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SUMMARY: Taking the judicious choice of either 2,6-dimethylphenol or PdCl2(RCN)2 as the 

catalyst, the Claisen rearrangements with the enol ethers of cyclic ketones are shown to 

proceed with a high level of either anti or syn diastereoselection, respectively. 

The Claisen rearrangement is an important synthetic tool for acyclic stereoselection. 

where the olefinic stereocontrol of the enol ether part involved is the key to diastereo- 

control over the newly created chiral centers of the product.' The acyclic enol ether Claisen 

variants, however, show no significant diastereoselectivity because of the lack of the 

olefinic stereoselectivity in the enol ether formation.' Herein we wish to report that the 

cyclic (stereo-defined) enol ether Claisen variant permits the highly stereoselective forma- 

tion of either syn- or anti-product through the judicious choice of the catalyst employed, 

2.6-dimethylphenol (DMP) or PdCl2(RCN)2 (Scheme 1).2*3 
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Table 1 summarizes the representative results of the Claisen rearrangements of allylic 

alcohols (12 - c) with the two cyclic enol ethers 24 and J5. All reactions were carried out 

in toluene solution (0.2 M each) in the presence oTthe catalyst(10 mol%)such as Hg(OAc)2, 

DMP6, and PdC12L2 (L = PhCN or MeCN).7*8 
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Inspection of Table I reveals several significant features of the present Claisen 

variants. (1) The conventional Claisen procedure using Hg(OAc)z as the catalyst shows only a 

moderate syn/anti-selectivity (runs 1 and 2) presumably because the acetic acid once formed 

causes epimerization to some extent. ' (2) Th e rearrangement catalyzed by DMP exhibits a 

remarkably enhanced Leanti selectivity (runs 3. 5, 7. and 9)." (3) Surprisingly enough, the 

Pd(II)-catalyzed rearrangement not only proceeds smoothly even at room temperature but also 

exhibits the opposite sense of stereoselection, 55. the E+syn selectivity (runs 4, 6, and 

8).'1 (4) I n all cases where an internal olefin is formed, an extremely high g selectivity is 

observed for both the DMP- and Pd(II)-catalyzed rearrangements (runs 5, 6, and 9). 

The stereochemical assignments of the diastereomeric Claisen products deserve special 

comments." The stereochemistry of 52 was confirmed through its conversion to the known 

pentanolide diastereomer 6~~~ via Baeyer-Villiger oxidation with peracetic acid (Scheme 2). 

Thus, syn-5_c of which the l'-methyl NMR signal appears at a lower field compared to that of 

anti-sc14 was correlated to syn-62 of which the oxy-methine NMR signal appears at a higher 

field compared to that of anti-6c. The stereochemistry of 215 was also confirmed through its 

similar conversion to the pentanolide 62 which shows a similar NMR trend to that for 6c. l6 On 

the other hand, the stereochemical assignments of 4," and 4,b were made, though not vigorously, 

based on similar NMR trends to those observed for 5," and 5z.17 Further notable is that the 

syn/anti pair of all the products (4 and 2) show systematic differences in their HPLC.18 
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Particularly noteworthy is the dramatic changeover in diastereoselection observed by 

changing the catalyst from DMP to PdClz(RCN)z. The E-)anti selectivity of the DMP-catalyzed 

rearrangement is easily visualized by the well-established chairlike transition states (5),' 

whereas the E+syn selectivity of the Pd(II)-catalyzed rearrangement can be explained by the 

boatlike transition state (5) where the diene moiety may act as a bidentate ligand." 

1 - syn 
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Table 1. Cyclic Enol Ether Claisen Rearrangements. 

run alcohol catalyst temp.('C)/time(h) product anti/syna %yieldE 

OMe 

1 2 
Me0 

1 (Q-II (R=H)c Hg(OAc)2 140 I 10 4," (R=H) 61 : 39 >95 

2 100 / 17 77 : 23 91 

3d DMP 100 / 17 94: 6 94 

@ PdC12(PhCN)2 rt/ 3 13 : 87 >95 

5 (f)-l,b (R=i-Bu)f DMP 100 I 10 % (R=i-Bu) >98 : ~29 >95 

6 PdC12(PhCN)2 rt / ~1 <2 :>989 >95 
---------------- -------- ---- 

R 

DMe 

RYi 

OH 6 

I I 
7h (Q-12 (R=H)c DMP 120 I 14 % (R=H) 88 : 12 >95 

ti PdCl2(MeCN)2 rt / 10 12 : 88 78 

9i (Q-12 (R=Me)k DMP 120 / 14 z (R=Me) 81 : 199 >95 

aThe stereoisomeric ratio was determined by HPLC and/or 'H NMR. b Isolated yield after 

silica gel chromatography. c The geometric purity was of 94% d A similar reaction of the 

I-counterpart (93% Z) provided the anti- and syn-ll_a in a ratio of 15 : 85. e A similar 

reaction of the Z-counterpart was sluggish to afford only 40% of the rearranged product even 

after 24 h. f The geometric purity was of 100%. g The (E)-olefin was formed exclusively. - 

h A similar reaction of the L-counterpart (93% 2) provided the anti- and syn-% in a ratio 

of 25 : 75. .! The substrate used is 1-crotyloxy-1-cyclopentene (94% E) which was prepared 

by the literature procedure: K. Takai, I. Mori. K. Oshima, and H. Nozaki, Bull. Chem. Sot. 

Jpn.. 57. 446 (1984). J A similar reaction of the L-counterpart (98% z) afforded the anti- 

and syn-52 in a ratio of 11 : 89. kThe geometric purity was of 94%. 

This work has demonstrated that the newly-developed Claisen procedures provide a useful 

approach to the introduction of an q-side chain onto cyclic ketones with a high level of 

either anti or syn diastereoselectivity. Application of the present methodology to natural 

product synthesis is now in progress. 
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