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Abstract-Kinetic results for the thermal racemisation in solution of hepta-, octa- and nonahelicene 
have been collected. A “conformational pathway” is suggested for these racemisations. 

The thermal racemisation of hepta-, octa- and In Table 5, the activation parameters are com- 
nonahelicene at the melt, was reported in a previ- pared With those pertaining to the racemisation of 
ous communication, together with the kinetic data pentahelicene’ and hexahelicene.’ 
for-the racemisation of hexahelicene in naphthalene Our values, for hexa; to nonahelicene, have been 
solution.’ Furthermore, brief accounts or kinetic optimised by least square variation. 
studies on the thermal racemisation of the follow- 
ing helicenes have been published: pentahelicene Table 2. Racemisation of heptahelicene 
(kinetic results), hexahelicene,’ hexahetero- 
helicenes (kinetic results): 2,2-bis hexahelicenyl’ PC T’X k,(min-‘) k,(sec-‘) P(min) 
and diphenanthro [3,4-c; 3’,4’-11 chrysene.’ How- 
ever, no helicene in which the terminal rings fac- 239.3 51246 9.33 lo-’ 7.77 lo-6 743 

ially overlap had been studied from this point of 256.5 52966 3.43 lo-’ 2.86 lo-’ 202 

view prior to our work. 
286.2 559.36 2.67 IO-’ 2.23 lo-’ 

New kinetic results. A kinetic investigation of the 
286.8 559.96 2% lo-’ 246 lo-’ Z.5 

thermal racemisation of hepta-, octa- and 
295-O 568.16 5.15 lo-’ 4.29 IO-” 13.4 

nonahelicene, in naphthalene solutions, has now 
been carried out. The procedure used for the reso- Table 3. Racemisation of octahelicene 
lution of the samples required in this work is de- 
scribed in the preceding communication (this issue PC T”K k,(min-‘) ki(sec-‘) P(min) 
of Tetrahedron). The initial optical rotation and the 
concentration of the solutions are shown in Table 1. 239.6 512.36 3.94 lo-’ 3.29 lO-6 1761 

The racemisation and inversion rate constants 
240.0 513.16 4.78 IO-’ 3.98 IO-” 1448 

(k,=2kJ were deduced from the first-order plots (no 
258.6 531.76 1.76 lo-” 146 lo-S 395 

concentration effect was detected). The results, in- 
286.4 559.56 1.28 lo-’ I *07 to-. 54 
293-2 566.36 2.21 lo-* 

eluding the half-life times of the optically active 
1.84 IO-’ 31 

species are collected in Tables 2, 3 and 4. I._ 
Table 4. Racemisation of nonahelicene 

Table 1 

Helicene 

hepta- 
octa- 
nona- 

Initial [a]% 
(CHCI,) 

( + ) 5577O 
( + ) 6268” 
( + ) 5473” 

Cone 

1% 
1% 

1.25% 

PC T”K k,(min-‘) k&ec-‘) t’“(min) 

293.5 566.66 5.60 10-3 4.66 lo-’ 123 
296-o 569.16 5.98 lo-’ 4.98 lo-’ 116 
305.0 578.16 1.00 1o-2 8.33 IO-’ 70 
305.5 578.66 1.11 lo-’ 9.25 lo-’ 63 
335.8 608.96 740 1o-2 6.16 lo-’ 7.4 
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Table 5 

Helicene 
AH+ AS+ 

Kcal M-’ e.u. 
A G+ (27°C) 

Kcal M-’ 
Ef (27’C) 
Kcal M-’ 

penta’ 22.9 -4.1 24.1 23.5 
hexa 35.0 -4.2 36.2 35.6 
hepta 40.5 -3.9 41’7 41.1 
octa 41.0. -4.6 42.4 41.6 
nona 41.7 -6.1 43.5 42.3 

*From the relation E. = AH’ + RT 

It is interesting to note that the AG”s for hepta-,, 
octa- and nonahelicene are very similar. 

Reaction path. The unforeseen relative ease of 
thermal racemisation of the helicenes studied so far 
raises the problem of the reaction path of these 
racemisations. It should be pointed out, at this 
stage, that the helicenes are recovered in over 90% 
yields after the thermal racemisations. Thus, 93% 
pure nonahelicene was recovered after heating in 
naphthalene at 336” for 30 min. 

With the results presently available, we will con- 
sider the following three hypotheses: 

(1) bond breaking; (2) reaction path involving an 
intermediate resulting from an internal double 
Diels-Alder reaction; (3) “conformational 
pathway”. 

(1) Considering the kinetic results,’ we believe 
that complete bond breaking, involving a non- 
stabilised diradical, is very unlikely. 

(2) Dr. J. Nasielski (Brussels) suggested to us that 
the thermal racemisations could involve inter- 
mediates resulting from internal double Diels- 
Alder reactions. These intermediates (e.g., 2) 
would give, by retro Diels-Alder reactions, either 
the M or the P configuration with equal probability 
in the case of the unsubstituted helicenes (for the 
justification of this restriction, uide infm). 

An interesting case of photoinduced tiyclisation 
between aromatic rings, equivalent to an internal 
double Diels-Alder reaction, has been observed by 
Wassermann and Keehn’ in the [2,2] paracyclo- 
naphthane series. The starting material is recovered 
by a thermal retro Diels-Alder reaction, on heating 
at 200”. 

*The free energy of the two isomers must be quasi iden- 
tical. 

D D 

In the case of dl hexahelicene-1,2,3,4-d (l), the 
double Diels-Alder reaction path would lead, after 
complete equilibration, to a 1: l* mixture of 
hexahelicene-1,2,3,4-b (starting material) and hexa- 
,helicenel, 2, 13, 14-d,, (3). This follows from the 
fact that the donble Diels-Alder reaction will pro- 
duce a’permutation of D-C&-D us H-&-C&H 
in thq inversion process (Scheme 1). The presence 
of the new isomer 3 in the reaction product could 
easily be detected by ‘H-NMR spectroscopy. 

A stile of dl-1 d&solved in pure ,naphthalene 
(10% ‘k/w), thoroughly degassed and sealed under 
reduced pressure (5+10-4 Torr) was heated at 286 
for 70 minutes. After sublimation of the naph- 
thalene and chromatography of the residue on 
alumina (benzene), the ‘H-NMR spectrum (Varian 
A60) of the recovered product was rigorously iden- 
tical to the spectrum of the starting material. This 
experiment conclusively proves that an internal 
double Diels-Alder intermediate is not involved in 
the racemisation of hexahelicene. 

A related experiment was performed on hepta- 
helicene. In this hydrocarbon (4), the hypotheti- 
cal double Diels-Alder reaction would occur be- 
tween the first and the sixth .ring involving 
C12,3,14,14n,I&.lsband 1~ or respectively c~8.~7.~~5,~.lSed I&- 

A reaction between the two end rings of this hy- 
drocarbon seems very unlikely in view of the fact 
that the cyclised product would be unduly strained. 
A number of such processes would cause a sub- 
stituent located anywhere but in-positions 1,2,17 
and 18 to shift progressively right round the auter 
crown of the skeleton, except to positions 1, 2, 17 
and 18, the first and second non-quaternary carbon 
atoms at each end of the helix. Thus, complete 
equilibration should give a mixture of seven mono- 
substituted isomers. In order to test this hypotheti- 

1 (Ml 2 
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cal reaction path, a solution of dl 6-methyl- 
heptahelicene (4) in naphthalene (5% w/w), pre- 
pared as above, was heated for one hour at 305”. 

CH; 

4 

The helicene was recovered by sublimation of 
the naphthalene and purified by chromatography 
(alumina-benzene). The ‘H-NMR spectrum of the 
product, recorded on a Bruker 270 MHz spectro- 
graph, is, in every respect, identical with the spec- 
trum of the starting material; this excludes the oc- 
currence of any migration of the substituent. In the 
reported experiment, no shift of the methyl group 
would result from a double Diels-Alder reaction in- 
volving the first and the last rings of 6-methyl- 
heptahelicene. However, the fact that we did not 
observe an internal double Diels-Alder reaction in 
the case of hexahelicene-1,2, 3,4-Q, together with 
the strain argument, makes it very unlikely that 
such a process does indeed occur. 

We thus conclude that the thermal racemisation 
of hexa- and heptahelicene does not involve an in- 
ternal double Diels-Alder reaction. 

In view of the great similarity between the kinetic 
data for hepta-, octa- and nonahelicene, we can 
safely extrapolate this conclusion to the thermal 
racemisation of octa- and nonahelicene. 

(3) The last hypothesis, namely the reversible in- 
version of the helical structure (M s P) by a “con- 
formational pathway” (Scheme 2) is, in our opinion, 
the most reasonable one at the present time. 

It is important to note that this process does not 
necessarily imply either a planar or a non planar 
achiral conformation along the reaction path. It 
must, however, be borne in mind that a three- 
dimensional non chiral conformation such as 5 
(R=H) may well occur during the thermal racem- 
isation of the unsubstituted helicenes (for R#H, 5 
is a chiral conformation!).* 

*In 1%8, Dougherty* stated that the thermal racemisa- 
tion of [6] helicene “requires that the molecule twist 
through a symmetrical conformation”, thus implying a 
conformational process for the racemisation of this hex- 
acyclic helicene. 

The “relatively low” potential barriers observed 
for the racemisation of the helicenes up to 
nonahelicene, can be justified in the “conforma- 
tional process” by the fact that the necessary 
molecular deformations (bond torsion, bond bend- 
ing, bond stretching, etc . . . ) are spread over a large 
number of bonds. 

We thus reach the important conclusion that the 
helicenes are in fact much more “flexible” than is 
generally believed. Space-filling models of (non 
planar) polycyclic aromatic hydrocarbons are un- 
doubtedly largely responsible for this common mis- 
conception; as stressed by Mislow’: “ . . . the model 
summarises and emphasises some aspects of the 
molecular properties and completely suppresses, in 
fact falsifies, others”. Work on higher benzologues 
and substituted helicenes is in progress. 
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