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Summary: The C7 methoxy group in rapamycin has been 
found to be labile toward acidic reagents. Conditions 
have been developed to replace this group with a number 
of different nucleophiles, such as alcohols, thiols, and 
electron-rich aromatic systems. This novel, efficient 
transformation allows the selective manipulation of the 
rapamycin effector domain. 

Rapamycin (1) is a macrocyclic natural product which 
is under clinical investigation as an immunosuppressive 
agent for organ transplantation.2 Rapamycin suppresses 
the T-cell response to IL-2, blocking the progression of 
the cell cycle a t  the G1 phase. This action is mediated 
by the intracellular receptor FKBPl2 and involves the 
inhibition of the activation of p 7 P k  and cyclin-dependent 
 kinase^.^ Recently, the target of the FKBP12-rapamycin 
complex has been reported as a 289 KDa protein4 with 
homology to the yeast DRWOR gene p r o d u ~ t s . ~  In 
analogy with cyclosporin A and FK506, rapamycin is 
viewed as a ligand with two functional domains: (a) 
binding domain, centered on the pipecolinyl a-ketoamide, 
which binds in a hydrophobic cavity of FKBP12, and (b) 
effector domain, residing within the rest of the macro- 
cyclic tether, which together with FKBPl2 interacts with 
the downstream protein in the T-cell. 

We have recently reported6 the reactivity of rapamycin 
under Lewis acid catalysis a t  two different sites of the 
molecule: the C12-C14 "tricarbonyl", which rearranges to  
a hydroxy ester, and the C28-C30 hydroxy ketone, which 
undergoes retroaldol cleavage. We would like to report 
a third type of acid-catalyzed reaction of rapamycin, 
namely the nucleophilic substitution of the C7 methoxy 
group, a novel transformation promoted by the neighbor- 
ing conjugated triene. 

Unlike Lewis acids, strong protic acids (p-TsOH, HC1, 
TFA) in MeOH did not effect benzilic acid rearrangement 
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of rapamycin, but instead resulted in epimerization at  
C7 (rt, 2:l mixture of isomers 1:2). Epimerization arises 
from solvolysis of the C7 allylic methoxyl, since the 
corresponding reaction in EtOH provided the C7 ethyl 
ethers 3 and, likewise, simply dissolving rapamycin in 
formic acid at 10 "C gave the C7 formates 4. The clean 
solvolysis of the C7 methoxy group is quite remarkable, 
considering the complexity of the rapamycin molecule, 
and is certainly the result of an intermediate carbonium 
ion which is highly delocalized by the adjacent triene. 
This is supported by the facile ionic hydrogenation of the 
C7 methoxy group a t  low temperature with TFA/Et3SiH 
in CHzClz (-45 "C, 1 h, 4:l mixture of 7-demethoxy- 
rapamycin (5) along with regioisomer 6 in 90% yield), a 
reaction based on the transfer of a hydride ion from a 
silane to a carbonium Capture of the carbonium 
ion has also been observed at  C1 with concomitant triene 
rearrangement when the hydroxyl nucleophile is inter- 
nally located such as in the 30-dihydrorapamycins 7 and 
8.* In this case demethoxylation and C1 attack readily 
took place with TFA (12 equiv) in CHzClz at  -78 "C to 
provide the tetrahydropyrans 9 and 10 from 7 and 8, 
respectively, in 60% yields (Scheme 1). 

The acid-catalyzed nucleophilic substitution of the C7 
methoxy group was found to have a broad scope and could 
be effected with different types of nucleophiles under a 
variety of conditions. The more general conditions 
involved the treatment of a mixture of rapamycin and 
the appropriate nucleophile with 10% TFA in dichlo- 
romethane for several hours a t  -45 "C. With the 
exception of the 30-dihydrorapamycins 7-8 and EtaSiH 
above, the reaction was regioselective, proceeding by 
nucleophilic attack at  C7 and providing mixtures of 
readily separable C7 epimers, in which the natural 7(S) 
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Scheme 1 

6 7: 30-(R) 8: 30-(S) 

configuration pred~minated.~ Thus, reaction with thiols 
such as methanethiol or thiophenol (TFNCH2C12, -45 
"C, 4 h) gave the corresponding thioethers 11 and 12 in 
75-80% yields (1.2:l and 1.5:l ratios of 7(S):7(R) epimers, 
respectively). Reaction with electron-rich aromatic com- 
pounds, such as 1,3-dimethoxybenzene, 1,3,5-trimethoxy- 
benzene, furan, and 2-methylthiophene, took place under 
the same conditions to give 13-16 in >90% yields.1° The 
Friedel-Crafts alkylations could also be effected with 
other Lewis acids (Tic14 and BF3.OEt2 at -78 "C), though 
generally in lower yields than with TFA. Reaction with 
the acid-sensitive pyrrole could only be carried out with 
milder Lewis acids such as ZnClzll (CH2Cl2, 0 "C, 8 h, 

(9) Separation of the C7 epimers could be easily achieved by silica 
gel flash chromatography; almost invariably, the natural 7(S)-epimer 
turned out to be less polar than its 7(R)-isomer. The regiochemistry of 
the addition was determined by lH NMR spectroscopic analysis of the 
different trienyl regions or by the distinct U V  spectra of the C7 and C1 
adducts (MeOH, 1,267,277,289 and 260,270,280 nm, respectively). 
Assignment of the C7 configuration was based on the diagnostic 13C 
NMR resonances of the C14 and C30 ketone carbonyls (CDCls, trans- 
amide rotamers): 6 191-193, 215-217 for the 7(S)-epimers; 195.5- 
196.5, 210-212 for the 7(R)-epimers. In addition, both CT epimers 
showed very different lH NMR spectra from each other, but strikingly 
similar within each epimeric series, an indication of different macro- 
cycle conformations for each of the two epimers. Some of the more 
distinct protons in the major trans-amide rotamers as follows: (a) for 
the 7(S)-epimers (CDCls) 6 4.2 (d, J = 6 Hz, H-281, 3.7 (d, J = 6 Hz, 

for the 7(R)-epimers (CDC13) 6 4.3 (d, J = 3.5 Hz, H-281, 4.1 (d, J = 
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TFA. Eventually, after 4 h a t  -40 "C, (7R)-14 is obtained in quantita- 
tive yield. 
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41% of 17). This catalyst also worked well for the more 
labile C-centered nucleophiles allyltrimethylsilane and 
1-phenyl-1-((trimethylsily1)oxy)ethylene (18-19, ZnCld 
CH2Cl2 a t  0 "C).12 The stability of the highly conjugated 
C7 carbocation would make the abstraction of a C, 
hydride a relatively facile process. Indeed, we have found 
that rapamycin can be very readily oxidized at  C7 with 
DDQ13 (CH2C12 0 "C, 2 min, 65% yield) to the correspond- 
ing 7-demethoxy-7-oxorapamycin (20).4a 

In summary, the acid-catalyzed nucleophilic substitu- 
tion of the C7 methoxy group of rapamycin is a general 
reaction which allows the introduction of a number of 
different substituents a t  that center. This unique trans- 
formation allows the selective manipulation of the rapa- 
mycin effector domain14 and should provide invaluable 
tools for the study of the downstream target of the 
FKBPl2-rapamycin c0mp1ex.l~ 
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