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Photolysis of 1,4-Dichlorobutane Sensitized by the
n,m* Singlet State of Acetone
Sir:

We wish to report the photodecomposition of 1,4-
dichlorobutane (1,4-DCB) sensitized by the [n,7*]!
state of acetone, a reaction that may be the first example
in which this particular state photosensitizes a chemical,
rather than a physical, process. Although much
interest has been shown in photosensitization of the
[n,7*]® state of acetone and other carbonyl com-
pounds, =% apparently the only cases of photosensitiza-
tion by the corresponding [n,=*]! state involve sensitiza-
tion of biacetyl fluorescence,” or quenching of type II
photoelimination from aliphatic ketones,? through sin-
glet-singlet energy transfer to biacetyl. The acetone
photosensitized decomposition of 1,4-DCB is of added
interest since it offers photochemical indications for the
occurrence of excimer and monomer forms of the
[n,7*]! state, complementing recently reported photo-
physical evidence, based on fluorescence measurements.®

Degassed 1,4-DCB-acetone solutions, with and with-
out isooctane as inert diluent, were sealed in tubes with
optically flat quartz or Pyrex windows and irradiated
at 3130 in a merry-go-round apparatus.’® The
major products were hydrogen chloride and 1,3-di-
chlorobutane (1,3-DCB). This communication is con-
cerned only with the former product, and detailed
results will be presented later.!! The initial quantum
yields for HCl formation!? (Z1% photolysis) are all
acetone photosensitization values; the yields, for quartz
tubes, represent only the energy-transfer contribution
after subtracting the calculated contribution due to
direct absorption by 1,4-DCB at 2537 A13 (using #(HCl)
= 0.032 for the direct photolysis’!). The data obtained
with Pyrex and quartz!4 windows show that it is im-
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Figure 1. Effect of 1,4-dichlorobutane concentration on the
quantum yield of hydrogen chloride at 3130 A, The circles corre-
spond to 1,4-DCB-acetone-isooctane solutions at constant acetone
concentration (0.544 M), and the triangles correspond to 1,4-DCB
in acetone alone., The open symbols denote runs in quartz tubes
and the closed symbols denote those in Pyrex; A represents a typical
runin quartz at 2537 A.

material if the radiation is ©3100 A, so long as it lies
within the acetone n ~— 7* band. This implied wave-
length independence of ®(HC!) was confirmed by runs
in quartz tubes using monochromatic 2537-A radia-
tion. !

Figure 1 shows ®(HCl) to be essentially a linear
function of 1,4-DCB conceritration over almost the
entire concentration range. This is so whether the
samples contain only 1,4-DCB and acetone, or contain
a fixed acetone concentration in various 1,4-DCB-
isooctane solutions. At the highest substrate con-
centrations (neat 1,4-DCB = 9.13 M), where [acetone]
< 0.2 M, there is a significant departure from a straight
line because (HCl) is then markedly dependent on
acetone concentration (see Figure 2). The absence of a
sharp rise in yield with leveling off at low substrate
concentration, characteristic of triplet-triplet energy
transfer (e.g., acetone®* or benzene!® photosensitized
cis—trans isomerization of an olefin), suggests that the
[n,7*]® state is not involved here. This view is sup-
ported by the fact that irradiation in the presence of
dissolved oxygen, or a simple olefin, both efficient triplet
quenchers,* did not suppress the photosensitized reac-
tion. Furthermore, although the benzene triplet sensi-
tizes the photolysis (and radiolysis) of chloroform! 18
or carbon tetrachloride,! triplet sensitization of the
radiolysis'” of ethyl and propyl chlorides is not ob-
served; hence, it probably does not occur in the pho-
tolysis of 1,4-DCB either. On the other hand, quench-
ing of acetone fluorescence (at 340 mu) by 1,4-DCB,
though inefficient, was definitely observed, with a
Stern-Volmer plot showing a slight upward curvature
and an initial slope of ~0.05 M~-1, These facts all
indicate that the [n,7*]! state of acetone is the probable
source for the photosensitized decomposition of 1,4-
DCB. The possibility that acetone sensitization in-
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volved some methyl radicals generated in its photolysis
was dismissed since vpc analysis revealed negligible
formation of products arising from acetone.!!

The sharp increase in ®(HCI) with acetone dilution
(Figure 2) points to the monomer form of the [n,r*]!
state as the effective photosensitizer.®®® Thus, for
example, just as the acetone monomer fluorescence
yield is approximately doubled in going from 1.1 X
10-2t0 2.7 X 10~% M in hexane,® also is $(HCl) doubled
for the same concentrations. However, at [acetone] S
0.1 M, the [n,7*]! state is mainly in the excimer form,
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Figure 2. Effect of acetone concentration on the quantum yield of
hydrogen chloride at 3130 A. The circles correspond to 1,4-DCB-
acetone—isooctane solutions at constant 1,4-DCB concentration
(5.1 M) irradiated in Pyrex, while the triangles have the same signifi-
cance as in Figure 1.

so that ®(HCl) will reflect the concentration of singlet
monomer in equilibrium with its excimer.”®® In fact,
according to the kinetics of energy transfer involving
successive excimer formation and dissociation,? the
energy-transfer efficiency, and hence ®(HCI), should be
independent of the sensitizer concentration (i.e., inde-
pendent of iseoctane dilution) at a given concentration
of 1,4-DCB, so long as [acetone] S 0.1 M. As Figure
1 shows, this is indeed the case, as is also the expected
linearity of this plot.?!

The mechanism for HCl formation, as well as re-
arrangement to 1,3-DCB, ensuant on sensitized C-Cl
cleavage in 1,4-DCB, is presumed to be that depicted
for the analogous processes in the photolysis and radi-
olysis of n-propyl chloride. ??

Further work on sensitizing the photolysis of 1,4-
DCB??® using various excimer-forming compounds be-
sides acetone is currently in progress.

(19) (a) Sensitization presumably entails collisional deactivation by
1,4-DCB, the energy of the monomer [n,7*]! state (292 kcal/mole)
being ample to promote rupture of the C—-Cl1 bond (bond strength =~ 80
kcal/mole)., (b) Dissociation of 1,4-DCB through collisional deactiva-
tion of the excimer is probably unimportant since the excimer energy
{~71 kcal/mole)? is less than the C-Cl bond strength.

(20) J. B. Birks, J. M, de C. Conte, and G. Walker, IEEE Trans.
Nucl, Sci., NS, 13, 148 (1966); J. B. Birks and J. C. Conte, Proc. Roy.
Soc., A303, 85 (1968), and references cited therein.

(21) In view of the low quantum yields, and hence high rates of
competing decay processes.?2?

(22) H. L. Benson, Jr.,, and J. E. Willard, J. Am. Chem. Soc., 83,
4672 (1961); 88, 5689 (1966).

(23) Preliminary data indicate that toluene and benzophenone are
two other singlet sensitizers for this reaction.

Acknowledgment. The author is indebted to Drs.
John A. Parker and Thomas H. Anderson for their
support and helpful discussions throughout this study.

(24) National Research Council-National Aeronautics and Space
Administration Resident Research Associate.
Morton A. Golub?¢

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, California 94035

Received March 6, 1969

A Method for 1,4 Addition of Acyl Groups to
Conjugated Enones

Sir:
This communication reports a new reaction which
leads to the formation of a 1,4-dicarbonyl unit by the

combination of acyl and conjugated enone moieties as
depicted in eq 1. The direct formation of such 1,4-
O O ‘ O
AN | [ |
RCO—Z 4+ C=C—C— —>» RC—C—C—C— (1)
e
H
dicarbonyl structures by intermolecular coupling is not
possible using classical synthetic reactions,! and con-
sequently indirect approaches have been required, e.g.,
a sequence employing the conjugate addition of nitro-
stabilized carbanions to enones.? The reaction of con-
jugated enones with 2-lithio-1,3-dithianes, which are
synthetically equivalent to C-nucleophilic carbonyl
groups, ® leads only to 1,2 addition to the enone system,*
and other potentially useful and general reagents (e.g.,
acetylide anions®) suffer from the same limitation.

We chose to investigate the unstable intermediates
formed by the reaction of metal carbonyls with organo-
lithium reagents®—? as potential nucleophilic acyl equiv-
alents. Complexes from nickel carbonyl® seemed es-
pecially promising in view of the recently discovered
alkoxy- and aminocarbonylation reactions of halides.!
Three reasonable mechanistic pathways by which con-
jugate addition of acyl could occur from such complexes
are outlined in eq 2. Path a involves preliminary elec-
tron transfer, path b, direct acyl anion transfer, and
path ¢, cycloaddition of acyl anion as though it were an
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