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AN ENANTIOSELECTIVE SYNTHESIS OF THE C(10) TO C(20) FRAGMENT OF FK506

Martin E. Maier® and Biirbel Schoffling
Fakultit Chemie, Universitiit Konstanz
Postfach 5560, D-7750 Konstanz, Germany

Summary: The synthesis of the C(10) to C(20) fragment 4 of FK506 from‘(4S)-4-[(ten-butylditmmylsilyl)-
oxymethyl]-4-butanolide (9) is described. A key reaction is the chelation controlled addition of 2-lithio-4-
methyl-furan (15b) to aldehyde 8.

Recent biological studies regarding the mode of action of the immunosuppressive FK506 (1) revealed some
striking similarities to the clinically used Cyclosporin A (CsA). Like the cyclic peptide CsA, the macrolide
FK506 functions by inhibiting the transcription of early T cell activation genes.! Both compounds bind to
cytosolic proteins with peptidyl-prolyl cis-trans isomerase activity (PPlases).2 It was also found that FK506
binds to the corresponding binding protein in a noncovalent manner, probably with its o,p-diketoamide
hemiketal portion.3 PPlases, which are widespread in nature,4 are involved in the control of protein folding
during the process of protein biosynthesis.# Because FK506 and CsA bind to diffe;'cnt proteins with high
specificity, it was suggested that there might exist a whole family of PPlases, each of which controls the
folding of a specific group of proteins.2-> Owing to this biological significance, the potential clinical use6 and
challenging structural features,” FK506 also became the subject of intensive synthetic studies.89 Our
intermediate goal in this area is the synthesis of a C(10)-C(34) fragment 2 (Scheme 1). This in turn, could be
used for the incorporation of modified C(1)-C(9) substructures, thus allowing further structure activity studies.
In addition to the synthesis of a C(28)-C(34) fragment,9h we now report an efficient synthesis of the C(10)-
C(20) fragment 4. This might be coupled with 3 using recently described methodology. 10
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The retrosynthetic analysis of 4 is shown in Scheme 2. Compound 4 might originate from § which in
turn could be derived from 6. Pyranone 6 is the product of an oxidative rearrangement of furfuryl alcohol 7s.11
Further straightforward analysis leads via aldehyde 8 to the protected y-lactone 9 which is available from L-
glutamic acid.12 Based on symmetry considerations, aldehyde 8 might serve also as C(10)-C(14) part.
However, this would require an anti-selective addition of a metallated furan. 13
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The preparation of aldehyde 8 is outlined in Scheme 3. Methylation!4 of lactone129 (LDA, THF, Mel)
gave compound 10 ([a]23D +28.29 (¢ 0.5 acetone)) with high diastereoselectivity (90:10) in 75% yield. The
methylated lactone 10 was reduced with borane dimethyl sulfide complex!5 to diol 11 in 69% 4yiech
Protection of the primary hydroxyl group of 11 with trityl chloride (82%) to give 12 followed by methylation
of the secondary hydroxyl group furnished 13 (87%). Desilylation of 13 led to alcohol 14 (88%, [a]23p -11.9°
(¢ 1.0 acetone)) which was oxidized to the aldehyde 8 ([o]23p, -30.8° (¢ 1.0 acetone)) in 83% yield.16
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Reagents and conditions: (a) 1.1 equiv of LDA, 1.0 equiv of Mel, THF, -78 ©C, 2 h, 75%; (b) 0.7 equiv of BH3-SMe,,
THF, 23 to 65 °C, 2 h, 69%; (c) 1.2 equiv of Ph3CCl, pyridine/CHyCl, (1:1), 23 ©C, 4 d, 82%; (d) 2.0 equiv of NaH, 6.0
equiv of Mel, 10 equiv of DMEU, THF, -10 to 23 °C, 24 h, 87%; (¢) 1.5 equiv of TBAF, THF, 23 °C, 2 h, 88%; (f) 4.4
equiv of DMSO, 2.2 equiv of (COCl)y, 9.2 equiv of NEt3, CH;Clj, -50 0C, 1.5 h, 83%.

We found that the stereochemical course of the addition of 2-lithio-4-methyl-furan 17 (15b) to aldehyde 8
was highly dependent on solvents and added metal salts (Scheme 4). The lithiated furan 15b was prepared by
halogen-metal exchange of 2-bromo-4-methyl-furan!? (15a) with n-butyllithium. In the absence of additional
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metal salts, reaction of 8 with 15b (1.0 equiv.) in THF (-78 °C, 30 min) gave a mixture of syn and anti
alcohols 7s and 7a in a ratiol8 of 39:61 (40% yield). In the presence of 1.3 equivalents of zinc(II) bromide,
(THF, 0 9C, 12 h) the syn/anti ratio improved to 87:13 (54% yield). Using diethyl ether as solvent and 2.0
equivalents of zinc(Il) bromide, the reaction proceeded in a highly stereoselective manner (syn/anti > 95:5)
and in high yield (10 g scale). The TH NMR spectrum showed only the presence of 7s ([u]23D -29° (¢ 1.0
acetone)). This latter result is in accordance with a chelation controlled addition. 19
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Reagents and conditions: (a) 1.0 equiv of n-BuLi, Et,0, -78 to -20 °C; (b) add 2.0 equiv of ZnBr, to 15b, then 0.8
equiv of 8, Et,0, -20 °C, 2h, 70% (90% based on recovered 8); (c) 0.015 equiv of VO(acac),, 1.2 equiv of -BuOOH,
CH,Cly, 23 °C, 2.5 h, 73%; (d) 2.0 equiv of HC(OMe)3, 0.2 equiv of BF3-Et,0, E;0, 010 23 °C, 1.5 h, 51%; (¢) 1.6
equiv of NaBHy4, MeOH, -20 °C, 4 h, 65%; (£) 2.0 equiv of NaH, 6.0 equiv of Mel, 10 equiv of DMEU, THF, -5 to 23
©C, 2.5 h, 86%; (g) Hy, 5% Pd on Al,O3, THF, 23 °C, 2.5 h, %4%; (h) excess Na, THF-NH3, EtOH, -50 °C, 1 h, 88%;
(i) 1.2 equiv of TosCl, 3.2 equiv of pyridine, CHyCly, 23 ©C, 24 h, 75%; (j) 2.0 equiv of LiICCH/HoNCHyCH,;NHj,, 2.0
equiv of HMPA, THF, 0 to 23 °C, 71%.

Compound 7s was then subjected to oxidative rearrangement with vanadylacetylacetonate/tert-butyl
hydroperoxide20 in dichloromethane to give the pyranone 6 as a single isomer (73%). Protection of the
anomeric center (Et;0, HC(OMe);, BF3-Et;0)2! afforded 16 ([a]23p +4.6° (c 1.0 acetone)). For the
introduction of the remaining stereogenic centers, we took advantage of the conformationally rigid pyran
matrix. Thus, sodium borohydride reduction of 16 produced exclusively the equatorial alcohol 17 (65%)
which was methylated to give 18 (86%, [a]Zp +46.6° (c 1.0 acetone)). Catalytic hydrogenation of 18 (H,,
Pd/Al1,O3, THF) gave the desired 19 as the major product (ratio 91:9, 94% yield). Further elaboration of 19 to
4 proceeded uneventfully. Detritylation!2b (Na, THF-NH3) gave alcohol 522 ([a23, +116.89 (¢ 0.5 acetone))
which was converted to the tosylate 20. Finally, treatment of 20 with lithium acetylide ethylenediamine
complex in THF/HMPAZ3 gave alkyne 4 ([a}23p +122.8° (c 0.5 acetone)).
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