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Preliminary Note

The photochemistry of 4,7-undecanedione: evidence of electronic energy
migration
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The rate of energy migration between similar chromophores is a matter
of current interest. Electronic carbonyl excitation has been shown to migrate
rapidly in exothermic intramolecular processes {1, 2], and there is experi-
mental evidence that intramolecular migration takes place among carbonyl
groups in polymers [3]. However, studies carried out in solution [4, 5] and
in the gas phase [5] show that intermolecular energy hopping between
similar carbonyl groups in aliphatic ketones is a rather slow process. The
intramolecular energy migration between carbonyl groups located in small
aliphatic molecules has not been reported. It was considered interesting to
study the photochemistry of aliphatic dicarbonyl compounds in order to
establish the importance of energy migration in their photochemical behav-
iour. These compounds are particularly suitable for such studies since the
photochemistry of isolated carbony! groups is well established [6] and they
afford the opportunity of measuring the importance of energy migration in
both singlet and triplet excited states. In the present communication we
describe the synthesis of asymmetrical 1,4-diketones and show that the
photochemistry of 4,7-undecanedione indicates efficient energy migration
between both carbonyl groups.

The stability differences between mono- and dicarbanions derived from
furan allow selective alkylation in position 2 and 5. Furthermore, it is well
known [7] that furan hydrolysis permits an entry to 1,4-dicarbony! systems.

Metalation of furan with n-butyllithium in tetrahydrofuran solution at
—20 °C produced 2-furyllithium which on condensation with 1-bromobutane
gave 2-n-butylfuran (I) in 60% yield, b.p. 137 - 139 °C [8]. The nuclear
magnetic resonance (NMR) spectrum (CCly ) of I showed resonances at 0.90
(3H, triplet (t)), 1.20 - 1.97 (4H, multiplet (m)), 2.60 (2H, t), 5.90 (1H,
doublet of doublets (d of d)), 6.20 (1H, d of d) and 7.21 (1H, broad) ppm.
Subsequent metalation and alkylation of I with 1-bromopropane formed
2-n-butyl-5-n-propylfuran (II) in 66% yield, b.p. 196 - 197 °C, which had
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NMR (CCl,) peaks at 0.90 - 0.98 (6H, 2t), 1.21 - 1.97 (6H, m), 2.58 (4H,
singlet (s)) and 5.90 (2H, s) ppm. Careful hydrolysis of the dialkylated inter-
mediate in aqueous acetic acid containing some sulphuric acid provided the
expected 4,7-undecanedione (III) in 43% yield, b.p. 110 - 112 °C (10 mmHg)".
The NMR spectrum (CCl,) of III showed resonances at 0.90 (6H, t), 1.20 -
1.90 (4H, t) and 2.57 (4H, s) ppm. Comparisons of the NMR spectrum of I1I
with those of acetonylacetone and some other 1,4-diketones prepared by the
same procedure as described earlier were made. As a result, the 2.57 ppm
singlet absorption was assigned to the two methylenes located on position 5
and 6, and the 2.40 ppm triplet absorption was assigned to the two methyl-
enes on positions 3 and 8 of III. For the photochemistry, III was purified by
redistillation at 105 °C (6 mmHg) and by vapour chromatography using an
SE-30 (10 ft X € in) column at 230 °C.

The absorption spectra of 2,5-hexanedione (Fluka) and 2-hexanone
(Fluka) show a first band with a maximum at nearly 280 nm. The fluorescence
of both compounds is similar, showing a band with maximum at 400 nm.
The similarity between the behaviour of the 1,4-diketone and that observed
for 2-hexanone can be taken as evidence that both chromophores can be
considered as isolated in the ground state and in the first excited state of the
dicarbonyl compound. Energy migration between the chromophores can be
analysed in terms of a weak interaction model [9] and the experimental data
can be treated according to the following reaction scheme:

I+ hy — 1A 1)
Il +hy — B (2)
1A —— 1Bir(A) (3)
1A —— 1B (4)
1A — 3A (5)
1B —— 1Bir(B) (6)
1B — 1A (7)
1B — 3B (8)
35 — 3Bir(A) (9)
3A — 3B (10)
3B —— 3Bir(B) (11)
3B — 3A (12)

where A and B represent the ketone with the excited energy localized in
(C=0)4 and (C=0), respectively.
The biradicals (Bir) can decompose according to the following equations:

1Bir(A) —— 18,(CyH,) + products (13)
1Bir(B) —— 185 (C3Hg) + products (14)
3Bir(A) —— 3, (CyH,) + products (15)
3Bir(B) —— 385 (C3Hg) + products (16)

where the 8 coefficients indicate the fraction of a given biradical that photo-
fragments.

1'Satisfaci;ory elemental analyses were obtained for isolated compounds.
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The following assumptions will be made in order to simplify the kinetic
treatment of the data:

ky =k,

k4 = k7
and

kio = kg

since the absorption spectra of alkyl ketones and the nx7 * excitation energy
is insensitive to small changes in the alkyl side chains [10]. Furthermore, it
will be assumed that

ky = kg

that the primary photoreactions of A are similar to those of excited 2-penta-
none, and that the primary photoreactions of B are similar to those of 2-
hexanone. These assumptions are supported by the insensitivity of the intra-
molecular hydrogen abstraction to structural features other than vy substitu-
tion [11].

Depending upon the relation between the lifetimes of A and B and the
rate of energy migration, two extreme situations can be envisaged.

(1) No significant intramolecular energy transfer between the chromo-
phores takes place; we call this situation no migration.

(2) The rates of processes (4), (7), (10) and (12) are considerably faster
than that of any other process of the excited molecules. We consider that
this situation leads to ‘‘equilibration’’ and in the steady state we obtain

3B= 3A
and
'B=1A

If the limiting situation (1) applies, the photochemistry of ketone III must
resemble that of an equimolecular mixture of 2-pentanone and 2-hexanone.
In the second case, the product distribution and lifetimes will be determined
by the reactions of B, since it can be expected [6] that

kG = 7k3
and
kyy ~ 88k,

The results expected in these two extreme situations are shown in Table
1, together with those experimentally obtained in degassed n-hexane solu-
tions at 20 °C with low intensity radiation of 8130 A. Quenching experiments
and triplet quantum yield measurements were carried out employing cis-1,3-
pentadiene as a selective triplet quencher. The calculated values of ¢; given
in Table 1 were obtained assuming that the values of 3 for 4,7-undecanedione
are similar to those obtained in the photolysis of 2-pentanone and 2-hexanone.
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TABLE 1

Experimental No migration Equilibration
P#(CoH,); 0.006 0.012 0.009
$(CgHg ) 0.03 0.043 0.062
dr 0.56 0.6 0.53
¢CoHy ) 0.025 0.1 0.004
¢{CaHg)r 0.12 0.057 0.14
korp® 154 82 165
T 1.4x 1078 074x10°% 15x1078

2Determined by quenching the formation of propylene
with 1,3-pentadiene.

This assumption can overestimate the values of ¢;; owing to the dependence
of 8 on the size of the alkyl group opposite the chain bearing the unpaired
electron [11]. Furthermore, the values of ¢, given were obtained assuming
avalue of 1.1 X 10'® M~ ! 57! [12] for the quenching rate constant of III.
This value disregards the influence of the ketone size and of energy migration
upon the quenching rate constant. Comparison between expected and ob-
tained values can then only be qualitative,

The data of Table 1 show that the predictions of both models are not
different enough to show conclusively the importance of the singlet energy
migration. In contrast, they show conclusively the contribution of energy
migration in the triplet state. In particular, the value obtained for ¢(C, Hy )y
indicates that energy migration must be the dominant process for 2A. This
result indicates that triplet energy migration from A to B must take place
with a rate constant considerably higher than 107 s71.
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