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FRAGMENT OF FK-506, FR-900520, AND FR-900523 

Amos B. Smith, Ill,’ Karl J. Hale, Leif M. Laakso, Kwunmin Chen, and Antoti Riera 

Department of Chemistry, the Laboratory for Research on the Structure of Maffer. and the Monell Chemical Senses Center, 
University of Pennsylvania. Philadelphia, PA 19104, U.S.A. 

Summaryr An efficient asymmetric synthesis of the C(24)-C(34) fragment of the FK-506 family of immunosuppressants has 
been achieved. 

The growing medical, 1 bioorganic.2 and synthetic3 interest in the recently isolated immunosuppressants FK-506 

(I),4 FR-900520 (2), and FR-900523 (3)5 prompts us to report our approach to an intermediate (5) corresponding to the 

C(24)-C(34) fragment of these macrolides. 6 Our strategy [Scheme 1) rests upon the proposed opening of epoxide 6 with 

the anion derived from 5, or a related acyl anion equivalent; this tactic was devised to allow ready access to j3-hydroxy ketone 

4 after unmasking of the carbonyl group. Hydroxyl-directed reduction of 4 with tetramethylammonium triacetoxyborohydrfde 

would then effect stereocontrolled introduction of the C(24) center.7 

1 FK 5@, R . CH,CH-CH, 

2 FR-WQ5.20, R - Et 
3 FR-900523, R - Me 

Scheme 1 

Inspection of the C(24)-C(34) segment reveals a number of challenging topographical features, not the least of 

which is the E ttisubstituted olefin at C(27,28). Our plan for securing the E geometry (Scheme 2) called for displacement of 

the trtflate moiety in 7 with retention of configuration, employing lithium dimethylcuprate according to the procedure of 
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Although, oxidation of 23 to 10 initially was complicated by facile epimerfzation at the a-center, success was eventually 

achieved by employing an excess of the SOg-pyrfdine-DMSO complex and triethylamine.20 

Scheme 4 
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The resulting aldehyde 10 coupled smoothly with the anion derived from suffone 9 in THF at -78 OC (Scheme 5), 

affording a mixture of diastereomeric hydroxy sulfones 24 in 89% yield. Oxidation of this mixture with excess trffluoroacetic 

anhydrfde and DMSO*l provided 5-keto sulfone 25 (84%). We first attempted reductive removal of the phenylsulfonyl 

group in 25 via our recently developed trf-rrbutyltin hydride method;6b not surprisingly, dithiane reduction intervened as a 

significant competing reaction. However, this difficulty was readily surmounted using AI amalgam as the reducing 

agent.22 Kinetic deprotonatton of the resuiting ketone (611’ was then best accomplished with lithium diisopropylamide (2.5 

equiv) in dry DME at -78 oC for 30 min. After the addition of DMPU (3 equiv) and stirring for 15 min, a solution of N- 

phenyltrifluoromethane sulfonimidea3 (5 equiv) in DME was introduced and the mixture warmed to room temperature. This 

protocol afforded exclusively (>99:1) the requisite Z enol trfflate (7), whereas the use of THF without DMPU as cosolvent 

S4Ph 

a 

Scheme 5 
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led to a 9:l mixture of 2 and E enol isomers. 24 Treatment of 7 with lithium dimethylcuprate gave rise to two major products 

(7:l) according to HPLC analysis. The desired E isomer (5) {]a]E2 -38O (c 1.96. CHCl3)]11 could be isolated in 73% yield by 

column chromatography. The minor component actually comprised a 2:l mixture of as yet unidentified products, neither of 

which proved to be the Z isomer. The E olefin geometry in 5 was assigned via a combination of 1 H NOE difference25 and 

f3C NMR Spectro~mpy.25 Thus, irradiation of the sfnglet at 6 1.54, corresponding to the methyl group of the trlsubstituted 

olefin, led to significant enhancement of the H(29) and H(26) resonances at 8 2.35 and 3.63, reSpectiVely, but Caused no 
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enhancement of the H(28) vinyl resonance at 8 5.24. Similarly, irradiation of this vinylic proton markedly enhanced the H(26) 

resonance, but did not lead to enhancement of the singlet at 6 1.54. Molecular models suggest that only the E formulation is 

compatible with these observations. Further support for this assignment came from the lsC NMR spectrum of 5, wherein the 

C(27) methyl signal appeared to be strongly shielded (8 11 .O) by the cis-cyclohexyl moiety. The Merck group3 reported 

similar chemical shifts (8 12-13) for the C(27) methyl group in several FK-506 intermediates; likewise, the C(27) methyl group 

of FK-506 resonates at 8 13.7.4 

In conclusion, we have completed an efficient, SlereOCOntfolled synthesis of an advanced intermediate (5) 

corresponding to the C(24)-C(34) fragment of the FK-506 family of immunosuppressants. Further progress toward the total 

synthesis of these natural products will be reported in due course. 
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