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Rapamycin (1). a 3 l-membered macrocyclic lactone poses&g potent immuno8uppresive activity, i8 

currently undergoing clinical trial8 for Ueaanent of tmn8plantation tejection.1 Invest@tions into the behavior 

of rapamycin under basic condition8 8howed that rapkycin i8 chemically labile to hydroxide. carbonate, 

pyridine8, and aliphatic amines io protic and aprotic solvents. 2 An earlier publication showed that 

Rapamycin, 1 

rapamycin is susceptible to a Lewis acid catalyzed retroaldol reaction.3 Independent examination in our 

laboratories of the action of strong Lewis acid8 on the struchual~integr&y of rapamycin uncovered the 

potearial for Lewis acids to behave 85 catalysts in the nondestructive functionalkation of rapamycin. 
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Facile and effiiient substitution of the C-7 methoxy fuuctionahty takes place in the presence of vsrious Lowis 

acids and appropriate nncleophiles. Thus, treatment of rapamycin with HOCHZCHZoH in tetrahydrofuran in 

the pmsence of tin(N) chloride resulted in formation of products 2n and 3a with masonable yields (30-40~ 

ofeachafterHF%C).’ 

The proposed mechanism of the reaction is illustrated in Scheme 1 and includes attack on a Lewis 

acid by the methoxy at C-7 with subsequent formation of a repcti~ carbocatior~. Reaction of the triene- 

stabi,h& carbenium ion with nucleophiles may occur from either end of the triene system giving C-l or C-7 

subs&u&r products. Alternatively, in the absence of a strong IWleOphile. elimimbn Occurs to give a 

mixture of isomeric tetraenes 4 and 5. 

s&em 1. 

where E = SnC14, BFa.EW, 
Zn(OTf)2 etc. 

To avoid the well-known retroaldol opening of the rapamycin ring.3 carboxylate &elimination. 2 and 

benxilic acid rearrangement 2 these conditions must be met: 1) the reaction progress must he very carefully 

monitored (at least for the synthesis of tetraenes 4 and 5). 2) prehminary dissohrtion of the Lewis acid in a 

coordinating solvent is highly desirable to regulate the reactivity of the acid, and 3) the optimal quautity of the 

acid used may rauge from 10 mol % to 500 mol 96 depending on the nature of nucleophik and purity of the 

reagents. Typically, 1 eq of rapamycin is allowed to react in THF at 00 C with 5-20 eq of the nucleophile in 

the presence of XI-75 mol % of a Lewis acid for l-12 hours. Ethers 2b.3b (from glycerol) and k,3c (from 

triethyleueglycol monomethyl ether) were prepared in yields of 30-40 % for each isomer. 
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TbeapproxiBmteratioofdias t#eomersinanygivenngioisomeraMdetGlminedby1HNMRtabe-60:40. 
No assignment to any pprticulpr ab6olute configuration has besn mode. W&I nonpolar aolva~+ were u&, 

lower con- of ncid wets seaosspry to avoid dccompositioB. Usittg l-5 mol % of Zn(on)2 in 

dichloromethane in the pnseace of lS&aaxUkoL 6 and 7 were isolated in 10.15% yield. 
‘I&e eGnin&on p&way was co&rmed by auryi~g out the reaction in the absc~cc of nucleophik. 

Fortbepurposeofgenrrplizntioa,BF3_ethuptewas~astbeLewis~~ThcpraductP4andg,isolattdin 

25-30 % yield, were a mixture of both possible regioisomers (fkom 1,2- and l.&&minatioB). The tetrae~e 

products were unstable and decomposition occurred bcforo full analytical wokup was possible.5 To obtlin 
added evidence that tbe tetraene products wete fotmed, the mixture was subjected to the action of a powerful 

dionopkle, N-methyltriazoEne&onc (See Scheme 2). 

scheme2. 

5 

The reaction was initially carried out using one equivalent of N-methykriazolinedione. A single 

addition product was obeained in which N-methyltriazolinedionc added across the i- and 7-positions of the 

tetraeno 5 to give a diazacycloocta&Be ring 8 in what is formally a [6+2]-cycloadditioB.a No products were 

obtained in which the dienophile added in a [4+21 fashion (i.e. 9 and 10) and no products were obtained from 



cycloadditions to tetraene 4.7 To aonfkm this rather umuwd IrbBult, the meetion - w osbg 2 
equivalents of N-methyltriazo~one in ail efftht to react diazsycl~ 8 with a’second equivalent 
of dienophile. Again. a sin&e prodthct wras~&t&ned in which the himy f-d ~yol~~eM 8 

reacts with the dienophile bo give the t1s&aazabk~lo[4.2.2~decs8n8 11.’ 

The tfkM? SttbSti~tiOfl PNdiCtS &J Well #S theDi~l&Al& &lit&n pro&rts were tested in vjm for 

their ability to inhibit T celQrolife@etion. Ahhough all compounds synth&i&d in this paper wen active in 

tile IL-1 i&l& pl&fere&m USay, they WI8 alI !SignifkantIy less UtiVC tbll rapamycin. TlW perturbation 

of the triene region hrs b&n show @profoundly effect the immunosuppnssive act&ity implicating this 

region in rapamycin - effeotor binding protein intuectiotLs.7 

With the discovery of the Lewis acid catalyzed substitutkm and elimination ~repctions, the behavior of 

rapamycin under acidic conditions is being elucidated. In addition, new cycloaddition ~~ti0n.s involving the 

reactive and unstable tetraene and N-methyltriazolinedione wene reported. The very interesting chemistry 
associated with this cokplex natural product continues to be explored. 
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