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THERMAL TRANSFORMATIONS OF [n4s + T12s]CyCLOADDUCTS OF TETRACYCLONE AND TRICYCLO[4.2.2.02'5] 

DECA-3,?-DIENES: SEQUENTIAL DECARBONYLATION, RETRO-6~ ELECTROCYCLISATION, AND INTRAMOLECULAR 

[x4, + x2a]CYCLOADDITION 

G.I. Fray,* W.P. Lay, K. Mackenzie,* and A.S. Miller 

(School of Chemistry, The University, Bristol BS8 lTS, England) 

Dihydrosemibullvalenes result from heating cyclopentadienones with tricyclo[4.2.2.02"] 

decadienes; intramolecular [?'r4a + r2a]cycloaddition of intermediate tricyclo[8.2.2.02"] 

tetradeca-3,5,7,11-tetraenes provides a rationale. 

Thermal rx4s + x2slcycloadditions of hemicyclone _l_ at the cyclobutene moiety of carbocyclic 

systems of type 2_ have been reported. 
l-4 

We have observed similar reactions of tetracyclone 3 

with anhydride &a and with hydrazo-diester 2J, but also find that further transformations follow 

the well-known decarbonylation process when the adducts are heated. Dauben et al 
1 

--* have shown 

that hemicyclone J._ and anhydride 2a afford a product formulated as A; 
5 

2 gives a similar adduct &5 [m.p.-E. 

we find that tetracyclone 

255O (decomp.); vmax 1859, 1780 sh, 1773 cm.-'; 
1 
H n.m.r. 

t 

T[(CD~)~SO] 2.5-3.45 (22H), 6.4-6.6 (2H), 6.7-6.85 (2H), 7.05-7.2 (2H), 7.85-8.06 (2H)], and 

analogously, hemicycloneA and tetracyclone 2 with ester 2 yield k5 [m.p. 120-122O, v 1770 cm.- 
1 
H n.m.r. + T 2.8-3.6 (12H), 5.0-5.2 (2H), 5.7-6.1 (4H), 7.6-7.7 (2H), 7.9-8.2 (2H), 8.?(6H), 

8.8 (6H, s)] and z5 [m.p. 213-214' (decomp.); vmax 1785 cm-'; 'H n.m.r.t 'I 2.7-3.4 (22H), 

4.85-4.98 (2H), 5.8-6.12 (4H), 7.30 (2H), 7.52 (2H), 8.71-9.04 (hH)] respectively.6 

Alkaline hydrolysis of adducts 5 and 7 in air give (via oxidative decarboxylation and - 

deazetation) the cyclohexadienes 5 [m.p. 139-141'; vmax 1770 cm.-'; 'H n.m.r. t T 2.7-3.0 (lOH), 

4.1-4.5 (4H), 7.3 (4H), 8.75 (6H, s); 13C n.m.r.* 6 7.89, 28.76, 53.81, 56.73 (saturated C), 

121.04-142.21 (7 signals resolved, = Cc), 208.65 (C=O)] and 9 [m.p. 212-213' (decomp.); v 

1780 cm.-'; 'H n.m.r.t T 2.79-3.33 (20H), 4.22 (4H), 6.70 (2H), 7.30 (2H); 13C n.m.r.* 
max 

6 30.09, 

50.96, 67.22 (saturated C), 121.65-142.33 (11 signals resolved, = Cc), 202.83 (C=O)] respectively; 

in each case subsequent thermal decarbonylation is accompanied by fragmentation, with the 

formation of the expected tetrasubstituted benzene. 
7 

Thermal decarbonylation (at ca. - 210') of the tetracyclone adducts 5 andL, however, leads 

to products (A) and (B) which are not the expected cyclohexadienes &? and z; - the n.m.r. spectra 

of both compounds clearly indicate the absence of a symmetry plane. (A) (m.p. 271-272'): 'H 
t 

n.m.r. 7 2.8-3.4 (20H), 3.81 (lH, It'), 4.08 (lH, It'), 6.00 (lH, s), 6.25-6.45 (lH), 

6.8-7.2 (4H), 7.27 (lH, s), 7.7-7.85 (1H); 13C n.m.r.* 6 36.64, 37.68, 42.77, 43.62, 44.41, 

45.56, 55.76, 56.24, 59.03, 63.16 (all saturated C), 125.35-142.28 (18 signals resolved, =C<), 

171.82 and 172.43 (2 C=O). (B) (m.p. 230-231'): 'H n.m.r.+ T 2.7-3.3 (20H), 3.60 (lH, It'), 

3.80 (lH, It'), 4.68 (lH), 5.52 (lH), 5.92-5.95 (4H), 6.06 (lH, s), 6.53 (lH), 7.36 (lH, s), 

7.40 (lH), 8.87 (6H). 
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Hydrolysis and concomitant deazetation of (B) gives a hydrocarbon C36H28 (m.p. 154-155O), 

which with maleic anhydride readily forms an adduct identical with (A). The n.m.r. spectra 

of the hydrocarbon (together with its thermal stability) are clearly inconsistent with 

structure 12: 
1 
H n.m.r. "I 2.8-3.3 (20H), 3.8-4.8 (4H), 6.10 (lH, s), 6.75-7.0 (2H), 

- 13CnmrC 7.11 (1H s); . . . 6 36.04, 40.77, 52.60, 57.70, 57.94, 66.68 (saturated C), 123.16- 

142.03 (17 signals resolved, =C<). Four tertiary and two quaternary (6 57.70 and 57.94) 

saturated carbon atoms are present in this product, as indicated by offset proton decoupling. 

Furthermore, when (A) is heated in ethanolic sulphuric acid an ester-lactone results, 

possessing structure &3 on the basis of a preliminary X-ray crystallographic examination.8 

This, together with the spectral evidence, enables (A) to be formulated as the dihydrosemi- 

bullvalene 2; 1H singlet signals in the 'H n.m.r. spectrum can be assigned to HA and HB, the 

dihedral angles with HD and Hc respectively being 'L90°, and the acid-catalysed rearrangement 

can readily be envisaged as follows. 

13 
N 

Compound (B) and the derived hydrocarbon may then be represented by g and c respectively. 

The dihydrosenibullvalene system in these compounds may be rationalised as the product 

of an intramolecular [n4a + r2a]cycloadditiong in the valence tautomer 17 of the precursor 

cyclohexadiene 10 or 12. Possible precedents for a [x4a + n2a]cycloaddition within an eight- 

carbon framework include the formation of semibullvalenes from polymethyl- 
10,ll 

and benzo- 

fused12 cycle-octatetraenes in thermal reactions, and from cycle-octatetraene itself 
11 

in a 

photochemical process; the only known examples of the cycle-octa-1,3,5-triene + dihydrosemi- 

bullvalene conversion are photochemical. 
13,14 

There are indications, however, that thermal 

cross-cyclisation of the cycle-octatetraene n-framework to an intermediate bicyclo[3.3.0] 

octadienyl (bis-allylic) diradical can occur. 
15 

- Whilst it is possible that a diradical 

intermediate might be involved in the conversion of e.g. lJ into E (cf. ref. 13) such an - 

intermediate would contain one non-allylic radical centre, although the transannular a-bond 

might play a stabilising role; discussion of this point is deferred until later, when this 

and related work will be published in full. 
16,17 

All new compounds have been characterised by elemental analysis and/or mass spectra, 



No. 23 7713 

We gratefully acknowledge financial support from Chung Chi College, Hong Kong (to W.P.L.), 

and the award of an S.R.C. Studentship (to A.S.M.). Thanks are also due to Professor T.J. King 

for undertaking the X-ray structure determination, and to Dr. R.W. Alder for helpful discussions, 

I?2 R’ 0 

Ft’ 
R' 3i / $ 

1: R1=Me, R2=Ph 

5 : R1=R2=Ph 

2: R1=Me, R2=Ph 

2: R1,R2+, 

1 : R1=Me, R2=Ph 
cc 
3 : R1=R2=Ph 
" 

E = 1;-Co2Et N.C02Et 

2a: 
N 

b: 
X N.C02Et 

8 : R1=Me, R2=Ph 

9 : R1=R2=Ph 
N 

15 : 
N 

1 = r.CO,Et 

N.C02Et 



16 
N 17 : 

References and Footnotes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

t 

W.G. Dauben, G.T. Rivers, R.J. Twieg, and W.T. Zimmerman, J. Org. Chem. 4l_, 887 (1976). 

D.N. Butler and R.A. Snow, Canad. J. Chem. 52, 447 (1974). 

C.M. Anderson, J.B. Bremner, H.H. Westbury, and R.N. Warrener, Tetrahedron Letters 1585 (1969) 

C.M. Anderson, I.W. McCay, and R.N. Warrener, Tetrahedron Letters 2735 (1970). 

The illustrated stereochemistry, with respect to the norbornenone double bond, is unproven. 

Two conformationally distinct -C02Et groups. 

G. Schrgder, W. Martin, and H. Riittele, Angew. Chem. Intemat. Edn. 2, 69 (1969); 

cf. K. Mackenzie, J. Chem. Sot. 473 (1960). - 

By Professor T.J. King (University of Nottingham). 

R.B. Woodward and R. Hoffmann,"The Conservation of Orbital Syrrrmetry", Verlag Chemiel 

Academic Press, p.81 (1970). 

R. Criegee and R. Askani, Angew. Chem. Internat. Edn. 3, 537 (1968). 

H.E. Zimmerman and H. Iwamura, J. Amer. Chem. Sot. z, 2015 (1970). 

G.F. Emerson, L. Watts, and R. Pettit, J. Amer. Chem. Sot. S7, 131 (1965). 

O.L. Chapman, G.W. Borden, R.W. King, and B. Winkler, J. Amer. Chem. Sot. S6, 2660 (1964); 

J. Zirner and S. Winstein, Proc. Chem. Sot. 235 (1964); W.R. Roth and B. Peltzer, 

Annalen 6*, 56 (1965). 

E.L. Allred, B.R. Beck, and N.A. Mumford, J. Amer. Chem. Sot. 99, 2694 (1977). 

M. Stiles and U. Burckhardt, J. Amer. Chem. Sot. 82, 3396 (1964); M. Jones and L.O. Schwab, 

ibid. 90, 6549 (1968); J. Meinwald and D. Schmidt, ibid. 9l, 5877 (1969); J. Meinwald and 

H. Tsuruta, ibid. p.5877; H.E. Zimmerman, J.D. Robbins, and J. Schantl, ibid. p. 5878; 

W.T. Borden and A. Gold, ibid. 2, 3830 (1971). 

W.P. Lay, K. Mackenzie, A.S. Miller, and D.L. Williams-Smith, paper in the course of 

preparation. 

I.A. Akhtar, R.J. Atkins, G.I. Fray, G.R. Geen, and T.J. King, to be published. 

Unless stated otherwise, CDC113 solution/TMS internal standard. 

9 Ppm downfield from TMS in CDCR3. 

(Received in UK 9 April 1979) 


