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Abstract Thermal epunenza bon of the htle compound occurs readily at > lSOT, rvlth Eynng parameters of A& = 29.3 
kcal/mol and AS* = -10 8 cal/mol-K, conswtent with a planarwed mtermedlate or trans~hon state 

The pantamethylanepropana (PMP) dmacbcal system 1 has been of mtarest. smca It was Ident&ad by 

Borden and Davidson as bamg structurally unu~ual,~ by virtue of the fact that slmpbshc Hund’s rula based 

arguments* as well as panty-based models3 would suggest a lugh-spm tnplat ground state for a planar PMP, while 

the &SJOmbIeSS mtamonl would suggest that an unusually low-lymg exatad state or possible ground state smglat 

m&t occur We became Interested m thus system after one of us* made semiemplmcal INDO/S-CI computatlonal 

pre&chons that various structurally related PMP danvativas would favor a tnplet ground state by a small (c 5 

kcal/mol) margm In efforts to obtam evldenca for the productlon of PMP-related spenes, we synthesized 

denvatives of 2,4&benzybdana-blcyclo(3 1 Ojhexan-3-one 2, which through cleavage of its bndgehead Cl-Cs bond 

could lead to a PMP derwativa that 1s conformatlonally constramed ralahve to 1 In this letter we report the 

thermal eplmenzatlon bahavlor of a methyl-labeled denvatwe of 2 and show permlsslve evldenca for formation of 

a PMP-hke mtermed1at.a or transItion state dunng this process 

The synthesis of 2 IS shown m Scheme I Startmg matenal4-cyclopentenol3 IS readily avalable,6 and 

may sequentially be cyclopropanated by the Simmons-Srmth procedure to gwa 4,s ontied unth p~dmmm 

&chromate to 5,’ end converted to 2 by a standard aldol procedure usmg banzaldahyda 6 Heatmg of 2 at about 200% 

and photolyas m solution at room temperature showed essentially no change m the ‘HNMR. Photolysls at 77 Km 

the neat sohd and m various frozen solution matrices showed no electron spm resonance spectrum other then 

adventltlous radicals produced from some of the solvents Accordmgly, the 6-methyl-labeled denvative 6 was 

synthesized by modiiicatlon of tbe cyclopropanatlon step in Scheme I to eve alcohol 7p which was oxldlzad to yield 

ketonelo 8 that could ba converted to 6g (which was found to be completely exe) 
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Vanous photolyses of6 m frozen 2-methyltetrabydrofuran at 77 K gave no observable eplmenzahon, to our 

hsappomtment However, the ldentlcal photolysls at room temperature m solubon rapldly led to a 1 1 eplmenc 

ratio of 6, along anth a mall amount of umdentitied byproducts havmg olefinlc protons m the IHNMR. The 

exo endo ratio m 6 was readily momtared by observmg the mtegrated raho of the methyl doublets at 52 25 (exe) and 

32 56 (endo) ppm lo F’yrolyms of 6 m degassed mtrobenzeneds at 15%2oooC also rea&ly led to eplmenzation, this 

time to gwe a final endo exo ratio of 0 35-O 41. correspondmg to -12 kcal/mol free energy &fference between the 

Isomers The eplmenzatlon proceeds without formatlon of byproducta, so far as we can tell by ‘HNMFt. 

We were unable at this pomt to differentiate formally between the posslblhtles of bridge--�bond us “wrong- 

bond” cleavage (9 us 10 m Scheme I), smce to do so would require an enantlomenc labehnglseparation synthems, 

w&h attendant complications which we have yet to overcome However, we were readdy able to obtam lunetics for 

the eprmenzation process m nltrobenzene-ds by ~HNMK, the data for whrch are shown in Table 111 Analysis of 

these data reld Eynng parameters of AH* = 29 8 kcal/mol and AS* = -10 8 caUmol-K, correspondmg to Arrhemus 

parameters of E, = 310 kcal/mol and log& = 112 This 1s a fmrly rapid process for a hydrocarbon eplmenzatlon, 

by eompanson to simple cyclopropane lsomenzatlon with E,= 65 1 kcal/mol l2 It also seems far too facile for a 

wrong-bond cleavage, by comparison to the study of 2-vmyl-methylcyclopropane eplmenzatlon by Elbs and 

Frey.“, m which E, = 48 6 kcal/mol and 1ogloA = 14 7 However, our kmetic parameters are very slmllar to those 

found by Arm and Crawford for lsomenzatlon of trans-dlvmylcyclopropane,l4 which has Ea = 34 3 kcal/mol and 

log1oA = 13 1 

TABLE 1 Thermal Eplmenzatlon Rate Constants k, for Compound 6 

TemDerature(°CL mslsepplLtXz TemDerature(“C1 XP_kepl&i!zG 

1643 540 195 1 572 
174 6 117 2045 113 0 
1851 23 0 

(Eqmhbrated final ratios of exo endo eplmers of 6 needed for kmetlcs were found 
by heating for 5 10 h at each temperature for which kinetics was obtamed 1 
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TABLE 2: Selected Bmelxc Compansons to 6. 

D P 
D D D 

65 1 164 

Me 
A 486 147 

Me CH=CH2 

343 13 1 

Bfexo) - Btendo) 310 112 

Entnes taken from references 12-14 and thm work 

Table 2 summarizes these kmetm comparmons By analogy, wrong bond cleavage of 6 may be compared to 

the second entry m Table 2, whrle bndge-bond cleavage may be compared to the third entry As add.rbonal 

evrdence, we find that compounds 11 - 12 do not undergo thermal eplmenzation under con&tions where 

eplmenzatron of exo-6 proceeds readrly, further demonstratmg the need to involve boflr exocychc benzyhdene 

groups m the eplmenzabon of the bmychc system, m a manner mconmstent wltb wrong-bond cleavage 

ie 11 Me 12 

We feel that our data constitutes pernnsslve evidence for formatron of a planarming PMP-type 

mtermedlate or transltlon state S m epimenzatron of 8 While we cannot formally prove planahuon vnthout 

synthesis of other, optrcally actrve denvatives of 2, It IS hard to see how our observed kmetrc parameters may bs 

interpreted in terms of wrong-bond cleavage, given the clear analogy of that process to Elhs and Prey’s study We 

feel that the slmllanty of our kmetrc parameters to those of dwmylcyclopropane 1s entirely m accord wrth the 

Borden-Davrdson pmture of the PMP pi-system as bemg composed of two ally1 fragments weakly coupled by a 

cross-coqugatmg group, grven that the carbonyl group m 6 has almost no net effect on the activation energy of 

bond cleavage relative to dwmylcyclopropane Further work IS underway to mvestrgate possible PMP 

formatmn15 m other vanatrons of this rsomenzahon process, such as m all-hydrocarbon analogs 
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