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Abstract: The Lewis acid-promoted cne reactions with chiral a- and B-benzyloxyaldchydes 

have heen developed and shown to afford high levels of both diastemofacial (chelation) selection 

and simple diastereoselection (anti), thus providing an efficient method for sterwcontrol over 

rhree contiguous chiral centers. 

From the synthe& point of view, the ene reaction1 involving aldehydes as enophiles should constitute an 

efficient alternative to the carbonyl ytion maction of allylmctals which has now become are of the most useful 

methodslfy acyclic stereoselection. However, only limited types of aldehyde enophile have been explored 

thus far. ’ Herein WC wish to report the new type of enc. reaction using chiral a- and &alkoxyaldehydes as 

cnophiles (alkoxyaldehyde cnc reaction) which proceeds under effective chelation control with a high anti- 

diastemoselectivity (Scheme I and II). 
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The reaction of chiral a-benxyloxyaldehyde (l)Sc ([a]$0 -64.6Oo (neat)) and isobutylcne (2a) was found 

to give indeed the cne products (3a and C) in good yield. when carried out using an appropriate Lewis acid 

(Table 1).6 Except for entries 1 and 6, all the eoe reactions afforxled a$-syn (chelation) product 3asa with high 

selectivity and in high yield.’ Of special value is the SnC4-promoted reaction (entry 5) which provides 3a 

quantitatively with more than 99% selectivity. Thus this new type of ene reaction is proved to pmceed under 

effective chelation control. 
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Table 1. Ene reaction of isobutylcnc (20) with 1. 

entry MLn Sbyield 30 (syn) : 4s (anti)a 

1 TiClq d --_ 
2 QTi(OPr-i) 70 95 : 5 
3 Me2AlCI 80 85 : 15 
4 McAl(OTf)2 82 %9 : tl 
5 SnClq 97 z.99 : <l 
6 BF30Et2b 40 15 : 85 

a Determined by capillary GLC analysis (XE-50. 50 m. 150 oC). 
b Two equiv of BF3OEt2 to 1 were used. 

Next, the reaction of 2-methyl-2-butene (2b) with 1 was6examined. which would present the problem of 

stereocontrol over duee contiguous chiral centers (Table 2). The best result was obtained, as expected, with 

SnCl4 which showed unprecedented levels (99%) of both simple dias tereoselection (j3,r_anti) and chelation 

(a$-syn) diastereofacial selection. Thus, (a$-syn. P.)ranti)Jb was obtained as a single stereoisomer in good 

yield (entry I).* The stereochemistty of the major product was assigned, after conversion to fl,yanti aldol g9 

Table 2. Enc reaction of 2-methyl-2-butene (2b) with 1. 
-- 

entry MLn %yicld syn.anti-3b : syn.syn-3b : 4ba 

1 SnCl4 90 >W : cl : 0 
2 MeAI(OTf)2 80 So :20: 0 
3 Cl3Ti(OPr-I) 70 95 : 5 : 0 
4 MgBr2b 85 97 : 3 : 0 

a Determined by capillary GLC analysis (PEG-2OM. 50 m. 200 OC). b Run at 20 oC. 

which was correlated to the corresponding j3;y-syn isomer derived from the stereochemically-defined ester 6. 
5f 

10 
The observed anti-diastereoseleetivity is rationalized in terms of the reasonable postulate that tire present ene 

3c 
reaction proceeds preferentially through a cyclic (synclinal) transition state (A). The synclinal transition state 

(A) is in direct contrast to the antiperiplamu transition state (B) widely-accepted for crotyl-stannane and -silane 

reactions leading to syn-diastemoselection. 
2.4,Sb 

Thus, the ene and allylmetal methods are complimentary in a 

stereochemical sense. 

A (synclinal) 6 (antiperlplanar) 
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The S&l&promoted ene reaction of isobutykne (2a) with chiral B-benyloxyaldehyde (‘@d ([~f]$7 +29 o 
5a 

(c 1.16, CHCl3) was also found to provide a high level of chelation (anti in this case) selection to give &I as a 

single stertoismr in 95 % yield (Scheme II).~ 

Scheme II 
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In view of the high level of chelation selectivity, this alkoxyaldehyde ene mel?odology was applied to the 

steroid side chain synthhs. Thus, (2&T, 22R)-22-alkoxy-23-aldehyde (9). easily obtainable via the 

glyoxylate ene reaction, was reacted with 2a in the presence of SnCl4 (e-q I). The desired chel;$on product 

10a was obtained as a single stcrcoisomcr in quantitative yield after column chromatography. sc1cctivc 

hydrogenation (H2/pto2) of the 25.26-olefin followed by dcprotcctim of the MOM group (6N 1X1) of 10a 
13 

gave norbrassinolide-type side chain 11 in 95% overall yield. 
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In conclusion, the alkoxyaldehyde ene methodology thus developed is more advantageous than the allylmetal 

methodology for acyclic stenocontrol in terms of the easy availability of the olefin (ene) and the operational 

simplicity, along with the high kvel of both diastereofacial (chelation) selection and anti-diastereosel~on. 
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