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Abstract: The enolate Claisen rearrangements of l-4 exhibit very high diastereofacial selectivity with the 
developing C-C bond forming anti to the -Fe( CO ) 3 substituent. Copyright © 1996 Elsevier Science Ltd 

rl4-Diene iron(tricarbonyl) complexes have found numerous applications in organic synthesis. 1-3 Of 

particular interest is the ability of the iron(tricarbonyl) unit to control the stereochemistry of a wide range of 

nucleophilic additions or cycloadditions to adjacent carbonyl groups, double bonds, or cationic centers. 1,4"7 In 

connection with a current problem in natural products synthesis, 8 we became interested in the possibility that the 

-Fe(CO)3 unit could control the diastereofacial selectivity of Claisen rearrangements of trienylic esters like 1-4. 9 

We were of course aware of the fact that rl4-diene iron(tricarbonyl) complexes are susceptible to nucleophilic 

attack by a variety of organometallic nucleophiles, including enolates; 1°'14 two illustrative examples are provided 

by the conversions of 8 to 911 and 10 to 11.13 However, the literature also contained several reports indicating 

that enolates conjugated to diene-Fe(CO)3 units could be generated and used in alkylation reactions. ]5-Is 

Therefore, we were hopeful that conditions could be developed to permit the enolate Claisen rearrangements of 1- 

419 to proceed as planned. 20"22 
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In initial experiments, sequential treatment of acetate derivative 1 with LDA and TBDMS-C1 in THF at -78 

°C with warming to ambient temperature overnight provided carboxylic acid 5 in low yield (< 20%) following the 

usual acidic workup. 23 We were unable to develop a synthetically useful procedure by using lithium amide bases 

(LDA, LiTMP, LHMDS) ~ in a variety of solvents (THF, Et20, with or without HMPA or DMPU as additives) 

with various electrophilic trapping agents (TMS-CI, TMS-OTf, TBDMS-CI, TBDMS-OTf, or (EtO)2P(O)CI25). 

The majority of these experiments provided a complex mixture of products. However, a successful protocol was 

devised which involved use of 1.05-1.15 equiv, of KHMDS in THF with 23% HMPA as cosolvent and 1.2 

equiv, of TBDMS-CI as an internal silylating agent. 26 Under these conditions, carboxylic acid 5 was obtained as 

a single diastereomer in 70-80% yield from 1, and in 45-50% yield from 3; diastereomer 13 was not detected in 
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the crude reaction mixtures. Use of larger quantities of KI-IMDS led to a substantial decrease in yield. The 

stereochemistry of 5 was assigned by comparison with 13, which was prepared by addition of H2C--CHMgBr to 

the sorbaldehyde-derived alkylidene malonate complex 12. 7 

Me KHDMS Me Me- _O~ _Me 

el,  , O,~Me ~' CO2H " 
(CO)sF TBDMS-CI, -78 °C; (CO)3 45-50% (CO)aF e- 
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These results indicate that the Claisen rearrangements of the ketene silyl acetals derived from 1 and 3 

proceed by way of transition structures 14 and 16, respectively, with the new C-C bond developing anti to the 

-Fe(CO)3 group. Claisen rearrangement by way of the alternative conformations 15 or 17 would lead to 

diastereomer 13, which was not observed. At the outset, we had anticipated that the Claisen rearrangement of the 

(Z)-ailylic acetate 3 would be highly diastereofaciaily selective with respect to the diene-Fe(CO)3 unit, since the 

severe 1,5-interaction present in 17 should raise the energy of this transition structure relative to 16. It is 

remarkable that very high stereoselectivity was also observed in the Claisen rearrangement of 1 (via 14), since we 

expected that transition structure 15 with an s-cis conformation about the C(3)-C(4) bond should be reasonably 

accessible. The factors that cause this reaction to proceed virtually exclusively by way of 14 are not clear at 

presem. 
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The enolate Claisen rearrangement of propionates 2 and 4 gave best results (both yield and 

diastereoselectivity) when performed with TBDMS-OTf rather than TBDMS-CI as the intemai silylating agent. 

However, in contrast to the excellent results obtained with I and 3, the reactions of 2 and 4 provided inseparable 

mixtures of diastereomeric acids 6 and 7 (ca. 2 : 1 from 2 and 1 : 3 from 4) in 85-95% yield. The 

stereochemistry of the two products was assigned by conversion to the diastereomeric lactones 18 and 19. 

Treatment of the mixtures of 6 and 7 with C6HsCH2Br and DBU in CH3CN provided the corresponding benzyl 

esters which were separated by careful chromatography (72%). Decomplexation of the diene-Fe(CO)3 units by 

using NMO in acetone-benzene at 65 °C (85-92%), 27 followed by selective hydroboration of the vinyl groups 

with 9-BBN (52-53%) 28 and treatment of the &hydroxy esters with pyridinium p-toluenesulfonate in benzene 

(>95% yield) provided lactones 18 and 19. The modest diastereoselectivity of these reactions is due to poor 

control of the enolate geometry during the enolization step, as indicated by the following experiment. Treatment 

of 4 with 1.05 equiv, of KHMDS in THF-HMPA (23%) at -78 °C in the presence of TBDMS-CI provided a 72 : 
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28 mixture of silyl ketene acetals 20 and 21 as determined by low temperature NMR analysis of an aliquot of the 

reaction mixture. Upon warming this mixture to 23 °C overnight, a 71 : 29 mixture of 7 and 6 was obtained 

following acidic workup (85% yield). The poor selectivity in the enolization step is most surprising, particularly 

since we observed that under identical conditions (KHMDS, TBDMS-C1, THF, HMPA (23%), -78 °C), ethyl 

propionate was convened into the corresponding (Z)-silyl ketene acetal with high selectivity (L>90 : 10 by IH 

NMR analysis). 21 In any event, these results suggest that chair-like transition states are involved in the Claisen 

rearrangements of the propionate derived ketene silyl acetals (e.g., 20 and 21). Although we did not rigorously 

establish the stereochemistry of these reactions with respect to the diene-Fe(CO)3 unit, it is reasonable to assume 

based on the results with 1 and 3 that the developing C-C bond forms anti to the -Fe(CO)3 group. 
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In summary, we have established that ester enolate Claisen rearrangements of diene-Fe(CO)3 substituted 

allylic esters 1-4 can be performed in preparatively useful yields, 29 and that the -Fe(CO)3 substituent exerts a 

strong diastereofacial bias on the stereochemistry of the developing C-C bond. Further applications of diene- 

Fe(CO)3 complexes in organic synthesis will be reported in due course. 
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