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Abstmct: In ~~~_caphneby~soEvinylcerbglaidsgmsatedbythodiumo~ka~~ 
~~KMI of viny-s msults in the formation of fused 7-arabicyclo[4.2.O,octa&enes or fused 

. 

Thcltaction~lwtalscabilizedcarbenoidsandp~~scmprocotdbyscveralpathwaystofama 

varietyofproducts. ~k~~~~onreactionofcatbenoidswithpyrroh:orN-alLylpyrrok.* The 

reaction of carbenoids with N-acylated pyrroles can lead to several different types of products, such as 

dihydlQpyr%cs,~ a&ylluion product&2 formal 2 + 3 cycloadducta3 and farmal 3 + 4 cy~loadducts.~ All of 
&.I”_ -.- - ,.#“.&##-A .II L #LWL.-rl cr.-r :..**“,I.. “-4 ~.-L”..*rlr-r~~” Tl.-c-rl?l” WGSZ~WWb.I8~GGUU8WWX cu w luz _l”Gu ll”uL In‘UuU;* LVI- yJL’“‘ukyUuyl”~*. 11Ec I=- .J T V 

cycloaddition has been developed as a general method for the synthesis of tropanes by a tandem 

cyclopropanatioo/Ca rcarrangcment bctwcen vinylcarbenoids and pyrrolc~.~ Attempts to extend this 

chemistq to the synthesis of conformationally constmined tropanes by means of an intramolecnlar Eaction 

between vinykarbenoids and pym&s resulted in a novel synthesis of fused 7-azabicyclo[4.2.O]octadienes 

(schemel).~Thedetailsofthisunusualeansformation arethebaSisofthispapcr. 

A~ofvinyldiazamthaatswss~bygemral~thathavebeen~ydcscribedP 

Rhodi~octaWue catalyzeddecompositionofIrrin~fl~gbenzenensulredinacl~transfarmation~ 

dek6nedfromtheNMRofthecnldereacdonmixture. TheproductwasslightlyunstabletochronW@@y 
. . . ~out_ujd.beisoh&t&in~yi~&er~innn~*_ TW ~assiOmnemd 

2p was based on its distinctive NMR spectrum at 95 OC, which included signals for the two vinyl protons, the 
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diastQlcotopic~owe~andtbcfau~p~r’Particularlydistinctiveisthcmtdrine~ 

Ha which displays coupling to all the other azddine protons as well as homoallylic coupling to one of the 

butymlactone mthylsne protons. A similar reaction was obsuved with substituted pyrrole lb leading to a clean 

transL--L_ and rhe mtua! isolatioz! of 2b in 34% vieId. --- .._ .8 ----- 

1 a: R = H (49% ‘eld) 
b: R = Mc @W&id) 2 

Fused 7-azabicyclo[4.2.0]octadienes could also be formed using the phony1 substituted 

vinyldkomethanes 3. These products were stable to chromatography, and conscqucntly were isolable io higher 

vie&s A_ mixtme of imric zrr0duct.s 4 and 5 was t=&&m! t-2 : 1 ratid: these Hertz readilv distinrmished on , ------ -- ---_.-- r------- ,l -~~--- ___~~~ ___ ~~~~~.~~_ ~~_ _ 

the basis of coupling constants for the azctidinc protons and the shielding cffcct of the pheslyl ring. 

a: R=H#O%yield) 
b: R = Me (79% yield) 

Extension of this chemistry to the higher homolog 6 led to inaiguing results. The rhodium(II) 

~acanditionsnsuladinincfFicientcaptllTeof~ccrrbenoidandtheonly~products 

werethcti~edtropenea.7and8 in lessthanlO%combincdyield. OnthcassumptionthatamoreckctmpUc 

carbcnoid would likely lead to more effkctive reaction with tbc pyrrole, the rcactioa was qcatcd using 

Wdium@) (N-p-(rerfin@)pha@sW~yl)prolinat@ as catalyst, and this lead to the fm of two isomuic 

6 / 2 
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7 (16%) 
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+ 
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rropancs 7 and 8 (24% combined yield), as well as two fused 7-azabicych$4.2.0locta&ncs 9 and 10 (51% 
-yicld).The stereochemigtryfor7and8wasreadilyassignsd~onthedistiactiveoouplingoonstant 

fortheblidgekadproton.~ Thtfannstionobbotheado~andwro(8)isomasoftbtrmprnerweoPneJrpacttd 

b=a=*cape ~Wd~vhrylcyoU gencmllypmceedsthroughawelld&incdhoattransition 

staaandthiswouldhavekdtothcformlltionofonly~eodo~~7.~Thefamationoftheexoptoduct8 
was not due to isomuization of the cndo product 7 because 7 was stable when subjected to the reaction 

conditions of its famation. 

A reasonable mechanism to explain these transformations is shown in Scheme 1. The reaction is 

considered to pmcccd by initial intramolecular capture of the rhodium carbcnoid by pyrrole leading to a 
_ - 

xwmenomc stmctum i2mtherthandirectcyclopropanation. ** The involvement of a cyclopropaue intumediate 

has been ruled out based on the lack of stcrcospcciBcity in the formation of the fused tropanes, whereas the 

zwittaionicstrucMe12~asthe~tyforbondrotation,whichwuldthenleadtothefarmationofboth 

cndo and exo isomers of 13. Due presumably to the constraints caused by the tether in 12, rcarrangerucnt 

involving interactions of both vinyl groups (analogous to a stepwise Cope reztmtngement) procaeding to the 

tropane 13 is only possible in the case of the mom flexible system where n=2. Instead an altemative 

rearrangement occurs to form the unsaturated imine 14. This type of narrangement is known for 

furanocyclopropanestt and has been observed on flash vacuum pyrolysis of a pyrrolocyclopropanc.~ The 

~oftwoZdoublebondsia14mcansthatthesystemcanreadilyundergoathermallyallofttedconrotatory 
8x &ctmcyclimtion to form the dihydmawc& 15. This type of eltxtrocyclic ring closure is well doccumented 

for the formation of cyckloctatriczK& l2 The resulting dihydroaxocine 15 then undergoes a well-precedented 
disrotatQy 6x ekurocyclixation~ to form the 7-ambicyclo[4.2.0]octadiene 16. 

Scheme 1 

% 16 
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