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Abstract: The fungal polyketide derivative (-)-ACRE toxin IIIB (4) has been prep& in 15 steps 
(2196 yield) from ketone (a-7 with 88% overall ds. The boron-mediated anti aldol n%tction of (Sk 
7 is used twice in the synthesis, controlking the stere.ochemistry at Cs / C9 and CIZ I C13- 

The phytopathogenic fungus Altemuria cirri, which causes brown spot disease of citrus, produces 

several host-specific toxins that damage the leaves of rough lemon and Rangpur lime plants.1 The major 

component, ACRL toxin IA (1 in scheme l), is the most active toxin. la ACRL toxin IIL4 (2) was isolated in 

smaller quantities, together with other minor components. lb Full structural characterisation of the toxins was 

only possible from their methyl ether derivatives ACRL toxin IB (3) and IIIB (4). The stereochemistry of these 

fungal polyketides was &&mined by a se& of NMR and circular dichroiim studies and X-ray crystallography 

performed on a derivative of 1. *C We now report an efficient asymructric synthesis2 of (-)-ACRE toxin IIIB 

(4), which proceeds with a high level of stereocontrol (88% overall diastereoselectivity), using recently 

developed aldol chemistry from our laboratory. 
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Scheme 1 

We wem at&acted to ACRL toxin JIIB (4) as a sythtic target due to the two anti configured propionate 
units of the side-chain, which are usually more diffkult to control by conventional aldol methodology than tbe 

corresponding syn relationships.3 As shown in Scheme 1, our retrosynthetic analysis is based on two key 

aldol disconnections at Cg-Q in 5 and C&Z13 in 6. We have al&y shown that the E-en01 borinate from the 

lactate-derkd ketone (n-7 is an effective chiral pmpionate reagent for anti aldol additions to both achiral and 
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chiral aldehydes,ba and that the products can he manipulated to give a range of synthetically useful 

intennediate.s.~By using the unti aldol reaction of (Q-7 twice, a high level of stereocontrol in rhe construction 

of aldehydes 5 (fmm 8) and 6 (from tiglic aIdehyde) should msult. The final conpling, planned between 5 and 

the a-pyrone 9, has some pnz&ent in a p~ti~us synthesis of ACRL toxin IIlEl by Mulzer et a1.2a However, co 

achieve effkient stweocontrol at C7, we elected to explore the reduction of ketone IO. Our synthesis of (-)- 

ACRL toxin IBB, which proceeded along thase lines, is summa in S&m 2 and 3 and outlined below. 

The synthesis of the Mehyde 5, with silyl-protected hydroxyls at Cg aad Ct3, is described first 

(sdleme 2). Tile two s&mocentres at Cl2 and Cl3 wepe simul&neously introduced by a boron-mediated unti 

alrlol reaCtion between ethyl ketone (5’)-7 and tiglic aldehyde (E-2-methyl-2-butend)_ This reaction proceeded 

with excellent diastereaselectivity (>99% ds) using our standsrd conditions.4 Thus ketone 7 was enolised by 

cHex$Kl/ M-t in Etfl, to generate the E-en01 borinate 11, followed by addition of the aldehyde. l%is led 

to isolation of the pure aatii aldol isomer 12,s [IX~ = +2&P (c 1.8, CHCl3), in 86% yield after a single 
recrystallization (m-p. 92- 94 OC. Et@-hexsne). HPLC analysis of the crude aldol product indicated that less 

than 1% ofother isomers were produced. 
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Scheme 2 (a) CHex2BCI. Me2NEt. Et20.0 “C. 2 h; tiglic aIdehyde (for 12) or 8 (for 16). -78 + -16 DC, 16 h; 
HZ&, MeOH. pH7 Wffa,, (b) TBSoTf, 2,6iulidine. CH#lz, -78 “c 1 h; (c) Lie&b. TfIF, -78 4 20 T, 16 h; (rl) 
NaIOh MeOH. H+. 20 4c. 1 h; (e) @ie0)$‘+O)CH~Me, Ba(oH)2. TW : Hz0 (40 : IX 20 T. 16 h; (D DmAL, 
Etfl, -40 ‘T, 2 h; (s) Degs-Martin periodinane, cH2CI2,20 OC, 1 IX 

Following our previous work,db the Bhydroxy ketone 12 was effaciently converted into aldehyde 6 in 

88% overall yield by the three-step sequence: {i) silyl protection by @uMe@iOTf to give 13; (ii) LiBlQ 

reduction to give the corresponding diol14 (90% ds); (iii) oxidative glycol cleavage by NaIO4 to generate 6, 

[I&* = +30.6* (c 1.7, CHC13). Next, chain extension by a barium hydroxide promoted Homer-Wadsworth- 

Emmons reaction6 gave solely the E-alkene 15 in 83% yield. The use of stronger bases, e.g. “BuLi, in this 

reaction led to substantial epimerisation at C12. Subsequent DIBAL. reduction of 15 to the allylic alcohol, 

followed by Dess-Martin a xidation? gave enal S, [arg = - 19.2” (c 2.5, CHClj), in 93% yield. 

The two stereocentres at Cp and Cg were introduced in an analogous manner to that used to introduce 

those at Cl2 and CI3. Thus a boron-mediated aldol reaction between (a-7 and 8, under the standard reaction 
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conditions,~ proceeded in a g&fying 95% yield to give the desired an& aldol isomer 16.5 [ae = +4.2O (c 0.9, 

CHCl3). Again, HPLC and N-MR analysis indicated > 99% dias&~ktivity for this aklol addition. Fiy, 

repeating the same three-step se&pen& on 16. as used earlier for 12 + 6, gave the reqked akkhyde 5. 

I&O - - -33.6O (c 2.2, C!HCl& in 84% wall yield. This ddol-based synthesis of the ACE& toxin side-chain is 

notable for achieving esstmtislly complete stemocontrol at the four new stereo~~tn~ and pmceeds ia 46% yield 

from ketone (s)-7. 

As shown in Sthtmt 3, the completion of our ACRL toxin IUB synthesis required a coupling 

between chirai aIdehyde 5 and the commercially available OL-pyrone 9. Ideally, this should be accompanied by 

control of the configura?ion at the ne\y C7 stenzocent~, wbicb is in the opposite sense to tbat expected by F&in- 

Anh selectivity from 5. A similar coupling reaction was used in the Mulzer syntbesis,~ which gave a % : 4 

mixture in favour of the requixed stcrw&mistry at C7, after protecting group removal.~ In OUT cnrse, addition of 

the aldehyde 5 to the met&t&d a-pyrone 9 (KEIMDS, EtzO, -100 “C) resulted in at best a 73 : 27 rati$ of 

adducts (824b), with the major product beiag the desired (anti-F&in) alcohol 17. To re~lve the problem of 

m&t stereocontrol encounti in sewing up the C7 steteocentre, we examined reduction of the corresponding 

unprotected ketone IO. This was readily obtained in 47% yield by De&&tin oxidation of the mixture of 17 

and 7-epi-I7 and treatment of 18 with HF~yridine complex. Reduction of the fl-hydroxyketone 10 by 

LiBIh* via the in situ generated dibutylboron &elate,9 gave (-)-ACRL toxin IIIB (4) and its C7-epimer with 

89% diastereosoleEtivity.~9 A single nxrystaEsation gave an 82% yield of isomerically pure 4, mp. 15%155 

“C @toAc), which had tH and 13C NMR data5 in full agreement with that reported for the authentic 

compound.lbTbe specific rotation recorded for 4, [ag - - -47.00 (c 0.6, CHC13), was in good agwent with 

that obtained by Professor Mulzer, [c@ = -49.00 (c 0.8. CHCl$.* A shorter, but less selective, synthesis of 4 

was also achieved by chromatographk separation of 17 from its C7-epimerll and &protection. 

In conclusion, (-)-ACRL toxin IIIB has been synthesised in 15 steps with 21% overall yield starting 

from ketone (s)-7 and tiglic aIdehyde. The synthesis is characurised by high overall cbtereoselectivity (88% 

ds) as a result of: (0 the efficiency of the anti aldot reactions of (a-7 in introducing the Q/Cg and C12/Ct3 

steam; (ii) good control of the C7 stemne in the final reduction step, 10 -+ 4. 



9480 

Acknowledgement: We thank the EPSRC (CW163019), BP Chemicals (CA!% studentship to DJW) and the 

Fx: (HCM Network CHR KCT930141) for their support and Professor I. Mulzer (Free University, Berlin) for 

pIwiding further details c# his symhesis. 

References md Notes 

1. (a) Gardner, J. M.; KOIIO, Y.: Tahm, J. H.; Suzti. Y.; Takeu&, S. Phytbchnti~try 1985.24, 2861. (b) Kouo, Y.; 
Gardner. I. hi.; Suzuki+ Y.; TaLnrcai S. PftylochelnWfy 1985.21, 2569. (c) Kono, Y.: Gardner, J. M.: Kobayashi. K.; 
Sueuki. Y.: Takcuchi, S.6 Sakmai, T. Pky~ocknitry 1996,25,69. 

2. Fw otlw synthek! work 9ee: (4 AC!J?L toxin JJD: Muher, J.; Dupe, S.; Bu&mumo, J.: Luger. P. Angew. Chenr. ht. Ed 
Engl. 1999.32. 1452: t.$) ACRL. toxin IB: Lich#znbaler, F. W.; Mngts, 5.; Fukuda, Y. Ansew. C&em.. ht. Ed Engl. 
1991, JO, 1339. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Reviews: (a) Marlin, A. S.: Paterson. I. Cusrempotory Organic Synthesis 1994,1. OOO. @) ~elllbeock. c. H. h 
~%‘mta SWb& &I 3, p 111,~ J. D., RI.; A- Press, New Yell; (1983); (c) Evans. D. A; Nelsen, I 
V.: Tabcr. T. R In Tt@ts in St~~~~hmt.is~ry, Vol 13. p 1, Wiley-htcrscieoce; New York, (1982). (d) Hm C. H.; 
Kim, B. M.: WUhms, S. F.; Masllmu~& S.; Pakfsco. I.: Geuami, C. In CompMtensive Organic Synthesis, Vol. 2, Trust, 
B. M.; Fkming. I., Eds.; ptqamuo press: oxford (1991X 

(a) htew% 1.; Walbw, D. J.; Velhquez. S. M. Tetmhedron Len. 19w. 35, OOal. @) patersoa, I.; Wallace, D. J. 
Turrtahedrcm Len. 1994, 35, ooo0. 

AUllCW~pOUlldSgavespbcwsoopiedetaio~greemeM Wialtbeaf4iigned~ lahad1HrwR6(4ooMHr,cDcl~ 
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In comparison, reduction of 10 with catechol beranc also gave 4 prefenzhally. but with lower stereodeldvity (75% ds): 
Evans, D. k; Hoveyda, A. H. J. &g- &wt. lm,55. 5190. 

‘Ihe minor akdd 7-q&17 could be amvertcd via Dzss-Martin oxidation and DIBAL rcductkm (under &Akin-Anb control) to 
give more of the iequhed isomer 17. 
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