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Abstract: A short efficient and stereoselective synthesis of emmliomerically pure (2R. 3s. 4R) 3.4-dihydroxy- 
2-hydroxyme&ylpyrrolidine, a galact&dese inhibitor, from 4-hydmxy-L-prolioe is presented. The key steps am 
thercglo-aMI abcoselcctive hydroxylation of a 4-oxoproline enolate and the stereoselective reduction of the 
resulting ketieohol. An N-(9-phmylfluoren-9-yl) moiety is wed oat only es an N-protecting group but BS a 
do- and stasochemicel wntd element as well. 

The (2R. 3s. 4R) 3.4-dihydroxy-2-hydroxyalkylpyrrolidine system is present in a variety of selective 

glycosidasc inhibitors. such as compounds I,2 (swainsonine) and 3, among others.1 

R - H, CH3, ;H$. CH~OH 

2 3 

The therapeutic potential displayed by these polyhydroxylated pyrrolidines has attracted a good deal of 

syuthetic interest. Fleet has been a major contributor in this area with the development of several approaches to 

enantiomet-ically pure I-3. and numerous analogues, starting from carbohydrate precursors? Several syntheses 

of l-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 wellf Other approaches have made use of the Sharpless 

epoxidation to induce enantioselection in the syntheses of 2 and of aqalogues of 1.5 Most of these approaches 

have two important drawbacks: their excessive length (us@y more than ten steps are needed to prepare the 

desired pmduct) and their lack of flexibility (for the preparation of analogues). 

Based on synthetic economic criteria we envisioned rrans Bhydroxy-Lproline (4) as an ideal precursor for 

the synthesis of l-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 (sgh aa 5) which could, in 

turn. be manipulated (by a-hydroxylation of the corresponding enolate, followed by ketone reduction) to 

int.roduce the cia diol system present in the target OompoundsP 

Two problems must be overcome to convert a 4-oxoproline such as 5 into the desired (3s. 4R)-3,4- 

dihydtoxypyrrolidine system: the ketone group in 5 must be regioselectively enolized by abstraction of H-3, and 

the resulting enolate has to be stereoselectively hydroxylated syn to the methoxycarhonyl group. Garst and co- 
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workers have explored the enolization of simple N-benzyl-3-oxopyrrolidines, and found that mixtures of 

regioisotneric enolates wem formed under kinetic conditions.7 Besides. the attack of ekctmphiks or nucleophiles 

onto an sp~hybridized C-3 in proline or pyroglutamate systems always occurs anti to the substituent at C-2.4 

Despite these prccdknts we deem& that the use of the 9-phenylfluoren-9-yl (Pf$ group to protect the ring 

nitmgen should pmvide the solution to the ~o~~nti~ problems. ‘Jbe stuic bulk of the Pf group should have 

a threefold effect: protect the hydrogen8 at positions 2 and 5 from attack of the base employed to enohm ketone 5 

(thus assuring not only the regioselectivity of the ketone enolization towards C-3, but the preservation of the 
stereochemical integrity 

ekctrophi1c.o 

of C-2 as well)8 and block the a face of the enolate towards the attack by the 

R 

MoOPHz MoO~.py.HMPA 
molybdenum puoxidc rcsgent 

6 

k 

T. R=H 
6. R-AC 

We present herein a short, efficient, stereoseicctive synthesis of enantiotm&aliy pum pyrrobdine 1 (R = 

H). a gaJactosidase inhibitor,& from 4-hyd~xy-L-~Iine (4). that makes use of the Pf group as a regio- and 

stereochemical conttoJ element. 

Ester&at&t of d (SOCl2, MeOH, quant.) followed by sehxive N-protection with 9-Br-9-phetty1fhtomne 

(the OH group was trausicntly protected in siZn with ‘KMSCJ. 82%)& and OxidationtO of the resulting alcohol 

gave ketone 5 (95%). as a crystallide solid that is stable for several weeks if stored under Ar at -10 T..t t 
Regio- and stereosekctive introduction of the hydmxyl group at C-3 was achieved by treatment of 5 with 

NaHMDS. following by oxidation of the resulting enolate with MoOPH.t*The resulting ketoaIcohol6, a stable 

crysta&e solid, was obtained as the sole nxction product (80%). T%e presence of two isolated AB systems (H- 
JdH-S& J=17.8 Hz, and X-2&i-3, J=7.9 Hz) in the tfi-NMR s#ectrum of6 ckarly established the attachment 

of the newly introduced OH group to C-3-t t.tgst4 In order to assign the stemo&mistry of C-3 in ketoaIcohol6, 

we pmcee&d to reduce the keto group with NaBtfd (quart) and to acetylate the resulting dial 7, to give 8 



(sz%).*~ An NW cxpuimcnt pufomt& on 8 showed that the hydtrtgens H-2, H-3 and H4 were elf syn to 

each other, thus tcsttlting in the stctuochunisny depicted in the figutu. 

To check the enantiomeric purity of kctoalcohol6 we proceed& to catbamoylate 6 with hoth S(-)- and 

Zt(+)-phenyk&hylisocyanatc (#w) moI%, cat. CuBr/SMcg, THF, r~ quant.). IH-NMR anaIysis of the resulting 

diaaenomerie~12md13s~thu6hadancn~omnic ratio (or) r99.5fi.o.5, thus the reaction 

umditionsuseddondIeadto nuxmizatIoneftbe stemngenic centntofthc N-Ff-ortaptoline 5. 

The desired gaIacm&asc inhibitor 1 was ef&icntly ohtaincd by exhaustive reduction of 6 with LiEt3BH 

(430 moI%. PI%>tg* 16 followed by hydrogenolysis (52 psi, Hrlpd-C (IO%), McGH-HCI, 2h. rt) of the 

resulting trio1 9, to give I.HCl (quant.) which showed spectral properties identical to those reported in the 

litcraturc.~ In this way. 1 was prepand in 6 steps with a 57% overall yield on a muItigmm scale. We are 

cutrently exploring the applicadon of this mcthudology to the synthesis of the higher homologucs of 1, to 
swainsoninc (2) and to kainic acid derivatives. 
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thanks the F&tin Segrurdo ~~~-~~~~~ (SPAIN) for a fcpowship. We thank Ref. Ra&ei Suau (Univ. of 

M&la~SPAINjfortheekmcntalanalyses. 
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All new compounds showed the expected spectral properties and gave satisfactory elementalanalysis. 

Selected speetrat properties: 5: mp: 136-138 “C! (etber/hexanes). [a]25D -64.2 o (c 1.42, CHCl3) .tH- 

NMR (CDC13) 6 (ppm): 2.28 (dd, J=2.8. 19.0 Hz. lH), 2.45 (dd, J=9.0, 17.9 Hz. 1H). 3.20 (s, 3H), 

3.48 (d, J=17.9 Hz. lH), 3.76 (dd, J-3.1, 8.6 Hz. 1H). 3.77 (d, J=17.8 Hz, lH), 7.23-7.48 (m, 

11H). 7.71 (m, 2H). t3C-NMR (CDCl3) 6 (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 OC (ethyl acetattiexanes). [UlzD -199.8 o (c 1.04, CHC13). tH&NMR (CDC13) 8 

(ppm): 3.13 (s. 3H), 3.65 (d. J=17.7 Hz. lH), 3.88 (d. J=17.8 Hz, 1H). 3.95 (d, J=7.9 Hz. lH), 4.41 

(d. J=7.9 Hz, 1H). 7.21-7.44 (m, llH), 7.71 (m, 2H). *%I!-NMR (CDCl3) 6 (ppm): 51-3, 5 1.8. 61.9. 

74.9, 75.1, 120.2. 120.3, 125.2, 126.6, 126.8, 127.7, 127.9, 128.2,‘128.7. 129.0, 139.9, 141.1, 

141.3. 145.2, 146.7, 171.0, 211.8. 8: [a]25B +174.9 o (c 1.33, CHCl3). tH-NMR (CDCl3) 6 (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-S), 

5.00 (td. J=4.8, 6.6 Hz, lH, H-4), 5.22 (dd, J=4.8, 6.9 Hz, 1H. H-3), 7.12-7.75 (m, 13H); %-NMR 

(CDCl3)G (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 acetatehexanes). [a125D +313.6 ’ (c 1.06, CHC13). t H-NMR (CDC13) 6 (ppm): 2.60 

(dd, J=4.3, 11.0 Hz, lH), 2.69 (dd, JJ4.2, 8.0 Hz, lH), 3.21 (dd, J=5.1. 11.9 Hz, lH), 3.32 (dd. 

J=2.7, 11.9 Hz, lH), 3.36 (d, J= 11.1 Hz, 1H). 3.87 (dd, J=4.9, 8.0 Hz, lH), 3.97 (m, lH), 7.19- 

7.75 (m, 13H). t3C!-NMR (CDC13) 6 (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. 

Vedejs. E.; Engler, D. A.; Telschow, J. 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’ (-78OC), 2h (rt)). The reaction was worked up with a solution of H202 

(3Oaa) 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). 

We use of DIBAL. Red-Al@’ or LiAlH4 led to the formation of some of the C-4 epimer of 9. 
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