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Abstract: Diastereotopic olefins were differentiated in iodolactonization 

concomitant face differentiation using (2R,SR)-bis(methoxymethyl)pyrrolidine 

chiral auxiliary to afford chiral lactones in enantioselective manner. 
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Halolactonization has become an important tool in synthetic organic 

chemistry because a high degree of diastereoselectivity can be attained depending 

upon the reaction conditions.1 Discrimination of diastereotopic groups or faces is 

one of the prevailing methods for asymmetric induction. Recently, Kurth et al.2 

reported remarkable differentiation between diastereotopic olefinic groups with 

concomitant face differentiation in halolactonization; 3,5_dimethylheptadienoic 

acid 1 selects the y-carbon preferentially (y- versus y’-attack was 147:l) with 

concomitant re-face selectivity (3O:l). With meso-olefin 2, 14:l re-face selectivity 

was observed. Attempted chiral iodolactonization by discrimination of two 

identical groups has been reported but the enantiomeric excess (ee) is too low to 

make it useful (lo-25%).3 Here, we describe an interesting extension of their work 

involving enantioselective iodolactonization with high ee through the 

diastereotopic olefin differentiation as well as face differentiation using (2R ,5R) - 

bis(methoxymethyl)pyrrolidine as a chiral auxiliary. 

We selected amide 3 as our substrate because prediction of the 

stereochemical outcome was easier and more convincing. Since 3 has chiral 

carbons, both olefins and the faces of each olefin are diastereotopic. The absolute 

stereochemistry at C(3) in the expected products 6a -6d is governed by the 

differentiation of diastereotopic olefins, while the selection of diastereotopic faces 
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determines the absolute configuration at C(5). Four diastereomeric transition 

states 5a - 5d are possible, of which 5a and 5 d afford the trans isomers 6a and 

6 d, respectively. The cis isomers 6 b and 6c can be obtained from 5 b and 5c, 

respectively. Transition states 5c and 5d result from attack at the y’-carbon and 

are less stable than transition states resulting from y-carbon attack because of the 

severe steric interaction between an ally1 substituent and a methoxymethyl group. 

The lack of 1,3-diaxial-like interactions makes 5a more stable than 5 b. These 

analyses lead to the conclusion that 6a is the anticipated major product. Indeed, 

treatment of 3 with iodine in tetrahydrofuran under kinetic conditions4 afforded 

6a5 in 54% yield and 91% ee. Use of an unsymmetrical chiral auxiliary remarkably 

decreases the enantioselectivity. Kinetic iodolactonization of amide 4 provided 

3R,SS-iodolactone 6d6 with an ee of only 37%. 

Chart I. Possible Transition States 5a - Jd for 3 Leading to Products 6a - 6d, respectively. 

(a) Si-attack at the y-carbon. (b) Re-attack at the y-carbon. 

(c) Si-attack at the f-carbon. (d) Re-attack at the f-carbon. 

Chart II. Possible Transition States 7a - 7d for 4 Leading to Enantiomers 6a and 6d. 
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The existence of E- and Z-isomers (4-E and 4-2) about the amide bond 

makes its analysis more complicated than that of 3. 1H NMR showed that 4 existed 

as a mixture of 4-E and 4-Z in a ratio of 1:2. The transition state 7a is least stable 

among the four transition states 7a - 7d for 4-E and 4-2 leading to trans isomers 
6a and 6d. No notable difference in stability is expected for 7b - 7d. Thus, 4-E is 

expected to give 6d through 7b, while 4-Z might furnish an approximately 
mixture of 6a and 6d via 7c and 7d, ‘provided that 

retained in the transition state. This accounts for the 

over 6a from 4. 

the original geometries 

roughly 2:l preference of 

1:l 

are 

6d 

10 : R’= R2=Me 

11 : R’= H, R*= CHflH 

Amide 88 provides another interesting example. Restricted rotation about 
the C(a)-C(p) and C(a’)-C(p’) bonds simplifies the situation when face 

differentiation is eliminated and diastereotopic olefin differentiation is the sole 

factor determining the product enantioselectivity. In the event, kinetic 

iodolactonization of 8 provided 9 or its enantiomer with 86% eel0 in 89% yield. 
Selection of the y’-carbon would cause a severe steric repulsion between a 

methoxymethyl group and the substituent at C(3) in transition state 12 b. Attack 
on the y-carbon would afford the more stable transition state 12a. The above 

analysis predicts the absolute structure of the product to be as shown in 9 though 

it remains to be proven experimentally. Recently, Hart et al.9 reported an 

asymmetric iodolactonization of 10 and 11 with low enantioselectivity (-40% ee) 
and predicted that larger substituents at the a-carbon might increase the 

selectivity. It should be interesting to examine the effect of a-substituents on the 

enantioselectivity, because our analysis indicates that extremely bulky 

substituents will produce the opposite chirality to that occuring from 8 which 
carries the smallest substituent (H) at C(a). 

Chart III. Possible Transition States 12a and 12b from 8. 

12a : y-carbon attack. 12b : f-carbon attack. 
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In conclusion, our studies have shown that proper choice of chiral auxiliary 
can increase differentiation of diastereotopic olefins in halolactonization in a 
predictable manner. 
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