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Summary: Treatment of 2,5-dlmethoxycarbonyl-3,4-diphenylcyclopentadlenone with an 

excess of cyclooctatetraene gives the novel exo[4+6la cycloadduct together with 

the endo[2+4ln and bls-Diels-Alder cycloadducts. The CNDO/2 MO calculation Indl- 

cates that HOMO(COT)-LDMO(cyclopentadlenone) interactlon ~111 be more important 

than the other. 

The chemistry of cyclooctatetraene (COT) has received considerable attention 

in the past decade and several reviews have appeared. 1 Cycloaddrtron reactlon of 

COT with electron-deflcrent 2v-components, wherein COT plays the role of 4n donor 

based on the dynamic propertles with lsomerlzatlon to blcyclo[4.2.0locta-2,4,7- 

trlene are extensively studred. Dy contrast, it is known that COT dlmerlzes more 

rapidly than it undergoes cycloaddltron to 4*-components such as 2,5-dlmethyl-3,4- 

diphenylcyclopentadlenone (MPC).2 

The frndlng that the potent electron-deflclent dlene, 2,5-dlmethoxycarbonyl- 

3,4-dlphenylcyclopentadlenone (CPC) reacts with N-ethoxycarbonylazepine (NEA) to 

give novel exo[4+6]n and endo[2+4]r cycloadducts In high yrelds3 prompted us to 

examine the addrtrvlty of CPC to COT. 

We now report a first example, so far as we know, of novel exo[4+6]r cyclo- 

adduct (1) whrch could not be orlglnally supposed by taking Into consideration of 

the nonplanar conformation (tub structure) only. 4 

CPC reacts wrth COT under refluxlng benzene for 8 hr to give two types of 1:l 

cycloadduct (1) [m-p. 189-198 OC(decomp.1, 46 %I and (2) [m.p. 225-228 'C, 9 %I 

R= COOCH3 
b 
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together with 2:l adduct (3) [m.p. 257-258 OC, 35 %I. The 1:l and 2:l nature were 

shown by mass spectrometry and elemental analyses. The structure of 1 is mainly 

assigned on the basis of the PMR data of double resonance technique, '; In which 

bridgehead protons at 6 3.88 (2H, m, Ha and Ha', Jab = 5, Jab' = 3) strongly cou- 

pled with ad3acent vinyl protons at 6 5.74 (2H, dd, Hb and Hb'), and particularly 

four oleflnlc protons appeared at 6 6.04 (4H, m, Hc and Hc', Hd and Hd', Jac = 5, 

Jcd Z 3) excluding the posslblllty of other structure such as 5. Comparison of the 

PMR spectral patterns of the adduct (1) 1s grossly similar to the adduct (2) derived 

from COT and 4-phenyl-1,2,4-triazoline-3,5-dione5 indicating the skeletal resem- 

blance to each other. The exo nature of the adduct (1) was apparently deduced from 

the chemical shift of Hc (Hc') and Hd (Hd') characteristic of exo dlene protons 

b&d, r-d1 + 
-a c ~:R=coo;H+moC$i~ R 

s 4 : R=CH3 

observed In 6 6 and 7 - 3 and the fact that Hb (Hb') at 6 5.74 has suffered an upfleld 

shift relative to that at 6 5.96 of the adduct (z), which might be shlelded by 

phenyl ring current. The IRspectrum of 1. also supports this assignment showing a 

characteristic carbonyl band at 1768 cm-l to suggest the presence of a bridged car- 

bony1 group of exo[4+6ln cycloadduct which absorbs at lower frequency3 than that 

of blcyclo[2.2.llhepta-7-one moiety in 2 (1806 cm -l). On the other hand, the CMR 

spectrumof displayed the bridgehead carbons [6c 71.54 and 40.721 suggesting the 

symmetrical structure. The minor compound (2_) 1s easily asslgned the endo[2+4ln 

adduct, which showed an enone carbonyl absorption at 1710 cm 
-1 , and four olefinlc 

protons at 6 5.76, 5.86 (2H, d, Hc and Hc') and 6.34 (2H, dd, Hd and Hd'), and four 

bridgehead protons at 6 3.52 (2H, m, Hb and Hb') and 2.28 (2H, m, Ha and Ha'). On 

the other hand, the configuration of the cyclobutane moiety in the adduct (3) was 

deterrmned by the crystallographic data of the analogous 2:l cycloadduct7 from 

phencyclone and COT. 

The lack of dependence of rate8 on change In solvent polarity rules out a dl- 

polar lntermedlate suggested In cycloaddltlon reactlon of COT with tetracyanoethyl- 

ene. 4 For the formation of the [4+6ln cycloadduct (1) in thermal condltlon, two 

different pathways shown In Figure are possrble, one lnvolvlng slgmatroplc rear- 

rangements ([3,31 or [1,51) of the adducts (Aand 9_) and the other direct cycloaddltion 

of CPC (4n) to COT (6n). The former pathway may be excluded by conslderatlon of the 

orientation of lnteractlngorbltals incompound(9_) as depicted In Figure and the ther- 
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In general, addition of dienophiles 

to COT eventuates in Diels-Alder ([4+2]n) COT 
reaction with the valence tautomer. On 

the contrary, CPC shows high reactivity 

to COT in comparison with other cyclo- 

pentadienones such as tetracyclone or 

MPCwhichhaveoftenbeenusedas trap- 

pingreagent, usuallywithout success. 

(R=COOCH$ \ 
\ 

From these facts, it could be 

explained satisfactory in terms of the 

frontier orbital control 
10 

with pre- 

dominant donor-acceptor interaction 

between the HOMO (COT) and the LUMO 

(CPC) assisted by narrow frontier 

molecular orbital (FM01 separation. 

Indeed, the CNDO/Z MO calculation 
11 

indicates a 0.7 eV lowering of LUMO 

for CPC as compared to MPC and a 

comparable donor property for COT 

to N-ethoxycarbonylazepine (See 

Chart Reaction Pathway 

ma1 stability6 of the analogous compound such as S. This assumption is also sup- 

ported by the observation that tic monitoring' of the reaction did not reveal ini 

tial formation of the adduct even under mild condition. 

Figure). In light of the very low LUMO energy, CPC should be more readily trapped 

by electron-rich COT as 6n donor. 

We are currently examining the cycloadditivity of COT to other cyclopenta- 

dienones. 
14 
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