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Abstract 

A phmokinetic method was used to study the photochromic reaction of a novel fulgide. [E)-2-isopropylidenc-3-[ l-(3.4-dimethoxy- 
phenyl)ethylidcue J -3-isopropylidcnc saccinic anhydride. It was found that the photochromic reaction depends on the solve'at potzuity. The 
apparent ring-closure rate decreased with increasing solvent polarity, while the rate of E to Z isome6zation increased. It was supposed tha~ 
there were two kinds of conformation in the excited states. Increasing the solvent polarity favoured the twisted conformation, which acceler~ed 
the E to Z photo isomerizalion, inhibiting the electrocyclic reactkm. © 1997 Published by Elsevier Science S.A. 

Ke3'~Y~rd.~: Fulgide: Pholochromic reaction: Photokinezics: Solvent effects 

1. Introduction 

Fulgides are important organic photoehr,mic compounds 
which have fouod use in optical recording materials and 
chemical actinometry [ 1~4]. When irradiawed by UV light, 
the. E-form of an aromatic substituted fulgide processes an 
intromolecular [4,2 ] photneyc!oadditiou to give its coloured 
form of I.Sa-dihydronaphthalene ( I ,Sa-DHN ). ,~n the mean- 
time, the E - Z  isomerization about one double bond also 
occurs [2,5]. In a previous paper [6], we report~ a photo- 
kinetic study on (E)-2-[I-(2,5-dimethyl-3-fm2vl)-ethyli- 
dene ]-3-isopropylidene succinic anhydride, named 
commercially Aherchrome 540 TM, We found that this ~amous 
chemical actinometer could not he used repeatedly as the 
E-Z  isomerization about one double bond reduced the appar- 
ent quantum yield of the photocycluaddition reaction. 
Recently, we synthesized a novel phenylfalgide processing 
two methoxy groups in the phenyl moiety and tried to study 
its photokiuetic hehaviour. 

The (E) -2-isopropylidene-3- [ I-( 3A-dimethoxyphenyl )- 
ethylidenel-3-isoprupylidene succinic anhydride (VF, 
Scheme I ) was synthesized by Stobhe condensation. As we 
only know the spectroscopy of this (E)-form. we performed 
the photokinetic experiment as described by llge [71 for a 
four-component system. Two beams of light, 365 nm and 494 
um, were used to irradiate the toluene solution of VF simul- 
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taneously, the whole reaction was followed spectroscopically 
by a diode array spectrophotometer during irradiation.To our 
surprise, the initial spectrum remains the same for a period 
of 5 rain. It is necessary to find another method to solve this 
problem. 

Fig. I shows the reaction spectrum of VF in toluene. The 
absorbance data at the wavelengths 300, 336, 350, and 366 
nm are plotted vs. the absorbance at 528 urn at all reaction 
times in Fig. 2 (ahsorbance ¢E) diagram). From the good 
linear relationships it can he assumed that the photoreaction 
shows uniform reaction. This means that a single reaetk~n 
step is lbund, the overall reaction can be considered to follow 
the mechanism proposed by Mauser [81. 

2. Fundamental kinetics 

The rate law for the reaction 

,~, 81 
C--~-A ~ B 

,t.z 

is given by 

da 
~f  = - ( ¢b~ + &,_) IO001,~A'F(E" )a(t) 

+~lO001u~_c'F(E')c(t) ( I )  
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Fig+ I. Reaction spectrum tbr tile photoreaclinn of VF in toluene. 
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Fig, 2. Ab~orbancc plots for VF in toluene. Straight lines are nbserved fi)r 
combinations i)r ahsorhances al two wavelengths. 

d~t = t~+ 10001,,EA'FI E'  )u(l)  ( 2 ) 

dc 
- -  = - cb+ I (100/~,E(+'F( E' ) c( t ) + (b, I (h')0¢,x'l~+F( E' ) a ( t ) 
dt 

<3) 

Also 

E^(t) ~E~,(t) + E~lt) + E~-(t) (4)  

a,,=a(t) +b( t )  +c(t)  (5) 

Where Io is the intensity of  monochromatic radiation ( s o l -  
photons cm - m s - ~ ), cb~, c~.~, and ¢b~ are the differential pho- 

tochemical quantum yields of  photo reactions A ~ B, A ~ C, 
and C ~ A respectively. ~'A, ¢'C are the molar decadic absorp- 
tion coefficients of  compounds A and C at the irradiation 
wavelength. FiE')  = (  I - l0  E')/E') is the photokinetic 
factor wlth absorbance E'  ( t ) at the irradiation wavelength at 
time t. E~(I),  ~ ( t )  and E~,{ t) are tile absorbanees of  com- 
pounds A, B, and C at the measured wavelength at time t 
respectively. E~(t) is the total absorbance o f  the mixture al 
the measured wavelength at time t. a(t) ,  b(t) .  and c(t) are 
the concentrations of  compounds A, B, and C at time t ~p -  
arately, ao is the concentration of  compound A at the begin- 
ning of  the reaction. 

At the beginning period of  UV irradiation, the concentra- 
tion of  C is approximately zero compared with that of  A. The 
initial rate laws Eq. ( I )  and Eq. (3)  can be rewritten as 
follows: 

da 
- - =  - ( Cbn + ~_,} IIR)(g,EA'F( E'  )a( t)  (6)  
dt 

dc 
- -  = &_+ I O00~A'I<,F( E' ) a ( t )  ( 7 )  
dt 

Also 

EA(t) = E,~(t) + Ei~-t t) ~E~(t)  (8)  

Then we have 

dE^(t ) dE,~ ( t ) 
(dal+dp2)l(HX)loe,~'F(E')Ea(t) (9) 

dl dt 

Integrating this equation yields 

t 

t) = -- ( ~1 + ¢~2) 100010~A'/F( E'  ) dr + InEA( 0 ) InEa( 

" ( IO)  

If In Ea(t) is plotted vs. J~F( E' )dr. we obtain 

k= - ( 6a + cb_, ) 1 (XX)/o~,x' {11) 

The total apparent reaction speed can be derived as follows: 

k 
k,,b~ = cbt + ~'~_ = - - - -  (12) 

10001oea' 
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Fig. 3. The numalized absorption xpectra of VF and its coloured form in 
v ~-ious solvents. 

Under the same experimental conditions, the relative apparent 
rate is 

k - k.~,xo' ~ -  , ( 1 3 )  

When the initial concentration remains the same. Eq. (13) 
can he rewrittell as 

k - k,Ea.' 
R --  koEA,, , ( 1 4 )  

Where k R is the relative apparent reaction rate of the photo- 
reaction, ku is the measured reaction rate of basic photoreac- 
tion, e'^u, E',xo are the molar decadic absorption coefficient 
and absorption of compound A at the irradiation wavelength 
respectively, k . ,  ~'a,.. E'a,  is the measured reaction rate. the 
molar decadic absorption coefficient and absorption of com- 
pound A at the irradiation wavelength of the corresponding 
photoreaction respectively. 

3. Experimental details 

The (E)-2-isopropylidene-3-[ I-(3.4-dimethoxyphenyl)- 
ethylidene l-3-isopropylidene succinic anhydride (VF) was 

Table ) 
Maximum ab~orplion of VF and its coloured tk.nTn { DHN ) in various solvents 

prepared under conditions prescribed by the procedure 
described be fore [ 9 ]. The so lvems used were purl fled accord- 
ing to standard methods. A modified reaction cetl was fi~.ed 
in a diode array spectrophotometer (HP845~, Hew[err- 
Packard) to follow the photoreaction during irradiation as 
described before [61. 366 nm light f r o m  a 250 W high pre~ 
sure Hg lamp was used as the excitation ,source in the 
toreaction process. The light intensity was measured with a 
toluene solution of Aherchrome 540 TM. 

4. Results and d~eussh)n 

4. I. Absorpt ion spectra 

Fig. 3 shows the absorption spectra of VF ar, d its col~mred 
form in various solvents. Table I gives the corresponding 
maximum absorption+ There are no significant changes in the 
ab~rption spectra of VF when the solvent polarity is 
increased: however, apporem hethochromic effects are 
observed for the cotonred form. This implies that the presence 
of electror donor (methoxy group) and electron aceeptor 
(anhydride group) moieties on pheny[ fulgRle derivativas 
leads to an intrdmolecular charge transfer upon exication, 
resulting in a solvatochromic effect. The better planarity of 
the colonred lonn of VF makes the intramotecular charge 
transfer process easier. As the increase in solvent polarity 
favoured the formation and stability of the charge transfer 
state [ 101, the "absorption spectra of the colonred form proc- 
esses a larger bathochromic shift than that of VF. 

4.2. Pholokinetic s tudy 

VF in various solvents was irradiated at room lemperamre. 
Typical I n E a ( t ) ~ ~ F ( E ' l d t  relationships are shown in 
Fig. 4. The apparent photureaction rate in various solvents is 
given in Table 2. 

To investigate the influence of solvent polarity on electro- 
cyclic reactions, we also measured the formation rate of DHN 
in rations solvents ( Fig. 5 ). It is obvious that with an increase 
in solvent polarity alone, the electroeyclic reaction rote is 
decreased. Particularly in the ethanol solvent, no formation 
of DHN can be observed. 

Solvent Er(30) {kcal tool ~) .~t.~.(nm)lg(e~,.~) (VF) h,.~,(nm] (DHN) 

Hexane 31.0 344(3.82) 508 
n-Butyl ether 33.0 346( 3.88 ) 516 
Toluene 33.~ 352 ( 3.89 ) 528 
lso-propyl ether 34.0 346(3.94) 516 
1,4-Dioxene 36.0 346(3.94) 524 
Tewahydro furan 37.4 ,~16( 3.92 ) 530 
Chloroform 39. I 35013.97 ) 528 
Diehloromet hane 40.7 35213.95 ) 542 
Aeetonitrile 45.6 352(4.00) 546 
Ethanol 5 ) .9 352{ 3.87 ) -- 

:ii 
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Fig. 4. InE~( t ) - I:,/:(E' )tit relationship o t  V F  in various soben t s .  

Table  2 
The  apparent  photoreaction rates o f  V F  in various ~olvents J 

Solvent  log /: k,.,. k R 
¢ ~  ( X I(P) q × 10 ~) 

n-Hexanc  3.74 1.4 0.18 1.0 
Toluene  3.86 4.1 0 .39  2.2 
1.4-Dioxane 3.85 3.5 0 .34  1.9 
Dichltlrt+methane 3.91 3+4 0 .29  1.6 
Chloroform 3.93 2.6 (1.21 1.2 

Acetonitrile 3.94 3.0 0.57 3.2 

Ethanol  3.81 13,4 1,44 8.0 

+ I.~ffi 1.4323 × 10 7 einstein s i. 
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Fig. 5. The  relationship between the absorbance o f  D H N  and  irradiating 
t ime. 

According to Paetzold's reporl [ 2.11 ], phenyl fnlgides had 
typical w--, w* photoreactivity and in the singlet state E-Z 
isomerizations about one double bond compete with electro- 
cyclic ring closure to the coloured form under direct UV 
irradiation. At the beginning of photo irradiation, the photo- 
isomerization of Z to E can be omitted, so the total reaction 

(a) planar (5) t~sted 

(c)s'T'M. I '  "r r 
] " ' " + -  T 

h 
~ d i z a t m  e-z iso~nzalion 

SO --1-- Solvent P~l~ly P 

Fig. 0, Schemat ic  illustration o f  the effects  ol solvent on  the  excited state o f  
V F. { a ) TIk' planar form and ( h ) the twisted fi~rm o f  VF.  ( ¢ I Excited states 
in solvents o f  vurious polarity. P and T denote  Ihe planar and  t'd.'ist cd Iorms 
respectively. 

rate is the sum of the photoisomerization rate of VF to its Z- 
isomer and the electrocyclic reaction rate of VF to DHN. 
When the solvent polarity increases, the electrocyclic reaction 
rate decreases while the total reaction rate has no sigpifieant 
change• This implies that the increase in solvent polarity 
suppresses the electrocyclic cycloaddition reaction, and 
favours the E-Z isomerization reaction. As in direct photo 
irradiation, there is a T + slate alone with twisting of the 
double bond in the E-Z isomerization. The "P" state converts 
to the singlet state of the basic state via internal conversion 
so as to give the E- or Z-form of the compound. The (4 + 2) 
cycloaddition, however, can only take place via a planar 
transform state [ 12]. It has been reported that the increase in 
solvent polarity had little effect on either pure electrocyclic 
reaction or pure E-Z isomerization [ 13 ]. Actually, VF con- 
sists of two metboxy groups and a maleie anhydride moiety: 
the lbrmer is a donor and the latter an acceptor, which makes 
the polarity of the excited singlet state of VF greater than that 
of the ground state, leading to an intmmolecular charge tmns- 
t~r process upon excitation. In less polar solvents, the excited 
state stabilizes to both a planar conformation and a twisted 
conformation, the E-Z isomerization and electrocyclic reac- 
tion take place simultaneously. As the solvent polarity 
increases, however, the twisted conformation is stabilized. 
which favours E-Z isomerization, inhibiting the elcctrocyclic 
reaction ( Fig. 6). 

5. Conclusion 

A photokinetic method was used to s tudy the photochromic 
reaction of VF, which showed that the photochromic reaction 
depended on solvent polarity. The apparent ring-closure rate 
decreased with increasing solvent polarity, while the rate of 
E to Z isomerization increased. It was supposed that there 
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were two kinds of conformation in the excited states; increas- 
ing the solvent polarity favoured the twisted conlbrmation. 
which accelerated the E to Z photo isomedzation, inhibiting 
the electrocyclic reaction. 
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