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Abstract  : Anti aldolisation of cyclohexanone with an E or Z -t,6-unsaturated aldehyde followed by 
epoxidation-cyclisation and stereoselective Baeyer-Villiger oxidation affords key THF synthous of 
annonaceous acetogenins related to the annonacin type. E~.thro (or threo)-trans (or cis)-threo 
diastereoisomers are thus obtained in only 6 steps. © 1997 Published by Elsevier Science Ltd. 

Acetogenins have been isolated in increasing number (over 220) from several genera of Annonaceae since 

1982.1 These compounds are potent inhibitors of mitochondrial NADH : ubiquinone oxidoreductase, a key 

enzyme in complex I of  the electron transport system. 2 This may explain their various bioactivities (cytotoxie, 

immunosuppressive, pesticidal, ...). All these compounds are characterized by a fatty acid derived structure 

bearing one to three tetrahydrofuran (THF) rings and a terminal lactone moiety. Several total syntheses have 

already been published, most of them being based on the convergent preparation of THF and lactone synthons 

followed by Pd° coupling) Enantiopure THF synthons have been prepared using the Sharpless asymmetric 

epoxidation 4 or dihydroxylation s or from natural pool (D or L-glutamic acid, 6 D-glucoseT). Intramolecular 

nucleophilic substitution of an epoxide or sulfonate has been largely used to generate the THF ring. However 

most of these routes require a large number of steps to reach the target synthon. 

Squamonl 

'"' " Y ~ 0 t O  ....... 

Annonacin: X -- H,H; Y = H, OH 
Annonacinone: X = H,H; Y = 0 
Reticulacinone X = O, Y = H,H 

A new approach based on aldolisation and Baeyer-Villiger reaction is now proposed. This methodology 

should afford, in few steps, useful synthons for the preparation of mono-THF acetogenins such as squamone 
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(n = 1, unknown absolute configurations), annonacin and annonacinone (n = 2) and reticulacinone (n = 3)) 

Preliminary studies carried out with cyclohexanone (n = 2) and commercially available E and Z decen-4-al are 

described below. 

?H 9H 
R , , ' ~  ( ~ . , ' ~  ( )n.~ COOR 
L _ /  ~. R ~.~ R 

n = 1,2 or 3 aldol 

Deprotonation of cyclohexanone (LDA, THF, -78°C) followed by addition of E (or Z) decen-4-al 

afforded a single aldol la (or Ib) in 60-70% isolated yield together with 10% of 2a (or 2b). 

R= CsHn la (E) 2a (E) 

I b (Z) 2b (Z) 

At this stage, it was assumed that an anti aldol was obtained, s Aldol la was then treated with 

metachloroperbenzo'ic acid (mCPBA) in CH2C12 at rt. After starting material comsumption (4 h as judged by 1H 

NMR), 10 eq of AcOH were added to complete the intramolecular cyclisation of the intermediate epoxide 

Flash chromatography afforded pure trans (3a) and cis (3b) ketones (1/1 ratio) in 50% overall isolated yield 

together with an unseparable mixture oflactones 5a and 5b (11%). Similar results were obtained from aldol Ib 

leading to pure ketones 4a and 4b (60%) and a mixture oflaetones 6a and 6b (11%). 

Each ketone was then separately treated with mCPBA in presence of NaHCO3 in CH2C12 (rt, 4 h). 

Lactones 5a, b and 6a,b obtained from the corresponding ketone, were then treated with cat. NaOEt in EtOH 

to give esters 7a,b and 8a, b. At this stage, unambiguous determination of the erythro or threo relative 

configurations was easily made by NMR: ~H (H-6, H-I 1) and 13C (C-6,C-11) chemical shifts are in agreement 

with erythro/threo configurations for 7a,b and with threo/threo ones for 8a, b. 9'1° Due to the known 

configuration of epoxidation-cyclisation, these data confirm that la,b are anti aldois. However, at this stage, 

the cis or trans relationship between the ring substituents could not be unambiguously determined (the 

observed chemical shifts (1H and ~3C) are similar for each pair of isomers as shown by Fujimotog). This was 

done after dibenzoylation and comparison of the H-7 and H-10 chemical shifts for each pair of cLs/trans 

isomers (ga, b and 10a, b). H-7 and H-10 are more shielded in the case ofcis isomers 9b and 10b (5 4.10 

ppm) compared to the trans ones 9a (6 416 ppm) and 10a (5 4.19 ppm) in agreement with the Cassady 

model. ~ 

In conclusion a short strategy toward mono THF synthons is thus implemented in few steps from 

readily available compounds using diastereoselective aldolisation and Baeyer-Villiger oxidation. However, the 

epoxidation step is not selective and a chromatographic separation is required, precluding a one pot conversion 
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of la,b to lactones 5a,b and 6a,b (separation is not possible at this stage). Extension of this strategy is 

anticipated to the preparation of enantiopure synthons either through enantioseleetive aldolisation ~2 or 

resolution of aldols la,b 13 together with the use of the Kennedy oxidative cy¢lisation t4 (instead of the 

epoxidation-cyclisation). 
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8a (Z = H) threo-trans-threo 8b (Z = H) threo-cis-threo 
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6a 4a 4b 6b 

i: 1.2 eq mCPBA, CH2CI2 then 10 eq AcOH, rt, ii: 3 eq mCPBA, 2 eq NaHCO3, CH2CI2, rt; 

iii: 0.2 eq NaOEt, EtOH, rt. 
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