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&tract-TIN isomer&ions of (El-j?-ionone 1, and of mixtures of tbe isomcric pyran 2 and (2)-/I-ionone 3 in 
CD,OD as solvent on direct irradiation with A 254~1 and on triplet photo-sensitization have been studied at 
temperatures s - KP, where the thermal isomerization between 2 and 3 is fully inhiXted. The ditzct irradiin of 1 
at -60” leads to 3 and (Z)-ntm-yimone 4 as primary products; 3 is subsequently rapidly photoconverted into 
mainly 2. Evidence is presented that 4 is also a primary photoproduct from both 2 aud 3. The qua&m yield ratio 
&,: &_, = 050. On starting with cithcr 1 or mixtures of 2 and 3 the same photo-stationary equilibrium ratio of 
l-3 is eventually obtained, oiz 1:2:3- 17:72:11.4 is photostable relative to l-3. 

The perdeuterobenzophenom fekef pb~o-smsititcrrion with A 366 nm at -54P of 1 leads to 3 as the sole 
primary product, which isomer on triplet sensitization yeilds both 1 and 2. Tbe tripkt sensitizzd conversion is much 
faster for (i$ than (E)-@-ioaonc. On starting with either I or mixtures of 2 aad 3, eventually tbc same 
phot~tationary state is obtained, oiz 1:2:3 3 39:46: 15. (z)_rctro-y-ionone 4 is not formed in the triplet sensitized 
irradiations of 1,2 and 3 and in the direct irradiation it apparently results from the singlet excited state of the three 
SUbStMCS. 

The WV specti of the (unstabk) (Z)+ionone 3 has been indirectly determined; its absorption occurs at 
lower wavelength and is of lower intensity than that of the (&isomer 1. 

It was proposed by various investigators that the photo- 
isomerization of (&p-ionone 1 into the isomeric Q- 
pyran derivative 2 proceeds via (2)-/Sionone 3 as in- 
termediate,ld although no direct evidence for the occur- 
rence of 3 as intermediate was presented. Relevant for 
the proposal is, however, Marvell’s observation that 
heating of a solution of the a-pyran derivative 2 in, e.g. 
tetrachloroethene at 120” yields (Z)+?-ionone 3. In fact 
2 and 3 are in a strongly temperature dependent equili- 
briuma5 

Upon direct irradiation of 1 and also 2 some (Z)-ntro- 
y-ionone 4 is formed as a primary photoproduct which 
was shown to result from an excited singlet state.‘A 
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In order to obtain information as to the intermedky 
of (a&ionone 3 in the photo-interconversion of 1 and 
2, the photoreactions a& the analyses of the resulting 
mixtures have now both bten performed at low ttm- 
peratures in order to prevent the thermal conversion of 3 
into the a-pyran 2. 

umms 
Equilbrium composihons and UV spectm of 2 and 3. 

The equilibrium compositions of mixtures of 2 and 3 at a 
given temperature, obtained on dissolving the a-pyran 2 
in the appropriate solvent and heating the solution at that 
temperature for 15 min, are listed in Table 1. 2 and 3 in 
CkOD as solvent at s - 50” do not interconvert, as the 
nonequiliirium isomeric composition of mixtures of 2 
and 3 did not vary over a period of 12 hr. 

The UV absorption spectrum of (2)-p-ionone (3) and 
the a-pyran 2, determined by a two component analysis 
on mixtures of 2 and 3, are shown in Fii. 1, together with 
that of their photo-isomer 1. 

Dirccf iradiations. The results of the direct irradia- 
tions of 1 and of mixtures of 2 and 3 with A 254nm at 
-60” are shown in Fii. 2. The material balances after 
1Ohr irradiation were co 95%. Irradiation of 1 leads to 
(Z)+ionone 3 and (Z)-Erm-y-ionone 4 as the primary 
products. The amount of 3 levels off after 3 hr irradia- 
tion. 3 is apparently photo-converted into the a-pyran 
derivative 2. the formation of which does show an in- 
duction period (see Fig. 2A). The eventual ratio of 
1: 2 : 3 1: 16: 72: 12. The same equilibrium ratio is obtained 
on starting with a 84: 16 mixture of 2 and 3 (Fig. 2B). 

The initial increase in the a-pyran 2 at the cost of 
(i$/3tionone 3 is much more pronounced on starting 
with the mixture of 2 and 3 which is richer in 3 (see Pi. 
28 and 2Cl 

T&e initi8l rate of formation of (Z)-&w-r&none 4 in 
thedirectirraWionistheaameonsta&gwithn81:19 
rada64:36mixturcof2aad3IFis.3).Pistrrc3f~r 
illustraksttkat4isaprinWyphoto+roduct.4ispbo- 
tostabk in comparison with l-3. 

Tniprct w-susitkatin The results of the per- 
deuterobenzopbenonc triplet photo-sensitized reactions 
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Table 1. E@itihium compAtions~ of the opyran derivative 2 and (Z)piononc 3” 

solvent Temp. (W) Composition (%> Ref. 

? 3 

C12C - ccl2 18 91 8.6 5 

31 9121 9 21 

54 82 17.8 5 

58 8321 17 21 
108 7022 30 22 

713 60 i.0 5 

CD3CN 20 8521 15 -+I 

58 7322 27 22 
73 6022 4C 22 

CD30D 18 81+1 19 21 

31 7522 25 22 
60 6122 39 +2 

C6D5CD3 105 7222 28 22 

a The variation in the 2 : 2 ra 10 with temperature is t’ 
reversible. 

b On heating of the u-pyran in DMi?O at 148OC for 15 min 

25% of 2 was formed irreversibly in addition to m of 

2 and 25% of 2. 
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Fii 1. UV absorption spectra, solvent Mcch; 1 - A, = 291 nm, d = !MXl I./m01 * cm: 2 - A, = 285 run, 
a=47H)l./mol~cm;3.~~~A _ = 285 nm. c = 1350 I./m01 . cm. 

oflandmix~sof2and3at-HPusingAM6nmare 
shown in Fii. 4. 

directly (fT)+ionone. From a comparison of the Figs. 
4A and 4C it follows that the triplet photo-sensitized 

The upper limit of (Z)&m+onone was estimated 
from the absence of its specilk ‘H NMR vinyl hydrogen 

conversion is much slower for (IT)- and (Z)-#Gonone. 
For long irradiation times an equilibrium ratio of 1: 2 : 3 = 

absorptions to lx 1%. The material balances after 12 hr 39:44: 15 is obtained (pi. 4A and 4B). 
kdiation were co 85%. Starting with (&@&one as 
substrate (Fig 4A), the initiai product is (ap-ionone, 
whereas the a-pyran 2 is formed only by a subsequent The UV absorption of (Z)-&iononc is at lower 
photo-sensitization of (Z)-#Gonone. Fiie 4C illustrates wavelength and of lower intensity than that of (I+& 
that (Z)+ionoac upon pho~sensitization yields ionone, indicating that there is less conjugation in the 
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hr 

Fig. 2. Direct irradiation in C&OD at -60” with A 254~1 of 1 (A) and mixtures of 2 and 3 of 
compositions; 81: 19 (B) and 64:M (C). 0, - 1: Cl, -- 2; A, ----3; t, -a-e-s- 4. 
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hr 
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Fi& 3. Formation of re0t~7-ionoae in the direct irradiation (A 
~nm)inC40Dat-~onntsrtinlaritba81:19(0)and64:M 

(t) mixture of 2 and 3. 

former compound. A study of the Stewart molecular 
models reveals that the side chain of (Z)-#Gonone is out 
of the plane of the cyclohexenyl carbons of the CM+ 
CR=CMe-CH2 moiety, as result of steric repulsion by 
the geminal dimethyls and the ring sp2 bonded Me.1 
whereas with (E)-j?-ionone this is far less so. The model of 
(2)~#Gonone further showed that the single(Z) con- 
formation of the C& single bond is preferred over the 
single-(E) one. 

tTke wr* absorption of (2)$-iono1~ is at much higbcr 
wavekngth than that of a simple u,&caonc (A, = 285 vs 224- 
249nm”). This indicates that thic still exists some conjugation 
between the cycbhcxenyl do&k bond and the side chin. 

SThis presumption is met tor 1 and 2, a8 their triplet CM* 
arcsmaikrthanthatofbenz@hHmc,ti<54aod54-M W 
683 kc-aljmok? The tripkt eae%y of 3 is sot reported. Its UV 
absorption is in between that of an a$enonc aml an a&l-7.8- 
dienone (Result!i). Its triplet enerly may therefore be ia between 
69 and < 54 kcalhnol (the triplet energy values for prepeaal’ smt 
1’ respectively) which is then also smatter than that of ben- 
ZQptlWXK. 

1.3 4 2 

Scheme I. 

The present results on the direct and photo-sensitized 
irradiations have revealed that 4 is an excited singkt 
state product from each of the three substrates, 1-3, 
formed by a sigmatropic 15-H shift, as shown in Scheme 
I. A careful examination of framework molecular models 
(Dreiding and Prentice HaU) showed that also with fhe 
a-pyran 2 one of the Me hydrogens is located in a 
favourable position to migrate to Cs. 

The initial rate of formation of (Z~retro-7-ionone 4 is 
the same on 254nm irradiation of a 81:19 and a 64:36 
mixture of 2 and 3. Thus, by coincidence ~2 n q&d = 
c3 l &_,,, For A 254 nm cz = IHW) and c3 = 750 l./moI - cm 
(see Pig. 1) and accordingly &+,&, = 0.59. This value 
may reflect a more constrained transition state for the 
conversion of the singlet excited state of 2 than of 3 into 
4, possibly because of the bicyclic structure of 2 (see 
Scheme 1). 

The triplet photosensitized conversion is much slower 
for (E)- than (Z)$-ionone. This infers, provided that the 
rate of triplet energy transfer to both isomers is the same 
(see later), that the chemical reactivity is smaller for 
triplet excited (E)- than (Z)+ionone. 

Comparison of the dirtct with the triplet sensitized 
irrudi41fions. In the initial stages of the irradiation of the 
64: 34 mixture of 2 and 3 there is an increase in the 
amount of the a-pyran 2 for the direct irradiation, 
whereas for the triplet photo-sensitized one there is not 
(see Fii. 2C and 4C). Considering the triplet energy 
transfer from triplet excited beazophenone to each of the 
three compounds to be dtiusion cont.rolled,# the ratio in 
which the tripkt excited states of 1+2 and 3 are formed 
in the very beginning will be equal to the ratio of the 
starting concentrations of these compounds, i.e. during . . . 
rradmbm the corresponding singlet excited states for- 
med in the beginning will be equal to the ratio of the 
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Table 2. Viaylic ‘H NMR absorptions in CD&D at -61p 

Compound Chemical shifts (p.p.m.1, multiplicities, and cowling constants (Hz) 

CI$%(CO)Mea Ca( CO)Me 3% 

! 7.3!%;16) 6.05(d;16) 

2 5.60(d;6) 4.%(d;6) 

3 6.65(d;l2) 6.07(d;12) 

4 5*34(t;7) 4.g5(m);4.45(d;2.5) 

a For ?, - 3 n - 1 and for f n = 2. 

b&on period of 15 min at 20 and 73”. For a given wavekngth A,, 
cortshiog tbe molar extiBction coc~cients at 20 and 7Y to be 
tk mme,t tts exhctions arc given by 

~=&s**“c*t&%~ (1) 

;E=~*nc,t&%3 (2) 

iuwhi&tbesubucripts2and3refertotberespe4ztivecum- 
~.Tbecoacen~rmof2aPd3pttbttwo~were 
c&&ted from the total initial sub&ate concentration aad tbc 
c2 : c3 ratio reported in Tabk I.# For each wavek~@I~ ti and g 
were then cahhted from the thus determhd concentrations 
and th measltred cxtinctiolts using t&c Eqs (1) and (2). 

AchohQeme~~-‘he authors thank Dr. P. C. M. van Noort 
for vahmbk discussions and Mr. R H. Pokkens for rcundii 
mostofthelowtemperaturc’HNMRs@ra. 

tThh was in fact observed for (&~-hone. 
#Tlh treatment infers that the c2: c3 ratio is independent of the 

total substrate concentration in betweeo 0.0002M (UV conceb 
trathn) eO.62 M (‘H NMR concentration), as may be expected 
hrr$mtmokcular equiliin of the u-pyrao (2) and (Z)+?- 
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