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In an accompanying communication the reaction of tropone (5, with quadricyclene @ leading to 

2,9-exo,cis-quadricyclo[ 8.2.1 . 13fi~).@~9jtetradeca-4,6,1 I-trien-16one @ was presented as the 

first example of thermalIn + a2 + 02 1 cycloaddition.’ This find- 

13 

ing prompted us to extend this reaction to derivatives of 1 and 2 

and we wish to report here the reaction of ,l_ with dimethyl quadri- 

cyclene-2,3-dicarboxylate w. The effect of the electron-with 

drawing carboxylate groups is of interest, particularly from a 

mechanistic viewpoint. 

A mixture of r and 5 in a mole ratio of 5 to I was heated at 80’ in the dark under nitrogen atmosphere 

for 4 days. Al though the reaction products were more complex than those from the reaction of ,I_ with 2, 

chromatography of the reaction mixture on silica gel followed by thin layer chromatography on KGF, 

(Merck) separated three crystalline products; 5, mp 116’, 7% yield; SJ mp 112-I l4”, 7% yield; andi’, 

mp 128-129”, 5% yield; each of which was shown to be a 1 : 1 adduct by its eiementory analysis and moss 

spectrum. However,zwos shown to be almost certainly not a direct product from l_ and 4.2 On catalytic 

reduction, both 5_ and 1 absorbed 2 moles of hydrogen in ethanol and 3 males in acetic acid, while ,$ 

absorbed 4 moles in acetic acid. For 1; uv max (cyclohexane) 220 mp (s 9500), 279 (sh, 2950), and 310 

(sh, 448); ir (CHCI,) 1740 (C=O) and 1720 cm-’ (ester C=O); rmr (CD&) with addition of 0.4 mole ratio 

of Eu(DPM)s as a shift reagent, 6 2.00 (d-m, 1, HIsa, J13a,13s = 11 .Ol-&), 2.37 (d-t, 1, H13sr J13a,t3s = 

11 .O, J,,13s = 1.4), 3.60-3.95 (m, 2, H3 and H8), 4.14 (d, 2, H2 and H,, Jz,,~~ = 1.7), 4.55 (t, 2, HI and 
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HIO, J1,t3s = J1,13a = 1 .4), 5.08 (s, 6, COOCH,), and 5.95-6.20 (m, 4, vinyl). For ,& uv max (cycfo- 

hexane) 230 mp (e 25600) and 305 (6280); ir (CHCI,) 1720 (ester C=O) 1629, and 1595 cm-t; nmr (CDCl3 

6 1.15-l .83 (m,4, H, and Hd 3.16 (broad s-like m (IV’/, ~4.5Hz),l,H7),3.67(m,2,HtandH~,3.78 

(s, 6, COOCH3), and 6.80-7.25 (m, 5, all H in tropone); nmr with addition of 0.7 mote ratio of 

Eu(DPM),, 3 7.95 (t-like d-d, 1, H6’),8.17 (t-like d-d, 1, Hs’), 8.64 (t-like d-d, 1, H4’), 9.66 (d, 1, 

&‘),and 13.03 (d, l,H7’),and J31r(r=9.2 Hz, J,rEir= 10.8, JSrpl=8.2,and J6’,7’= 11.8. Forz; uv 

max (cyclohexane) 226 mP (c 11700); ir (CHCI3) 1715 and 1667 cm -’ (a,p unsatumted CEO); nmr (CDQ) 

6 1.47 (d-m, 1, H12a, J12a,12s = 9.5 Hz), 2.26-2.72 (pair of broad d, 2, Hz and Ha, Jz,s= 8.7), 2.67 

(d-t, 1, H,,, J,2a,lzs = 9.5, J1,125 = J9,,% = 1.7), 2.92-3.23 (overlapping m, 2, HI and Hp), 3.23-3.66 

(overlapping m, 2, H3 and H7), 3.76 (s, 6, COOCl$, 5.64 (d-d, 1, H,, J~J= 11.0, J5,7= 2.(J), 5.98-6.67 

(pair of broad t-like d-d, 2, Ht3and Htd,and 7.15 (d-d, 1, H4, J~J= 11.0, J3~=8,0). These signal 

assignments were made on the basis of spin-decoupling . 
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Structural assigmtent of 2 wos easily mode by comparison of the above spectral data with those of 2. 

The nmr data of i show the spectml features of 2,3-anti-7-trisubstituted norbornen, derivatives.) The 

existence of a plane of symmetry ink is suggested by the observations that the bridgehead protons, Hi and 

HI, appear at an identical position (6 3.67) and that addition of Eu(DPM)s does not result in splitting of 

the signals due to COOCli3 and the bridgehead protons. Irradiation at the signals due to the bridgehead 

protons and the C7 proton (triple resonance) revealed HS and H, as sigmls of a symmetrical 4B, trpe. 

Irradiation at the signals due to the bridgehead protons alone (double resonance) does not result in signals 

of a clean A.& type. These resulk indicate the presence of a lonwmnge coupling (about 0.7 Hz) 

between the C7 proton and the Cs (or Cd proton, so that the protons must be in a W-letter’ arrangement; 

therefore, the C7 proton is syn to the COOCHs groups. ’ The uptake of 4 moles on catalytic reduction; the 

uv max; the ir bands at 1629 ond 1595 cm-i; and the presence of 5 vinyl protons by integration of the mu 

can be accomcdated if i is assumed to be a monosubstituted tropone connected with the above norbornene 

system (for tropone, uv max (n-hexane) 229 mp (e 25000) and 305 (-8000)). Then, what position on the 

tropone ring, a, 8, or Y, is connected with the anti-7 position on the norbomene ring? In the presence of 

Eu(DPM),, nmr signals due to the tropone protons of 6_ appear as two sets of doublek (H31 and H,l) and 

three sek of triplet-like doublets of doublek (H41, Hsr, and H,I), which is a pattern specific for crmono- 

substituted tropones, but not for 8 or Y-monosubsti tuted trapones. 5 In addition, the vicinal coupling con- 

stank obtained are in the same order of magnitude as the corresponding values reported for some a-sub- 

stituted tropones.6 Thus, the structure a was concluded. The third compound z was found to be identical 

with the major product from the reaction of L with dimethyl notbornadiene-2,3-dicarboxylate and the 

structure was determined as reported in the acccmponying cammunication. 

We have not yet obtained any evidence against our proposal that the formation of adduck such ass 

and? is due to a concerted [ .6 + a2 + c2 Jcycloaddition. The formation 06k can be accommodated by 

a dirodical pathway; addition of L to i provides a diradical intermediate 2, the cyclopropane ring of 

which undergoes ring opening to give i0, hydrogen shift then leading to h. 
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