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Aktnd+?$~-ionme oxime ethyl ether [(E, El-41 upon direct irradiation with A either 254 or 313 nm yields the 
gcomelrical isomer (E, 2)4 and (z)-retm-y-ions oxime ethyl ether (2 E)-5 as the sole primary products, 
illustrating (E)-(z) kncrization (&=0.49) and a 1, S-hydrogen shift (&f13=0.15) respectively. From studies 
with tripkt photoscnsitizcn and with ethyl iodide (to enhance the singlet-triplet intersystem crossing) it is 
concluded that tbesc two products in tk direct irradiation rcsuit only from the singkt excited state, and that the 
inter-system crossin@ quantum yield is rcIativcly low. Upon prolonged irradiation of (E, E)-4 with A 313 ~1 the 
eventual products are (Z, E)-S and (8 2)-S, whereas with A Wnm they arc (E, E)-S and [(Z, E)-S and/or (E, 23-S]. 

Upon tripkt photosensitizetion (E, iT)A umicrgacs only (mz) isomcrizatk+n, leading to a mixture of all the 
four geometrical isomers of 4. From the dependence of the geometrical isomer distribution io the photostationary 
state on the triplet energy of the sensitizer the tripkt energies of (E, O-4, (E, ZI-4, (2, &‘)A, and (2, z)r have been 
de&rmined to be co 55, < 55,57, and 57 kcal/mol respectively. 

The photochemistry of (@-@ionone (@-I was the sub photochemistry of the oxime ethyl ethers of the ionones. In 
ject of various studies.2 The direct irradiation yields the this paper we report on the direct irradiation of the oxime 
isomcric a-pyran 2 and (Z)-ntro-y-ionone 3, whereas ethyl ether of 1 with and without added “heavy-atom” 
the triplet sensitized irradiation gives only 2.* In view of solvent,’ and on its triplet sensitized irradiation using a 
our interest in the photochemistry of the oxime variety of photosensitizers. 
chromophore,3 it was thought of interest to study the 
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Dimt imdiution of (E, E)4 and (E, 2)-4. The oxime 
ether (E, B)-4 in benzene as a solvent upon A 313tun 
irradiation yielded (E, W, (Z, E)-5, (Z,Z)-4 and (Z, Z)- 
5 (Fig. 1). The latter two products-in contrast to the 
former two-are secondary ones, as their formation from 
(E, E)-4 shows an induction period, The A 313 run quan- 
tum yields for the formation of the primary products (E, 
Z)-4 and (2, &5 have been determined as the zero 
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conversion limiting value of low (E, E)4 conversion 
experiments to be 0.49 and 0.15 respectively. 

The direct A 313~1 irradiation of (E,Z)-4 yielded 
(E, Ej-4, (Z, Z)-4 and (Z, Z)-5 as primary photoproducts 
(Fig. 2). Upon prolonged irradiation of (4 E)-4, the 
(E, Z)4 and (2,2)-4 produced are photoconverted again 
to yield (Z, II)-5 and (Z, z)_S as the only final isomcric 
photoproducts (Fig. 3). 
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Fig. 1. Dependence of the product formation on the irradiation 
time for the A 313nm irradiition of 0.041 mmol of (E,E)_I in 
2mlofbcnzcne.A,(E,Z)l;A,(Z,E)-5;O,(Z.2)4; +,Gz)- 
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Fii 2. Dependence of the product formation on the irradiation 
time for the A 313 nm irradiation of 0.023 nunol of (E,Z)4 in 

2 ml of benzene. 0, (E E-)-4; 0. (2 ZH; + , (z, Zj-5. 
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Fii 3. Dependenceof tbcproductformationontheirradiationtimefortht A 313 nmirrabtionof 0.038 mmolof a91:9 
mixture of (E. El-4 and (E, ZH in 2 ml of ethanol. 0, (E, EM; A, (E, Z&4; A, (Z, El-S; +. (A, z)_5; 0, (Z, Zl-4. 
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Fig. 4. Dependence of the product formation on the irradiation time for the A 254 am irradiation of 0.038 mmol of a 
53 : 47 mixture of (E, E’)A and (E, Q-4 in 2 ml of ~tha;l..,~~E~; A, (6 W; + , (Z, Zl-5; 0, [(Z, J+5 + (If, Zj-51; 

. . * 

Irradiation of a 53 :47 mixture of (E, E)-4 and (E, Z)d 
in ethanol as solvent with A 254 nm yielded (Z,Z)-5, 
(2, I?)-5, (E, E)-!i and (E, 2)-S which has the same gk 
retention time as (2, E)-5 (Fii. 4). Upon prolonged 
irradiation (Z,Z)-5 is again completely photoconverted. 
The graphs indicate that (E, E)-5 is in any case formed 
from (2,~5. 

tl%e lower material balance with A 254 run is tentatively ascrii 
to product formation as result of initial N-O bond homolysis of the 
electronically excited oxime ethers 4 and 5 which does not occur 
with A 313 nm?b 

For an irradiation time > 4.5 hr the content of the 
(E, E)-isomer of 5 is constant, viz. 66*2% which is 
apparently the photo-stationary state content. 

The material balances for the experiments of Fiis 3 (A 
3 13 nm) and 4 (A 254 nm) and an irradiation time of 9 hr are 
cim 80 and 55% respective1y.t 

The product formation for the direct irradiation of 
(E, E)-4 is shown schematically in Scheme 1. The 
present results do not aiiow to decide whether the con- 
version of (Z, Z)A into (Z, Z)-5 proceeds via (E, Z)-4 or 
not. 

The absence of (Z, E)-4 and 6 among the photo- 
products is worth noticing. 
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Sensitized imdiotion of (E,E)-l and (E, Z)-4. The 
sensitized irradiation of (E, E)-4 and mixtures of (E, IQ-4 
and (E,Z)-4 in benzene as solvent has been studied 
using acrid& 7H-benz[de]-anthracen-7-one, pyrene, 
tluorenone (in ethanol with some benzene), biacetyl, 
Michler’s ketone, thioxanthone, xanthone (all with A 
403 nm), dphenylbenzophenone and benzil (in acetoni- 
tril) (the last two with A 313 nm) as sensitizer. On starting 
with (E, Q-4 only the other three and on starting with a 
mixture of (&I$4 and (E,Z)-4 only the other two 
geometric isomers were formed and no ntro-y-ionone 
oxime ethyl ethers 5. Upon prolonged irradiation in the 
presence of any of these sensitizers a photostationary 
state (PSS) mixture of all the four geometric isomers of 4 
resulted, the composition of which depends on the triplet 
energy of the sensitizer (Fii. 5). The absence of retro-y- 
ionone oxime ethyl ethers illustrates that these com- 
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pounds formed in the direct irradiation of (E, I?)4 and 
(E,Z)-4 result from the singlet excited states of these 
substrates. 

Direct imdiation of (E,E)-4 and (E,Z)4 in t!rc 
presence of ethyl iodide. The effect of added ethyl iodide 
(which quenches the singlet excited states by enhancing 
their intersystem crossing efficiencies’) on the quantum 
yields of the product formation for the direct A 313 run 
irradiation of both (E, II)-4 and (I?, 2)-4 are shown in 
Table 1. The data clearly show that the added ethyl 
iodide affects the quantum yields of the (E)-(Z) 
isomerization and the 1, S-H shift of both (E, I?)4 and 
(I?, 2)-4-yielding (2, E)-5 and (2,2)-S respectively-to 
the same extent. The 1,5-H shift occurs from the singlet 
excited state of 4 (see before). It is therefore concluded 
that the (E)-(Z) isomerizations in the direct irradiations 
also take place exclusively from the singlet excited state. 

(Z,E)-4 -2 

[ h (1,2)-4 
S. 

r/ -1 

I 
50 80 70 80 

E, ( kcal /mOl 1 

Fii.5. Dependenceof PSSratioonthctriplctemrgyof tbescnsitizcr.+,[(Z,E~~[(~,~l:O,[(Z,~l/[(~,~~l;~, 
I(& Jwl/W~ 0% 0, KZ WYM zI-41. 

Table I. Direct irradiation (A 313 nm) of (E, E)-4 am (E, 23-4. Dependence of the relative quantum yields (&) on 
the concentration of added ethyl iodiie 

Reaction Type of 
isonerization 0.00 0.46 0.50 0.90 1.35 1.67 

(E,G)-4 4 (IL&4 E - Z 1.00 - 1.22 1.32 - 1.74 

(LEI-4 - <n,ti-5 1,5-H shift 1.00 - I.21 1.37 - 1.36 

(E,@-4 * (H,E)-4 Z - E 1.00 1.06 - 1.20 1.18 - 

(E&I-4 L &,&.I-4 E- Z 1.00 I.'10 - 1.21 1.20 - 

@*gI-4 - (&G-5 1,5-H shift 'i-00 7.09 1.14 1.19 - 





hmdhfions. llu direct and sensitiz.ed irradiations with A 
313 run were carried out in pyrex vessels using a Rayonet RPR 
UWI photochemical reactor equipped with eight RUL 3OMA 
lamps, using benzene or EtGH as solvent. The direct irradiations 
with I 254nm were performed in quartz vessels with a Rayouet 
RPR 204 photochemical reactor equipped with four RUL 2537 A 
lamps. ‘Die sensitized irradiations with A 403 nm were carried out 
using a Philips SP 500 lamp with a A 403 nm cut-off filter. In ail 
cases the sensitizer was present in such a concentration that is 
absorbed > 93% of tbc irradiation. 

The irradiated mixtures were analysed by glc on a 120 x l/8 in. 
stainless steel column loaded with 15% SE-30 on Chromosorb 
WHP 1~120 mesh. ‘Ihe compositions of the itradiated mixtures 
were determined using C,&, CIsHrr and C& as internal glc 
standards by use of a Varian CDS 111C digital integrator. The 
quantum yields were determined by valerophenone 
actinometry,” as described before.” 

Structural assignment. The structural assignment of the 
various geometric isomers 4 and S, obtained pure by preparative 
glc on the columns described before, was based on a comparison 
of their ‘H NMR spectra with those of the parent ketones (I?)-1 
and (Z)-3.‘c The assignment of the configuration around the C=N 
bond was made on the basis of the chemical shifts of the 
hydrogens at C(E), as it was established for a series of a-keto 
oxime ethers that the hydrogens at the C atom adjacent to the 
oxime sp’ carbon absorb at higher field for the (E)- than for the 
@)-isomer of the oxime ether? The H-C(E) of (E, Q-4, (E, Z)-4, 
(Z, E)J, and (Z, Z)4 was found to absorb at s6.11,7.16,6.36 and 
6.81 ppm respectively, and that of (E, E)-5, (E, QS, (Z, E)-5, and 
(Z,z)_S at 3.13,3.30.3.01 and 3.2Oppm respectively. 
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