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Abstract: Palhdiam-catalyzed diastereo-dfierentiative tandem connection of cis-akenyl iodide. cyclic fragment, and 

terminal acetylene was executed. The discrimination of the diastereotopic face and olefinic carbons of norbotnene 

was achieved with accompanying isomerization of the cis-geometry of the olefii IO tram in good yields. 

When a bifunctional molecule has an internal mirror, the two halves are enantiotopic. Differentiation of 

the each side of the plane is a current topic of a number of transformations in which achiral bifunctional 

compounds are converted into chiral products.1 Our previous investigations2 suggest that 

diastereodifferentiative tandem introduction of two side chains onto norbomene (1) is feasible as illustrated 

below. As the preceding report3 demonstrated, such a stereocontrolled bond formation leads to the creation of 

four chiralities by breaking the o-symmetry of 1. Although various nonselective assembly with 1 have been 

reported,4 the previous catalytic processes require a tedious workup. We found that the envisaged tandem 

assembly smoothly proceeds by the employment of copper(I) iodide as a co-catalyst, known as a usual catalyst 

system for the coupling of acetylene and vinyl halide.5 
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The stereodefined coupling of 1, c&(+)-2, and various terminal acetylenes 3 has been executed and the 

results are collected in Table 1 .6 Interestingly, the envisioned diastereodifferentiation takes place with a 

satisfactory diastereoselectivity (4/5 : 8/l-10/1) and the initial k-geometry of 2 spontaneously isomerizes to 

the rrans-olefin as expected based on the preceding result. 3 The stereoselection is again responsible for the 

&-geometry of 2. Thus obtained 4 equips both the proper stereochemistry and appendages of PGH 

analogues, which are now under intensive research.497 

Table 1. Palladium-catalyzed Tandem Assembly a 

Entry Acetylene, 3 Yield, % 
(4 + 5) 

1 a 

2 b 

3 c 

4 d 

5 e 

6 f 

7 g 

8 h 

/c // OH 

#-O -COOMe 

/-” 
-COOEt 

//-OAC 

,/COOMe 

/rOAc 

(87) 

(84) 

(64) 

(82) 

(6O)b 

(57) 

(37) 

(44) 

a) Carried out using 1 (5 mmol), (+I-2 (0.5 mmol), 3 (0.55 mmol), 

Pd(OAc)s (0.05 mmol), PPhs (0.4 mmol), CuI (0.05 mmol), BudNCI 

(0.5 mmol), EtsNH (0.75 mmol) in DMF (3 mL), 80 ‘C for 12 h. 

Diastereomer ratio (415 : 8/1-10/l) was determined by ‘H NMR 

analysis (500 MHz). b) Stirred for 24 h. 

When the acetylene 3 contains a hetero atom at the propargylic position, the three-component assembly 

readily occurred to give 4 in high yields (Entries l-6), even if the alcohol is not protected (Entry 1). On the 

other hand, the reaction with normal chain acetylenes was sluggish and lower yields were obtained with 

recovering starting materials (Entries 7,8). 8 The diastereomer ratio between 4 and 5 (8/l-10/1) was constant 

in every attempt and the olefin always isomerized. The configuration and the sense of chirality are assigned by 

the analogy with the preceding reaction, since the step of the stereoselection is considered to be same.339 



Consequently, a number of 2,3-disubstituted bicyclo]2,2,l]heptanes 4, pivotal to PGH analogues, were 

constructed, wherein two chiralities were incorporated and two prochiralities were unmasked, and tandem 

formation of two carbon-carbon bonds accompanying isomerization of the olefin was accomplished. The 

asymmetric dissymmenization by differentiative addition to meso-substrates has been demonstrated to become a 

highly efficient methodology with regard to the asymmetric synthesis, because an asymmetric control at 

multipoint has been enabled by a single catalysis, a single chirality, and a single operation. 
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Treatment of the acetylene alcohol 4a with NaOH under refluxing in benzene releases the acetylene 6 in 

69% yield, from which a variety of transformations are conceivable to obtain various derivatives.7 

NaOH/benzene 

69% 

4a 6 

9. A following path is plausible. Transmetalation of the intermediate 53 with copper acetylide 6, arising 

from 3, CuI, and Et2NH.5 produces 7 with regeneration of CuI. The reductive elimination of 4 closes 

the catalytic cycle. 

1 c&-(S)-2 
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