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Abstract The sterzc envrronment wlthrn dlene 2 1s shown to direct attack of 
ethylenlc, acetyfemc and heferodlenophlles predommantly from the syn n-face. 

syn-o,o-Dlbenzene derlvatlves 1 serve as bulldmg blocks m our pagodanes -t dodecahe- 
dranes syntheses 2 In the course of mvestlgatlons on the x-face selectivq of dlenes 1 m 
domino and pmcer Duels-Alder cycloaddltlons, we noted a slgnlflcant bias m their reachvlty 
agamst certam dlenophlles due to the speclflc vrs-a-VIS orientation of the two dlene molehes 1 
As a test for dlenophlle capture m the absence of possible cooperahve effects, the behavior of 
the simpler cyclodlene3 2 was scrutuuzed 

Factors controlling the stereoselectlvlty of [4+2]-cycloaddlhon reachons beyond effects cov- 
ered by FM0 theory,4 I e second-order orbital mteractlons us subtle stenc influences, enjoy 
contmuous attention 5-8 Whereas for the polycychc dlketodlene 3, to name a structurally re- 
lated case, secondary carbonyl orbltal and stenc effects have been shown to act cooperatively m 
the addition of most types of dlenophlles, 8 electrostatic or extended x-mteractlons are absent m 
ngld hydrocarbon 2 what allows a detailed assessment of stenc factors Direchve influences 
from a/a-mlxmgs operative between olefmlc and Walsh orbltals of the fused cyclobutane nngg 
are considered to be less important For the polycycle 2, a different degree of stenc mterference 
between the reactants can be antlclpated for the two modes of attack to the dlssymmetnc x- 
faces, defined m Fig 1 as “ant1 ” or “syn ” relative to the four-membered nng For stenc reasons, 
hgh endo selectlvlty 1s generally expected 
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Figure 1. Crucial sterlc interactions 
for the endo attack modes 
of crs-substrtuted ethyl- 
enic dlenophrles toward 2 

endo-anb 

The details and results of our study with 2 are compiled m Table I This dlene expectedly 
proved to be much less reactrve than 1,3-cyclohexadrene Consequently, our investigation was 
restricted to the most reactive dlenophlles to guarantee condlhons of kmetlc control Con- 
versrons were followed by t 1 c and proton NMR Crude reachon mrxtures were analyzed by 
high-field 1H NMR and product rauos determmed by mtegratron of the well-resolved olefuuc 
proton signals for the resultmg blcychc 12 2 21 moletres Stereochemrcal determmatrons were 
facthtated m that the proton srgnal for the unsaturated bridge of syn-adducts was generally ob- 
served at higher field (A6 0 2-O 3 ppm) relative to that of correspondmg antr-adducts (Table I ) 
For selected cases, NOE and spm-decouplmg experiments were used to secure the assignments 
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Addrtlon of ethylemc dlenophlles like malelc anhydnde, N-phenylmalermlde and benzo- 

qumone produced mrxtures of antz- and syn-stereolsomers 4a/5a, 4b/5b, and 8/9 respectively, 
with syn-reglochemlstry dommatmg (Table I ) 10 In case of syn-Isomer 9, photochemrcal cych- 
zatlon mto cage dlketone 10 confirmed the endo stereochemistry Even m the reactron wrth 
tetracyanoethylene the syn-addltron path predominates by far (6 7 = 6 941, although It seems to 
be the stencally more congested one The tetrasubstltuted dlenophlle, however, required pro- 
longed heatmg in refluxmg toluene for complete addmon While the above NMR crltena m 
thus case are ambrguous, stereochemlcal drfferentlatlon IS secured by the srgruhcant low-field 
shift (ca 1 ppm) for the cyclobutane proton signal of the malor component - a consequence of 
the spatral proxlmrty of these hydrogens wrth the nnrrle groups 

The hrghly reactive, sterlcally less demandmg heterodlenophrles N-phenyltrlazolmedlone 
and smglet oxygen were captured almost exclusively from the syn-a-face of 2 to yield urazole 
12 and endoperoxlde 16, with only traces (I 2%) of the anta-Isomers 11 and 15 bemg detectable 
Endoperoxlde 16 rearranges into dlepoxlde 17 at temperatures >llO”C 11 Reaction with mtroso- 
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Table I. Reaction Condihons and Product Rahos for Cycloaddihons to 2 lo 

Reagent Products (nntr/syn) 6 KIDC13) Ratlo Yield (%) Condlhons 

malelc anhydrlde 4a + 5a 643,619 12 . 88 95 benzene, 4h,lW’C 
N-phenylmalelmlde 4b + 5b 639,616 10 : 90 95 toluene, 8 h, 80°C 
PbenzosulMne 8+9 634,609 18 : 82 85 toluene, 5 h, KKK 
tetracyanoethylene 6+7 679,653 6 : 94 95 toluene, 4 5 h, 110°C 
N-phenyltrmzolmedlone 11 + 12 660,639 2 - 98 100 CH$& 0°C 
smglet oxygen 15 + 16 677,658 1 99 80 benzene, 2h,WC 
dunethyl acetylenedlcarboxylate 18 + 19 652,625 2 98 80 neat, 1 h, 100°C 
dlcyanoacetyiene 20 + 21 651,624 2 * 98 95 toluene, 4 5 h, 1OOT 

benzene was the only one found to be reversrble under the condrtrons employed (benzene, 
SOT) butrally, syn-adduct 14 predominates as expected (13/14 = 1.3 at 20% conversion) 

Reactwe acetylenlc dlenophlles such 

lene were both engaged m [4+21-addmon 

16 17 

as dlmethyl acetylenedlcarboxylate or dlcyanoacety- 

with hrgh Jt-faaal stereoselechvity (98% 19/21) l2 

18 19 20 21 

Obviously, [4+2]-cycloaddrhon to 2 proceeds for all types of dtenophrles wrth overwhelmmg 
kmetrc preference for approach from the cyclobutane fused, syn-drene face 1s Thus high rr-faaal 
stereoselechvrty has to be attributed to the relative magnitude of nonbonded sterrc repulsions 
during drenophrle capture, where the opposmg methylene brrdge causes the more effecttve 
shreldmg - a view strengthened by the somewhat reduced selectrvrty for ethylenic cyclo- 
addends whtch can be ratronahzed by the pronounced sterrc interaction for the syn-tralectory 
(Frg 1) Sterrc requirements for all “non-hydrogen bearing” drenophrhc reactants tested (acety- 
lenes, heterodrenophlles) seem to be of comparable magnitude At present, however, rt cannot 
be convmcmgly ruled out that the latter types might addihonally benefit from some degree of 
secondary orbrtal effects,ab especially as for the reachve 2x-components employed consequen- 
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ces of an early transitron state have to be consrdered s 
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