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Abshacl: In a macrocycliioa by intramolecular Haner-Emmons reactton, it has been shown that employment of 
I(zcqj/l8-crown-6 leads to fan of an ~~~~ti~~ olefia as the maipr isomer whezeas the use of LiCl/DBN 
at&dsthcZ-isomefasthemajorpmduct. Changesweremadetothebase,solventandreactiontemperatrneinan 
attempt to identify the factors which influence the stereochemical outcome of the cyclii. The nxtlts of this study 
suggesttfiatthe~vergcficearisesfromachangeinthcnrtGdetemriningstepofthereaetion,possniblyattn’butable 
to the streagtb of the base employed. Such an effect has been previously invoked in the intermokcular Haner- 
Emmons reaction to auxunt for Zselective conditions. 

Since its intiuction in 1978, the intramolecular Homer-Emmons olefination has become an increasingly 

popular method for macmcyc1irati0n.t~ Since these cyclizations am typically carried out on highly 

functional&d acyclic pmcursom, increasingly mild conditions have been sought to minimize side-reactions, 

leading to the development of a number of different conditions .3~4 Recently, during a synthesis of the strained 

macrocyclic diene 2, we had occasion to employ such a cyclization. While our first attempt (Table 1, entry 1) 

led to the desired macrocycle. comparison of other methods produced a surprising change in the stereochemical 

outcome of the Homer-Emmons reaction: whereas treatment with K#@/18-crown-6 resulted in formation of 

the desired (E,E) isomer 2 as the major product, the use of conditions developed by Masamune and Roush4 

(LiCl,DBN,CI+CN) resulted in formation of the (Z,.??) isomer 3 as the major product (entry 6).7 In both cases, 

small amounts of the (IQ) isomer 4 were also observed, most liiely arising from isomerization of 1 to the Z- 

enal prior to cyclization. 

LiCl, DBN 
cI-I$N, 2Y + 



7900 

In retrospect, the formatton of the (Z,E) isomer should not have been surprising. While it has been 

observed previously that intramolecular Homer-Emmons reactions afford a kinetic product distribution,5 the 

macrocycles obtained have typically been relatively unstramed. In the present study, molecular mechanics 

calculations predict the desired (E,E) isomer 2 to be. considerably more strained (>lO kcal/mol) than the (Z,E) 

isomer 3 despite the strain inherent to a cam-disu~titut~ olefii; consequently one would expect 3 to predominate 

under conditions leading to a thermodynamic product distribution. Indeed, the more surprising result is that one 

can obtain the more strained isomer 2 as the major product using relatively mild reacuon conditions. This 

discovery led to further exploration of the effects of solvent, temperature and counterion on product dis~bud~ 

(Table 1). 

Table 1. Conditions employed for the macrocyclization of la 

Entry Base (equiv~ents) Solvent Temp Isol2ated yield $%) 

1 K2CO3 (6) / 18-crown-6 (12) toluene 65” 62 12 
2 K2CO3 (6) / 18-crown-6 (12) toluene &I’ h b 

3 K2CO3 (6)/ 18-crown-6 (12) THF 65” 0 0 
4 IUIlvIDS(l.l) / 18-crown-6 (3) toluene 25” 49 3 
5 KHMDS(l.l) / 18-crown-6 (3) CH3CN 25” 22 8 
6 DBN (10) / LiCl(l0) CH3CN 25” <3 53 
7 NaI-I (1) THF 35” 51 10 

a All reactions run for 12 hours and resulted in consumption of starting material 
h Roughly equal amounts of 2,3 and the (E,Z) isomer 4 were obtained 

When potassium c~~nate/l8~own-6 was used as the base (entries l-3) the reaction proved quite 

sensitive to changes in temperature and solvent. Temperatures below 60” resulted in slower reactton rates, but 

above 70” an erosion in stereoselectivity was seen, possibly due to isomerization of the imtially formed (E& 

diene. Even more ~atically, when the solvent was changed from toluene to THF (entry 3) the reaction faded 

to afford any macrocyclic products. Changing the base from carbonate to hexamethyldisilazide (entries 4-5) 

gave qualitatively similar results, even when the solvent was changed from toluene to the relahvely polar 

acetonitrile; likewise, changmg the base to sodium hydride and eliminating the 18-crown-6 (entry 6) still gave 

results quite close to those obtained with K2CO3!18-crown-6. All of these results contrast sharply with those 

obtained using DBN/LiCl in acetonimle (entry 6). Although the role of solvent cannot be eliminated altogether, 

it is presumed that the change in stereoselectivity is due to the weaker basicity of the reagents employed in entry 

6. 

IntermoIecular examples of the reversal of stereoselecttvity in Homer-Emmons olefinations am well- 

kno\isn,g9Jo and have been attributed to changes in the rate of decomposition of the intermediate alkoxide.” Z- 

Selective Homer-Emmons oletinations typically result from the use of a potassium counterion in conjunction 

with 18-crown-6 to enhance the nucleophilici~ of the intermediate alkoxide.8 It is presumed that a more 

nucleophilic alkoxide results m the acceleration of phosphate elimination, thus making the initial aldol step rate- 

determining (Scheme I). This interpretation is based on a presumed product-like transition state in the second 

step and tacitly assumes an anti-selective aldol step.10 
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Scheme I 

Application of this reasoning to the intramolecular Homer-Emmons reactton of 1 leads to the conclusion 

that employment of K2CO3/l&town-6 results in a rate-determining first step. This conclusion is in accord with 

the assumption of a high entropic barrier to macrocyclization as well as the knowledge that the product-like 

transition state of the second step should be lower in energy for the anti aldol adduct. ~~guingly, the kinetic 

aldol product in the cyclization of 1 would appear to be a syn isomer. While interpretations of this observation 

are tenuous at best, tt seems most likely that the added constraint of macrocyclization changes the energies (and 

posstbly the structures) of the aldol transition states. It appears from ex~ati~ of the data in Table 1 that, m 

contrast to the intermolecular case, most conditions result in a relatively fast phosphate elimmation and only the 

use of the weakly basic conditions of DBN/LiCl leads to the more stable alkene. 

One remaining question is why only those condttions developed by Masamune and Roush lead to the 

~e~~yn~ic product. The most likely answer invokes an increased lifetime of the intermediate adducts, 

perhaps arising from the protonation of the alkoxides by the conjugate acid of DBN, allowing the comparatively 

slow retro-aldol equilibratton step to occur. While the generality of these findings to other macrocyclic systems 

is unclear at present, it is worthy of note that considerable ring strain can be introduced via an in~~ol~ul~ 

Homer-Emmons cyclization and that drasnc changes in the product distribution can be effected by relatively 

modest changes in reaction conditions. 
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