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Summary: A formal total synthesis of the potent immunosuppressant FK506 (1) has been achieved via a
concise construction of the Merck advanced intermediate (-)-2. Key features of the successful strategy include
stereocontrolled o-bond instatlation of the trisubstituted olefin moieties and an efficient coupling of the C(24)-
C(34) dithiane (-)-10 with the C(10)-C(23) a-silyloxy primary iodide (-)-9.

The intensive efforts currently directed toward the synthesis of FK506 (1) reflect the juxtaposition of
its architectural complexity! with potent immunosuppressive activity, the latter manifest in very promising
human organ-transplantation trials.2 To date, two total syntheses,3 two formal syntheses,4 and numerous other
approachesS- to 1 have been recorded. Notwithstanding the impressive contributions emerging from these
studies, effective tactics for installing the olefinic linkages and joining the major subunits have remained
elusive. Herein we describe the formal synthesis of FK506 via a concise construction of the Merck advanced
intermediate (-)-2.33.7 Koy features of the successful strategy include stereocontrolled o-bond generation of
the trisubstituted olefin moieties®a.b and a reproducible, remarkably efficient coupling of the C(24)-C(34)
dithiane (-)-10 with the C(10)-C(23) a-silyloxy primary iodide (-)-9.

Deprotection (Li, NH3, -78 °C) of our previously reported®? tribenzyl ether (+)-3 and selective
ketalization of the resultant triol (2,4-dimethyi-3-pentanone dimethyl ketal,8 TsOH, THF, rt) afforded alcohol
(+)-4 as a single isomer in 90% yield (Scheme ). Tosylation (TsCl, EigN, DMAP, CHzClyp, rt) followed by
acetylide displacement® (LiC=CH-EDA, DMSOQ) then generated alkyne (+)-5; the latter structure was secured
via single-crystal X-ray analysis. Semireduclion of 5 with Lindlar catalyst'® uneventfully furnished olefin
(+)-6.
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Thicacetal generation!! from 6 with concomitant deketalization (1,3-propanedithiol, BF3+Et20, THF,

-78 °C for 24 h, -50 °C for 72 h; Scheme Il) provided ftriol dithiane (+)-7 in 65% yield. Selective

monotosylation of 7 (TsCl, EtaN, DMAP, CH2Cl2, ) followed by bissilylation (TBS trifiate, 2,6-lutidine,

CH2Clp, rt) then afforded primary tosylate (-)-8 (60% overall). lodination {(Na), CH3CN, copper bronze,!2

reflux) and dithiane methanolysis'3 (NCS, AgNOg, MeOH/THF, rt) in turn gave the C(10)-C(23) iodide (-)-9

in good yield. In contrast with similar dimethyl acetals we have prepared previously, 9 could be purified by
flash column chromatography without noticeable decomposition.
Scheme 11

(+)8

Al this juncture we were poised to investigate the critical coupling of the C(10)-C(23) and C(24)-
C(34) subunits 9 and 10. Several earlier approaches to 1 employed olefinations ot C(20) aldehydes with
C(19) carbanions to link the corresponding fragments, affording mixtures of isomers and modest yields.14 In
contrast, we exploited stereocontrolied o-bond constructions of the trisubstituted olefins and elected to pursue a
speculative dithiane alkylation tactic for assembly of the FK506 backbone. We were delighted to find that
metalation of dithiane (-)-1015 with +-BuLi (2.0 equiv each, 10% HMPA/THF, -78 °C) and treatment of the
derived organolithium with the o-silyloxy primary iodide 9 (1.0 equiv, THF, -78 °C, 30 min) gave the
coupling product (+)-11 in 74% vyield (Scheme Ill). The efficacy of this protocol is particularly striking,
albeit not totally unexpected in view of the activating effect expected to derive from the a-silyloxy moiety in
9.17

Completion of the synthesis then antailed hydrolysis of the dithiane [NCS, AgNO3, 2,6-lutidine,
acetone/THF/H20 (5:5:1), -30 °C] to furnish ketone (-)-12. Oxidative removal of the p-methoxylbenzyl
group!8 [DDQ, CH2Clo/H20 (10:1), rt] gave rise to a labile B-hydroxy ketone which was immediately subjected
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1o hydroxyl-directed anti reduction (LAH, Lil, -78 °C),'9 affording the corresponding diol as a single
diastoreomer. Finally, selective protection of the C(24) hydroxyl as its triisopropylsilyl etherd® (TIPS
triflate, 2,6-lutidine, CHaCla, 0 °C) gave (-)-2, identical in all respects ('H and 13C NMR, IR, elemental
analysis, optical rotation, HRMS, TLC) with an authentic sample.2°

In summary, an efficient construction of the C(10)-C(34) segment 2 completes a formal synthesis of
FK506 (1). Stereocontrolled installation of the trisubstituted olefin moieties and efficient coupling of the
major fragments have been achieved. Further progress towards the synthesis of analogs of 1 will be reported in
due course.
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