
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

Structure-Property Relationship of
Phenoxynaphthacenequinones and their
Relatives
Zheng Fang a , Hong-Jiang Zhang a , Shu-Zhi Wang a , Zhi-Fan Yang a ,
Tian-Ru. Fang b , Su-Xian Xu b & Fu-Song Wang b
a Jilin College of Technology, Changchun, 130012, P.R. China
b Changchun Institute of Applied Chemistry, Academia Sinica,
Changchun, 130022, P.R. China

Version of record first published: 24 Sep 2006

To cite this article: Zheng Fang, Hong-Jiang Zhang, Shu-Zhi Wang, Zhi-Fan Yang, Tian-Ru. Fang, Su-
Xian Xu & Fu-Song Wang (1997): Structure-Property Relationship of Phenoxynaphthacenequinones and
their Relatives, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 297:1, 197-204

To link to this article:  http://dx.doi.org/10.1080/10587259708036122

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/10.1080/10587259708036122
http://www.tandfonline.com/page/terms-and-conditions


Mu/ .  Cryst. Liq. Crj.yr., 1997, Vol. 297, pp. 197-204 
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 India 

STRUCTURE-PROPERTY RELATIONSHIP OF PHENOXYNAPHTHACENEQUINONES 
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Ji lin College of Technology, Changchun 130012, P.R.China 
and 
TIAN-RU FANG, SU-XIAN XU, FU-SONG WANG 
Changchun Institute of Applied Chemistry, Academia Sinica, 
Changchun 130022, P.R.China 

Abstract Like 6-phenoxy-5.12-naphthacenequinone (1). 6-[4-(2-( 
4-hydroxyphenyl) isopropyl) phenoxyl-5,12-naphthacenequinone (2) and 
6-naphthylomnaphthacenequinone (6) showed normal photochromism. 
The relative initial rates of trans to ana photoconversion were in 
the order: 1, 100: 2, 37; 6, 21. 6-[4-(Phenylazo)phenoxyl-5,12-na- 
phthacenequinone (3) , 6-C4- (pethoxyphenyiazo)phenoxy]-5,l2-naph- 
thacenequinone (4). 6-[4- (p-ni trophenylazo)phenoxyI-5,12-naphtha- 
cenequinone (5)  had only slight UV-induced photochromisa for the 
phenoxynaphthacenequinone photochrome. 6- (2-Ni trosonaphthyl OXY)-~, 
12-naphthacenequinone (7) exhibited no photochromi sm and underwent 
i rrevers i bl e phot oreac t i on. 

INTRODUCTION 

Gerasiaenko and Poteleshenko' first reported the photochromic 
phenomenon of 6-phenoxy-5,12-naphthacenequinone (1) , which is based on 
photo-induced isomerization of the trans p-quinone form into the ma 

p-quinone form (as shown in Scheme 1). They also found' that several 
derivatives with substituent(s) on the phenyl ring, such as p-OH. 

r O C H 3 ,  p-NHC'H5, 2.4.6-trimethy1, pCOCH3, and p.NO2, had the similar 
photochromism, and that the longest absorption peak of the trans forms 
in toluene was at ca. 400 nm with molar extinction coefficient of ca. 6 
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198 Z. FANG et NI. 

.lo’ mol-’dm’cm-’, and the ana forms had characteristic double peaks 
with maximum molar extinction coefficient of ca. 1.7-10‘ mol-’dm3cm-’ 
at ca. 480 MI. Zelichenok et al.’ studied two types of 
phenoxynaphthacenequinone derivatives (as shown in Scheme 2) and found 
that all type A derivatives showed normal photochromism whereas type B 
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SCHEME 1 Photochromic SCHEYE 2 Two types of phenoxynaph- 
isomerization of 1 thacenequinone derivatives’ 

compounds were only slightly photochromic. However, they failed to 
understand the reason why the molar extinction coefficients of a type A 

derivative with R=CH~CH(COOCIH~)NHCOOC(CH~) 3 were only one third of 
those reported by Gerasiaenko et al. In order to shed more light on the 
structure-property relationship of derivatives of photochromic compound 
1, several new compounds of phenoxynaphthacenequinones or naphthyloxy- 
naphthacenequinones were synthesized: 
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and their photochronic behaviours in solution were investigated. 
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PHENOXY NAPHTHACENEQUINONES 

EXPERIMENTAL DETAILS 

199 

Chemical s 
Dimethylformide(DMP) was dried over CaH2 and distilled. Other chemic 
and solvents were of analytical grade and used as received. 

1 

Yeasurenents 
IR spectra were recorded on a BIO-RAD Infrared Spectrometer(KBr 
pellet). Measurements of 'H NMR spectra were made with a JEOL Unity-400 
NMR Spectrometer in using TB as the internal standard. UV-induce 
photochromic experiments were carried out as previously reported. ' 
Absorption spectra were recorded on a Shimadzu W-3000 or UV-300 
spectrophotometer at room temperature. 

Synt hes i s 
6-Chloro-5.12-naphthacenequinone (8)  and 6-[4-(2- (4-hydroxyphenyl) iso- 
propyl) phenoxy]-5,12-naphthacenequinone(2) were synthesized as previ- 
ously reported'. 4-Hydroxyazobenzene, 4-hydroxy-4'-ethoxyazobenzene, 
and I-hydroxy-ci'-ni troazobenzene were synthesized by standard diazo 
reaction, and purified by recrystallization from ethanolha- 
ter(V/V=l/l) , cyclohexane/benzene (V/V=4/1) and ethanolhater (V/V=3/1), 
respectively. 

For the synthesis of 6-[4-(phenylazo)phenoxyl-5,12-naph- 
thacenequinone(3), a mixture of 8(2.05 g, 7 mmol) , 4-hydroxyazoben- 
zene(1.67 g, 8.4 mmol), and potassium carbonate(2.40 g, 17.4 mmol) in 
30 mL DYF was heated at 115 "C for 3 h. It was poured over potassium 
hydroxide aqueous solution(0.5 mol/L), and the resulting precipitant 
was washed successively with 0.5 apol/L KOH solution, 0.5 mol/L HCl 
solution and water, and dried under vacuum. The crude product(2.91 g) 

was recrystallized twice from DYSO, ' yield 1.88 g (59.2%). IR, 
A.../cm-':1669 . 1582, 1491, 1428, 1398, 1346, 1278, 1236, 1139, 982, 
833, 753, 714. 'H NMR, &/ppar: 7.01-.7.05(d,2H), 7.42-7.52(m,3H), 
7.67-7.73 (t ,1H) , 7.73-7.82(m, 3H) , 7.82-7.88 (d,2H), 7.88-7.94(d, 2H), 
8.15-8.21 (d, 1H) , 8.21-8.27 (d,2H), 8.34-8.39(d, 1H) , 8.91 (s, 1H). 

6-[4- (p-Ethoxyphenylazo)phenoxyJ-5,12-naphthacenequinone (4) was 
synthesized using a similar procedure. The crude product was 
recrystallized twice froa WSO/water(V/V=4/1) and DYSO, yield 1.45 g 
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200 Z. FANG et al. 

(41.6%). IR, h.,./cm-': 2977. 1675, 1582, 1494. 1427, 1395, 1345, 
1276, 1251, 1214. 1146, 1110, 1045, 984, 919, 846,753, 715. 'H NYR, 
6/P&W 1.43-1 .47 ( t ,3H) , 4.08-4.13(m.2H), 6.95-7.02(t,4H), 
7.66-7.71 (t ,1H) , 7.74-7.79 (m, 3H) , 7.83-7.87 (qt4H) , 8.16-8-19 (d, 1H) , 
8.22-8.26 (PI, 2H) , 8.35-8.38 (d , 1 H) , 8.90 (s , 1 H) . 

6- 14- ( F N i  tropheny 1 azo) phenoxy l-5.12-napht hacenequ i none (5) was 
similarly synthesized. The crude product was recrystallized twice from 
WSO, yield 44.1%. IR, kmaJcm-': 1674. 1586, 1522. 1491, 1426, 1398, 
1342, 1274, 1232, 1137, 1105, 984, 858, 751, 716. 'H NMR, 6/ppm: 

7.03-7.07 (d, 2H) , 7.95-7.99 (d, 4H) , 
8.18-8.25(q,3H), 8.34-8.39(t,3H), 8.93(s,lH). 

The synthesis conditions of 6-naphthyloxy-5,12-naph- 
thacenequinone(6) were as follows: 8(8 asol) , 1-naphthol (10 maol), 
potassium carbonate(l0 mol). DMF(40 mL), 115 "C, 4 h; precipitation by 
pouring the reaction mixure to ice-water and washing with water and 
ethanol; recrystallization from DMF, yield 58.2%. IR, Amrx/cm-': 1674, 
1580, 1426, 1395, 1343. 1270. 1236, 983, 762, 713. 'H NMR, €i/pplr : 
6.20-6.22 (d, 1H) , 7.08-7.12 (t ,1H) , 7.50-7.52 ( d ,1H) , 7.57-7.79 (m, 6H) , 

7.69-7.74 (t ,1H) , 7.76-7.82 (m, 3H) , 

Wavelength/nm 

FIGURE 1 Spectral change of 2 in wSO(l*lO-' mol dm-') induced 
by 365 nm UV light. Irradiation t i d m i n :  
1, 0; 2, 0.17; 3, 0.5; 4, 1.5; 5, 3.5; 6, 5.0 
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PHENOXYNA PHTHACENEQUINONES 20 I 

7.92-7.94(d, 1H) , 8.16-8.20(m,3H), 8.35-8.37 (d, lH), 8.75-8.77(d, lH), 
8.92(s,lH). 

6- E2-d trosonaphthy 1 OXY I-5.12-naphthacenequinone (7)  was simi 1 ar 1 y 
synthesized: 8(8 mmol), ' 2-nitroso-1-naphthol (10 mmol), potassium 
carbonate(l0 nmol), WP(40 mL), 115 "C, 4 h: recrystallization from 
DMSO/water mixed solvents twice, yield 27.2%. IR, h.rx/cm-': 1675, 
1616, 1592, 1575, 1456, 1387, 1351, 1269, 986, 752, 714. 'H NYR, 
( j / p p ~ :  7.67-7.85(~,7H), 7.98-8.01 (d, 1H). 8.09-8.12(d,lH), 
8.31-8.42(~,38), 8.51-8.55(d,lH). 8.69-8.73(d,lH), 8.88(s,lH). 

-- RESULTS AND DISCUSSION 

Figure 1 shows the photoinduced spectral change of compound 2 in DYSO 
on irradiation with 365 nm UV light. Isosbestic points were observed at 
404, 364, 340 and 275 nm: the longest absorption peak of the trans form 

Wavelengt h /nm 

FIGURE 2 Spectral change of 6 in DMSO (1*10-' mol dm-') 
irradiated with 365 nm 1 ight. Irradiation timehin: 
1, 0; 2, 0.5: 3 ,  1.5; 4, 3.0: 5,  5.13; 6 ,  10.0 
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202 2. FANG et (11. 

was at 3% nm. while the ana form has a characteristic double peak at 
482 and 454 ne. Similarly, Compound 6 exhibited normal photochromism, 
as shown in Figure 2. Isosbestic points were found at 405, 362, 342, 
and 278 nm, and the ana form was characterized by a double peak at 483 
and 454 M. Based on the spectral data and the irreversible reaction of 
ammonia with the coloured ana forms', the concentrations of the ana 

form at the photostationary state(PSS1 and the molar extinction 
coefficients of the pure ma forms at 482-483 nm of 2 and 6 were found 
to be 82% and 1.70@10' mol-'dm'ca-'. and 83% and 1.36.10' mol-'da'cm-', 
respectively. 

As shown in Figure 3, the trans to aaa photoconversion reactions 
obey first-order kinetics in the first stage, and the initial rate is 
strongly dependent on the chemical structure of the compounds. The 
relative initial rates of ma fornation were in the order: 1, 100; 2, 
37; 6, 21, which is in agreement with the photochromic mechanism of 
migration of aromatic group. 

Time/rnin 

FIGURE 3 First-order plots of trans to ma reaction induced 
by 365 nm W light. 
1. compound 1 : 2, compound 2; 3, compound 6 

However, a1 1 of the dichromogenic compounds containing both 
phenoxynaphthacenequinone and azobenzene photochromes showed only 
slight UV-induced photochromism for the phenoxynaphthacenequinone 
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2. 

0 0 

m 

2. 

2 1.5-  

2 
1 .0 -  

0. 5- 

photochrome as shown in Figure 4. Based on the irreversible reaction of 
ammonia with the coloured phenoxy-ananaphthacenequinone, the concen- 
trations of the ana forms of compounds 3 and 4 in DWO at PSS were 
estimated to be only 22 molX and 17 molX respectively5. These results 
are in accordance with 16 molX obtained for another dichromogenic 
compound 6- [4- (potassium sulfophenylazo)phenoxyl-5,1%-naph- 
thacenequinone in the same solvent'. There is either electron-donating 
group or electron-withdrawing group on the azobenzene moiety, but the 
different substituents have little to do with the photochromism of 
phenoxynaphthacenequinone photochrome, indicating that it is the 
phenylazo-group which effects markedly the photochromic properties of 
phenoxynaphthacenequinone photochrome. These results also indicate that 
not all of type A phenoxynaphthacenequinone derivatives in Scheme 2 
have normal photochromism. 

lrrad iatlon ' Irradiation 
1 tirnelrnin 

5r- 

0- 

I 
I 

C 

300 400 500 6 
0 . I I i I  

0 

FIGURE 4 Spectral change of 3 ( A ,  1*10-' no1 dm-'), 4 ( B ,  
l a l o - '  mol dn-') and 5(C, 5.10-5 mol dm-') in 
DMSO irradiated with 365 nm UV light. 

A s  can be seen in Figure 4, the intense absorption peak,of trans 
azobenzene isomer at 352 - 378 nm (depending on the substituent) 
decreased markedly on irradiation with UV light and reached its 
equilibrium value very quickly. Contrary to this, there was no spectral 
change for 4-hydroxyazobenzene solution in DMSO on the same 
experimental condition. The results indicate that the cis isomers of 
azobenzene photochromes in the dichromogenic compounds were relatively 
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204 2. FANG at al. 

stable. 
Figure 5 shows the absorption spectra of compound 7 in DMSO before 

and after W irradiation. It is clear that compound 7 
photochromism and underwent irreversible react ions. 

Irradiation t itne/inin 

exhibited no 

I0 

Wavelength/nm 

FIGURE 5 Spectral change of 7 in DMSO ( la lo- '  no1 dm-'1. 
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