
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 22:10
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Photochromic Reactions of 1-
Alkylanthraquinones
Zoya Leonenko a , Lubov Klimenko a & Nina Gritsan a
a Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia

Version of record first published: 24 Sep 2006

To cite this article: Zoya Leonenko, Lubov Klimenko & Nina Gritsan (1997): Photochromic Reactions
of 1-Alkylanthraquinones, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 297:1, 175-180

To link to this article:  http://dx.doi.org/10.1080/10587259708036119

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708036119
http://www.tandfonline.com/page/terms-and-conditions


Aid. Cryst. Liy. Cryst., 1997, Vol. 297, pp. 175-180 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in hdld  

PHOTOCHROMIC REACTIONS OF 1 -ALKYLANTHRAQvn\rONES 

ZOYA LEONENKO, LUBOV KLIMENKO, NINA GRITSAN 

Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia 

Abstract Under irradiation of 1 -alkylanthraquinones, the hydrogen atom of 
substituted methyl group is transferred to a peri-quinoid oxygen to form the 
corresponding 9-hydroxy- I ,  10-anthraquinone- I-methides. It was shown that 
photochemical reaction occurs through the triplet an-biradical. The thermal decay 
of photoinduced quinone-methides results fiom three competing parallel 
processes: intramolecular hydrogen transfer (a thermal back reaction), reaction 
with a solvent (alcohol), and oxidation by dissolved oxygen. The structure of the 
transient state and the activation enthalpy for the thermal reaction of hydrogen 
transfer have been determined quantum chemically. 

INTRODUCTION 

It is known that l-methyl-9,1O-anthraquinones and some of their derivetives undergo 

photoenolization to form the deeply coloured 9-hydroxy- 1,lO-anthraquinone- 1- 

methides. These compounds are unstable at room temperature and restore their 

original structure by a thermal back reaction. 
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The lifetime of photoproducts depends on the nature of substituents in anthraquinone 

nuclear and methide group.IT3 To increase the lifetime of photoproduct, the 1 -  

methylcyano derivatibes of 9,lO-anthraquinones ($,a were synthesized and their 

chemical properties were studied. 
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To understand the influence of chemical structure on the kinetics, the MI4 

calculations were made, using modified MND085 program’. The RHF calculations in 

half electron approximation6 were performed for the triplet state intermediates. 

PHOTOCHEMICAL HYDROGEN TRANSFER 

The spectrum of a short-lived intermediate (Figure 1,  spectrum 1 )  has been detected 

after the nanosecond laser excitation of I-methylanthraquinone. It was assigned to the 

triplet o,x-biradicaL2 
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FIGURE I 

hydroxy-1,lO-anthraquinone- 1-methide (2) in toluene. 

Electronic absorption spectra of triplet ox-biradical (1) and 9- 

Indeed, there are two minima on the triplet potential energy surface of 

anthraquinone-methide (Figure 2). One of them corresponds to the 3xx* excited state 

with a plane geometry (Figure 3a). The deepest minimum fits the structure represented 

in Figure 3b. The plane of methide group is nearly perpendicular to that of 

anthraquinone nuclear. Two single occupied MO orbitals in this case have the energies 

-5 04 and -4.68 e.v. The electron of the first o MO is localized at the carbon atom of 
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PHOTOCHROMIC REACTIONS OF I-ALKYLANTHRAQUINONES I77 

5a at room temperature is described by the first-order equation. In the lamp flash 

photolysis experiment we have also detected a short-lived intermediate (Table I) with a 

similar spectrum. Absorbtion recorded under stationary conditions belongs to one 

isomer, most likely, to the A type. 

TABLE I The lifetimes of substituted 9-hydroxy- 1,lO-anthraquinone- 1 -methides 

in ethanol at 290 K (accuracy +lo%). 

Comp. 1 2 3 4 5 
TA 1 5 0 ~ s  2 9 0 p  2 . 8 m s  1 0 s  480 s 
TI3 2.5 ms 1 ms 5 ms 

The rate of thermal decay of a depends on the alcohol nature. When passing from 
methanol to ethanol, the rate constant (Table 11) decreases by a factor of 3, and when 
passing fiom ordinary to branched alcohols, this constant decreases by more than an 
order of magnitude. Photochemical transformations in isopropanol and tert-butanol are 
reversible. They are irreversible in methanol and ethanol (Figure 5) .  

TABLE II. Dependence of the rate constant of photoproducts decay (k, s-l) on 
the nature of alcohol. Accuracy +lo%. 

Alcohol MeOH EtOH i-PrOH t-BuOH 
- 4a 0.75 0.10 0.03 0.05 
- 5a 6.2x10-’ 2 .1~10”  3 . 0 ~ 1 0 ~  1 .2x 10” 

A similar effect of the alcohol nature was observed for the reaction of nucleophilic 

1,4-addition of an alcohol molecule to ana-quinones.’ We specially checked whether the 

nature of alcohols used influences the rate constant of thermal hydrogen migration in 9- 

hydroxy- 1,lO-anthraquinone- 1 -methide. The rate constants of thermal hydrogen transfer 

were equal in all alcohols used (methanol, ethanol, 2-propanol, and tert-butanol). 

Therefore, the decay of 4a. 5a depends on the nature of alcohols and the photochemical 

reactions are irreversible in methanol and ethanol. It should be assumed that 

photoinduced quinone-methides 4a, 5a can react with alcohols. The reaction with 2- 

propanol and tert-butanol does not compete with the thermal back transfer of hydrogen. 

In the case of methanol and ethanol the main contribution to the measered rate constant 

comes from the reaction with alcohols. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

10
 2

0 
A

ug
us

t 2
01

2 



I78 Z. LEONENKO et ul. 

I I 

- 
30 25 20 15 

./ 1 03cm-i "/I 03cm-1 

FIGURE 5 Absorption spectrum of quinone 5 (1) and its changes aRer 

irradiation for 3s (2) and after thermal decay for 1 h (3) in ethanol (a) and tert- 

butanol (b) in the absence of oxygen. 

The lifetime of a depends also on the content of dissolved oxygen (Figure 6). 

The second order rate constant for the reaction of with oxygen is 0.42 k 0.02 

V(mo1 s). The whole process of 5a decay can be discribed by the following scheme 
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PHOTOCHROMIC REACTIONS OF 1-ALKYLANTHRAQUINONES I79 

The rate constants of the three competing processes are presented in Table 111. 

[02]*l~/mlL-l 1 
) 2.5 5.0 7.5 10.0 

FIGURE 6 Dependence of the rate constant of 9-hydroxy-4-metoxy- 1, lO- 

anthraquinone-1 -phenylcianomethide decay in ethanol on the concentration of 

dissolved oxygen at 298 K. 

TABLE I11 The rate constants of the reactions of 9-hydroxy- 1,1 O-anthraquinone- 

1 -(phenylcyano)methide. 

Therefore, introdusing strong electron withdrowing substituent to methyl group, 

we can increase the lifetime of photoinduced form up to 7 orders of magnitude. 

However, the role of the side reactions becomes importent in this case. 
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