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Abstrsek Rhodium(ll) catalysis of various diadmib containing tethexed ksystems attached to the 
nitrogen atom results in isom&dnone dipole formation followed by intramolecular dipok-cycloaddition. 

Cycloaddition reactions of 1 J-dipoles with carbon-carbon multiple bonds are of considerable 

importancs in heterocyclic synthesis_ 1 Intramolecular dipolar cycloadditions have been particularly 

useful in natural~product synthesis, since this reaction results in the formation of an extra ring and 

exhibits increased reactivity due to entropic factors. 2-4 The regiochemistry of the process is compli- 

cated by a complex interplay of factors such as the nature of the 1,3dipole, alkene polarity, ring 

strain, and other nonbonded interactions. In general, the intramolecular situation can be assessed as 

a competition between bridged and fused modes of cycloaddition. 

In previous papers from this laboratory we have outlined a strategy for the synthesis of poly- 

heterocyclic ring systems wherein heterocycle 3 is prepared by an intramolecular dipolar cycloaddi- 

tion of an isomgnchnone dipole 2.5 As shown below, the mesolonic dipole 2 was generated by 

treating a diazoimide containing a carbon-tethered alkenyl group with Rh(ll) acetate.slo Two basic 

structural variations can be achieved by altering the point of attachment of the alkenyl tether. We 

refer to these as type I and fy$?e II internal cycloaddition routes. To date, all of our studies have dealt 

with type Icycloaddttions.5 From a synthetic standpoint, we were struck by the ease wlth which the 
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type I/ reaction would allow for the preparation of complicated N-hetero trfcycfic compounds such as 

6. Provided with this stimulus, we have investigated the Rh(lf) catalyzed behavior of a series of N- 

alkenyl substituted diazoimidss. The results reported below summarize various aspeas of this study. 

The systems that we initially studied were kdtbmlely d&ivd Ran otthem anilines, 

such tftat tti tethered afkene wae attached to the benzene backbone. Tftfs went provfdss 

interatomic distances and bond angles that are fdeaf for dipole formafion. Dfazofmfdes 9 and 10 

were prepared by reaction of the appropriately substftutsd orMc~aniflnes wfth benzoyf chloride fol- 

lowed by the sequential treatment of the amfde with n-bufyflffurn and t-butyl2dfezomefonyf cf~fo- 

ride.11 Exposure of diazoimfdes 9 and t 0 to a catalytic quantfty of Rh(ff) pe;fluorobutyrate at 25°C 

afforded the polyheterocyclic systems 11 and 12 in excellent yield (93%, 95%) and wfth complete 

diastereospecfffcfty. The structure of 12 was unambiguously determined through an X-ray crystalfog- 

rsphy study. Assignment of the stereochemistry of the closely related cycfoadduct 11 is based on its 

spectroscopic properties and by analogy to 12. 
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Oiazoimides where the alkenyl substftuent was tethered onto the N-atom by a simple msthyf- 

ene chain were also observed to undergo cycioaddiion across the IsomOnchnone dipole. Thus, 

treatment of diazoimides 13 and 14 with a catalytic quantity of rhodium(fl) trfffuoroacetate in benzene 

(WC) gave cycloadducfs 15 and 16 in high yield (>95%) as single diastereomets. Their spectro- 

scopic properties as well as molecular mechanics calculations support the steteochemfcaf assign- 

ment of cycloadducfs 15 and 16 as being the resuft of exe cycloaddiion wfth resped to the dipale. 

The structural assignment of 15 was unequivocally established by an X-ray ctystaf analysis. 

The tacffff of an intramolecular cycloadcfition reaction depends on the length and nature of the 

tether connecting the dipole and dipolarophile functfonafities. The aotfvatfon energy of the pmosss 

will also reflect the strain energy of the rfng to be formed and the stereoelectronb interactions in the 

transftion state. in order to probe the lfmfts of tether length on the intramofscufar cydoaddftion of 
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these N-alkenyl sukituted isomOnchnones, we examined the Rh(ll) catalyzed behavior of cfiszoimicfe 

17. Exposure of 17 to & reffuxing mixture of Rh*(OAc), in benzene CM not produce any detectaM 

quantities of an intramobcufar cycloaddiiion product. Instead, the reactbn affordedthe intramobcu- 

lar cyclopropanation product 18 (69%) as well as pyrrobne 19 (17%). The formation of 19 involves 

an initial 1,34ipofar cycbaddbon of the die20 group across the neighborlng x-bond followed by 

nitrogen extrusion and diradbal reofganization. ‘s-14 This same rearranged dihydro-1 H-pyrrob 19 is 

also fo~kd upon heating diioimide 17 in benzene in the absence of Rh2(OAc)4. 
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When the reaction of 17 was carried out in the presence of N-phenyl maleimide, a mixture of 

19 aswaft as the btmobcufarcycbadduct 20 was obtained. Interestbgty, a variation in product ratio 

was observed whe_n the catalyst ligand was changed to the more electron withdrawbg trffluoroacet- 

am& group (Rh&fa),$ With this catalyst, only the bhnobcular cycbrxfduct 20 was famd. The 

chemosektbky encountered presumably reflects the Memnces in ebctrophilbfty between the 

various rhodium’ cartwtfoii btemwc2at&?. implying Involvement of the metal and its figands during the 

formation of the iso~ll~none dioofe.la-1s The fact that no dipofar cy cbaddMonocoursintheab- 

senoeof atrappbg agent wggests that rbg strain of the rewftbg intramolecular m Is 
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sufficiently reflected in the transition state of cycloaddition so that a substantial klnetk bar&r to this 

process exists. 

In conclusion. NomOnchnone dipoles generated from the Rh(lI) catalyzed reaction of 

diazoimides undergo successful intramolecular dipolar-cycloaddiiion across alkenyl z-systems teth- 

ered to the nitrogen atom of the imide. The facility of the cycloaddition is critically dependent on 

conformational factors in the transition state. Further work in this area is in progress and will be 

reported in due course. 
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