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NOTTHE KNOLAT~ CI,AISEN REARRANGEhlENT. 
A SURPRISING ROUTE TO THE “RIGHT-WING” OF INDANOMYCIN (X-14547A) 

Steven D. Burke *’ David M. Armistead, and K. Shankaran 
Department of’chemistry, University of South Carolina 

Columbia, South Carolina 29208 

Abstract: A synthesis of the “right-wing” equivalent 22 of the ionophore antibiotic indanomycin is 
described, wherein an unexpected retro hetero Diels-Alder/intramolecular Diels-Alder pathway gives 
the desired product of the planned Claisen [3,31-shift. 

The ionophore antibiotic indanomycin (X-14547A, I)2 can be divided into synthetic subgoals 2 and 3, 

respectively described as the “left-wing” and “right-wing”. An intramolecular Diels-Alder approach to 

the hydrindene subunit 3 from a suitable trienoic ester such as 4 has been amply demonstrated.2m-P The 

recognition of 3 as a y&unsaturated ester suggested that a Claisen rearrangement3 strategy might 

provide an alternative route to this “right-wing”. Since we had previously developed4 an efficient syn- 

thesis of the “left-wing” hydropyran 2 via a Claisen rearrangement of the silyl ketene acetal5, the possi- 

bility of assembling each structurally dissimilar subunit 2 and 3 via a common method was attractive. 
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In accord with available precedent’ for the lactone enolate Claisen rearrangement in the synthesis of 

cyclohexene carboxylic acids, the construction of 3 would require that the silyl ketene acetal 6 undergo 

[3,:3] sigmatropic reorganization via a boat-like transition state. as shown. However, the precedent did 

not extend to bicyclic systems with a trans-fused cyciopenia~ie ,ing, and examination of mclecu!ar 

models of 6 revealed that even modest pericyclic overlap would entail substantial ring strain. Thus, a 

somewhat simpler system than 6 was initially chosen to test the feasibility of this questionable step. 

In a pedestrian but high-yielding sequence of reactions, 4ethylcyclopentenone6 was converted to the 

aldehyde 7 (Scheme I). Addition ofthis aldehyde to excess vinylmagnesium bromide in tetrahydrofuran 

(THF) at -78°C gave in 85% yield a mixture of allylic alcohols. Lactonizationy with dicyclohexylcarbo- 

diimide (DCC) and 4-(N,N-dimethylamino)pyridine (DMAP) provided in 96% yield the C(l)-epimeric 

&lactones 8 (mp 36-38°C) and S’, separable by flash chromatography,8 in a ratio of 1.5:1. 
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(a) (H~C=CH)~CuLi. THE‘, -78 C; BrCH;CO,t-Bu. H>lPA. -78 + 0 C. Ct-,) LirllHi. THF. -78 -+ 25 C. (ci 
t-BuPhzSiCl. DAIF. imidazole, 25 ~C. td, IlsCl, DLIAP, Et>jS, Chicle. (I -.+ 25 C. (c) LiEtjBli. LfIF. 
reflux. (f) n-BulNF. THF, 25’C. (gl H$Zr207. aq. acetone. 25’C. Ih) 0,;. 1:l CET~Cle-\IeOII, -78-C. (ii 
IIzC=CHMgBr, THF, -7S’C. (j) DCC. DhIAP, CHzClz, 0 --+ 25’C.y tk’ l.iS(Si~le~?~, 1Ie3SiCI. Et:sN. 
THF, -100 4 25°C; remove THF zn ~ncuo, add PhCHG. (11 135°C. 20 h; aq. HCL: CII-N?. Et-O. O’C. (ml 
95.lOO”C, 5 h; aq. HCl; CHzNz, EtzO, 0°C. (n) PhaP(O)CIILiCH =CII~.TIIF. 73 -+ 2s.C :y ’ (c,i n-HLI.JSF. 
THF, 25’C. (p! CrO,; .2 pyr, CIIzC!-, 0 i 2~.C. (q’Ph,jPCIICO:~‘IIe, (‘~I~l(‘i~ ;‘;? C 

Conversion of l:lctonr 8 to the trimethylsilyl ketene acetal 99 and therrr?,:ly>ip therei.lf in toluene at 

135°C (bath temperature1 gave in 727 yield the hydrindene nucleu:, 10 as a mixture of four 

diastereomers (31:9:5:l).t(j The m:jor product [a-H at C(3a), o Et at CC.))] ~a> that expected from a 

Claisen 13.3‘:.sigmatropic reorganization of 9. However, the form;it.ion i>f :iddi;ilBn:tl di:i>tcreurners was 

indicative of another pathway. revealed by conducting the thermolysis under milder conditions (95. 

100°C. 5 h).ll In addition to the hydrindenes 10 t.233). there was isolated the E.E-triene 11 in ,53’; yield. 

Resubjection of 11 to thermolysis at 135°C for 20 h gave in 6.j’; yield the h>drindenFe misturc 10. 

Confirmation of the structure of trirne 11 was accomplished by independent syntht:six from aldehyde 

122m,o via dienal 13 as shown. 

It was thus apparent that a retrograde hetero Diels-Alder reaction was preempting the desired [3,31- 

shift, but that a subsequent intramolecular Diels-Alder12 process of higher activatiron energy led to the 

expected product [C(4a) a-H, C(5) a-Et1 as the major diastereomer (eq. 1). Ihe presence of the three 

minor cycloadducts was a consequence of the imperfect stereoselectivity of the Diels-Alder conversion to 

10.13 

As shown in Scheme II. similar results ~cere obtained upon thermolysis IIf the silvl kctcne acetal 1-t 

derived from 8’. In this case a single hydrindcne. to which \ve assign str-ci,ture 15.14 was produced 120“i I 

in addition to the E.Z-triene 16 (42Cr 1. The high stereoselectivity in the Diels-Alder stage of this cyclo~ 

reversion’cycloaddition is attributable to the relative unreactivity of the triune 16.l.j The structure of 16 

was confirmed by independent synthesis from 12 as shown, and thermolysis of this rnaterial gave the 

same hydrindene as had 14 under like conditions. 



6297 

SCHEhlE II” 

H H 

“El “EC 

H 
14 

TDSO 

/ 
0 FE: 

17 (9 : 1 2 : E) 16 (22% from 12) 

(a) LiN(SiMes)z, MesSiCI, EtsN, THF, -100 + 25°C; remove THF m uucuo, add PhCH3. (b) 135’C, 20 h; 
aq. HCl; CHzN2, Et20, 0°C. (c) PhzPCHLiCH =CH2, Ti(Oi-Pr)4, THF, -78°C; MeI, -78 --f 25C.20 (d) n- 
Bu~NF, THF, 25°C. (e) CrO;l -2 pyr, CH2C12,O + 25°C. (0 PhsPCHCOzMe, CH2C12,25”C. 

Our doubts about the viability of the Claisen rearrangement route to the “right-wing” of indano- 

mycin had thus been confirmed. However, the intervening tandem sequence of retro hetero Diels- 

Alder/intramolecular Diels-Alder reactions gave the desired product in the model conversion (8 + 10). 

Therefore, the intended application was pursued. 

Addition of (E)-3-bromomagnesio-l-t-butyldiphenylsiloxy-2-propene~~ to the aldehyde 7 gave a mix- 

ture of hydroxy acids (94’;) which, upon lactonization with DCCDMAP,~ gave a 91% yield of the 

separable lactones I8 and I9 (mp 79.80°C) in a ratio of 1:1.5 (Scheme III).17 The minor, undesired 

isomer 18 was converted to 19 by hydrolysis and relactonization by the JIitsunobu procedurelY in 675 

overall yield. Conversion of 19 to the trimethylsilyl kettne ncetnl~) and thermolysis in toluene at 13.5’C 

(bath temperature) for 24 h gave, following hydrolysis and esterification. a 72? yield of the known.z(j 

trans.fused hydrindene 20 and a separable dinstereurner in a ratio of 4.6:1. Removal of the silyl protec 

ting group with n-BuJNF as previously described”<1 proceeded with lactonization to give in 93% yield the 

known “right-wing” synthon 22 (mp 68.69°C; lit. 68.68.5’C,nu 67.568.5zm), identical with that described 

by Nicolaoueo and by Ley.2ln The overall yield for the production of 22 from 4-ethylcyclopentenone 

exceeds 20%. This work, when combined with previous efforts from our labs-l and others,Wo constitutes 

a formal total synthesis of indanomycin (X-14547A. I ). 

SCHEME 11119 

c 

(a) (Ej-t-BuPheSiOCHzClI = CHMgBr,la THF, -78°C. (b) DCC. DMAP, cH~$lz, 0 + 25”C.T (c) LiOH, 
aq. ‘l’HF, 25°C; 5(-/L aq. IICI; DEAD. PhxP, PhCH3, -2OC.18 (d) LDA, 1le3SiC1, EtJN, THF, -100 + 25°C; 
remove THF rn uacuo, add PhCH3; 135”C, 24 h; aq. HCl; CHzN 2, EtzO, 0°C. (e) n-BudNF, THF, O”C, 
2.5 h.20 
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