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DOUBLE BRIDGEHEAD OLEFINS VIA PYROLYSIS1

Philip Warner*2 and William Boulanger

Iowa State University, Department of Chemistry, Ames, IA 50011

Abstract: Pyrolysis of diacetate 5 produced 3 major products, 6-8. The most
reasonable pathway to these products, supported by deuterium labelling studies,
is via double bridgehead olefins 11, 13 and 15.

As our understanding of bridgehead olefins has enlarged in recent years,3
attention has begun to focus on bicyclic molecules containing two bridgehead
double bonds. Recently, compounds 14 and 25 have been isolated, while 3 has
been proposed as an intermediate;6 57 represents a special type of bridgehead

olefin in which the ™ bonds are not twisted, Whereas 1 is thermally labile

{Cope rearrangement), 2 is guite stable due to the endo-fused epoxide ring.
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We now wish to report our results on the pyrolysis of diacetate §.Ba,16

When 5 was transported through a vertical oven chamberlo

8b,16 8c,16
’

by a N2 flow, the

84,16

products collected in the cold trap were 6, 7

-~

and 8, in the
yields indicated. Some other minor products of as yet unknown structure, but
isomeric with 6-8 (gc-ms analysis), were formed in 25% yield.11 Importantly,

neither 986716 8f,16

nor 10 were components of the product mixture, although they
were the sole isolable products (in a 4:3 ratio) of the pyrolysis of 5 (hori-

zontal oven, 10"6 Torr) at 360°. Further pyrolysis of 9 and 10 did afford 6-8.
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The most attractive mechanistic explanation for our observations is indi-
cated in Scheme 1, where we propose the intermediacy of bridgehead dienes 11, 13
and 15. As 1,5-dienes, both 11 and 13 are subject to (reversible) Cope re-
arrangement to 12 and 14, respectively. Triene 6 derives from 12 via a cyclo-
propane-propene rearrangement;12 diene 7 comes from 14 via a 1,3-sigmatropic

carbon shift (vide infra); propellene 8 stems from 15 via a homo-1,5-H shift.

Scheme 1

3 N, flow

4 ~500° 4
OAc -2 HOAc S
5 (27%) (36%) (8%)
J 6 7 8

. S M,2 n A A

AcO
7 <\1
x

3

(=]
%gl—'
m—— N
P —
—_—

Some evidence for these pathways comes from deuterium labeling experiments.
Thus pyrolysis of 5-dp, with the deuteria at Cg, results in 8-d;, with one
deuterium at Cg and one at Cg. Additionally, thermolysis of 5-d4 affords 6-dy4,
where the (E,E) configuration of the vinyl grouwvs indicates that 11 has the
(2,2) configuration, in which both double bonds are expectedly trans-cyclo-

nonenoid.}3 as shown, the 7-d, produced from 5-d4 contains no deuteria in the
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vinylidene position.
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This implies that 14-d

13-d,

4 is converted to Z:§4 via a

1,3-sigmatropic shift (rather than a Cope rearrangement).14'15

Further work aimed at refining the mechanistic picture presented herein

is in progress.
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(a) 5 was made via nBu,SnH reduction of the known9 10-bromo derivative;
pmr TCC14): §1.87(s) 175-2.4(m), 3.05(d, Jjqa g=12Hz); cmr (CDC1,)
§169.9(20.3), 84.3(28.7), 43.0(22.2), 39.2%405%?, 36.9(38.6), 24.§(32.3),
22.5(23.0), 20.4(15.4); (b) 6: opmr: 66,2(dd, 1H, J=10, 17Hz), 5.7 (m,
1H), 5.5(s, 1H), 4.7-5.1(m, 4H), 2.8(br. s, 1H), 1.0-2,25(m, 6H); cmr:
§142.1(12.1), 140.0(15.0), 136.5(5.0), 131.7(13.8), 113.7(15.7), 110.6
(16.5), 40.0(10.0), 28.9(8.7), 23.8(9.9), 20.5(8.2); ir: 3087, 3060,
3030, 3000, 1637, 1607 cm~l; (c) 7: pmr: 65.42(br. s, 1H), 4.75(t, 1H,
J=1Hz), 4.65(t, 1H, J~1Hz), 2.7-3.1(m, 1H), 1.2-2.7(m, 10H); cmr: &§149.4
(28.0), 144.0(27.3), 117.0(74.0), 104.6(76.2), 46.1(59.5), 32.0(46.7), -1
29.8(62.9), 29.7(53.1), 28.2(46.6), 22.8(34.6); ir: 3080, 3040, 1658 cm —;
(d) 8: pmr: 65.98(dt, 1H, J=2, 6Hz), 5.40(dt, 1H, J=2, 6Hz), 2.6, 2.3
(ABq, t, 2H, J=2, 16Hz), 1.1-2.2(m, B8H), 0.85, 0.15 (ABq, 2H, J=4Hz); cmr:
§139.7(18.9), 126.5(24.7), 77.3(21.0), 44.6(27.8), 30.6(26.9), 27.7(27.7),
26.4(29.1), 21.8(55.0), 2 quaternary cyclopropyl C's not observed; ir:
3040, 1590 cm-1; 8 was prepared independently via elimination of the
corresponding endo-8-bromo[4.3.1]lpropellane; (e) 9: so far not separated
from 10 due to instability upon chromatography; distinguished by acetate
peak at 61.9(pmrx); f) 10: independently synthesized via nBu3SnH re-
duction of the known” 10-bromo derivative; pmr: 65,5(t, 1H, J=2Hz), 3.05,
2.80 (ABg, 2H, J=13Hz), 2.0(s, 3H), 1.4-2.6(m, 12H); ir: 3020, 1740,

1685 cm~t; the mixture of 9 and 10 gave the same acetate, upon hydrogena-
tion, as did 10.
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