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Abstract: The preparation of the bottom half of ivermectin 3 in 10 steps and 9% overall yield is reported. 

The remarkable antiparasitic activity of the avermectins and milbemycins,z especially the commercial 

anthelmiintic agent ivermectin 1, has stimulated an enormous effort directed at the total synthesis of these 

compounds.3*4 Nearly all groups have split the molecule retrosynthetically into top and bottom halves 2 and 3 

C’northem” and “southern” “segments” or “hemispheres”) with an eventual Wittig reaction and esterification planned to 

convert the pieces into 1. At present, despite this intense synthetic effort, no total synthesis of a top or bottom half of 

ivermecfin (or its derivatives) with all the numerous functionalities in their correct oxidation states has been reported.5 

We now report the first total synthesis of such a fully functionalized synthon for the bottom half of ivermectin which 

possesses all the required functionality in its correct stereochemistry and oxidation state, namely compound 3. 
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Our synthetic approach to 3 (Scheme 1) involves as the key constructive step the mild thermally induced 

cycloaddition of two aromatic compounds, 3,4-bis(benzyloxy)furan 47 and 2-(himethylsilyl)et.hyl coumalate 5* 

(MeOH/&Jh) to afford an 88% yield of the chromatographically separable endo and exo adducts 6n and 6x (mps 12% 

8°C and 120-2”C, respectively) in a ratio of 53:47. 4b.9 Although both adducts are potentially useful intermediates for 

the synthesis of 3, the possible difficulties associated with isomerization at C-24a led us to initially examine Ody the 

conversion of the endo adduct 6n to 3. It should be pointed out that this readily available compound 6n possesses the 

entire molecular skeleton of the desired target 3 with functionality at all the necessary positions but with two major 

problems, namely an ester at C-4 instead of a methyl group and the incorrect stereochemistry at C-5. 

We first corrected the functionality at C-4 as follows. Fluoride-promoted hydrolysis of the silylethyl ester of 

6n furnished the crystalline acid 7 (mp 17@l°C) in 86% yield. Many methods, e.g., borane, lithium (tiethoxy)alumi- 

numhydride, sodium borohydride on the mixed anhydride, were attempted to reduce this acid to produce the all@ 
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alcohol 8 but the yields were generally low (2@25%). In most cases, the preferred reaction pathway involved 1,4- 

reduction of the acrylate moiety with opening of the strained lactone to produce ring-opened allylic alcohols such as 9, 

with either an acid or hydroxymethyl function at C-2. An attempt to apply the method of Luche*o for 1,2-reduction of 

enones, namely NaBHJCeCl$MeOH, to the mixed anhydride formed from 7 failed due to methanolysis of the 

anhydride to give the methyl ester corresponding to 7. Clearly it was necessary to find a trivalent lanthanide complex 

which was soluble in aprotic solvents. The best of the several tried was samarium iodide which is partially soluble in 

THF. Thus, conversion of the acid 7 into its mixed anhydride (Et3N, ClCOOEt, THF, 0°C) which was then added to a 

suspension of samarium triiodide in THF at 0°C followed by slow addition of sodium borohydride at 515°C produced 

the desired allylic alcohol 8 (mp 131-2°C) in 71% yield. Conversion of the hydroxymethyl group to methyl was 

accomplished in a relatively straightforward manner. The chloride 10, prepared in 98% yield from 8 by treatment with 

Ph3P in Ccl,-THF, was reduced with sodium (trimethoxy)borohydride (HMPA, 7O”C, 3h) to give an 82: 18 mixture of 

the desired endocyclic olefin 11 and its exocyclic isomer 12 in 84% yield. We were unable initially to separate these 

isomers’* and thus used the mixture in subsequent steps. 

Bn?I$__ZF Bn* Bn?$Y% 

_ 
I? 

Having converted the ester to the desired methyl group at C-4, we next turned to the final synthetic challenge, 

namely the inversion of stereochemistry at C-5. Hydrolysis of the 82:18 mixture of lactones 11 and 12 (KOH, aq. 

EtOH, A, lh) produced the hydroxy acid which was immediately esterified with diazomethane to give the hydroxy 

ester 13 in 80% overall yield.l3 We observe none of the a&unsaturated ester 14 in this reaction. This R,y- 

unsaturated ester 13 is stable indefinitely at 25°C and can be purified by silica gel chromatography without conjugation 

to the a&unsaturated isomer 14.r4 Thus our system differs significantly from the structurally similar one of Fraser- 

Reid and the natural materiaL4a Oxidation of the allylic alcohol 13 (DMSO, TFAA, EtjN, -78’C) afforded the enone 

15 in 96% yield. Reduction of this enone 15 under conditions (NaBG, MeOH, O”-2YC) reported15 to convert 5- 

Oxomilbemycin D to Milbemycin D, namely the Sg-hydroxyl, furnished only the starting alcohol 13, namely the Sa- 

hydroxyl. Thus it appears that the free hydroxyl group at C-7 is required to direct this simple reduction from the a-face 

of the molecule. However, we were able to circumvent this problem by using CeC13 as an additive and carrying out the 

reduction at -78°C. Under these conditions, reduction of 15 furnished a 9:l mixture of the desired 5R-alcohol16 and 

the Sa-alcohol13 in 84% yield. 16 Presumably the cerium salts promote complexation of the 7-benzyl ether with the 

borohydride reagent to internally deliver hydrogen from the a-face. That the S&alcohol 16 had indeed been formed 

was inferred from the 500 MHz *H NMR in which the coupling constant between the hydrogens at C-5 and C-6, J5,6, 

was calculated to be 5.8 Hz; in the starting Sa-alcohol 13, Js.6 is 12 Hz. 

The synthesis of 3 was completed in two steps of transfer hydrogenation. Reduction of the sterically more 

accessible benzyl enol ether of 16 with 1,Ccyclohexadiene and 10% Pd/C in EtOH at 25°C for 2h furnished the 

cyclopentanone 17 in 72% yield. Removal of the more hindered tertiary benzyl ether of 17 required a more reactive 

hydrogen source. Treatment of 17 with 18% HC@H in methanol and 10% Pd/C at 25°C for 3.5h afforded the desired 

target molecule 3 in 78% yield (based on unrecovered starting material). l7 The structure assignment of 3 is again 

based on spectroscopic data - IR, MS, and especially 500 MHz ‘H NMR, which indicates the J5,6 is 5.6 Hz, a value 

that corresponds well with those of the natural product and its derivatives. 3~~5 The Sa-epimer of 3, compound 19, 
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Scheme 1: Synthesis of the Ivermectin Synthon 3 3 R=H 

could also be prepared by this sequence. Transfer hydrogenation of the So-alcohol 13 with l&cyclohexadiene and 

10% Pd/C produced the ketone 18 which on treatment with 5% HCOzH and 10% Pd/C afforded the Sa-epimer 19. 

The yield for these two steps, again based on unrecovered starting material, was 8 1%. The stereochemistry of the C-S 
hydroxyl is again assigned by analysis of the 500 MHz tH NMR; J5.6 for 19 is 1.75 Hz, which agrees well with 

similar Sa-derivatives in the literature.ts 
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The synthesis of 3 requires only 10 steps and proceeds in an overall yield of approximately 9%. Likewise 19 

is available in 8 steps and 17% overall yield. We are currently attempting to extend this first synthesis of a fully 

functionalized synthon for the bottom half of ivermectin to the preparation of other derivatives (e.g., the 4- 

acyloxymethyl compounds), the macrocyclic natural products themselves, and several analogues.*8 
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