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TIN ANALOGS OF THE VINYLOGOUS REFORMATSKY REACTION. 

REGIO- AND STEREOCHEMICAL CONSIDERATIONS 

RuLinFan and Tomas Hudlicky*l 

Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061 

Abstract: Ethyl-4-(tri-n-butyltin)-3-methyl crotonate and ethyl 4-(tri-n-butyltin)3-methoxycrotonate 
were condensed with benzaldehyde and cyclohexanone. The regio- and stereochemical profiles were 
determined in an effort to control the course of dienolate additions to carbonyl compounds under acid- 
catalyzed conditions. 

Additions of ester dienolates or ester dienolate anions to carbonyl compounds remain important issues 

in organic synthesis. The interactions of functionalized crotonate units with carbonyls pose stereo- and 

regiochemical problems that are more complex than those associated with the corresponding ketone or ester 

enolate anion additions. Several investigations in this area have appeared in the recent years. The 

regiochemistry of the vinylogous Reformatsky reaction with aJdehydes,z ketones,2 and enones has been 

addressed; the intramolecular version of this reaction has also been reported.4 The reactions of dienolate 

anions of crotonates with carbonyl compounds have been investigated by Heathcock, and Oppolzer has 

shown that an ester dienolate addition to enones can be controlled.6 Silicon equivalents of processes such 

as the vinylogous Reformatsky reaction have also been reported,7 and an example of a tin crotonate addition 

to several carbonyl compounds has recently appeared.8 

1 a. R = CH,, A = Sn(n-Bu)a, B = H d. R = A = H, B = Br 
L 

b. R = OCH,, A = Sn(n-Bu)3, B = H e. R = B = H, A = Sn(n-Bu)s or Si(n-Bu), 
c. R=H,A=B=Br f. R = H, CH3, OCHJ, A = Sn(n-Bu)s, B = Br 

A new vinylcyclopropanation methodology based on the kinetic 1,4-cc-adduct resulting from the 

addition of the dienolate anion of 2-bromocrotonate Id to unsaturated carbonyl compounds was recently 

developed in our laboratory.g We wish to report on the regiochemical control in the addition of two such 

reagents to simple aldehydes and ketones in order to assess the potential of using more highly substituted 

analogs of reagent 1 in future carbon-carbon bond forming reactions. In this manuscript we examine 
regiochemical control in the production of adducts 2 and 3 resulting from the addition of crotonates la and 

lb to aldehyde and ketone carbonyls. 

5533 



5534 

We examined the addition of ethyl 3-methyl- and 3-methoxy(tri-n-butyltin)crotonates to benzaldehyde 

and cyclohexanone in anticipation that their acid-catalyzed reactions would be governed by kinetic and 

thermodynamic parameters observed during our study of vinylogous Reformatsky reactions.3 The results 

of our study are summarized in Table 1. 
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In the reaction of la with benzaldehyde in the presence of BFs*EtpO, only LX addition occurred at - 

78 “C to give 2a exclusively in the threo configuration, confirming the observation made by Yamamoto.* 

This compound was transformed to y-lactone 4a as a function of both time and temperature of the reaction. 

When pure 2a was subjected to the conditions of the reaction, quantitative isomerization to 4a occurred, 

indicating that acid-catalyzed crotonate additions may subscribe to the same principles of a.Jy reversibility as 

the zinc-mediated Reformatsky reactions. 3 In contrast, the use of Tic4 at low temperature 

R=OMe 

& R=Me do:&+ bR _+_&R 

2a, three, R = Me, with BF3 4a 
2a, erythro, R= Me, with TiCL4 2 4b 

produced a mixture of threo and erythro isomers of 2a (with the erythro isomer predominating) and the y- 

hydroxy ester 3a, which did not lactonize to 4a under the reaction conditions. At higher temperatures the 

content of the threo isomer increased because of apparent equilibration. (See note 3, Table 1~) The chloro 

ester 5a was produced during the reaction, presumably by simple chlorination of 3a. 

The addition of reagent lb to benzaldehyde proceeded via y-addition only, leading to y-hydroxy ester 

3b and lactone 4b. The a-product was not intercepted even at extremely short reaction times at -78 “C. 

Minor products in these reaction, diene 6b and keto ester 7b, may have resulted from work-up. 

The additions of la and lb to cyclohexanone followed a similar course, although the selectivity was 

not as clear cut as in the case of benzaldehyde. The reaction profiles were determined by quenching 

aliquots and analyzing the product mixtures by III-NMR, after the chemical shift parameters for each 

product had been made available from the spectra OF pure standards. The major products were the \r- 

hydroxy esters 9a and 9b in addition to a small amount of y-lactone 10a and some minor products. (See 

Table 1,) The BFg-catalyzed reaction also gave 20% of oc-adduct 8a. From careful monitoring of these 

reactions it appeared that, in the case of benzaldehyde, all of the starting material was channeled into the 

kinetic DC product prior to other transformations, whereas in the case of cyciohexanone the rates for the 

formation of the CL and the y adducts were similar. 

0 HO 
0 

and/or 

9a, R=Me 9b, R=OMe 

The steric integrity of reagents la and lb under acid-catalyzed conditions has been addressed. Thus 

La (2 isomer) was subjected to BFJwEt20 at -78°C without the carbonyl acceptor in an effort to detect 

isomerization of the reactive species. NMR analysis of aliquots indicated no changes in stereochemistry 

with the reagent recovered upon quenching as the original Z isomer. (Seventy percent of the material is 

recovered unchanged after 30 mm at -78’C with complete decomposition occurring in 2 hours.) With Tic4 

70% of the material is unchanged after up to 15 min, but complete decomposition occurs in 30 mm at -78 

“C. Reagent lb (E isomer) decomposes within 30 min on exposure to Tic14 at -78 ‘C, but with BF3*EtzO 



5536 

decomposition is slower (30% of material is recovered in 15 min) and isomerization of E to Z is seen (E:Z = 

1:9 after 15 min, 1:20 after 30 min). 

The results in Table 1 show promise with respect to the potential synthetic utility of reagents la and 

lb. The “ly selectivity, well researched for the vinylogous Reformatsky reaction,213 is also possible for 

stannyl crotonate la, whereas only y-selectivity exists for the methoxy derivative lb. Although it would be 

premature to attempt to explain these results in detail at this time, some preliminary interpretations can be 

attempted. In order to assess these reagents and their behavior under acid-catalyzed conditions, several 

known parameters must be combined, First, the reacting species is composed of a dienolate and an ally1 

stannane. Thus Heathcock’s explanations of selectivity based on dienolate geometry and charge density at 

the cc versus the y carbon must be taken into account. 5 The interpretations of Yamamotolo and Keckll 

regarding additions of crotyl stannanes to carbonyls under acid-catalyzed conditions must then be combined 

with explanations of ester dienolate behavior to arrive at a working model. For example, the 

stereochemistry of allylstannane addition to carbonyl compounds has been shown to be controlled by 

inverse additions.11s12 As reagents la and lb are more complex than any of their known component 

entities, further investigation of their chemistry is in order. A detailed mechanistic study will be conducted 

as a prelude to investigations aimed at the use of reagents such as If for acid-catalyzed cyclopropanations. 
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