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A protocol is presented for a completely enantioselective for- sunobu trick”). Its application to the unprecedented synthe-
sis of enantiopure cis-3,4-dihydroxypyrroline N-oxides, em-mal desymmetrization of Cs-symmetric diols by monoprotec-

tion of the corresponding enantiopure C2 diols, followed by ployed in the enantiodivergent synthesis of two selectively
protected 1,2,7-trihydroxyindolizidines, is also reported.an inversion of configuration by a Mitsunobu reaction (“Mit-

A route of easy access to enantiopure hydroxypyrroline of optically pure nitrones 3, [4] based on a general strategy
which might present an alternative to the desymmetrizationN-oxides 1 (Scheme 1), together with their straightforward

application to the synthesis of polyhydroxy indolizidine[1] of meso-diols. This process is generally accomplished by the
selective derivatization of a single hydroxy group in the Cs-and pyrrolizidine[2] alkaloids and their unnatural con-

geners, was recently reported. symmetric diols by means of enzymatic catalysis (“meso
trick”). [5] [6] We now propose a route of access to the sameScheme 1. Retrosynthetic analysis for monohydroxy- and trans-
selectively protected enantiopure cis-diols by means of aand cis-dihydroxypyrroline N-oxides
Mitsunobu reaction,[7] which inverts the configuration of
one stereogenic centre in a C2-symmetric diol (“Mitsu-
nobu trick”).

Monoprotection of the trans-3,4-dihydroxypyrrolidine
5, [8] readily available from -tartaric acid, with MEM chlo-
ride was achieved in good yield. This is an excellent result
when one considers the possibility of recycling the unpro-
tected and the diprotected (30%) side products. Inversion
of configuration at the stereogenic centre bearing the un-
protected hydroxy group was then carried out under stand-
ard Mitsunobu conditions, using DEAD, PPh3, and benzoic
acid at room temperature (Scheme 2). Benzoate 7 was iso-
lated in a yield of 76% and its stereochemical integrity was
verified by spectroscopic analysis. The 3-H,4-H protonThe simple synthetic sequence to produce nitrones 1 in
coupling constant unequivocally attests to the cis relation-excellent yields has as a starting point materials such as
ship acquired in the course of the reaction.tartaric (1a) and malic (1b) acid (in both enantiomeric

The new method of formal desymmetrization of cis-diolsforms), which are available from the chiral pool. The key
seems to hold claim to a wider scope of application. As anstep of the synthesis is represented by the final oxidation
example, the monoprotected ditosylate 8, prepared from thestep of an enantiomerically pure pyrrolidine or N-hydroxy-
corresponding C2-symmetric threitol, also gave the opticallypyrrolidine 2 (Scheme 1). [1] [2] [3] To extend this process to
pure cis-protected erythritol 9, in good yield, under thethe synthesis of the related indolizidines, or pyrrolizidines
same conditions (Scheme 2).bearing the cis-hydroxy substitution pattern, an appropriate

nitrone (3) was necessary. It was clear that, in order to ob- The “Mitsunobu trick” represents, therefore, a new and
useful strategy for the chiral discrimination of Cs-symmetrictain enantiopure materials, the goal to pursue was the dif-

ferentiation of the two protected hydroxy groups in 4 diols by inversion of the configuration of one stereocentre
in the corresponding C2-symmetric diols, which then re-(Scheme 1). In this communication we present the success-

ful solution to this problem, together with the first synthesis present chiral synthetic equivalents of the meso-diols
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Scheme 2. Synthesis of desymmetrized Cs diols by the “Mitsu- stituted substrates, failed, generally giving complex reaction

nobu trick mixtures. More selective and mild oxidants also failed.[10]

The oxidation was only achieved by using N-benzenesul-
fonyl-C-phenyloxaziridine 11, [11] already used by Wightman
in his synthesis of a racemic nitrone 3. [2a] The regioisomeric
nitrones 12 and 13 were obtained in a good yield, but with
poor regioselectivity (1.3:1). This is in contrast to our pre-
vious observation of the use of a BzO group to induce re-
gioselective oxidation on the β-carbon atom in cyclic hy-
droxylamines. [3d] However, the result might be ascribed to
a different mechanism for the oxidation of amines with re-
spect to hydroxylamines. The two nitrones were clearly
identified from the HCOBz and HCOMEM proton reso-

(a) NaH (1.2 equiv.), MEMCl (1.2 equiv.), THF, 0°C, 75 min, 61%; nances, which are more differentiated in the major com-(b) PPh3 (1.5 equiv.), PhCOOH (1.5 equiv.), DEAD (1.5 equiv.),
pound 12 than in 13 (δ 5 6.03 and 4.75, versus δ 5 5.74THF, 0°C to room temp., 24 h, 76% of 7, 87% of 9.
and 5.07, respectively). Flash chromatography was efficient
in separating the two nitrones which could be then be com-

(Scheme 3). This alternative to the “meso trick” sounds par- pletely analyzed. The oxidation therefore allowed simul-
ticularly attractive when, as in the present case, where tar- taneous access to protected cis-dihydroxynitrones of both
taric acids are considered, the C2-symmetric diols are both configurations.
much more easily available and cheaper than their meso The application of the nitrones 12 and 13 to the synthesis
counterparts. The latter example in Scheme 2 is particularly of selectively protected enantiomeric 1,2,7-trihydroxyindo-
outstanding, since only a few meso derivatives of acyclic lizidines[1b] [1c] illustrates the potential of the enantiopure
vicinal diols have been asymmetrized successfully by the use cyclic nitrones obtained as useful chiral building blocks
of enzymes. [5] (Scheme 5). Cycloadditions of both nitrones to but-3-en-1-

ol gave, in each case, a 7:1 mixture of exo/endo cycloadducts
Scheme 3. Synthetic equivalence of a C2 diol with a Cs diol by the derived by the approach of dipolarophile anti to the sub-“Mitsunobu trick”

stituents on the nitrones. [1] [2] The major cycloadducts 14
and 15 were separated and converted into the indolizidinols
16 and 17 by a sequential mesylation/hydrogenation pro-
cedure. [1c] [1e] [2a] [12] These compounds are useful intermedi-
ates for further transformations, presenting an orthogonal
protection pattern of the three hydroxy functionalities. The
overall process represents an enantiodivergent synthesis of
the two trihydroxyindolizidines starting from the common
precursor 7, derived in turn from -tartaric acid.

Scheme 5. Enantiodivergent synthesis of selectively protected trihy-
droxyindolizidines 16 and 17

In order to achieve our final target, the debenzylation of
7 by hydrogenation with Pd on carbon at ambient pressure,
to afford the optically pure pyrrolidine 10 (quantitatively
and ready for the oxidation), was carried out (Scheme 4).

Scheme 4. Synthesis of protected cis-dihydroxypyrroline N-oxides
12 and 13

(a) But-3-en-1-ol, benzene, 60°C, 43 h, 92% of 14, 97% of 15; (b)
i. NEt3 (1.5 equiv.), MsCl (1.1 equiv.), CH2Cl2, 0°C; ii. H2 (50 ψ),
10% Pd/C, CH3OH, room temp., 12 h, 75% of 16, 57% of 17.

(a) H2 (1 atm), Pd(OH)2/C, CH3OH, room temp., 21 h, 100%; (b) The authors thank C.N.R. (Consiglio Nazionale delle Ricerche
11 (2 equiv.), CHCl3, 0°C, 20 min, room temp., 40 min, 59%. 2 Italy, Progetto Strategico “Tecnologie Chimiche Innovative”) and

M.U.R.S.T. (Ministero dell9Università e della Ricerca Scientifica e
This process proved to be much more difficult than ex- Tecnologica 2 Italy) for financial support. FAPESP (Fundação de

pected; the most common methods of oxidation,[9] used re- Amparo à Pesquisa do Estado de São Paulo) is gratefully acknowl-
edged for the provision of a post-doctoral fellowship to J. N.cently by us and others on analogous trans- or mono-sub-
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2 13C NMR (CDCl3): δ 5 59.0 (q, OMe), 66.2 (t, NCH2), 67.7 (t,Experimental Section
OCH2CH2O), 70.6 (d, CHOMEM), 71.5 (t, OCH2CH2O), 72.9 (d,

General Procedure for the Mitsunobu Reaction: A solution of the
CHOC5O), 95.6 (t, OCH2O), 128.6 (d, aromatic C), 129.9 (d, aro-

monoprotected diol (6 or 8, 122 mmol) in THF (10215 ml) was
matic C), 131.5 (d, N5CH), 133.7 (aromatic C), ipso-carbon signal

added to PPh3 (1.5 equiv.) and benzoic acid (1.5 equiv.). The solu-
not detected, 166.0 (s, C5O). 2 MS (70 eV); m/z (%): 204 (3) [M1

tion was cooled to 025°C with an ice bath and DEAD (1.5 equiv.)
2 PhCO], 203 (3), 105 (62), 104 (74), 89 (48), 58 (100). 2

was added dropwise whilst stirring. The resulting yellow solution
C15H19NO6 (309.3): calcd. C 58.25, H 6.19, N 4.53; found C 58.57,

was left at room temp. for 24 h. The solution was diluted with 30
H 6.45, N 4.19.

ml of diethyl ether and washed with 10% NaHCO3 (2 3 10 ml)
13: Rf (AcOEt/MeOH, 15:1) 5 0.22. 2 M.p. 93294°C; [α]D

20 5and brine. The organic phase was dried with Na2SO4 and concen-
1100.7 (c 5 0.30 in methanol). 2 IR (CHCl3): ν̃ 5 2932 (CH)trated to afford a crude reaction mixture, which was then purified
cm21, 1724 (C5O), 1584 (C5N), 1266 (C2O) 1113 (C2O). 2by flash column chromatography on silica gel.
1H NMR (CDCl3): δ 5 3.36 (s, 3 H, OMe), 3.8023.46 (m, 4 H,

Pyrrolidine 7: Yield: 76%. 2 Rf (Et2O) 5 0.53. 2 [α]D
20 5 24.1 OCH2CH2O), 4.25 (d, J 5 5.1 Hz, 2 H, NCH2), 4.66 (d, J 5 7.0

(c 5 1.82 in CH2Cl2). 2 IR (CHCl3): ν̃ 5 3032 (CH) cm21, 2932 Hz, 1 H, OHCHO), 4.77 (d, J 5 7.0 Hz, 1 H, OHCHO), 5.07 (dd,
(CH), 1741 (C5O), 1275 (C2O), 1120 (C2O). 2 1H NMR J 5 6.0, 1.0 Hz, 1 H, CHOMEM), 5.74 (q, J 5 6.0 Hz, 1 H,
(CDCl3): δ 5 2.72 (dd, J 5 9.5, 6.2 Hz, 1 H, HCHN), 2.80 (dd, CHOC5O), 7.08 (d, J 5 1.8 Hz, 1 H, N5CH), 7.6427.42 (m, 3
J 5 10.6, 4.7 Hz, 1 H, HCHN), 3.11 (dd, J 5 9.5, 6.2 Hz, 1 H, H, aromatic H), 8.04 (m, 2 H, aromatic H). 2 13C NMR (CDCl3):
HCHN), 3.23 (dd, J 5 10.8, 6.6 Hz, 1 H, HCHN), 3.32 (s, 3 H, δ 5 59.0 (q, OMe), 65.3 (t, NCH2), 67.4 (d, CHOMEM), 68.2 (t,
MeO), 3.4223.69 (m, 4 H, OCH2CH2O), 3.73 (s, 2 H, NCH2Ph), OCH2CH2O), 71.5 (t, OCH2CH2O), 76.1 (d, CHOC5O), 95.9 (t,
4.43 (q, J 5 6.2 Hz, 1 H, CHOMEM), 4.65 (d, J 5 7.0 Hz, 1 H, OCH2O), 97.1 (d, N5CH), 128.6 (d, aromatic C), 129.8 (d, aro-
OHCHO), 4.73 (d, J 5 7.0 Hz, 1 H, OHCHO), 5.42 (dd, J 5 matic C), 133.7 (d, aromatic C), ipso-carbon signal not detected,
11.2, 6.2 Hz, 1 H, CHOC5O), 7.2327.60 (m, 8 H, aromatic H), 166.0 (s, C5O). 2 MS (70 eV); m/z (%): 309 (0.2) [M1], 204 (1),
8.0328.10 (m, 2 H, aromatic H). 2 13C NMR (CDCl3): δ 5 57.6 203 (14), 105 (100), 89 (45), 77 (43), 59 (56). 2 C15H19NO6 (309.3):
(t, N2CH2), 58.1 (t, NCH2), 59.5 (q, Me), 60.9 (t, NCH2Ph), 67.6 calcd. C 58.25, H 6.19, N 4.53; found C 57.91, H 6.19, N 4.20.
(t, OCH2CH2O), 72.1 (t, OCH2CH2O), 73.0 (d, CHOMEM), 75.2
(d, CHOC5O), 95.8 (t, OCH2O), 127.3 (d, aromatic C), 128.4 (d, [1] [1a] A. Brandi, S. Cicchi, F. M. Cordero, R. Frignoli, A. Goti,
aromatic C), 128.9 (d, aromatic C), 129.7 (d, aromatic C), 130.1 (s, S. Picasso, P. Vogel, J. Org. Chem. 1995, 60, 680626812. 2

[1b] A. Goti, F. Cardona, A. Brandi, S. Picasso, P. Vogel, Tetra-aromatic C), 133.0 (d, aromatic C), 138.0 (s, aromatic C), 166.1 (s,
hedron: Asymmetry 1996, 7, 165921674. 2 [1c] A. Goti, F. Car-C5O). 2 MS (70 eV); m/z (%): 385 (3) [M1], 204 (27), 159 (92), dona, A. Brandi, Synlett 1996, 7612763. 2 [1d] R. Giovannini,

158 (100), 105 (90), 91 (100), 77 (80). 2 C22H27NO5 (385): calcd. E. Marcantoni, M. Petrini, J. Org. Chem. 1995, 60, 570625707.
C 68.57, H 7.01, N 3.64; found C 68.90, H 7.17, N 3.31. 2 [1e] S. Cicchi, A. Goti, A. Brandi, J. Org. Chem. 1995, 60,

474324748.
Ditosylate 9: Yield: 87%. 2 Rf (petroleum ether/Et2O, 2:1) 5 [2] [2a] A. E. Mc Caig, R. H. Wightman, Tetrahedron Lett. 1993,

34, 393923942. 2 [2b] A. Goti, V. Fedi, L. Nannelli, F. De Sarlo,0.38. 2 [α]D
205 18.3 (c 5 0.41 in CHCl3). 2 1H NMR (CDCl3):

A. Brandi, Synlett 1997, 5772579.δ 5 1.14 (s, 9 H, OtBu), 2.32 (s, 3 H, MeAr), 2.34 (s, 3 H, MeAr), [3] [3a] S. Cicchi, I. Höld, A. Brandi, J. Org. Chem. 1993, 58,
4.08 (m, 3 H, CH2O 1 CHOtBu), 4.30 (m, 2 H, CH2O), 5.1 (q, 527425275. 2 [3b] R. Ballini, E. Marcantoni, M. Petrini, J. Org.
J 5 4.0 Hz, 1 H, CHOC5O), 7.0827.86 (m, 13 H, aromatic H). Chem. 1992, 57, 131621318. 2 [3c] A. Brandi, S. Cicchi, A.

Goti, M. Koprowski, K. M. Pietrusiewicz, J. Org. Chem. 1994,2 13C NMR (CDCl3): δ 5 21.6 (q, tBu), 28.2 (q, 2 3 Me), 67.1 (t,
59, 131521318. 2 [3d] A. Goti, S. Cicchi, V. Fedi, L. Nannelli,CH2O), 67.7 (d, CHO), 69.3 (t, CH2O), 71.1 (d, CHO), 75.8 (s,
A. Brandi, J. Org. Chem. 1997, 62, 311923125.

CMe3), 127.8 (d, aromatic C), 127.9 (d, aromatic C), 128.3 (d, aro- [4] Racemic nitrones 3 have been reported: [4a] Ref. [2a]. 2 [4b] J. M.
matic C), 129.2 (s, aromatic C), 129.7 (d, aromatic C), 129.8 (d, J. Tronchet, G. Zosimo-Landolfo, M. Balkadjian, A. Ricca, M.

Zsély, F. Barbalat-Rey, D. Cabrini, P. Lichtle, M. Geoffroy,aromatic C), 130.0 (d, aromatic C), 132.4 (s, aromatic C), 133.3 (d,
Tetrahedron Lett. 1991, 32, 412924132.aromatic C), 144.9 (s, aromatic C), 164.9 (s, C5O). 2 C29H34O8S2 [5] For a recent review, see: E. Schoffers, A. Golebiowski, C. R.

(574.7): calcd. C 58.98, H 5.76; found C 58.67, H 5.75. Johnson, Tetrahedron 1996, 52, 376923826.
[6] A few nonenzymatic methods have also been reported. For aPyrroline N-Oxides 12 and 13: A solution of pyrrolidine 10 (570 very recent paper on desymmetrization of a meso-diol using a

mg, 1.93 mmol) in CHCl3 (28 ml), cooled at 0°C with an ice bath, chiral catalyst, see: M. Kinugasa, T. Harada, A. Oku, J. Am.
Chem. Soc. 1997, 119, 906729068.was added to oxaziridine 11 (1.00 g, 3.86 mmol). The solution was

[7] For reviews on the Mitsunobu reaction, see: [7a] O. Mitsunobu,stirred at 0°C for 20 min, then at room temp. for 40 min. The
Synthesis 1981, 1. 2 [7b] B. R. Castro, Org. React. 1983, 29, 1.resulting suspension was filtered and the solution concentrated to 2 [7c] D. L. Hughes, Org. React. 1992, 42, 335.

afford a crude reaction mixture which was then purified by flash [8] U. Nagel, E. Kinzel, J. Andrade, G. Prescher, Chem. Ber. 1986,
119, 3326.column chromatography to afford the nitrones 12 (202 mg, 34%)

[9] [9a] S.-I. Murahashi, T. Shiota, Tetrahedron Lett. 1987, 28, 2383.and 13 (150 mg, 25%).
2 [9b] S.-I. Murahashi, H. Mitsui, T. Shiota, T. Tsuda, S. Watan-
abe, J. Org. Chem. 1990, 55, 1736.12: Rf (AcOEt/MeOH, 15:1) 5 0.34. 2 M.p. 78279°C; [α]D

20 5
[10] [10a] E. Marcantoni, M. Petrini, O. Polimanti, Tetrahedron Lett.

280.0 (c 5 0.31 in methanol). 2 IR (CHCl3): ν̃ 5 2897 cm21, 1995, 36, 3561. 2 [10b] A. Goti, L. Nannelli, Tetrahedron Lett.
1722 (C5O), 1574 (C5N), 1262 (C2O), 1094 (C2O). 2 1H NMR 1996, 37, 602526028. 2 [10c] A. Goti, M. Romani, Tetrahedron

Lett. 1994, 35, 656726570.(CDCl3): δ 5 3.35 (s, 3 H, OMe), 3.7423.45 (m, 4 H, OCH2CH2O),
[11] W. W. Zajac, Jr., T. R. Walters, M. G. Darcy, J. Org. Chem.4.18 (d, J 5 6.22 Hz, 2 H, NCH2), 4.69 (d, J 5 7.4 Hz, 1 H,

1988, 53, 585625860.OHCHO), 4.78 (d, J 5 7.4 Hz, 1 H, OHCHO), 4.75 (m, 1 H, CH- [12] [12a] J. J. Tufariello, Acc. Chem. Res. 1979, 12, 396. 2 [12b] J. J.
OMEM), 6.03 (d, J 5 5.2 Hz, 1 H, CHOC5O), 7.08 (s, 1 H, N5 Tufariello, J. P. Tette, J. Org. Chem. 1975, 40, 3866.

[97330]CH), 7.6427.42 (m, 3 H, aromatic H), 8.04 (m, 2 H, aromatic H).
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