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Among many chemical actinometers,1 potassium ferrioxalate is most widely used because of its
high sensitivity in a wide range of wavelength, viz., the blue region of the visible spectrum as
well as the uv region.2 This feature, however, sometimes causes serious disadvantages. Thus the
actinometer must always be shielded from laboratory lights even in the photoreactions proceeding
by uv lights below 300 nm, and is so sensitive as to be useful only for short time irradiationms.
In the course of a study on the intra- and inter-molecular photoreactions between electron-rich
aromatics and chloroacetamides,3 which proceeded smoothly but sometimes not so efficiently by
irradiation with a low pressure mercury lamp (practically monochromatic at 2537 A), it became
desirable to have a more convenient actinometer. We wish to report here a potential utility of
1,3-dimethyluracil (DMU) and cyclohepta-1,3-diene (CHD)4 as secondary chemical actinometers for
the 2537 A light and their application for the quantum yield measurements in the photocycliza-
tions of N-chloroacetyldimethylaminophenethylamines (I, II).5

It is well known that the uv absorption of uracils disappears by irradiation with 2537 ) light
in water mainly because of their conversion to the corresponding monohydrates.6 Many, but some-
what discrepant data for the quantum yield of the photohydration of DMU has been reported,7 and
we have now reexamined.

Taking into account practical use, 0.55 mM aqueous solution of DMU [Amax 266 nm (e 8900)] were
irradiated with a 60 W low pressure lamp on a merry-go-round apparatus and the quantum yield for
the disappearance of DMU was determined relative to 6-12 mM potassium ferrioxalate solutions as
0.0130 = 0.0007.g Because the quantum yield is quite low, this DMU actinometer will be useful
for photoreactions with low efficiency.
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As another actinometer for more efficient photoreactions, CHD was next examined. When CHD was
irradiated with 2537 A light, its diene chromophore disappeared mainly by the formation of bicy-
clo[3.2.0]hept-6-ene through a disrotatory electrocyclic reaction.11 Ethanol solution (20 mM) of

CHD [Ai;gﬂ 246 nm (e 7750)]12 were irradiated under similar conditions and the quantum yield for
the disappearance of CHD was determined to be 0.48 0.01.14 These two actinometers can be used

properly according to the efficienéy of photoreactions.

Recently we reported that N-chloroacetyldimethylaminophenethylamines (I, II) cyclized to
benzazepinones (IIIa, IIIb), the cage compound (IV) and the diaza[5.5]metacyclophane (V) on ir-
radiation with 2537 & light. Intramolecular photoreactions affording III and IV15 proceeded
smoothly even in strong acidic solution as well as in alkaline solution, while the yield of V
obtained intermolecularly was strongly depressed by acid.5 In order to interpret these photo-
reactions, their quantum yields at various pH have been measured relative to the above actino-
meters.

Equal aliquots of each solution of I (10 mM) in 50% aqueous acetonitrile, the 0.55 mM DMU
and/or the 20 mM (or 10 mM) CHD actinometers were irradiated on the merry-go-round with the 60 W
low pressure lamp. Quantum yields for disappearance of I and formation of III were plotted
against pH as shown in Fig. 1. Similarly quantum yields in the photolysis of II were also plot-
ted in the same figure.17 The formation of III and IV is little affected by the change in pH,
whereas the formation of V and the disappearance of I1 show sigmoidal character with the inflec-

18 of dimethylaniline.

tion point roughly at the ground state pKa (5.21)
This type of photocyclizations is known to occur only in electron-rich aromatic compounds
involving an exciplex in a broad sense.3 In acidic solutions, therefore, the exciplex formation

9 Because of

must occur after deprotonation from the singlet excited anilinium cation moiety.1
no effect of pH, both the deprotonation and the intramolecular exciplex formation must be quite
rapid processes. On the other hand, the intermolecular exciplex formation, which cannot exceed
the diffusion controlled limit, competes and is overcome with the quenching of the deprotonated

singlet excited state by proton.
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Fig. 1. Quantum yields in the photolysis of I and II:
Disappearance of I (~o~) and II (-&-);
‘Formation of III (—~e=~), IV (A=) and V (—%X—).

Detailed kinetics of the photoreaction of dimethylaniline and methyl monochloroacetate as a

model experiment based on fluorescence quenching and reaction quantum yields will be reported

soon.
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