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Abstract Optically active monofluorinatcd amides were prepared via the amide acetal Claisen rearrangement and the 

establishment of the absolute stereochemistry of the rearranged products proved that the chiral auxiliary directed the 

approach of the cmtyl fragment to the Si face of the (.iYj-N,O-ketene acetal. Ihe general utility of this type of 
rearrangement is also discussed. 

The asymmetric synthesis of fluorinated materials is important not only for the preparation of biologically 

active substances2) or for the construction of novel ferroelectric devices3) but also as a test of synthetic strategy. 
However, optically active fluorinated compounds where at least one of the asymmetric carbons bears a fluorine 

or a fluoroalkyl group are extremely difficult to prepare. 4, We report below one effective solution to this 
problem, the enantioselective amide acetal Claisen rearrangement via N-fluoroacetyl-trans-@RJR)-2,5dimethyl- 

pyrrolidine, 4. 

The power of the Claisen rearrangement, 5, which has been successfully applied to fluorinated 

substrates,6T7) suggested that judicious choice of a chiral auxiliary would allow synthesis of optically active 

fluorinated materials from fluoroacetate precursors. Earlier studies suggested the amide acetal Claisen 

rearrangement might be particularly well suited to this strategy. ‘) However, amide acetal Claisen rearrangement 

of 1, based on the successful studies with the N-propionylprolinol derivative 2, yielded only a stercorandom 
mixture of products. It was postulated that the auxiliary failed in the reaction of 1 because there was little control 

of the N,O-ketene acetal double bond geometry and only poor selectivity for one of two conformationally 

isomeric intermediates such as 3a or 3b. N,O-Ketene acetal geometry could be influenced by careful selection 
of reaction conditions, while the latter problem could be addressed by employing a chiral auxiliary with C2 

symmetry?) 
1 
I 
I 
I -0 -0 v- OTBS 
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I 

The products of the amide acetal Claisen rearrangement of N,O-ketene acetals prepared in situ from N- 

fluoroacetyl-~rurans-(2R,5R)-2,S-dimethylpyrrolidine, 4, were formed as a diastereomeric mixture (Table), as 

determined by 19F NMR, in an overall isolated yield of 61% (75% conversion yield).“) If a chairlike transition 
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state was presumed for the rearrangement, then 7 and 9 would be formed from (E)-N,O-ketene acetal and in a 

like manner would 6 and 8 be formed from the corresponding Q-N,O-ketene acetal. The product stereo- 

chemical assignments were made by synthesis of the correlation compounds in the following manner. The 
racemic U- and I-2-fluoro-3-methylpent-4-enoic acids (9.0:1 mixture of u to 1 prepared by our previously reported 

method@) were condensed with trans-(2S,SS)-2,5diiethylpyrrolidine via their acid chlorides to unambiguously 

establish the relative configuration of 7 and 9 as u and of 6 and 8 as I.’ *) The absolute stereochemistry of 

Table 19F NMR Chemical Shifts for the Rearranged Products 6 to 9 

CF3S03CH3 
TfO- 

-0Li 
* 

6 7 8 9 

Compound 6 7 8 9 

ratio 1.1 13.4 3.0 1.0 

19F NMR (6 ppm -188.62 -191.98 -190.80 -192.94 

in CDC13)* (-189.51) (-195.76) (-191.80) (-197.96) 

* In the parentheses were shown 19F NMR chemical shifts of each compounds after hydrogenation 

products, on the other hand, was determined by preparation of 10 and 11 (12.5: 1 mixture) by the deamino- 

fluorination of (2&3S)-isoleucine. 12) This mixture was converted via the formation of active anhydride13) into 

12 and 13, by condensation with trans-(2R,5R)-2,5_dimethylpyrrolidine, and into 14 and 15, by condensation 

with enantiomeric truns-(2S,5S)-2,5-dimethylpyrrolidine. Since 14 and 15 are enantiomers of 16 and 17, 

respectively, their spectra are identical and 19F NMR shifts can be used for correlation with 7 and 6. Catalytic 
reduction of 6-9 over palladium on carbon formed 17, 16, 13, and 12, respectively. Comparison of NMR data 

(Table and Scheme) clearly illustrated that the absolute stereochemistry of the products is as shown in each 

scheme and was also consistent with the chairlike transition state predicted by molecular mechanics.14) It was 

anticipated that the chiral auxiliary would act by restricting the motion of the crotyl fragment, allowing MI 
approach only from the Si face of the N,O-ketene acetal. The ul trajectory which would be required for bonding 

at Re face of the N,O-ketene acetal would be effectively encumbered by the china1 auxiliary. The effectiveness of 
trans-2,5-dimethylpyrrolidine in controlling the diastereoselectivity of amide acetal Claisen rearrangement seems 

to be quite general. The rearrangement of the N,O-ketene acetal formed on the reaction of N-propionyl-frans- 
(2S,5S)-2,5-dimethylpyrrolidine, 18, with (E)-crotyl alcohol under the conditions described is extraordinarily 
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Scheme Preparation of Correlation Materials 

10 (major) 11 (minor) 

*+ ,L,” 

H 1 

12 (major) 

6 -197.90 ppm I 
a, +*/ 

F L5 $ F 

13 (minor) 14 (major) 15 (minor) 

6 -191.70 ppm S -195.64 ppm 6 -189.56 ppm 

‘“p,‘_ii 

selective’5) forming in a ratio of >lO:l, 16) as determine-’ by ‘H and 13C NMR, a product in 50% isolated yield 
and 60% conversion (Scheme). As our previous report established the consistent preference for the formation of 
the Q-N,O-ketene acetal in the reactions of propionamides, consideration of the diastereofacial influence of 
tranr-2,5-dimethylpyrrolidine established above leads to the assignment of the stereochemistry of the major 

CHsJN 

L5 

i) CFsSOsCHs 

ii) -GLi 
-+Q 

N 

1S d l9 8 

product of this rearrangement to be N-(2S,3S)-2,3-dimethylpent-4-enoyl-trans-(2’S,SS)-2’,5’-dimethyl- 
pyrrolidine 19. Further studies to confirm this assignment and to explore the scope and limitations of this 
process are underway. 
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