical assignment was
supported by X-ray crystallographic structure determination of

1 have been reported early by Paton and co-work&use of2 both adducts$ and9 (see the Supporting Information).

in cycloaddition chemistry has been proved only recehtly. Compoundsl and5 form a “mismatched” pair of stereoiso-
To verify if 1 and2 could add to chiral nitrones with similar - mers  as they cannot approach in the most favarea-anti
rates and opposite selectivities, two parallel reactions were aghion. Less favored addu@snd9 derived respectively from

carried out \(vith enantiomeric nitrones dgrived from tartaric 5 exoapproactsynwith respect to the vicinal OR group and
acids, selecting the expected matched pairs of reagents. Levoyp, endoapproachanti to the vicinal OR group (Figure 3). No

glucosenone 1)° was reacted with 1 equiv af-tartaric acid
derived nitrone4!? in toluene at room temperature, affording
after 2 h only the adduct in 88% yield. Analogously, the
enantiomerio-tartaric acid derived nitronent4 afforded with
isolevoglucosenone2f'® the single adducf in 89% vyield
(Scheme 1§.Both cycloadditions were completely regio- and
stereoselective, as confirmed By NMR analysis of the crude
reaction mixtures. The quasienantiomers “matched” addiicts
and 7, whose structure was unambiguously determined by
spectral data (including two-dimensional COSY and NOESY
NMR spectra), derived from a preferred approach of the
nitrones, in arexo fashion, to thea face of levoglucosenone
(1) and isolevoglucosenone2)( which avoided repulsive
interactions with the vicinal OR group of the nitrones (Figure

adducts deriving fronsynapproaches to the 1,6-anhydro bridge,
i.e., to thep-p-face of levoglucosenone, were observed.
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FIGURE 3. “Mismatched” interactions in the approach of levoglu-

2). Yields and reaction times were identical, strengthening the cosenone1) to nitrones.

anticipated ability ofl and 2 to behave as quasienantiomers.
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FIGURE 2. Preferredexoapproaches of nitronegsandent4 to thea
face of levoglucosenonel) and isolevoglucosenon&)( anti to the
1,6-anhydro bridge and the vicintdrt-butoxy.

TheL-malic acid derived nitronB,** resembling nitronent-

The high facial preference shown by levoglucosendheutd
isolevoglucosenone? allowed a partial kinetic resolution of
both enantiomers of the cis-disubstituted racemic nitr8¥e
(Scheme 3). Reaction dfwith 2 equiv of racemic nitron8 in
toluene at room temperature afforded af2eh amajor adduct
10 in 22% vyield from3 (44% vyield calculated froni), with
recovery of 50% of enantioenrichedR39)-nitrone 3 (42%
ee)16 Analogously, reaction d? with 2 equiv of racemic nitrone
3 in toluene at room temperature afforded aftés B.a major
adductllin 32% yield from3 (64% yield calculated fron2),
and 50% of enantioenriched $3R)-3 (54% ee)f was recov-
ered® The structure of the major adduct® and 11, deriving
from exoapproaches of the “matched” enantiomers toctkHace

4, was expected to form a matched pair with isolevoglucosenoneof 1 and2, were unambiguously determined by spectral data.

(2) and a mismatched one with levoglucosenal)e To obtain
models for the “mismatched” diasteroisometswas reacted
with 1 equiv of5 in toluene at room temperature, affording
two adducts3 and9 in longer times and with moderate yields

On the basis of the stereochemical outcome found for cycload-
dition of 1 to nitrone5, the minor adducts probably derive from
excapproaches of the less reactive enantioragmsvith respect

to the vicinal OR group of the nitrone.

(36% and 17%, respectively) (Scheme 2). Their structure was Albeit the shown kinetic resolutions did not afford nitrones

determined by careful analysis of the spectral data. In particular,

3 with high ee values, the similar reactivity &fand?2 toward

two-dimensional ROESY spectra showed cross-peaks betweerthe opposite enantiomers of a chiral compound, as shown with

signal pairs at 4.82 (H-5) and 4.15 (H-) in 8 and between

nitrones4 andent4 (Scheme 1) and in the kinetic resolutions

(12) (a) Blake, A. J.; Forsyth, A. C.; Paton, R. M.Chem. So¢Chem.
Commun.1988 440-442. (b) Blake, A. J.; Cook, T. A.; Forsyth, A. C;
Gould, R. O.; Paton, R. MTetrahedron1992 48, 8053-8064.

(13) Cicchi, S.; Hdd, 1.; Brandi. A.J. Org. Chem.1993 58, 5274~
5275.

(14) Cicchi, S.; Goti, A.; Brandi, AJ. Org. Chem1995 60, 4743~
4748.
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(15) Goti, A.; Cicchi, S.; Cacciarini, M.; Cardona, F.; Fedi, V.; Brandi,
A. Eur. J. Org. Chem200Q 3633-3645.

(16) Ee values of the recovered nitrones were determinetHoj{MR
experiment with Yb(hfe) as a chiral shift reagent.

(17) In both kinetic resolution experiments, the presence of a minor
adduct, which was not fully characterized, was visible in tieNMR
spectrum of the crude reaction mixtures.



SCHEME 3. Partial Kinetic Resolutions of Racemic Nitrone
3 with 1 and 22
cl)_
N+
AN
1 + (rac)-3 + S—Z
o. O
(2eq) ><
(3R45)-3
(50%, 42% ee)
cl)_
2 +  (rac)-3 v N
(2eq) S—Z
o><0
(3S,4R)-3

11 (64%)

(50%, 54% ee)

aYields of 10and11 based orl and2, respectively; yields of recovered
enriched3 based on racemi8.

of nitrone 3 itself (Scheme 3), suggested that a nearly ideal
parallel kinetic resolution (PKR) experiment could be ac-
complished. Levoglucosenong) (and isolevoglucosenon@)(
were then reacted with 2 equiv of racemic nitréhim toluene

at room temperature. After 2 h, the quasienantioni€rand

11 were obtained in a 1:1 ratio, and no traces of the disfavored
cycloadducts were detected in the crude mixture. After separa-
tion by flash column chromatography, addut@and11 were
obtained in 32% and 44% yields, respectively, calculated with
respect to totaB (Scheme 4). The PKR experiment allows the
best utilization of racemic nitrond for the synthesis of two
different products in an enantiomerically pure form and in a
completely stereoselective manner.

As previously demonstrated, addudi8 and 11 are direct
precursors of directly linked ¢23)-imino-C-disaccharide8.
Imino-C-disaccharidé$ are potential inhibitors of glycosidadés
and glycosyltransferas®ffering the advantage, with respect
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SCHEME 4. Parallel Kinetic Resolution of Nitrone 3 with 1
and 22
1 + 2 + (rac)-3
(1eq) (1eq) (2eq)

10 (64%) 11 (88%)

aYields of 10 and 11 based orl and2, respectively.

SCHEME 5. Reduction of Adduct 10
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SCHEME 6.
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Analogously, reduction of1 with NaBH;, in ethanol at room
temperature afforded a 1:1 mixture of the two diastereomeric
alcoholsl6 and17in 80% yield, which were separated as their
acetate derivative&8 and 19 (Scheme 6, see the Supporting

to the native disaccharide, of being resistant to acid and Information for stereochemistry assignment). Acetdi@and
enzymatic hydrolysis. It has also been recently found that imino- 19 are precursors of imin@-disaccharides of the-gulo and
C-disaccharides and analogues are able to inhibit the growth ofD-allo series, respectively.

tumoral cells such as human glioblastoma and melanoma?€ells.

Reduction ofLOwith NaBH, in ethanol at room temperature
afforded a 2.2:1 mixture of the two diastereomeric alcoli@s
and13in 86% yield, which were better separated as their acetate
derivatives14 and 15 (Scheme 5). Acetylation of the alcohol
moiety also allowed structure determination by analysis of the
monodimensional NOE spectrabfand15 (see the Supporting
Information). Compound44 and 15 are precursors of novel
p-altro andp-allo derived imino€-disaccharide§.

(18) Robina, I.; Vogel, PSynthesi2005 675-702.

(19) (a) Cardona, F.; Valenza, S.; Picasso, S.; Goti, A.; Brandi].A.
Org. Chem.1998 63, 7311-7318. (b) Postema, M. H. D.; Piper, J. L;
Liu, L.; Shen, J.; Faust, M.; Andreana, .Org. Chem2003 68, 4748~
4754. (c) Leeuwenburgh, M. A.; Picasso, S.; Overkleeft, H. S.; Van der
Marel, G. A.; Vogel, P.; Van Boom, J. HEur. J. Org. Chem1999 1185—
1189. (d) Pasquarello, C.; Demange, R.; VogelBRorg. Med. Chem.
Lett. 1999 9, 793-796. (e) Kraehenbuehl, K.; Picasso, S.; VogeHElv.
Chim. Actal998 81, 1439-1479. (f) Marquis, C.; Picasso, S.; Vogel, P.
Synthesis1999 1441-1452.

(20) Pasquarello, C.; Picasso, S.; Demange, R.; Malissard, M.; Berger,
E. G.; Vogel, PJ. Org. Chem200Q 65, 4251-4260.

(21) Vogel, P.; Gerber-Lemaire, S.; Fiaux, H.; Popowycz, F.; Favre, S.;
Juillerat-Jeanneret, LAbstracts of Papers230th ACS National Meeting,
Washington, DC, Aug 28Sept 1 2005; American Chemical Society:
Washington, DC, CARB-028.

In conclusion, we demonstrated that levoglucosenapar(d
isolevoglucosenon&) undergo nitrone cycloadditions with high
levels of double asymmetric induction. They are nearly ideal
reagents to be used for parallel kinetic resolutions (PKR) of
racemic nitrones, being able to add simultaneously to the two
enantiomers with similar rates and complementary selectivities,
thus affording cleanly two quasienantiomeric adducts without
formation of minor isomers. Reduction of the=© bond of
the adducts furnished precursors of novel im@dlisaccharides
belonging to different sugar series. Work is underway in our
laboratory to expand the scope of this strategy.

Experimental Section

Matched Cycloaddition to Levoglucosenone (1): Synthesis
of Adduct 6. A solution of nitrone4 (91.2 mg, 0.4 mmol) and
levoglucosenonel( 51 mg, 0.4 mmol) in toluene (0.8 mL) was
stirred at room temperature for 2 h. After concentration under
reduced pressure, purification of the crude reaction mixture by flash
column chromatography (eluent pentane/AcOEt, 3:2) dhas a
white solid 0.3, 125 mg, 0.35 mmol, 88%): mp 13013°C;
[a]?% —46.5 € 0.76, CHCIy); *H NMR (CDCls, 400 MHZz)6 5.19
(s, 1H, H-1), 4.85 (dJ = 5.1 Hz, 1H, H-5), 4.49 (dJ = 7.2 Hz,
1H, H-4), 3.96-3.89 (m, 3H, Ha-6, Hb-6, H-}, 3.87-3.86 (m,
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1H, H-1), 3.82-3.79 (m, 1H, H-3, 3.72 (dd,J = 13.4, 5.3 Hz,
1H, Ha-4), 3.36 (dd,J = 7.2, 4.1 Hz, 1H, H-3), 2.85 (dd] =
13.4, 2.3 Hz, 1H, Hb-3, 1.20 (s, 9H, (CH);C—0), 1.17 (s, 9H,
(CH3)sC—0); 13C NMR (CDCk, 50 MHz) 6 197.1 (s, C-2), 100.4
(d, C-1), 81.5 (d, C-2, 76.8 (d, C-4), 76.5 (d, C*B 74.5 (s,
(CH3)sC—0), 74.3 (s, (CH);C—0), 73.9 (d, C-1), 73.0 (d, C-5),
66.0 (t, C-6), 63.0 (t, C-4, 53.2 (d, C-3), 28.4 (q, 3 C, (GHhHC—
0), 28.3 (g, 3C, (CH3;C—0); MS, m/z (%) 355 (M, 5), 298 (M*
— tBu, 3), 242 (4), 57 (100); IR (KBr) 2983, 2932, 2905, 1738,
1733, 1393, 1366 cni. Anal. Calcd for GgH2oNOg (355.43): C,
60.83; H, 8.22; N, 3.94. Found: C, 60.91; H, 8.52; N, 4.14.
Mismatched Cycloaddition to Levoglucosenone (1): Synthesis
of 8 and 9. A solution of nitrone5 (791 mg, 5.04 mmol) and
levoglucosenonel( 634 mg, 5.04 mmol) in toluene (10 mL) was
stirred at room temperature for 7 h. After concentration under
reduced pressure, purification of the crude reaction mixture by flash
column chromatography (eluent petroleum ether/AcOEt, 2:3) gave
pure9 (Rf 0.48, 196 mg, 0.69 mmol, 17%) and pBgR: 0.37,
519 mg, 1.83 mmol, 36%%, white solid: mp 10+103°C; crystals
for X-ray crystal structure determination were obtained by slow
evaporation from diisopropy! ethe]?%; —80.2 € 0.77, CHC});
1H NMR (CDClz, 200 MHz) 6 5.20 (s, 1H, H-1), 4.824.81 (m,
1H, H-5), 4.30 (ddJ = 6.6, 1.5 Hz, 1H, H-4), 4.194.10 (m, 2H,
H-1', H-2'), 4.00-3.91 (m, 2H, Ha-6, Hb-6), 3.60 (d,= 7.0 Hz,
1H, H-3), 3.273.00 (m, 2H, Ha-4 Hb-4), 2.00-1.70 (m, 2H,
Ha-3, Hb-3), 1.19 (s, 9H, (E13);C—0); 13C NMR (CDCk, 50
MHz) 6 198.0 (s, C-2), 100.4 (d, C-1), 78.1 (d, C-4), 74.2 (s,
(CH3)sC-0), 73.4 (d, C-5), 70.8, 69.7 (2d, C;T-2), 65.4 (t, C-6),
53.6 (t, C-4), 50.7 (d, C-3), 33.6 (t, C:3 28.1 (g, 3 C, CH3)sC—
0); MS, m/z (%) 283 (M*, 16), 226 (M" — tBu, 44), 209 (6), 96
(55), 58 (89), 55 (100); IR (KBr) 2983, 2937, 2881, 1741, 1366
cm~L. Anal. Calcd for G4H2:NOs (283.32): C, 59.35; H, 7.47; N,
4.94. Found: C,59.51; H, 7.70; N, 5.0%.white solid: mp 105
107 °C; crystals for X-ray crystal structure determination were
obtained by slow evaporation from AcOEt]f% —148.9 ¢ 0.48,
CHClg); *H NMR (CDCl;, 500 MHz)6 5.17 (s, 1H, H-1), 4.76 (d,
J=5.3 Hz, 1H, H-5), 4.27 (ddd] = 6.4, 4.0, 2.1 Hz, 1H, H-2,
4.17 (d,J = 7.9 Hz, 1H, H-4), 3.90 (ddJ = 7.7, 5.5 Hz, 1H,
Ha-6), 3.86 (ddJ = 7.7, 1.0 Hz, 1H, Hb-6), 3.81 (dd,= 9.3, 4.0
Hz, 1H, H-1), 3.68 (ddJ = 8.8, 8.4 Hz, 1H, H-3), 3.41 (ddd,=
13.8, 7.8, 2.1 Hz, 1H, Ha'B 3.24 (ddd,J = 13.8, 10.5, 7.5 Hz,
1H, Hb-3), 2.40-2.33 (m, 1H, Ha-9, 1.74-1.69 (m, 1H, Hb-3,
1.16 (s, 9H, (E13);C—0); 3C NMR (CDCk, 50 MHz) 6 196.5 (s,
C-2),100.1 (d, C-1), 77.2 (d), 76.6 (d), 74.1 (s, {4€—0), 73.2
(d), 65.5 (t, C-6), 54.1 (t, C‘% 51.4 (d, C-3), 33.9 (t, C‘B 28.7
(9, 3C, CH3)3sC—0); MS, m/z (%) 283 (M, 17), 226 (M" — tBu,
64), 156 (36), 126 (67), 84 (61), 82 (67), 80 (100), 57 (74); IR
(KBr) 2974, 2906, 1726 cmi. Anal. Calcd for G4H»:NOs
(283.32): C, 59.35; H, 7.47; N, 4.94. Found: C, 59.17; H, 7.48;
N, 4.80.
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Kinetic Resolution of Racemic 3: Synthesis of Adduct 10A
solution of nitrone £)-3 (53.4 mg, 0.34 mmol) and levoglucosenone
(1, 21.4 mg, 0.17 mmol) in toluene (0.34 mL) was stirred at room
temperature for 2 h. After concentration under reduced pressure,
purification of the crude reaction mixture by flash column chro-
matography with an eluent of increasing polarity afforded fire
(R 0.23, eluent pentane/AcOEt, 3:2, 21 mg, 0.074 mmol, 22%)
and the recoveredH)-3 (R 0.29, eluent AcOEt/MeOH, 15:1, 27
mg, 0.172 mmol, 50%)10, white solid: mp 136-138°C; [a]%
+21.4 € 0.5, CHCly); IH NMR (CDCl, 400 MHz)d 5.22 (s, 1H,
H-1), 4.91-4.87 (m, 1H, H-3), 4.82-4.80 (m, 1H, H-5), 4.76 (dd,
J=6.5, 1.7 Hz, 1H, H-3, 4.35 (d,J = 8.4 Hz, 1H, H-4), 3.93
(dd,J =5.9, 1.6 Hz, 1H, H-1, 3.90-3.88 (m, 2H, Ha-6, Hb-6),
3.45 (dd,J = 12.9, 2.1 Hz, 1H, Ha"3, 3.12 (dd,J = 8.1, 6.0 Hz,
1H, H-3), 3.08 (ddJ = 12.9, 5.5 Hz, 1H, Hb-3, 1.51 (s, 3 H,
(CH3):C), 1.31 (s, 3H, (€El3):C); **C NMR (CDCk, 50 MHz) 6
196.0 (s, C-2), 112.7 (s, (GHC), 99.6 (d, C-1), 82.4 (d, C*2
79.2 (d, C-3), 76.1 (d, C-4), 75.6 (d, C*}, 74.7 (d, C-5), 65.7 (t,
C-6), 59.3 (t, C-4, 51.4 (d, C-3), 26.6 (g,GH3).C), 25.0 (q,
(CH3):C); MS, mVz (%) 283 (M*, 100), 268 (M — Me, 34), 183
(55), 110 (71), 82 (59), 55 (85); IR (KBr) 2979, 2926, 1732, 1376,
1114 cm. Anal. Calcd for GsH17NOg (283.28): C, 55.12; H, 6.05;
N, 4.94. Found: C, 55.51; H, 6.29; N, 4.60.

Parallel Kinetic Resolution (PKR) of Racemic 3: Synthesis
of Compounds 10 and 11A solution of nitrone £)-3 (126 mg,
0.80 mmol), levoglucosenonel,(51.0 mg, 0.40 mmol), and
isolevoglucosenone2( 51.0 mg, 0.40 mmol) in toluene (1 mL)
was stirred at room temperature for 2 h. After concentration under
reduced pressure. Purification of the crude reaction mixture by flash
column chromatography afforded puté (R: 0.4, eluent pentane/
AcOEt, 2:3, 100 mg, 0.35 mmol, 44%) and pli@(R: 0.35, eluent
pentane/AcOEt, 2:3, 75 mg, 0.26 mmol, 32%).
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