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Abstrw!: Diels-Alder cydodditions to 2 and 2 occur preferenttally from the top face in contra- 
distindkn to the behavior of i sodicrclopentediene (1). This reversal in Wal stereoselectivity is 
shown not to arise from torsional constraints, but to be consistent with the overridq of steric effects 
byorbitaftiltingin 1. 

The design of diens substtates for the purpose of defining the role played by fused norbomyi 

subunits In controlling [4+2] cycloaddltion stereowtectlvky has proven to bs more problematical than 

anticlpated.~ with the present work, we believe the weight of evidence to have become sufficient to 

justify the v of orbital distortion as the key determinant of the contrasteric below-plane IC- 

facial kinetic preference exhibited by isodicycfopentadiene (1) toward dienophiles. 2,4,5.6,7,8- 

Hexahydro4,&methanoazu lens (2) and 2,3b,4,5,6,7,7a&octahydro-5,8-methanocyclopentja]indene 

2 

(3) have been synthesized ii order to confirm that strain release in the b’qclic component results in 

loss of the kinetic driving force for attack from the bottom face. 

To arrive at 2, diester 42 was cydized under acyioin conditions3 to give 5, which was hydro- 

lyzed to the a-hydmxy ketone simply by stirring in deoxygenated methand at 20 ‘C (Scheme I). 

Subsequent oxidation wfth copper(k) acetate monohydrate in aqueous acetic acid4 provided 6. 

Twofotd addiin of ethereal trknethytsilytmethylmagnesium chlorides to 6 led to 7 as the only product 

and set the stage for double Peterson oleflnatlons and formation of 8. Adaptation of Danheiser’s two- 

step method for cyctopentenol annulation7 furnished 9, dehydration of which was accomplished via 

the xanthate. 

In IigM of the recognized availability of ketone 10.8 the serviceability of the Skattebel rear- 

rangements as a means of obtaining 3 in preparatively useful amounts was explored (Scheme II). 

Exposure of 10 to vinylmagnesium bromide resulted in 8x0 addiion to give an allylic alcohol. de- 

hydration of which was conveniently effected with the Burgess reagent [(methoxycarbonylsulfamoyl)- 

triethylammonium hydroxide inner salt]. lo Dibmrnocafbene addiiion to 11 provided a mixture of three 

dibromides from which 12 could be separated (36%) and immediately treated with the CHaLi*LiBr 
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oomplax. The &My of StWrally related cs&enokk to isamerize suitably to cydopentadienes has 

recently been demonstrated.~~ In the case sd hand, 3 was Isolated in 50% yield. 
The level and dimdfon of x-facial sslactMty operational during eon of N-phenyl- 

maleimfda.f s malaic anhydtfds,fs and (z)-1,2~s~he~n~)~h~enei4 to 1 have previously been 
dowmentsd. For the present purpc#uers, bis(WWutylsuifonyl)acetyfens (TEISA)~s was also examined 
and found to prefer below-pian attack to the extent of 76% (T$&le 1). The same four dienophiles 
ware subsequentfy reacted with 2 and 3. Some variation in the nature of the sofvent was u~~oi~~e 
because of the manner in whit 2 was generated- Nevertheless, the extent to which 1 prefers 
bottom-face addition (55-l 00%) is not paralleled by 2 and 3. in act&ii, the fatter two dienes exhibit 
a cdnvinding kinetic prafemnca~s for cycWdd&n from Wve (75-10096). The a~urns~ can bs 
mads that 2 is attackad from the top face because of stark shie~ing provided by the add& 
methylene group in the chair conformation shown. This feature is not present in 3 where the 

cyclohexane ring is necessarily boat-shapsd. The close similarity in product distributions obssrvsd 
for 2 and 3 suggests that the energy barrier far cnnfomrational flexing In 2 is low. 

The stereochemical features of those addudts produced fmm olefinic diano~iles could bs 
unequivocally defined by high-field NMR spedtmscopy including nOs measurements.l7 The reduced 

number of diagnckstk protons in the products of TSSA addition and their inseparability required 
derivatization before, rigorous stersochsmkal identif&ation could be made of pure compounds. In 

Scheme tl 
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both examples, this involved dimct irradiation of the major adducts in Cl-l&l2 solution to generate 13 

and 14, respectively. The more hiihly caged nature of these derivatives was accommodating of 

spectroscopic structural analysis. 

The n-facial stereochemical crossover reflected in Table I cannot be attributed to control by 

torsional factors.18 This is because 2 and 3, like 1, are predicted by MM2 methods19 to experience 

greater torsional compression in their top-face. endo transition state8 than in the bottom-face, 8x0 

alternatives (Table II). On the other hand, the less strained nature of the bicydic part-strut%res in 2 

Tabla I. Dlatrlbution of Stereolsomarlo Dida-Alder Adduota to 15 with Variws Dianophilea. 

1 NPM - - 100 - 

MA - 33 67 - 

PSE 
- 

45 - 55 

TSSA ____ __-- 24 _______ ._____-- 76 ________ 

2 NPM 15 66 19 - 

MA - 100 - - 

PSE 20 60 - - 

TBSA -_______ 75 _______ ______-_ 25 .- -_______ 

3 NPM 31 52 17 - 

MA b 76 b - 

PSE 19 75 6 - 

TSSA ______w_ 76 _______ ________ 22 ________ 

*NPM = Nphenylmakim#e; MA = maleic anhydride; PSE - (2)-l ,2-bia(phanykulfonyl)- 
ethylene; TBSA - bia(M-butyfsulfanyl)ena. komblned yield of 22%; specific 
identification of the conaUtution of this mixture axkl not be made. 

and 3 depletes these systems of high-lying u orbital% such that &II interaction does not operate and 

8teric factors gain importance.20 As earlier proposed ,zl this trend is reversed in 1 as a consequence 

of strain-induced orbital tilting and its stereoelectronic consequences. 
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T&k II. Cskulated Tramitii StateTorsional 
/u@ss far ths Mets-Alder Additbn of MA.’ 

I cow topface, endo bottom-face, 8x0 1 

1 20.10 26.20 

2 33.4” 37.1° 

3 32.3O 35.60 

‘The torsional angfes in question are defined 
in the drawings of 2 to the right. 
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