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Summary: The C(lO)-(326) subunit of the patent immu~o~Iator rapamycin has been constructed via a highly 
convergent approach, expfdtmg palladium-medtated o-bond formation to generate the sensitive tdene moiety. 

We have undertaken the total synthesis of rapamyctn (1). a naturally occuntrtg immunosuppressant of ccnsiderabte 

promise both In organ transplantation and in studies of intracellular signal transduction. The unique-albeit as yet 

unresolved-mechanism of action of 1 is complementary to those of cyclosporin A and FK506. From the synthetic 

perspective, the intriguing, architecturalfy comptex polyketide framework presents a formidabte chattenge. Our analysis of 

the structure generated the key building btocks A-E (Scheme I) via a series of ~~~~0~ whit atbw for considerable 
~~~~~, both in tfte ~~~ cf 1 and undo in the cation of anaktgs. The ~~~~ Lstter outifnas the 

etaboratfon and union of subtargets A and 8.’ Herein we descdbe the synthesis of the C(lO)-C(26) segment of rapamycin. 

Scheme I 

From the outset, we envisioned that the potentially sensitive E,E,E-tdene unit could be intmduced in regio- and 

stereocontmtted fashion via ~ll~urn-~~~ a-bond construct&n ? Successful C(20)-C(21) coupting of C with D would 

generate 2 (Scheme tl), an advanced t~e~ate which ~~~e~ encompasses the C(lO)G(26) segment of 1. lkts, we 

intttalty cbsfgned ~~~se~~~e syntheses of the couptfng partners D and C, envtstontng that these intermediates woutd 
derive from atdehyde 3, prevtousty emptoyed in our tatruncuttn synthetic program,3 and the wet&t-town mesc diester 4,4 

respectively. 
We ptanned to elaborate the stannyl diene unit of D via free-radical hydrostannylation of the corresponding vinyl 

acetylene (cf., Scheme IV). Recognizing that this approach would also effect Z-to-E isomedzatton of the At7+1s- 

trisubstituted olefin,5 we were able to consider both 5 and 6 (Scheme III) as building blocks for the diene moiety. 
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Scheme II 
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In the event, both the E and Z enyned co&J be sebctivety jrepared by h~~~~~~ of the known slfyl dfyne + wfth 

the appmp&e stannyl alprate.* 
Scneme 111 

F 

FNdkncudimN EGcRetb(S:l?j 

1) ~~,-~~~ ~N~~~2~} 2?:*  

i }~)~~~~.-~& ~~; ~~C~~%‘2~) 1:>86 

Following transmetalatfon of 5 and 6 (rrBuLI, THF, -78 “c), the vinyl lithium species were added to aldehycfe (+)_3 

(Scheme IV). The E isomer 5 led to the diastereomerfc abohols @ (l.l:l ratio) In 73% yield. In contrast, the lithium 

derivative of 6 induced significantly higher stereoselectivity, affording g6 as a 6:l mixture of epimers (65%). Folbwlng 

chramatographk separations, the major secondary alcohols were methylated with concomitant cleavage of the trifnethylsilyl 

protecting groups to afford enynes (+)-lo* and (+)-I 16 in good yield. Rio The stage was set for formation of the E,E 

scheme fv 

WCHO (rmb. i# l .l :l ) 

(4)J 
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dienytstannans and, as anticipmted, treatment of both the E and 2 enynes 10 and 11 wtth nBu3SnH and AtSN (toluens at 
rafiux) gava key hWmediate (+)-D (50-5636 yieid). indkxting that cfs-to-trans isomsdzatkm had indeed occunad. 

The synthesis of the C(Zl)C(26) fragmant C began with ths dasymmahfzatbn of the msso dfaster 4 (Schema V). 
Enzymatic hydrolysis wtth a-chymotrypstn pmvidad the hatt add in 88% yield and 94% ea4 and radudtion of the carboxyt 
group with borane methyl sutfide cleanly afforded the primary alcohol (-)-12.6 Foiiowtng protectiun as the r- 
butyt(Uphenyt#iiyt (BPS) ether, the ester moiety was converted to the corresponding atdahyda via DIBAL reduction and 
Swam oxidation (88% yiatd. three steps). Exposure to 1.3propanadtthioi and boron tdftuortda etherate than tumished 
dithiane (+)-136 (87%). Desityfation of 13 and Swam oxidation gave aktehycie (+)-1q6 in 90% yield. Without purifkation. 
the aktahyda was subjactad to TakatMxaki oiafination. lf aifording the desired vinyl iodide (+)-Cs in 90% yield. 

Schema V 

We ware now prepared to inveatigata the ctfticai coupling of dienyl tin (+)-D with vinyl lo&de (+)-C. Unfortunately, a 

vartety of coupting protocols2 irWkientty furnishad the desired trtene 2 as a mixture of E and 2 isomers, accompanied by 
si@tcant quamittes of the homocou ptad tatraens (+)-1 8s (e.g.. Scheme Vi). 

Scheme VI 

2@S%,1:lMIw dbm m m ) (+)_I2  w w  

Attritmrting the formation of the undesired products, at least in part, to slow insertion of palladium into the carbon- 
iodine bond of C, we decided to transpose the reactive functionaiities of C and D (Scheme Vii). To this end. vinyl iodide 
(+)-C was matatated at -78 “c with t-B&l in diethyi ether; treatment of the rasuttant vinyl iithium species with freshly &ttiisd 
MugSnl provided vinyl stannana (+)-1B6 in 78% yield. Dlenyi stannane (+)-D furnished the corresponding iodide (+)-118 
quantitativeiy upon reaction with 12. Coupling of 16 with 17 then gave (-)-2 as the major triene (84%), acconpanisd by the 
product of vinyi stannana homoixupting (18%) and traces of unidentifiaci isornars of 2.12 
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Schsmr VII 

w-0 (+)-17 w - 

In summary, we have devebpsd a convergent, stereocontrolled approach to the C(lO)-C(26) trtene segment of 
mpamycin. Studies directed toward further refinement of the coupfing process and the total syntheses of rapamydn and 
congeners 8iereof wlli bs mported In due CWTSB. 
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Proton decoupling experiments enabled us to unambiguously assign the ‘H NMR signals for the 
q 
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trtene array of (-)-2. The observed proton-proton coupting constants are in dose agreement with 
those reported for natural rapamycin.13 For 2: ‘H NMR (500 MHz, C606) 8 6.38 [dd, J = 14.5, (+fJ 

11.0 Hz, H(19)], 6.20 [d, J= 12.0 Hz, HfrS)], 
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