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Effects of Liquid Crystal Solvents on the
Photodimerization of Acenaphthylene

Sir:
The effects of media on thermal and photochemical reac-
tions have received much attention in recent years. The utility

0002-7863/78/1500-2571801.00/0

2571

26.0 "=

25.0 v ‘
24,0 ‘ 0

23,0 =

22.0 =m .

’ o o ¢

! 0
1.0 <> <> <> (> <> O

Temperature (°C)
Figure 1. $ge) vs. temperature for dimerization of 0.08 M acenaphthylene
in n-butyl stearate (¢ ) and the cholestanyl ester mixture (). ®re is de-

fined as Psojvent/ Proluene at each temperature. Each point is the average
of at least duplicate measurements.

of monolayers,! micelles,? and, in particular, liquid crystals®
to probe environmental influences on chemical reactivity has
been demonstrated,

Here, we report what we believe to be (1) the largest rate
enhancement of any bimolecular reaction conducted in a liquid
crystal, and (2) the first example of a pitch controlled reaction
rate in a cholesteric phase.4

The photodimerization of acenaphthylene is known? to yield
its syn- and anti-cyclobutane dimers (eq I). The product dis-

tribution has been suggested to be state and solvent dependent.®
Quantum yields and product distributions’ have been deter-
mined here in toluene, n-butyl stearate, and a 1:1 mixture of
Sa-cholestan-38-yl acetate and Sa-cholestan-38-yl nonanoate?
as a function of temperature, solvent phase, and concentration
of starting material. Nitrogen saturated samples in sealed
Pyrex capillary tubes were thermostated and irradiated (A
>340 nm) to 10-15% conversion in a miniature merry-go-
round apparatus. Analyses of percent conversions (and, in some
cases, product distributions) were performed conveniently by
UV spectroscopy.®

The relative quantum yields for the dimerization of 0.08 M
acenaphthylene in the three solvents as a function of temper-
ature are shown in Figure 1. Absolute quantum yields!© for
dimerization (~10% conversion) of 0.08 M acenaphthylene
at 366 nm in toluene are 0.011,0.012, and 0.012 at 25, 35, and
55 °C, respectively. The quantum yield obtained at 25 °C is
near the value (0.0135) reported by Livingston and Weib for
reaction under conditions similar to ours.

As can be seen, the quantum efficiency in n-butyl stearate
(®;), which exhibits a smectic phase below 25 °C,11 varies
slightly as a function of temperature and remains near the
efficiency observed in toluene solutions (). This similarity
is unexpected if solvent viscosity alone determines the dimer-
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Flgure 2. &y, vs. concentration of acenaphthylene at 35 °C (®) and 55
°C (A). d'Rre| is defined as the ratio of the dimerization quantum efficiency
at a given initial concentration of acenaphthylene divided by the quantum
efficiency for an initial concentration of 0.08 M acenaphthylene at a given
temperature. Each point is the average of at least duplicate measure-
ments.

ization rates at a given temperature and suggests that solvent
order is enhancing the fraction of encounters that result in
dimerization.

The effect of solvent phase on the quantum yield for di-
merization in the cholestanyl ester mixture (&®;) is more dra-
matic. In the isotropic phase from 55 to 80 °C, &./®; remains
~2.5. However, in the cholesteric phase from 10 to 45 °C,
®./d; is 21-25 at 0.08 M acenaphthylene. When 0.016 M
acenaphthylene is employed at 35 °C, the quantum yield in
the cholesteric liquid crystal is 74 &.

Although no firm evidence for their existence has been
found, ground-state complexes have been suggested to be in-
volved in the dimerization mechanism for acenaphthy-
lene.3b6¢.12 If such a complex were important in the cholesteric
solvent, the rate data at 0.08 M acenaphthylene would require
that association be much more favored in the cholesteric phase
than in the isotropic phase. The formation of aggregates should
have three major effects on the dimerization: (1) at a given
concentration, the dimerization should proceed more rapidly
than in toluene; (2) as the acenaphthylene concentration is
increased, the rate of dimerization should increase more rapidly
than is estimated from diffusion based arguments; (3) the
percentage of the syn product, at a given concentration of ac-
enaphthylene and percent conversion, should be greater in the
cholesteric solvent than in toluene.

The increase in the relative quantum yield with decreasing
temperature (Figure 1) reveals that the first effect is realized.
However, the data of Figure 2 indicate that the second effect
is not. At 55 °C, & increases linearly as a function of initial
acenaphthylene concentration. In the cholesteric phase at 35
°C, &, decreases as the concentration of acenaphthylene is
increased from 0.016 M to 0.08 M and increases as the con-
centration is increased from 0.08 M to 0.40 M. The decrease
in ®. with increasing concentration of acenaphthylene is in-
compatible with a model in which ground-state aggregation
is significant.

Product distributions were determined for dimerization of
0.08 M acenaphthylene at 35 °C in the three solvents. In tol-
uene solutions, the syn isomer represents ~95 and 60% of total
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dimer at 35 and 65% conversion, respectively, The syn remains
~60% of the dimer over 25-55% conversion in n-butyl stearate
solutions. Similarly, in the cholesteric liquid crystal solvent,
the syn isomer varies slightly (~60% to 40%) as the percent
conversion increased from 25 to 75%.

Singlet dimerization of acenaphthylene in isotropic solvents
is known to yield almost exclusively the syn dimer, while the
triplet reaction results in a mixture of the syn and anti iso-
mers.56 Therefore, in toluene solutions, the singlet reaction
(whether from dynamic encounters or ground-state complexes)
maximizes at lowest percent conversions of acenaphthylene.
The triplet reaction increases in importance as the dimerization
proceeds and is responsible for the decrease in the syn/anti
ratio. The cholesteric liquid crystal and s-butyl stearate, being
highly viscous, will discourage bimolecular encounters prior
to intersystem crossing of the singlets. Although the highly
ordered cholesteric solvent may alter the syn/anti ratio ob-
tained from the singlet and triplet dimerizations, the n-butyl
stearate, which is not highly ordered at 35 °C, should not. The
similarity between the product ratios in n-butyl stearate and
the cholesteric solvent strongly suggests enhanced triplet re-
action, not solvent-order or ground-state complexes, as being
responsible for the relatively low syn/anti ratios.

The cholesteric-isotropic transition temperatures and
melting points of the cholestanyl esters doped with acenaph-
thylene vary inversely with solute concentration as expected, '3
and ORD spectra of thin films (0.025 mm) of these mixtures
show systematic concentration dependent variations. The
positive dispersion of the pure solvent decreases to zero and
becomes negative as the solute concentration increases. The
nematic point!“ is observed at an acenaphthylene concentration
close to the ®. minimum at 35 °C in Figure 2.

The solute concentration exerts two influences on & in the
cholesteric phase. The first is a kinetic effect: according to a
simple kinetic scheme for a photodimerization, the rate of
product formation should increase linearly with concentration
at constant light intensity. The second is an ordering effect: the
“layered” structure of the cholesteric phase, which influences
the orientation of solute-solute collisions, is altered by varia-
tions in solute concentrations.

&, should depend upon the number of ground-state mole-
cules encountered by each excited-state acenaphthylene during
its lifetime, as well as the orientation of such collisions. The
increase in solvent pitch as the concentration is increased from
0.016 M to 0.08 M should decrease the probability of two so-
lute molecules colliding with the preferred, plane parallel,
geometry. The total number of collisions per unit time should,
however, increase as the concentration is increased. The low
concentration portion of Figure 2 at 35 °C, therefore, reveals
that the order effect dominates &, in this region and that the
fraction of collisions leading to dimer decreases rapidly as the
concentration is increased. At acenaphthylene concentrations
>0.08 M where & increases, the fraction of collisions leading
to dimerization is greater than in the isotropic phase but the
number of collisions per unit time is lower owing to the greater
viscosity of the solvent. The net effect is that & increases less
rapidly with concentration than in the isotropic phase. How-
ever, the observation that the absolute magnitude of & is
greater in the cholesteric phase than in the isotropic phase
indicates that the order effect is more important than the ki-
netic effect. From these results and the product distribution
studies we conclude that solvent order exerts a dramatic in-
fluence on the efficiency of dimerization, i.e., the fraction of
collisions leading to product, but plays little or no role in de-
termining the stereochemical course of the reaction.

The dramatic effects of solvent phase described here dem-
onstrate the tremendous potential of liquid crystals in eluci-
dating reaction mechanisms and governing reaction rates. With
a more detailed knowledge of the effects of size, shape, and
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concentration of solute molecules on the pitch of the cholesteric
solvent, it should be possible to increase the rates and specifi-
cities of some reactions, decrease the rates, and redirect the

stereochemical courses of others. We shall report such exam-
ples in future publications.
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Long-Range Steric Effects in Rhodium(I)

Cleavages of Secopentaprismanes. A Reversible
Rhodium(I)-Mediated Cyclobutane-Diolefin Conversion!
Sir:

We have found that rhodium(l) complexes of syn-tricy-
clo[4.2.1.125]deca-3,7-dienes can be prepared readily by
rhodium(I)-induced cleavage? of the strained secopentapris-
marne cage system.3 Thus, secopentaprismane (1, mp 108-109
°C) reacts with an equivalent of [Rh(NOR)CI], in chloroform
at 70 °C to give 2 and free norbornadiene. The structure of the
ligand in 2, as drawn, is fully consistent with the NMR spectra
of the complex: '"H NMR (270 MHz, CDCl3) 6 5.26 (4 H, br
s),2.65(4H,brs), 1.65(2H,d,J = 12 Hz), 1.34 ppm (2 H,
d, J =12 Hz); '3C NMR (22.63 MHz, proton decoupled,
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Me,SO-de) 6 88.0 (4 C, Jry-c = 15 Hz), 45.0(4 C), 43.3 ppm
(2 C, Jru-c = 3 Hz). Similarly, the reaction of 7-endo-meth-
ylsecopentaprismane (3) with [Rh(NOR)CI], was shown to
give the diene complex 4.4

Complexes 2 and 4 are quite stable. The diene ligand is not
displaced by CO, phosphines, or norbornadiene at a useful rate.
As the metal is ligated tightly, the cleavage reaction is not
catalytic in rhodium(I), unlike the related reactions of cu-
bane?2 and homopentaprismane.2 The complexes are reduced
readily by sodium borohydride in methanol;3 for example,
reduction of 2 gives rhodium metal and syn-
tricyclo[4.2.1.125]decane (5) in nearly quantitative yield: 'H
NMR §2.28 (4 H, brs), 1.77, 1.69 (6 H, centers of overlapping
multiplets), 1.18 (4 H, br d), 0.45 ppm (2 H, br d); '3C NMR
(CDCl3) 6 36.0, 29.6, 25.7 ppm.® The cleavage and reduction
reactions are quite general and offer special synthetic oppor-
tunities; access to the syn-tricyclo[4.2.1.12-5]decane system
is otherwise very limited.” In this communication, however,
our concern is with the extraordinary effects of methano bridge
substituents on the reactivity of the secopentaprismanes and
the related complexes.

The rates of cleavage of 1 and 3 by an equivalent of
Rh(NOR)acac8 in CDCl; at 50 °C were measured by stan-
dard '"H NMR techniques. Both reactions appear cleanly
second order to at least 90% completion: for 1, k, = 1.3 X 1072
L mol~!s~!ifor 3, ky=1.3 X 10~3 L mol~! s~!. The tenfold
decrease in second-order rate constant resulting from the in-
troduction of a methyl group well away from the reaction site
is remarkable. Even more so is the fact that introduction of a
second endo-methyl group stops the reaction altogether; we
cannot detect reaction of 7-endo, 10-endo-dimethylsecopen-
taprismane (6, mp 88-89 °C) with Rh(NOR)acac even under
conditions more severe than those used for the cleavage of 1
and 3.

We suggest that the effect of endo-methyl groups so far from
the site of ring cleavage arises in steric interference to the in-
tranuclear movements which accompany opening of the cage.
The bridgehead atoms, C-1, C-6, C-8, and C-9, act as pivots
transmitting movement within these fairly rigid molecules. The
moving apart of C-2, C-5 and C-3, C-4 that must occur as the
cage cyclobutane rings are broken results, via these pivots, in
the methano bridges (and their endo substituents) moving
toward one another. This becomes energetically more difficult
as the endo substituents increase in number and/or effective
size. Apparently, steric compression would become so severe
in the endo-dimethyl case that even the great exothermicity
of the cage cleavage is insufficient to drive the reaction sig-
nificantly forward.?

Such long-range steric effects probably also account for the
lack of reactivity of diene complexes like 2 and 4 in ligand
exchange reactions. We suspect that, if the diene were to come
free of the metal, steric compression at the methano bridges
would increase. Again the point being that energetically fa-
vorable increases in distance (d) between C-2, C-5 and C-3,
C-4 engender, by way of the bridgehead pivot atoms, unfa-
vorable decreases (d’) between the atoms on the methano
bridges.!0
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