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and Further Coupling to Afford the C22-C42 Carbon Unit.
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Abstract: A short and stereoselective synthesis of the C33-C42 fragment 3 of rapamycin and its coupling with the
previously prepared C27-C32 fragment 2 is described. The synthesis of 3 involves the preparation of enantiomerically
enriched methylene cyclohexane derivative 7, followed by side-chain elaboration. The coupling is made by reaction of
the lithio anion of the dithioacetal monosulfone 11 on the epoxide 3.

In the previous paper,! we reported our general synthetic plan towards the potent immunosuppressive
agent rapamycin.2 We also described the synthesis of the C22-C33 portion 2 of this molecule. Here we discuss
the preparation of the C33-Cyp cyclohexyl epoxide fragment 3 and its subsequent coupling with 2 to afford a
fully functionnalized Cp3-C42 carbon framework 4 necessary for later transformation to the natural product
(Scheme 1).

Rapamycin

For the synthesis of 3, we have developed a method for the stereoselective synthesis of methylene
cyclohexane derivatives as key intermediates, involving intramolecular reaction of an allylsilane with an
oxonium cation generated from an a-alkoxysulfone.3 Thus, the previously prepared B-ketosulfone § was
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subjected to asymmetric reduction using borane.DMS and 10% of the CBS oxaborolizidine catalyst4 to give the
B-hydroxysulfone 6 along with the syn isomer in the ratio of 1:2 in quantitative yield.5 The enantiomeric excess
of the anti isomer was determined to be of 80%.6 The unwanted syn isomer could be readily oxidized (PDC,
DCM) to S for recycling. The anti isomer 6, after silylation with fert-butyldimethylsilyl trifluoromethane
sulfonate (TBS triflate) was treated with a solution of tin tetrachloride in dichloromethane at -78°C to give 7 in
60% overall yield, as a 5:1 ratio of rrans/ cis isomers. Hydroboration of 7 to the alcohol 8 proceeded well and
the minor sterecisomer from cyclization was removed at this stage.” Following oxidation of 8 using Swern
conditions8 to give the intermediate aldehyde, addition (-)-(E) crotyl diisocampheylborane afforded, after
oxidative work-up, 9 as the major product in 64% yield, readily separable from any contaminating isomers.
The hydroxyl group in the side chain is ideally placed to direct the final epoxidation reaction using standard
conditions® (TBHP, VO(acac)) to give 10 as a 4:1 mixture of diastereoisomers readily separable by
chromatography. The major isomer was further deoxygenated via its thionocarbonate derivative by reduction
with tributyltin hydride!0 to give the desired epoxide 3!! in 70% yield for two steps (Scheme 2).
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a: BHy/ DMS, 10% CBS, THF, 100%; syn/ anti : 2:1; ee antt 80%;b: TBSOTf, Pyridine, DMAP, CHxClp, 0°C;

c: SnCly, CHyCly, -78°C, 60% overall; d: 9-BBN, THF, 0° to 25°C, Hy05, NaOH, 80%, separation of isomers;

: (COCl)z, DMSO, EtaN, CHoClp, 80%; f: (-)-(E)-(iPc)z-CHa-CH=CH-CHg, THF/ Et,0, -78°C, Ho0,, OH", sepa-
ration of diasterecisomers; 70%; g: 'BuOOH, VO(acac)z, CHzClz, 90%; h: "BuLi, THF, -20°C, CIC(=S)OPh,
85%; i: "BusSnH, AIBN, Benzene, reflux, 80%.

For the coupling of the components, we have chosen to use the methodology of Tokate!2 and co-workers
whereby o-sulfenyl sulfones are used as acyl anion equivalents. Accordingly, sulfone 2 was deprotonated
(‘BuLi, THF, -78°C) and treated with dimethyl disulfide to give 11 as a 1:1 mixture of diastereoisomers (81%
yield) which was not purified but directly used in the next reaction. Thus, deprotonation of 11 (tBuLi, THF,
-78°C), addition of a solution of the epoxide 3 (1.1 eq.) followed by addition of boron trifluoride etherate (BF3
etherate, 2 eq.) gave after 2 h (-78° to 0°C) the coupled product 4 in an unoptimised 46% yield (Scheme 3).
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Scheme 3

(a: 'BuLi, THF, -78°C, (MeS)s, 81%; b: 'BuLi, THF, -78°C, addition of 3, then BFa: OEty, -78° to 0°C |

It is interesting to notice that upon work-up 4 is obtained with the ketone function already deprotected 3.
According to the work of Tokate, the hydrolysis of dithioketal monosulfones requires stronger conditions and
long reaction times (CuCl,, SiO; or anodic hydrolysis). In our case, we attribute the easy hydrolysis to the
presence of BF3 etherate which can hydrolyse in site the dithioketal to thioketone derivative (Scheme 4). This
explains the need for two equivalents of BF3 etherate in the coupling reaction.
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In conclusion, in a short sequence of reactions, the epoxide 3 has been prepared and coupled to a
derivative of 2 to afford the C33-C43 carbon framework of rapamycin. Further functional group manipulation
and completion of the synthesis are currently under investigation and will be reported in due course.
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