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Regio- and Stereoselective Hydroxylation of
4-Oxoproline Enolate
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Abstract: A short, efficient and stercoselective synthesis of enantiomerically pure (2R, 3§, 4R) 3.4-dihydroxy-
2-hydroxymethylpyrrolidine, a galaciesidase inhibitor, from 4-hydroxy-L-proline is presented. The key steps are
the regio- and swéreoselective hydroxylation of a 4-oxoproline enolate and the stereoselective reduction of the
resulting ketoalcohol. An N-(9-phenylfluoren-9-yl) moiety is used not only as an N-protecting group but as a
regio- and stereochemical control element as well.

The (2R, 38, 4R) 3,4-dihydroxy-2-hydroxyalkylpyrrolidine system is present in a variety of selective
glycosidase inhibitors, such as compounds 1, 2 (swainsonine) and 3, among others.1
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The therapeutic potential displayed by these polyhydroxylated pyrrolidines has attracted a good deal of
syathetic interest. Flect has been a major contributor in this area with the development of several approaches to
enantiomerically pyre 1-3, and numerous analogues, starting from carbohydrate precursors.2 Several syntheses
of 1-3 from carbohydrate-related starting materials have also been reported by other groups.3 Glutamic acid has
been used as a precursor to 2 and to analogues of 1 as well.4 Other approaches have made use of the Sharpless
epoxidation to induce enantioselection in the syntheses of 2 and of analogues of 1.5 Most of these approaches
have twe important drawbacks: their excessive length (usually more than ten steps are needed to prepare the
desired product) and their lack of flexibility (for the preparation of analogues).

Based on synthetic economic criteria we envisioned trans 4-hydroxy-L-proline (4) as an ideal precursor for
the synthesis of 1-3: it already incorporates the required pyrrolidine ring with a side chain attached at C-2, and
the 4-hydroxyl group should be amenable to oxidation to provide a 4-oxoproline (such as §) which could, in
turn, be manipulated (by o-hydroxylation of the corresponding enoplate, followed by ketone reduction) to
introduce the cis diol system present in the target compounds.6

Two problems must be overcome to convert a 4-oxoproline such as § into the desired (35, 4R)-3,4-
dihydroxypyrrolidine system: the ketone group in § must be regioselectively enolized by abstraction of H-3, and
the resulting enolate has to be stereoselectively hydroxylated syn to the methoxycarbonyl group. Garst and co-
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workers have explored the enolization of simple N-benzyl-3-oxopyrrolidines, and found that mixtures of
regioisomeric enolates were formed under kinetic conditions.? Besides, the attack of electrophiles or nucleophiles
onto an sp2-hybridized C-3 in proline or pyroglutamate systems always occurs anti to the substituent at C-2.4
Despite these precedents we deemned that the use of the 9-phenylfluoren-9-y1 (Pf)8 group to protect the ring
nitrogen should provide the solution to the aforementioned problems. The steric bulk of the Pf group should have
a threefold effect: protect the hydrogens at positions 2 and 5 from attack of the base employed to enclize ketone §
(thus assuring not only the regioselectivity of the ketone enolization towards C-3, but the preservation of the
stereochemical integrity of C-2 as well)® and block the o face of the enolate towards the attack by the

electrophile.9
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We present herein a short, efficient, stercoselective synthesis of enantiomerically pure pymrolidine 1 (R =
H), a galactosidase inhibitor,?¢ from 4-hydroxy-L-proline (4), that makes use of the Pf group as a regio- and
stereochemical control element.

Esterification of 4 (SOClp, McOH, quant.) followed by selective N-protection with 9-Br-9-phenylfiuorene
(the OH group was transiently protected in situ with TMSCI, 82%)8¢ and oxidation10 of the resulting alcohol
gave ketone 5 (95%), as a crystallirie solid that is stable for several weeks if stored under Ar at -10 °C.11

Regio- and stereoselective introduction of the hydroxyl group at C-3 was achieved by treatment of § with
NaHMDS, following by oxidation of the resulting enolate with MoOPH. !2 The resulting ketoalcohol 6, a stable
crystalline solid, was obtained as the sole reaction product (80%). The presence of two isolated AB systems (H-
50/H-5p, J=17.8 Hz, and H-2/H-3, J=7.9 Hz) in the 1H-NMR spectrum of 6 clearly established the attachment
of the newly introduced OH group to C-3.11.13.14 In order to assign the stereochemistry of C-3 in ketoalcohol 6,
we proceeded to reduce the keto group with NaBH4 (quant.) and to acetylate the resulting diol 7, to give 8
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{52%).11 An NOE experiment performed on 8 showed that the hydrogens H-2, H-3 and H-4 were all syn to
each other, thus resulting in the stiereochemistry depicted in the figure.

To check the enantiomeric purity of ketoalcohol 6 we proceeded to carbamoylate 6 with both S(-)- and
R(+)-phenylethylisocyanate (200 mol%, cat. CuBr/SMez, THF, nt, quant.). 1H-NMR analysis of the resulting
diastereomeric carbamates 12 and 13 showed that 6 had an enantiomeric ratio (er) »99.5:0.5, thus the reaction
conditions used do not lead to racemization of the stereogenic centre of the N-Pf-oxoproline §.

The desired galactosidase inhibitor 1 was efficiently obtained by exhaustive reduction of 6 with LiEt3BH
(430 moi%, 91%)15. 16 followed by hydrogenolysis (52 psi, Ha/Pd-C (10%), McOH-HCI, 2h, rt) of the
resulting triol 9, to give 1.HCI (quant.) which showed spectral properties identical to those reported in the
literature.2¢ In this way, 1 ‘was prepared in 6 steps with a 57% overall yicld on a multigram scale. We are
currently exploring the application of this methodology to the synthesis of the higher homologues of 1, w
swainsonine (2) and to kainic acid derivatives.

Acknowledgments: We thank the CICYT (SPAIN, grant SAF93-0767) for financial support. M. 1. B.
thanks the Fundacién Segundo Gil-Ddvila (SPAIN) for a fellowship. We thank Prof. Rafael Suau (Univ. of
Milaga, SPAIN) for the elemental analyses.

References and notes

1. Winchester, B.; Daher, S. A_; Carpenter, N. C,; Cenci di Bello, I.; Choi, S. 8.; Fairbanks, A. J.; Fleet,
G. W. 1. Biochem. J. 1993, 290, 743, and references therein.

2. (a) Behling, J. R,; Campbell, A. L.; Babiak, K. A.; Ng, J. §.; Medich, J.; Farid, P.; Fleet, G. W. J.
Tetrahedron 1993, 49, 3359, and references therein. (b) Carpenter, N. M.; Fleet, G. W. 1.; Cenci di
Bello, I.; Winchester, B.; Fellows, L. E.; Nash, R, J. Tetrahedron Lett. 1989, 30, 7261. (c) Fleet, G.
W. I.; Nicholas, S. J.; Smith, P. W_; Evans, S. V.; Fellows, L. E.; Nash, R, ). Tetrahedron Le:n.
1988, 26, 3127.

3. (a) Ali, M. H.; Hough, L.; Richardson, A. C. J. Chem. Soc., Chem. Commun. 1984, 447. (b) Heitz,
M.-P.; Overman, L. E. J. Org. Chem. 1989, 54, 2591. (c) Eis, M. J.; Rule, C. J,; Wurzburg, B. A;
Ganem, B, Tetrahedron Lett, 1988, 26, 5397. (d) Farr, R. A; Holland, A. X.; Huber, E. W_; Peet, N.
P.; Weintraub, P. M., Tetrahedron 1994, 50, 1033, (¢) Hudlicky, T.; Rouden, J.; Luna, H. J. Org.
Chem. 1993, 58, 985. (f) Wehner, V.; Yiger, V. Angew. Chem. Int. Ed. Engl. 1990, 29, 1169. (g)
Naruse, M.; Aoyagi, S.; Kibayashi, C, J. Org. Chem,. 1994, 59, 1358. (h) Benet, R. B. III; Choi, J.-
R.; Montgomery, W. D.; Cha, J. XK. J. Am. Chem. Soc. 1989, 111, 2580. (i) Miller, S. A,;
Chamberlin, A. R. J. Am. Chem. Soc. 1990, 112, 8100. (j) Dener, J. M.; Hart, D. J.; Ramesh, S. J.
Org. Chem. 1988, 53, 6022.

4, {a) Ikota, N.; Hanaki, A. Chem. Pharm. Bull. 1987, 35, 2140. (b) Ikota, N.; Hanaki, A. Heterocycles
1987, 26, 2369.

5. (a) Jiiger, V.; Himmer, W. Angew. Chem. Int. Ed. Engl. 1990, 29, 1171. (b) Adams, C. E.; Walker,
F. J.; Sharpless, K. B. J. Org. Chem. 1988, 50, 420.

6. For other synthetic uses of 4-oxoprolines: Wittig reactions: (1) Manfré, F.; Kern, J.-M.; Biellmann, J.-F.
J. Org. Chem. 1992, 57, 2060. (b) Mori, M.; Uozumi, Y.; Kimura, M.; Ban, Y. Tetrahedron 1986,
42, 3793. (c) Mori, M.; Ishikura, M.; lkeda, T.; Ban, Y. Heterocycles 1984, 22, 253. Sml; mediated



8496

10.
11.

12.
13.
14.
15.

16.

coupling with-acrylates: (d) Kaname, M.; Yoshifuji, 8. Tetrahadron Lestt. 1992, 33, 8103. Formation of
enamine-vinyl triflates and chlorides: (¢) Pefia, M, R.; Stille, J. K. Tetrahedron Len. 1987, 28,6573. (f)
Kamal, A.; Thurston, D. E. Tetrahedron Lett. 1989, 30, 6221,

(a) Garst, M. B.; Bonfiglio, J. N.; Grudoski, D. A.; Marks, J. J. Org. Chem. 1980, 45, 2307. (b)
Garst, M. E.; Bonfiglio, J. N.; Grudoski, D. A.; Marks, J. Terrahedron Lett. 1978, 2671.

(a) Gmeiner, P.; Feldman, P. L.; Chu-Moyer, M. Y.; Rapeport, H. J. Org. Chem. 1990, 55, 3068. (b)
Lubell, W. D.; Jamison, T. F.; Rapoport, H. J. Org. Chem. 1994, 55, 3511. (c) Lubell, W.; Rapoport,
H. J. Org. Chem. 1989, 54, 3824. (d) Lubell, W. D.; Rapoport, H. J. Am. Chem. Soc. 1987, 109,
236.

Molecular mechanics calculations on various N-Pf A3#4 dehydroproline model systems showed that the
COxMe group is locked in an axial position and that the fluorenyl group effectively blocks the o face of
the A34 double bond.

Mancuso, A. J.; Swern, D. Synthesis 1981, 165.

All new compounds showed the expected spectral properties and gave satisfactory elemental: analysis.
Selected spectral properties: §: mp: 136-138 °C (ether/hexanes). [a)25p -64.2 © (¢ 1.42, CHCl3). 1H-
NMR (CDCl3) & (ppm): 2.28 (dd, J=2.8, 19.0 Hz, 1H), 2.45 (dd, J=9.0, 17.9 Hz, 1H), 3.20 (s, 3H),
3.48 (d, J=17.9 Hz, 1H), 3.76 (dd, J=3.1, 8.6 Hz, 1H), 3.77 (d, J=17.8 Hz, 1H), 7.23-7.48 (m,
11H), 7.71 (m, 2H). 13C-NMR (CDCl3) 8 (ppm): 41.6, 51.5, 55.2, 58.2, 76.0, 120.1, 120.3, 125.5,
126.9, 127.0, 127.6, 127.7, 128.0, 128.6, 128.8, 128.9, 140.3, 140.9, 141.8, 145.3, 146.5, 173.1,
212.9. 6: mp: 180-182 °C (ethyl acetate/hexanes). []25p -199.8 © (¢ 1.04, CHCl3). 'H-NMR (CDCl3) §
(ppm): 3.13 (s, 3H), 3.65 (d, J=17.7 Hz, 1H), 3.88 (d, J=17.8 Hz, 1H), 3.95 (d, J=7.9 Hz, 1H), 4.41
(d, J=7.9 Hz, 1H), 7.21-7.44 (m, 11H), 7.71 (m, 2H). 13C-NMR (CDCl3) & (ppm): 51.3, 51.8, 61.9,
749, 75.1, 120.2, 120.3, 125.2, 126.6, 126.8, 127.7, 1279, 128.2,'128.7, 129.0, 139.9, 141.1,
141.3, 145.2, 146.7, 171.0, 211.8. 8: [a]25p +174.9 ° (¢ 1.33, CHCI3). 'H-NMR (CDCI3) § (ppm):
2.00 (s, 3H), 2.03 (s, 3H), 3.36 (s, 3H), 3.40 (d, J=6.9 Hz, 1H, H-2), 3.45 (d, J=6.6 Hz, 2H, H-5),
5.00 (1d, J=4.8, 6.6 Hz, 1H, H-4), 5.22 (dd, J=4.8, 6.9 Hz, 1H, H-3), 7.12-7.75 (m, 13H). 13C-NMR
(CDCl3) 6 (ppm): 20.6, 20.7, 51.3, 51.4, 51.5, 62.0, 71.0, 72.3, 119.8, 120.2, 125.7, 127.2, 127.3,
127.5, 128.4, 128.5, 128.6, 129.1, 139.5, 141.7, 142.7, 145.7, 146.8, 169.7, 170.3, 171.1. 9: mp:
174 °C (dec., ethyl acetate/hexanes). [o]25p +313.6 ° (¢ 1.06, CHCl3). TH-NMR (CDCl3) 6 (ppm): 2.60
(dd, J=4.3, 11.0 Hz, 1H), 2.69 (dd, J=4.2, 8.0 Hz, 1H), 3.21 (dd, J=5.1, 11.9 Hz, 1H), 3.32 (dd,
J=2.7, 11.9 Hz, 1H), 3.36 (d, J= 11.1 Hz, 1H), 3.87 (dd, J=4.9, 8.0 Hz, 1H), 3.97 (m, 1H), 7.19-
7.75 (m, 13H). 13C-NMR (CDCl3) 8 (ppm): 55.4, 59.8, 59.9, 70.9, 73.4, 76.6, 120.1, 120.2, 125.5,
125.9, 127.4, 127.5, 127.9, 128.0, 128.5, 128.6, 128.9, 139.1, 141.8, 142.2, 146.5, 148.9.

Vedcejs, E.; Engler, D. A.; Telschow, 1. E. J. Org. Chem. 1978, 43, 188.

The use of LHMDS, LDA or KHMDS led to less stereoselective reactions.

The rest of the material isolated from this reaction was mostly unreacted ketone 5.

LiEt3BH (430 mol%, THF, 45' (-78°C), 2h (rt)). The reaction was worked up with a solution of HyO»
(30%) in aq. LiOH (5%) in order to break up the intermediate boronate ester, which is surprisingly stable
and could even be purified by column chromatography (silicagel).

The use of DIBAL, Red-Al® or LiAlHy led to the formation of some of the C-4 epimer of 9.

(Received in UK 23 June 1994, revised 9 September 1994; accepted 16 September 1994)



