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ABSTRACT: Catalytic amounts qf Yb@d)3 catalyze a bin&c& me-like reacdon betwen ordinaq al&hyh and 
vinyl edters. in which the oxygen 

P 
donality is located at the cetural carbon of an alJylic system. These reactions 

pceedatroomlempenunreinhig yutr 

The synthetic possibilities offered by the ene reaction between carbonyl compounds and olefins have been 
amply recognized.2 Intramolecular variants of such proa~ses may be carried out in a truly catalytic mode,3 but 
bimolecular reactions normally require suprastoichiometric amounts of Lewis acids, unless very reactive 
aldehydes BIG used.4 We now report that traces of Yb(fod)g (0.5 mol%),5 catalyze a bimolecular ene-like 
reaction between binary aldehydes and vinyl ethers in which the oxygen functionality is located at the central 
carbon of an allylic system, e.g.*2-methoxypropene. The primary ene products, alcohols 3, undergo in situ 
reaction with excess vinyl ether, providing derivatives 4 directly (Scheme 1). Aromatic aldehydes react 
conveniently as solutions in excess ether (procedute A), while enoliible aldehydes react best in the presence of 
cosolvents such as C&Cl2 (procedure B).6 The transformation takes place at room temperature under 
experimentally simple conditions, and the products emerge consistently in a state of high purity, eliminating 
completely any need for further chromatography a distillation. This appears to be the first example of a truly 
catalytic biiolecular ene-like reaction that occtus readily with unectivated aldehycks (Table 1). 
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Addition of a small amount of (insoluble) K&X)3 to a &on mixhue prevents formation of 4, and yields 
alcohols 3 instead However, larger amounts of K$!O3 or soluble bases (e.g. Et3N) completely inhibit the ene 
process itself. Silriilarly. rigorous purification of solv&ts~ reagents and Yb(fod)3 reta& the reaction 
considerably. Catalytic activity ls testot& in the latter “slow” systems upon additiaa of traces of acetic acid (l-2 
pI4.7 and optimal activity is expressed upon addition of silica gel to the reaction mixture.* These observations 
~p~~protoaiccatalysisintheformadanbf3.Webelievethatthe~imrolvedinrhecacalydcslepmaybe 
a ternary lanth&ide-carboxylic acid-aldehyde complex in whlcll the akkhyde experiences “double a&a&m.” 
perhaps as shown in Scheme 2.9 We note that ordinary Br@nstcd- or Lewis acids do not promote our reaction; 
rather, they polymerize the vinyl ether. In accord with a recent discovery,tO it appears that unique catalytic 
ptoperties pettain to hydroxylii units located within the coon%t&on sphere of highly charged rnti ions. 



2410 

Table I: Reaction of Rqnwcntative Ahkhydcs with 2-Mcthoxyppcnc. 

Entry (1.3-4) 

CHO a 
N3 

a 

b A 99 

e 

A 97 

A 100 

A 90 

II B 80 

i B 71 

Scheme 2 ‘Ihe new reaction is not limiti to me-, andi+c&itappcars 
tohavcwidcscopc.EthuScombincdwid!4-nimWuaM@ctogivea 

0--yb H 

Iv-q L=( 

3:l mixture of 6 and 7. ‘Ihe stct~~hemistry was assigned after mild 
hydrolysis~ke~ls8and9onthebesisof~couplingconstantfortht 

O--HI R indicated protonS.11 Reaction ofCniu&uuakh ydCwithCthCXlB@WC 

(fod ligands omitted) 
onlyl2asa15:1mixtuteofunassignaidWuwmw ,atthc&clofthe 
OH blocking group. This result is intqaetcd & terms of rapid prottm- 
mediated equilibration of 10 with its isomer 11. andfasm &on of the 

aidehyde with the less stuically cncumhercd 11. Finally, reaction of al&&de l3 with 2 pmcuxkd with a 39 
selectivity infavor uf the Qpn-F&n diastueomer 14 (% 96). Again, the stenochemistry was assigned atIer 
hydrolysis to kctols 16 and 17. followed by comparison of these with the pmducts of Sm &on of l3 
(scheme 3p 



2411 

Ap{==#+Q}- 
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o_2~e+~w-* 
x x OH 0 

w OMC OMC 16 Z-a-H 
14 3 : 1 15 17 Z=p-H 

(a)1c,~~A.83%(6:7=3:1).90%(12);~)1NHCI,~.95%(6-9).90%(16-17);(c)2.pocedureB.%% 
(14 : 15 =,3 : 1). 
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