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Summary: A convergent synthetic approach to the C(2~-C(42} frag~~ of the irn~~~~es~~ rna~~8 
rapamycin is de&bed. 

In 1975. researchers at Ayemt Laboratories (Canada) reported the discovery ot rapamycin (AY-22,989), a new 
anttMotic produced by Sfreptimyces hydroscopicus (NRRL 5491) in Easter island soil samples1 Subsequent studies 
revealed that rapamycin not onty inhibits various Cam&Q species, but also suppresses the immune response in rats.2 Both 

rapamycin and the related immunomodulator FK508 bind to the macrophilin FKBP-12 with comparable affinity3 and inhibit 
T-cell activation at subnanomolar concentrations .4 Moreover, the two dlstlnct protein-ltgand complexes interfere v&h 
signatlng events at different stages d the immune response .s Whereas the FK508-FK8P-12 complex blocks signal 
tm~~n from the T-c&f tecaptor to the nucleus, the ra~~~rn~~2n conptex inhibits a ~1~~~~ 
pathway mediated through the IL-2 mosptor. Several findings have ImpUcated the inhlbltkm of the p70 B8 kinase or the 
cyclin dependent kinase as downstream events which prevent T-c&t entry into the S phase and thus are responsible for 
mpamycin% immunosuppressant activity.6 

The structure and relative stereochemistry of rapamycln (1, Scheme I) were d8termined by single-crystal X-my 
analysls;7 the absolute configuration was then assigned via isolation of L-ptpecollnlo acid as a degradatton pr0duct.8 
Rapamycin embodied a completely nsw type of macrocycle, a 31-membered rtng containing both lactam and &tone 
ftnkages. In addiiOn to th8 pipecolinic add moiety, notable substructures include a 1,2,&dsubstituted cyctohexane, an 
E.E,E-trtene moiety, two ~e~e~~~ complex akfol units [C(25)q28), C@l)-C(35)], and an a,~~ke~~e partially 
masked via C(l8) hemiketal formation. The album intriklcy of 1, in conjunction with its potential utility as a therapeutic 
agent in organ transplanta80ns and as a probe for the “black box” of intracellular signal transduction,lo have established 
rapamych-r as a singularly important target for total synthesis. l1 To date, three successful approaches have been 
reported.l* Extensive degradation studies have been performed as well.13 

Scheme I 
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We ftave recentfy hfffated a rapamydn synfheffc venture. Here and in the accomf~nying f_e4ter, we wfsf~ to dssa@e 
ourstrafegyandinBafresutfs. Oursyntheticanalysls~l~generetedfraOmentsAthroughE,ofsimilardzeandcompledty 
(Scfreme I). Thfs hfghfy ccnvergerd approach Is desfgned to prcvlds unusual ffsxfbtity dudng the ffnal’assemfffy al the 
macmqde. TMpreMmtoornmfnloatkn~~onthe~ruolknof~AandB,~~ng,andfurlher 
mgufstfe fundionallzalfon. The second paDer descrfbss the -ratton and union of fragments C and 0.14 

Tfte pleparatton of subunft A ffegan wfth wtfone (-)-2 (Scheme II), a-compound employed in cur recent formal 
synthesfs of fWf06.1s Tfre tithium derivative of 2 a&led m~ Ios&ecUve~  to epoxkte (+)-3,1s the fatter reacfity available via 

sharpleslrm effWMbn of @Mmtyf ahMoLt fleducffve dasu2enykBon tffervgave fhe desfred efochol (j-416 in 
80% Overall yield. Mesylaffon of 4 and removal of the teMufyfc2phenylsffyl (BPS) group with NaH in HMPAt* provided 
epoxkfs (-)-S1lf in gcod yield. The ccrrespondfng iodohydrin was generated vie Lewis acid catalyzed opening of the 
epoxfde wfth Lif; pmfsctfon of the secondary afcofrol as fts PMB ether under addk ccnd~onsls fumlsfred (-)-~.le  

Scheme If 

Tfte stereochemistry ot (-)-A was confirmed by a synttresfs of the fuwwn homoallytic afcohd (-)-3, prepared 
pmbfcusfy at Merck Research L&oratorfes from a compound obtafnsd by degradation of natural rapamycin. 1 WC Fobwing 
replacement of the trilsopropylsifyf group in (-)-5 by rerr-butyfdimethylsflyl (Scheme fft), the epoxide was opened 
regiosefsctivefy wfffr vinyEthium and boron trftluortde etherafe. Synthetic (-)-3 prcved tc be identical in aft mspects with an 
aMhemfcsanptsgenemusfypmvkMbyDr.MarkT.GoufstotMerck. 

Scheme Ill 

t-)-S (-)d OW 

The construction of fragment (+)-B is outlined in Scheme IV. Mthiane (+)-3’s was prepared in four steps from 
commercfaffy available (Rh(-)-methyl 3-hydroxy_Pmethyffxo~nate [(-)-II. *O Conversion of 8 to sufbne (+)-ale Skswiss 
fofbwed standard procedures. The fitftium self of 9 was then added to the Wropylidene derhratfve d (SJ-gfyceratdehyde, 
-red in three stef~ from L-araBnose.21 Swem oxidation and desuffonyfatton afforded a sfngle ketons (-)-101* in 46% 
yfefd from 9. The Z enolate, sefscfh%fy generated by treatment of 10 wfth fffhfum ftexamethyf&affazfds in 20% HMPA!THF 
at -73 ‘c, was effectivefy trapped with N-phenylfdffuommethanesulfonimfde. CoupBig of the resuffanf vinyt trtflate wfth 

lithium dimethykuprate provided (+)-B16 in good yield .22 Neither the E frfflafe nor the trfsubstttuted regiofscmer was 

detected. 
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Schomo IV 

UnlOn of the fragments entailed metalation of dithiane (+)-B with f-B&i and alkylatbn with kdohydrin (-)-A (10% 
HMPAtlliF. -76 %), affordfn~ (4~11 lea In 874b yield (Scheme V). Fotbwlng acetonide hydmlyefs, sequential pmteotion of 
the primary and BBcondacy atoohols as a pivabate ester and T6S ether, respedivety, gave (+)-12t6 (6596, three steps). 
DIBAL redudon of the pkabate and dithlane removal (Mel, CaCQ, 4:l :t ~~d~F~~e~ then pmceeded 
smooMy. Swam oxkbtbn of tfte mauitan! primary abohof fumfshed aldehyde (-)-lS1e in 62% yiefd from 12. 

Scheme V 
T’%fl 

(+)-18 r I (+-la 1 
In summary, subtaQet (-)-A was synthesized from the known intermediate (-)-2 (6 steps, 26% overall yield), and 

fmgmant (+I-B was pmpared fmm mmmerdaHy available hydroxy ester (9-7 (13 steps, 15% overall yield). The couprng of A 
and B and raquisfte further manfpulations provided the l&carbon C(27)6(42) subunit of rapamyctn, suitabfy functionalfred 
for furttier efaborauon. 
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