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Abstract The degradation of rapamycin, a tricarbonyl containing macrolide similar in structure to the potent 
immunosuppressant FK-506, is described. Three principal fragments are obtained in this process that should 
have utility in the semi-synthesis of FK-506 and rapamycin congeners. 

Rapamycin 1 characterized by Fiy and coworkers in 1978l is a 31-membeted macrolide isolated from 

S. hygroscopicus and found to exhibit antifungal as well as modest immunomodulating behavior.~ The striking 

structural similarity of rapamycin to the recently reported immunosuppressant IX-5063 2 makes the former an 

attractive alternate source of materkl for semi-synthetic efforts in thii area.3h4 Herein we describe our studies on 

the degradative chemistry of mpamycin for the excision of fkagments similar to K-506. 

rapamycin 1 FK-506 2 

Selective protection of the C-43 and C-28 hydroxyl groups of rapamycin was accomplished by treatment 

with t-butyldimethylsilyl tiuoromethanesulfonate (TBSoTf) and 2,6-lutidine to form the bis(TBS ether) 3 

(Scheme 1). Exhaustive ozonolysis of 3 followed by reduction with methyl sulfide provided en014 and the 

bicyclic peroxide 556 as the two major products in high yield. The stability of the tricarbonyl segment toward 

oxidative cleavage in this reaction was gratifying in view of reported difficulties encountered with this 

transformation3a. Fmgment 4 contains the desired FK-506-&e fanctionality and was the subject of further 

degradative work. Following isolation by silica gel chmmatogmphy. the unstable en014 was heated with methyl 

triphenylphosphomnylacetate to form the homologated ester for storage. Iptemstingly, an olefin iscmkaation 

occurs in this Won 00 produce only enone 6. -on of the substituted cyclobexane moiety fmm the tri- 

carbony containing portion was accomplished by elimination of the C-22 acyl group using diazabicycloundecene 

(DBU) in THF. Treatment of the crude, acidified product with phenyM&omethaneT allowed for the convenient 
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chromatographic purification of fragments 7 and 8. No evidence of epimerixation at C-7 or C-38 was detected in 

this lransfomlatioll. 
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I 6wbfmm3 

7 

Ph 

1. DBU. THF WC 
2. PhCHN+ Et&I 

Me 85% (8) MO 

8 8 

To regenerate the C-22 hydroxyl group, dienone 7 was subjected to oxonolysis and methyl sulfide 

reduction to yield aldehyde 9 (Scheme 2). Treatment of 9 with the (+) DIPT-modified allylbomnate reagents gave 

homoallylic alcohol 10 (ds = 8: 1) predicted to contain the natural S configuration at C-22. 

The further degradation of fragment 8 was investigated to provide a primary functionalixed site at C-7 for 

subsequent manipulation. Cleavage of the C-6, C-7 bond by a’ Baeyer-Villiger reaction, followed by hydrolysis 

of the mixed acetal product would be a means of achieving this goal. In the event, however, treatment of 8 with 

mBBA resulted in a low yield of desired C-7 acetalll, with competing C-13, C-14 bond cleavage leading to the 

lactone products 12 and 13 (Scheme 3). To suppress undesired reaction in the tricarbonyl region, the C-13 

hydroxyl group was pmtecmd as the TBS ether 14. A twostep procedure involving bis-silylation followed by 
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hydrolysis of the silyl enol ether product 14a was required to effect this transformation. Baeyer-Villiger oxidation 

of 14 proceeded in excellent yield to form 15 with no detectable C-13, C-14 bond cleavage. The reason for this 

attenuation of reactivity is unclear, however, one possibility is that the reactive species in transformation 

Scheme 3 
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S-12 is the “opened” tricarbonyl. Hydrolysis of acetal 15 to the C-7 aldehyde 16 provided the desired 

primary functional&d site. Finally, a selective reduction of aldehyde 16 to the corresponding alcohol in the 

presence of the C-14 carbonyl group was conducted using potassium triphenylborohydride.9 Unlike the Baeyer- 

Villiger oxidation, the chemoselectivity of this reaction is independent of C-13 hyciroxyl group protecdon and can 

be performed equally well on the free hemiketal (not shown). With an efficient preparation of fragments 10 and 

17 in hand, their use in the construction of FK-506 and rapamycin congenets is being investigated 
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