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Photochemical Deazetation of 2,3-Diazabicyclo[2.2.2]oct-2-ene; Unexpected Inversion 
of Stereochemistry 
Andrew J. F. Edmunds and Christopher J. Samuel* 
Department of Chemistry, University of Warwick, Coventry CV4 7AL, U. K. 

Irradiation of cis-anti-[5,6-~H2l-2,3-diazabicyclo[2.2.2]oct-2-ene leads to bicyclo[2.2.0]hexane in which the deuterium 
is predominantly exo, i.e., with inversion of configuration, and hexa-1,6-diene in which the 1,6-positions show equal 
amounts of cis and trans deuterium; the inversion is explained in terms of one-bond cleavage and conformational 
changes in a diazenyl biradical. 

Stereochemical studies have given considerable insight into 
the deazetation of cyclic and bicyclic azo compounds.l.2 In 
particular, 2,3-diazabicyclo[2.2.l]hept-2-ene (DBH) (l), and 
analogues show unique behaviour in that thermal and 
photochemical decompositions have been shown3 to proceed 
with predominant inversion of configuration, an observation 
for which several rationales have been proposed.314 For the 
next higher homologue, 2,3-diazabicyclo[2.2.2]oct-2-ene 
(DBO), formation of bicyclohexane (BCH) appeared to be 

stereorandoms since both cis-isomers of dimethyl-DBO (2) 
gave almost the same ratio of stereoisomeric bicyclohexanes. t 
However, it is not certain that this is the kinetic ratio since the 
high temperature needed to deazetise DBO is known to cause 
exo-endo isomerisation in bicyclohexanes. In the case of 
certain tricyclic azo compounds containing the DBO skeleton, 

t Calculated from data in ref. 5. 
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Table 1. *H and 2H n.m.r. data (6, p.p.m.) for deuteriated compounds. 

lH N.m.r. shifts and assignments 2H N.m.r. 

Deuteriated Deuteriated Geminal Ratio 
compound position partner Signals (anti : syn) 

( 5 4  1.84(anti) 2.10(syn) 1.85,2.09 68 : 32 
(3d) from (5d) I . ~ ( a n t i j  I .  27(sjn j 1.52,1.23 68 : 32 

1.39 .78 only >99 : I 1.34 1.78 
(Wa 1 .78(anti) 2.09(syn) 

(3d) from (4) 1.55 (anti) 1.27(syn) 1.52,1.23 >99: 1 

a Restricted rotation about the amide bonds doubles the number of signals. 

Table 2. 2H n.m.r. analysis (6, p.p.m.) of products from (3d): 

Compound Source 
Direct photolysis 
Direct photolysis 
Sensitised photolysis 
Sensitised photolysis 

(6) 
(7Ic 
(6) 
(7Ic 

a (3d) (>99% anti deuterium) was irradiated at h > 290 nm (direct 
f Signal at 6 2.09 also present assigned to the allylic positions. 

Signals and assignments Ratio 
2.42(ex0)~ 2.03(end0)~ 83 : 17 
4.99(czs)b 4.93(tr~ns)~ 50 : 50 
2.42 2.03 58 : 42 
4.99 4.93 50: 50 

photolysis), h = 300 nm (sensitised photolysis). Ref. 7. 

Hen H, ' '0 

NCO, Pr' 

inversion has been observed6 but these were sterically biased 
and gave the more thermodynamically stable isomer. 

We report here that photochemical deazetation of stereo- 
specifically deuteriated DBO gives BCH with predominant 
inversion of configuration and hexadiene in which the 
176-positions show equal amounts of cis- and trans-deuterium. 
We also discuss the relationship of these results to the known 
stereochemistry of deazetation of ( l ) 3  and the pyrolysis of 
bicy~lohexanes.7~8 

Photolysis of (3h) led to (6h) and (7h)9 together with a trace 
of (8h).lO Replacement of H2 by D2 in the synthesis of (3h) led 
to (3d) (Scheme 1). Table 1 shows n.m.r. data for (3d) and its 
precursors, together with assignments based on lanthanide 
induced shift (L.I.S.) studies of (3h) and (Sh). Table 2 shows 
the data locating deuterium in the products of deazetation, 
(6d) and (7d). 

Thus, the hexadiene is formed with a cis : trans ratio of 1 , 
which is expected by analogy with the pyrolysis of stereo- 
specifically deuteriated (6) .7 More surprisingly, anti-(3d) gives 
predominantly exo-(6d) , i. e. inversion of configuration. This 
unexpected result caused us to look for confirmation of our 
assignments. Firstly, a 15N{ 1H) nuclear Overhauser effect 
(n.0.e) study of (5h)S showed a negative n.0.e.  on irradiation 
at 6 2.10 but none on irradiation at 6 1.84, confirming that the 
latter is, indeed, the signal for the anti-protons. Secondly, we 
confirmed Goldstein and Benzon's assignment of the spec- 
trum of BCH7 by synthesising their precursor (9) and 
performing L.I.S. and lH(1H) n.0.e. difference studies. In 

$ To our knowledge, this is the first time this particular combination 
has been used to aid a stereochemical assignment. 
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( 8 )  

Scheme 1 

particular, irradiation at 6 3.55 (HU) led to enhancement of the 
signal at 6 2.27 (Hen), but not the signal at 6 2.74 (Hex), in full 
accord with their assignment. 
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Comparing our system with the discussions on DBH,3,4 our 
preferred explanation for our results is given in Scheme 2. 
Cleavage of one C-N bond leads to diazenyl biradical (lor) , or 
the nearby twist conformer, in which the diazenyl substituent 
is in the flagpole position. Conformational inversion leads to 
the more stable (1Oi) in which the diazenyl group is in the 
bowsprit position. Loss of nitrogen and ring closure (or 
possibly SHi) leads to the preferred inverted BCH (6i). The 
alternative (6r) might arise by loss of nitrogen from (lor) or 
back-equilibration of ( l l i )  to (l lr).  By analogy with BCH 
pyrolysis, cleavage of a chair7 or twist* biradical would lead to 
cis-trans-[2H2] hexadiene. 

The sensitised photolysis shows qualitatively similar results, 
suggesting a similar mechanism, while the quantitatively lower 
stereospecificity can be attributed to a spin-correlation effect .2 

The question of one-bond or two-bond C-N cleavage has 
long been a contentious issue,2Jl but alternatives such as a 
‘recoil mechanism’3 or a concerted ,2, + .2, loss of nitrogen 
and C-C bond formation, both of which require the six- 
membered ring to be almost planar, seem less probable than 
the stepwise cleavage. 

We thank Drs. 0. W. Howarth and E. H. Curzon for 
helpful discussions and the measurement of n.m.r. spectra. 
We acknowledge the award of a studentship (A. J. F. E.) by 
the S.E.R.C., and thank them for access to the regional very 
high field n.m.r. service. 

Received, 3rd April 1987; Corn. 433 

References 
1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

C. J. Samuel, J. Chem. SOC., Chem. Commun., 1982, 131. 
P .  S. Engel, Chem. Rev., 1980, 80, 99. 
W. R. Roth and M. Martin, Liebigs Ann. Chem., 1967, 702, 1; 
Tetrahedron Lett., 1967, 4695; E. L. Allred and R. L. Smith, 
J. Am. Chem. SOC.,  1967,89,7133; 1969,91,6766; W. Adam, T. 
Oppenlander, and G. Zang, J. Org. Chem., 1985, 50, 3303. 
F. S. Collins, J. K. George, and C. Trindle, J. Am. Chem. SOC., 
1972, 94, 3732. 
W. R. Roth and M. Martin, Tetrahedron Lett., 1967, 3865; W. R. 
Roth, unpublished data, cited by R. G. Bergman, ‘Free Radicals’ 
Vol. I, ed. J. K. Kochi, Wiley, New York, 1973, p. 229. 
H. Tanida, S. Teratakei, Y. Hata, and M. Watanabe, Tetrahedron 
Lett., 1969,5341,5345; N. J. Turro, J.-M. Liu, H.-D. Martin, and 
M. Kunze, Tetrahedron Lett., 1980, 1299; H.-D. Martin, E. 
Eisenmann, M. Kunze, and V. Bonacic-Koutecky, Chem. Ber., 
1980, 113, 1153. 
M. J. Goldstein and M. S. Benzon, J .  Am. Chem. SOC. ,  1972,94, 
5119. 
A. Sinnema, F. van Rantwijk, A. J. de Koning, A. M. van Wijk, 
and H. van Bekkum, Tetrahedron, 1976, 32, 2269 and ref. cited 
therein. 
W. D. K. Clark and C. J. Steel, J. Am. Chem. Soc., 1971,93,6347; 
P. S. Engel, D. W. Horsey, D. E.  Keys, C. J. Nalepa, and L. R. 
Soltero, ibid., 1983, 105, 7108. 
This has not been reported as a product from DBO but from the 
isomeric 1,l-diazene: P. B. Dervan and T. Uyehara, J .  Chern. 
SOC., Chem. Commun., 1976, 469. 
W. Adam, W. D. Gillaspey, E.-M. Peters, K. Peters, R. J. 
Rosenthal, and H. G. von Schnering, J. Org. Chem., 1985, 50, 
580. 


