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The oxidative rearrangement of O,O’-diacyl derivatives of leucoindigo with dichlorodicyanobenzoquinone in 
dimethyl sulphoxide affords N,N’-diacyl derivatives of indigotin in high yield; it has been found that the heat 
of cis-to-trans isomerization in acetonitrile for N,N‘- bis(pheny1acetyl)indigotin is 29.9 kcal rnolP1 (60 cal g-l) . t  

N,N’-Disubstituted derivatives of indigotin are of interest in 
solar systems because solar energy may be stored as chemical 
energy in the cis-isomer. One advantage of this system is the 
absorption spectrum, which matches the photochemically 
active part of the solar spectrum very well. The disadvantages 
of this system are the low quantum yield of the photochemical 
trans-to-cis isomerization, low solubility, and the low stability 
of the energy-rich cis-form, which rapidly back-isomerizes to 
the stable trans-form at higher temperatures.l The photo- 
chemically storable energy does not exceed half of that which 
can be stored in hot water between 20 and 70 “C (i .e.  50 cal 
g-I)? 

We now report a new preparation of trans-N,N’-diacyl 
derivatives of indigotin, and a kinetic study of the cis-to-trans 
isomerization of N,N’-diacyl derivatives of indigotin in the 
dark. 

trans-N,N‘-Diacyl derivatives of indigotin are typically 
prepared by the method of Blanc and ROSS,~ in which indigo 
and the appropriate acid chloride are refluxed together in 
pyridine or 2,6-lutidine (yield ca. 40%); however, the hitherto 
unknown derivatives tram-N,N’-bis(ethoxycarbonylacety1 j- 
indigotin (2dj and tram-N,N’-bis(phenylacety1)indigotin (2ej 
are not obtained. 

Compound (2dj has been prepared by O,O’-diacylation of 
leucoindigo with ethoxycarbonylacetyl chloride, and sub- 
sequent oxidative rearrangement of O,O’-bis(ethoxycarbony1- 
acety1)leucoindigo (Id) with 2,3-dichloro-5,6-dicyano-1,4- 
benzoquinone (DDQ) in dimethyl sulphoxide (DMSO) (83 % 
yield) (Scheme 1 j. Compound (Id) may also be prepared from 
indigo with ethoxycarbonylacetyl chloride in the presence of 

t 1 cal = 4.184J. 

/ RJ+O&O I 

Scheme 1. i ,  RCOCI; i i ,  Zn, NaOAc, EtOAc, 50 ‘C, 5 h ;  i i i ,  
DDQ, DMSO, room temp. 

zinc and sodium acetate in ethyl acetate (479; yield). truns- 
N,N’-Diacetylindigotin (2a) (92 ;< yield) and (2e) (70% 
yield) have also been prepared by this method. If  the oxidative 
rearrangement is carried out with a mixture of 0,O‘-diacetyl- 
leucoindigo (1 a) and 0,O’-bis( pheny1acetyl)leucoindigo Oe) ,  
no cross-product, trans-N-acetyl-N’-phenylacetylindigotin, 
may be isolated from the reaction mixture. 

The trans-N,N’-diacyl derivatives of indigotin were dis- 
solved in a solvent such as benzene, acetonitrile, or cyclo- 
hexane, the concentration being ca. mu1 l k l ,  and the 
solution was then irradiated with filtered light (>500 nm) for 
an appropriate period. This afforded a solution of the corres- 
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Table 1. Absorption characteristics of N,N'-diacylindigotin 
(2a-e).& 

(2) 
a 

b 

C 

d 

e 

R Am ax/nrn 
cis 438 

trans 565 
cis 440 

trans 573 
cis 477 i trans 581 

Me 

Et 

Pr* 
cis 424 

cis 441 

E(Amax)b 

4460 
510 
4340 

550 
3810 
550 
3970 
780 
4080 
400 

€'( m ax) 
600 
7020 
810 
73 10 
600 
6950 
980 
6420 
530 
6780 

a In benzene. After irradiation. Isomerisation to trans-isomer. 

Table 2. Kinetic data and heat of cis-to-trans isomerization for 
N,N'-diacylindigotin (2a-f) in benzene and acetonitrile. 

(2) Solvent 
Benzene 

a {  Acetonitrile 
b Benzene 
c Benzene 
d Benzene 

Benzene 
e {  Ace toni trile 
f b  Benzene 

kC s-l 

6.4 x 10-5 
4.6 x 10-5 
1.8 x 10-5 
2.8 x 10-5 
2.4 x 10-5 
1.1 x 10-4 
9.1 x 

tFlniin 
186 
249 
642 
413 
47 1 
110 
1264 

-AH" 
7-----7 
kcal mol-1 cal g-' 
7.3 (8.1)d 21 (23)d 

6.6 18 
9.8 24 
9.3 20 
12.2 26 
29.9 60 
(3.2)e (6$le 

&Heat of isomerization was measured by a twin isoperibol 
calorimeter (Tokyo Riko Co., Type TIC-211) and is equal to the 
difference within an accuracy of 15%. N,N'-Dibenzoylindigotin. 

At 17 "C. Ref. 1. Ref. 3. 

ponding cis-rich mixture, which was then kept in the dark. 
The change in absorption of the solution with time showed 
the isomerization of the cis-isomer to the trans-isomer (Table 
1). From the change in the cis-isomer percentage and the 
amount of heat evolved when diethylamine, toluene-p- 
sulphonic acid, or hydrochloric acid was added as an iso- 
merisation catalyst, the heats of isomerization were also 
calculated (Table 2) .  

It is generally accepted that the size and the structure of 
substituents on the nitrogen atoms of the indigotin molecule 
sterically affect the cis-to-trans isomerization in this compound. 
The half-life and the heat of isomerization of the hindered 
acylindigotin are both far greater than those of N,N'-diacetyl- 
indigotin (Table 2). Compound (2e) has a high stability (cis- 
form half-life at 17 "C is 1264 min) and large heat of cis-to- 
trans-isomerization [29.9 kcal mol-1 (60 cal g-I)] in aceto- 
nitrile. 

In conclusion, the oxidative rearrangement of 0,O'-diacyl 
derivatives of leucoindigo provides a convenient synthesis for 
new interesting derivatives of N,N'-diacylindigotin which are 
not directly accessible by known methods. 
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