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DIAS'PEREOSELECTION IN RHODIUM-MEDIATED INTRAMOLECULAR C-H INSERTION: 
PREPARATION OF A TRANS-3,4 DIALKYL CYCLOPENTANE 

Douglass F. Taber*l and Robert E. Ruckle, Jr. 

Department of Chemistry, University of Delaware, Newark, DE 19716 

Summary: ---._ Transition state analysis suggests that substantial 1,2 asymmetric 
induction could be observed in the course of rhodium-mediated intramolecular C-H 
insertion. This analysis successfully predicts predominant formation of the 
trans 3,4-dialkyl cyclopentane when an a-diazo P-ketoester having a 6-phenyl -- 
substituent is cyclized. 

One of the central challenges in synthetic organic chemistry is the 

development of new methods for the construction of carbocyclic rings. We recently 

reported2p3 a general method for cyclopentane construction, based on rhodium- 

mediated4 intramolecular C-H insertion. We now report that when there is an alkyl 

substituent on the 4-position of the incipient ring, substantial 1,2 asymmetric 

induction is observed. The predominant product is the trans-3,4 dialkyl 

cyclopentane _1. 

This result is predicted by transition state analysis. We have postulated3 that 

cyclization proceeds via a chair-like transition state, as in 1. The choice is 

between insertion into HA, to give the trans product, or into HH, to give the cis 

product. As insertion into Hg would make R' axial in the transition state, 

insertion into HA seemed more likely. The trans-3,4 diastereomer should therefore 

be the major product from the cyclization. 
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We chose to employ R= phenyl, to take advantage of the significant upfield 

NMR shift5 to be expected for the cis diastereomer 0. The starting point for the 

project was thus S-ketoester 2, prepared hy alkylation of the dianion6 of methyl 

acetoacetate with bromide 47. In the event, exposure of the derived* a-diazo - 

B-ketoester to a catalytic amount of rhodium acetate in CH2C12 at room temperature 

led smoothly to a single product 69. Observation of a methyl doublet at 1.06 6 

led to the structural assignment shown. 

To confirm this assignment independent syntheses of the decarbomethoxylatedl0 

ketone 1 (1~ NMR = 1.05 6) and its cis diastereomer 10 were undertaken. Thus, - 

cleavage11 of 812 followed by cyclization gave enone 2. Dissolving metal - 

reduction gave an equal mixture of L, identical with the previously prepared 

material, and 10, which, as expected, showed a methyl doublet further upfield (1~ 

NMR = 0.73 6). Catalytic hydrogenation of 2 gave 10 and I in a ratio of 95:5.l3 - 

There is much yet to learn about transition metal-mediated intramolecular C-H 

insertion. The result reported herein was predicted from simple consideration of 

molecular mechanics, without any real reference to the structure of the diacyl 

metallocarbene. In that carbene, the carbonyls could be syn, as drawn, or anti.14 

The carbene-stabilizing metal could be bonded to carbon, as shown, or bonded to 

oxygen. These fundamental questions are being addressed in ongoing 

investigations. 

In addition to shedding some light on the transition state for 

rhodium-mediated intramolecular C-H insertion,15 it should be noted that the 

overall process (5 + 5) described herein effects transformation of an open-chain 

precursor having a single ternary stereogenicl6 center diastereoselectively to a 

trans-3,4-dialkyl cyclopentane. As acyclic ternary centers of high optical 

purity are readily available,17 this could represent a general strategy for 

enantioselective ring construction. 
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