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Helicoid Shiftamers
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Sigmatropic shiftamers are organic polymers (so far, hypotheti-

cal) containing isolated bond substructures that propagate along

the extended structure via sigmatropic shifur first shiftamer
designs involved localized- and o-bonds that migrate via [3,3]-
shiftsl We now describe an interrupted polyacetylene in which
hydrogen atoms are transmitted along the polyene chain via [1,7]-
shifts (Scheme 13.

Scheme 1

Orbital symmetry contrdlprovides the construction principle
on which our [1,7]-shiftamer design is based. Transition structures
for [1,7]-hydrogen shifts involve migrating hydrogen atoms that
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Figure 1. Transition structures for [1,7]-hydrogen shifts. Selected distances
are shown in A. The unlabeled carbecarbon bonds at the ends of the
polyene chains i and3 are 1.46 and 1.34 A long, respectivelihe same

in each structure.

to be extremely delocalized, varying only slightly between 1.40
and 1.41 A. The activation barrier computed at the B3LYP/6-31G-
(d) level for this [1,7]-shift—24 kcal/mol from the most stable
s-trans s-transconformer of (Z,52)-1,3,5-heptatriene (the barrier
is only 15.6 kcal/mol from the helical reactant conformeg
also comparable to that computed at other lev2@ kcal/mol at

are antarafacial with respect to the heptatrienyl systems they areRMP2(fu)/6-31G(d)f’ and 25 kcal/mol at B3LYP/6-31G(d,pf*—~

traversing. This geometric requirement for allowedresmsd this

is the key-forces the polyene backbone to adopt a helical
conformation. This is apparent in the computed geometfyfor

the transition structure for [1,7]-shift in Z362)-1,3,5-heptatriene

(1, Figure 1). Appending additionatis-gauche (orcis-cisoid)
alkenes to the termini of the heptatrienyl unit leads to an extended
polyacetylene helix with a single saturated site that can migrate
along the helix in 7-carbon jumps (Scheme 1). While this process

and to the experiment&l, of 21 kcal/mol measured at 400'K:12
The B3LYP/6-31G(d) method was therefore used for our calcula-
tions on larger systems.

Appending polyene arms to the parent transition structure has
little effect on the geometry of the heptatrienyl céteConsider,
for example, transition structur@sand3 (B3LYP/6-31G(d)) shown
in Figure 1. Since the hexatriene arm®iand3 are rotated out of
conjugation with the electrons of the delocalized heptatrienyl unit

results in the net transfer of a hydrogen atom along the chain, each(C==C dihedral angles fa? and3 are—66 and—69°, respectively),

jump in the same direction involves a different hydrogen atom

this core geometry is essentially unperturbed (box, Figure 1), and

when one hydrogen atom migrates, the next migration in the samethe C-C bond distances in the arms alternate between-1135

direction involves theother hydrogen of the methylene unit.
[1,7]-Hydrogen shifts for several oligomeric systenthains
ranging in size from 7 to 19 carbon atomsere computed at the
B3LYP/6-31G(d) levelin an effort to approximate the geometric
and energetic parameters for the infinite [1,7]-shiftamer. The
geometry computed at the B3LYP/6-31G(d) level for the [1,7]-
hydrogen shift transition structure in4%2)-1,3,5-heptatrienel(
Figure 1Y is in excellent agreement with that computed at the
RMP2(fu)/6-31G(d}° and B3LYP/6-31%+G(d,p}1Clevels. G+-H
distances are consistently predicted to be +887 A and G-C

and 1.46-1.47 A, resembling those in short polyerés.

Along with the net transport of hydrogen atoms by consecutive
[1,7]-shifts along the helical chain, another geometrical distortion
will also be propagated. In the transition state, the heptatrienyl
substructure becomes somewhat compressed, its ends pinching-in
toward the migrating hydrogen. As shown in Figure 2 for the largest
system we studied, this leads to a crimp in the helix at the transition
structure 8) that is not present in the reacta4}.(This crimp should
accompany the migrating hydrogen atom down the chain

distances in the heptatrienyl substructure are consistently computeogeomemc distortion of the polymer backbone not unlike a
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superposition of the motion of an inch-worm with that of a wave
running down a string.
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