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Abstract. The C28-C32 cyclohexyl group of the natural product, FK-506, was prepared enantioselectively 
from the iodolactor~ by replacement of iodide with retention of configuration. The C27-C28 trisubstituted olefin 
was introduced stereoselectively via a classical aldol/elimination sequence employing titanium enolate 
methodology. Elaboration of this chemistry has led to a synthesis of a C22-C34 fragment of the natural product. 
© 1997 Elsevier Science Ltd. All rights reserved. 

The use of FK-506 (1) in clinical settings, it potential as a chemical probe of the immune response, and 
its intriguing structure has sparked great interest in the synthetic community. I We first became interested in the 
synthesis of FK-506 to provide fragments and synthetic analogs for biological evaluation. X-ray 
crystallographic data from the FK-506 complex with one of its binding proteins (FKBP-12) indicates that the 
cyclohexyl fragment of FK-506 extends outside the protein envelope and is involved in the binding of this 
complex to a third component within the cell (calcineurin). 2 This report describes the stereoseleetive syntheses 
of a C22-C34 fragment (2a), which bears the natural (S) stereochemistry at C26 and a C22-C34 fragment 
(2b), which bears the unnatural (R) stereochemistry at C26. This allows for a macrocyclization or 
esterification process with retention or inversion of stereochemistry at C26, respectively, as a key step in the 
latter stages of a projected synthesis of FK-506. 
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The starting material for the synthesis of the C28-C34 fragment was optically active (R)-3-cyclohexene- 
I-carboxylic acid, which was prepared by Diels-Alder condensation of butadiene with the acrylimide of (1R)- 
(+)_2,10_camphorsultam.3, 4 Following removal of the auxiliary, the 3-cyclohexene-l-carboxylic acid (3, 
98% ee) was reacted with 12 in the presence of KI, and NaHCO 3 buffer to afford the iodolactone (4) in 74% 
yield. 5 Although reaction of 4 with silver acetate in dimethylsulfoxide at 110 °C results in elimination of 
iodide, 6 we found that treatment of the iodolactone with 2.5 equivalents of silver trifluoroacetate in 1,2- 
dichloroethane at 53 *C resulted in replacement of the iodide with trifluoroacetate with retention of 
configuration at C32. The unstable trifluoroacetate (5) was not purified but was readily hydrolyzed to the 
hydroxy analog (6) in an overall yield of 70% by stirring 5 with silica gel in 1:1 tetrahydrofuran-0.01M 
Na2CO 3 buffer (pH 8). 
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The IH NMR coupling patterns for H-3 and H-4 of 6 (and 5) were identical to those of the iodolactone 
(4) and unlike those reported for cis-4-substituted lactones of that type. 5 The hydroxy group was protected as 
the benzyloxymethyl ether (7) and the lactone was opened to 8 in 93% yield using catalytic sodium 
isopropoxide in isopropanol. 7 Methylation of 8 with sodium hydride and methyl iodide in tetrahydrofuran 
afforded the appropriately substituted cyclohexane 9 in 96% yield from 7. 8 Partial reduction of the ester of 9 
with DIBAL-H afforded an 88% yield of aldehyde 10 that was identical to that obtained from exhaustive 
ozonolysis of 32-O-benzyloxymethyi-FK-506. 

We have been intrigued by the mechanism of the iodide displacement. Because both 5 and 6 are stable to 
the reaction conditions, the olefin must form from the iodolactone. The reaction path (substitution vs. 

elimination) is temperature dependent, with minimal elimination (<10%) observed at 53 °C and as much as 
35% elimination observed at temperatures above 65 °C. The reaction is also solvent dependent -- only 
elimination is observed in dimethylsulfoxide while no reaction was observed in ether solvents. In view of the 
close balance between the substitution and elimination pathways observed for 4 the reaction may be more SNI 
in nature and that as the Ag-I complex forms the trifluoroacetoxy group (still associated with the Ag + as an ion 
pair) attacks from the less hindered face, resulting in a net retention of configuration. 9, l0 
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It was planned that the cyclohexyl fragment would be incorporated into the macrocycle backbone at a 
later stage in the synthesis using a classical aldol/elimination sequence as a method of stereoselecdvely 
introducing the C27-C28 trisubsfituted olefin. 
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A C22-C27 fragment was constructed by the following sequence: Carboxylic acid 11 n was activated 
as the Weinreb amide 12 and then ueated with ethylmagnesium bromide to give the ethyl ketone 13.12 Kinetic 
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deprotonation of this ketone followed by sequential addition of chlorotitanium triisopropoxide 13 and then 
aldehyde 10 gave the aldol adducts 14 as a 1:1 mixture of two of the four possible diastereomers. These are 
most likely the two erythro isomers that resulted from an unbiased facial attack on the aldehyde by the 
preferred 14 E-enolate derived from ketone 13. Evidence for this was obtained when the separated 
diastereomers were mesylated and then treated with DBU. In both cases the anti-elimination protocol provided 
enone 15 as a single product. No epimerization or elimination at C25 was observed during this reaction 
sequence. Reduction of the enone 15 with L-Selectride ® in THF at -78 °C gave a single product 15 which was 
assigned as 16 on the basis of the Felkin-Ahn modeP 6 and by comparison with a fragment of known relative 
stereochemistry at C26. 

The C26-(S) isomer was prepared by the following sequence. The Evans aldol adduct 17173s was 
converted to the Weiureb amide 18 whose stereochemistry at C26 was confirmed by X-ray crystallography. 
Sequential protection of 18 and reduction gave aldehyde 20 which afforded a 2.5:1 mixture of C24 
diastereomers (e.g. 22) upon reaction with vinylmagnesium bromide. After protection of the C24 hydroxy 
group and hydroboration, alcohol 24 was separated from the minor C24 diastereomer by flash 
chromatography. Finally, protection of the primary hydroxy group (2) and removal of the TBS group gave 
24. Examination of the ~3C spectra of 16 and 24 reaffirmed the assignment of the stereochemical outcome of 
the cnone reduction step. 19, 20 
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While esterification of the C26 hydroxy group with pipocolic acid occurs without complication, 
esterifications with larger fragments have been problematic. 2',22 Forming the ester bond through an 
inversion/csterification of the C26 hydroxy group of 16 should circumvent some of these issues. The C26 
hydroxy group of 16 was activated with methanesulfonic anhydride and then the resulting mesylate 25 was 
reacted with the cesium salt of N-BOC-L-pipecolic acid 23 in DMF at 40 °C to afford a new product 7,6 whose 
mass spectrum incorporated both reacting fragments and whose NMR spectra were consistent with the C26-(S) 
ester. That the new ester 26 was identical to the product obtained by EDAC-mediated esterification of 24 with 
N-BOC-L-pipecolic acid confirmed the structural assignment. 
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