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95 pencent of the neaction of t-butoxy radicals with norbornadiene oceurs by
radical addition followed by rearrnangement to norinicyclyl and 7-t-bufoxynor-
bornenyl products; the nemainden includes a novel radical rearrangement invofving
a 1,3-H shigt and some nadical abstraction observed fon the §inst time.

The regioselectivity and stereoselectivity of the reactions of oxy radicals with olefins
can be conveniently studied using the scavenger 1,1,3,3-tetramethylisoindolin-2-yloxyl (1).
This nitroxide radical trap efficiently scavenges carbon-centred radicals to produce stable
alkoxy amine products which may be readily isolated and identified, Both major and minor

reaction pathways can be determined and such studies!™>

have been invaluable in elucidating
the complex processes involved in the initiation of free radical polymerisation. In the
present study, (1) has been employed to investigate the reaction of t-butoxy radicals with
norbornadiene (2). In previous investigations of this reactions, interest has centred on the
norbornenyl-nortricyclyl radical rearrangement and the techniques have provided information on

only the major processes taking place. By contrast, the use of (1) has allowed a detajled
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(1) = R,NN-O (2)
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picture of both major and minor pathways to emerge.

t-Butoxy radicals were generated7 by thermolysis of di-t-butyl peroxalate (3). Thus, a
solution of (3, 234 mg, 1 mmole) and (1, 419 mg, 2.2 mmole) in freshly purified norbornadiene
(2, 10 m1, 100 mmole) was degassed by freeze/thaw cycles, sealed under vacuum (<0.001 torr)
and heated at 60°C for 70 min. Following separation and quantitative analysis of the reaction
mixture by reverse-phase h.p.1.c., the products were identified by 13C and H n.m.r.

The relative yields of the alkoxyamine adducts8 (4)-(12) are given in scheme 1 and the
overall reaction scheme is shown in scheme 2.
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In keeping with previous observations, the t-butoxy radicals undergo a small fraction of
g-scission prior to reaction with (2) resulting in adduct (4) and acetone. Previous reports
on radical reactionss’9 with (2) have claimed that radical addition to the double bond is the
only detectable process. In contrast we have found that a small but measurable amount of
abstraction (0.6%) occurs at the homoallylic position to produce adduct (5). However,,98% of
the radical reactions are attributable to addition reactions leading to a range of adducts (6)
to (12). Only 2.2% of these,(7) and (8), arise from simple 1,2-addition, the majority result
from radical rearrangements of the initially formed norbornenyl radical I to give the
nortricyclyl radical II (64%) and the 7-t-butoxynorbornenyl radical II1 (31%) (Scheme 2).
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Scheme 2

The latter radical arises from ring-opening of the nortricyclyl radical II and although this
type of process has formerly been regarded as rare6 the present results clearly show that it
can play an important role in the overall reaction. The results also.indicate that the rate
of isomerisation I + Il » III is extremely fast since the rate constant for the reaction of
(1) with carbon-centred radicals is of the order of 108M~1s-!. The ratio of adduct yields

from the nortricyclyl and norbornenyl radicals, 1.87, is close to the equilibrium va1ue6b’10

of 1.86, indicating that the relative proportions of these radicals is under thermodynamic
control.

Probably the most unusual feature of the reaction is the formation of adduct (6)11.
The simplest mechanism one can postulate for this product is a 1,3-H shift from the methylene
group of I to give radical IV followed by trapping with (1). H transfer reactions are
normally only expected when there is close to colinear alignment of the atoms in the
transition statelz, which is clearly not possible in this case. However, some 1,3-H shifts
have been reported6b and we tentatively suggest that this system provides another example.

There have been no previous reports of rearrangements of the type I - IV,

Finally, it is worth nolting that t-butoxy only adds to the exo face of the norbornadiene,
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This is presumably due to a combination of steric and electronic effects. Electronic effects
almost certainly account for the exclusive formation of (6) from radical IV, while steric
effects probably account for the higher proportion of endo trapping of radical I (ratio'of
endo:exo trapping, almost 3:1). This is in contrast to the preferred exo trapping of II and
of III,

Acknowledgement: One of us (S.H.T.) wishes to thank Griffith University and the CSIRO for
financial support. 1IH and !3C n.m.r. spectra were recorded at the Brisbane N.M.R. Centre.

References and notes

1. E. Rizzardo and D.H. Solomon, Polym, Bull., 1, 529 (1979).

2. P.G. Griffiths, E. Rizzardo and D.H. Solomon, Tetrahedron Lett., 23 (12), 1309 (1982);
J. Macromof. Sci. Chem., A 17 (1), 45 (1982).

3. E. Rizzardo, A.K. Serelis and D.H. Solomon, Awst. J. Chem., 35, 2013 (1982).
4. P.G. Griffiths, G. Moad, E. Rizzardo and D.H. Solomon, Aust. J. Chem., 36, 397 (1982).

5. W.K. Busfield, I.D. Jenkins, S.H. Thang, E. Rizzardo and D.H. Solomon, Aust. J. Chem.,
38, 689 (1985).

6. (a) P.C. Wong and D. Griller, J. Ong. Chem., 46, 2327 (1981), and references contained
therein, (b) Free Radicals, Vol. 1, ed. J.K. Kochi, J. Wiley, N.Y., 1973,

7. P.D. Bartlett, E.P. Benzing and R.E. Pincock, J. Am. Chem. Scc., 82, 1762 (1960).

8. A1l new compounds (5)-(12) gave satisfactory elemental analysis and spectroscopic
{4 and '3C n.m.r.) data. Data for the unusual product (6) is given in ref. 11.

9. P.C. Wong, D. Griller and J.C. Scaiano, J. Am. Chem. Scc., 104, 5106 (1982).
10. D.J. Carlsson and K.U. Ingold J. Am. Chem. Soc., 90, 7047 (1968).

11. Spectral data for product (6):

13 n.m.r. (CDC15/TMS): 145.3 (C-3'a, C-7'a); 136.8 (C-3); 129.7 (C-2); 127.2 (C-5',
C-6'); 121.6 (C-4', C-7'); 87.0 (C-7); 84.0 (C-5);
73.4 (0CMes); 67.5 (C-1', C-3"); 53.1 (C-4); 45.7 (C-1);3
32.2 (C-6); 30.3, 25.5 (4 CH, groups) and 28.6 (OC(CH3)3).

H n.m.r. (CDC13/TMS): 7.18 (m, 2H, H-5", H-6'); 7.05 (m, 2H, H-4', H-7'),
6.14 (m, IH, H-3, J ~ 5.7, 2.8, 0.9 Hz); 5.91 (m, 1H, H-2,
J 5.7, 3.1 Hz}s 4.22 (br.s., 14, H-7); 3.85 (ddd, IH,
H-5-endo, J ~ 6.7, 4.3, 0.8 Hz); 3.02 {m, 1H, H-4); 2.69
(m, 1H, H-1); 1.62 {(m, 2H, H-6); 1.48, 1.37 (broad hump, 12H,
4 CH4 protons) and 1.22 (s, 9H, (CH;)4C-).

(note: primed numbers refer to isoindolin ring)

12, A.L.J. Beckwith and K.U. Ingold in "Rearrangements in Ground and Excited States",
ed. P. de Mayo, Vol. 1, Academic Press, N.Y., (1980).

(Received in UK 31 July 1985)



