
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

Synthesis and Photochromism of 5-
Dicyano-Methylene-4 isopropylidene-3-
[1-(1-p-methoxy-phenyl-2-methyl-5-
phenyl-3-Pyrryl)ethylidene]-
tetrahydrofuran-2-one
Lianhe Yu a b , Daoben Zhu b & Meigong Fan a
a Institute of Photographic Chemistry, Chinese Academy of Sciences,
Beijing, 100101, China
b Institute of Chemistry, Chinese Academy of Sciences, Beijing,
100080, China

Version of record first published: 24 Sep 2006

To cite this article: Lianhe Yu, Daoben Zhu & Meigong Fan (1997): Synthesis and Photochromism
of 5-Dicyano-Methylene-4 isopropylidene-3-[1-(1-p-methoxy-phenyl-2-methyl-5-phenyl-3-
Pyrryl)ethylidene]-tetrahydrofuran-2-one, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 297:1, 107-114

To link to this article:  http://dx.doi.org/10.1080/10587259708036110

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,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708036110
http://www.tandfonline.com/page/terms-and-conditions


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.

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 



A M ,  Crysf. Liq. Crysf., 1997, Vol. 297, pp. 107-1 14 
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 

SYNTHESIS AND PHOTOCHROMISM OF 5-DICYANO- 
METHYLENE-4ISOPROPYLIDENE-3-[ 1-( 1-P-METHOXY - 
PHENYL-2-METHYL-5-PHENYL-3-PYRRYL)- 
ETHYLIDENE- TETRAHYDROFURAN-2-ONE 

LIANHE WLb DAOBEN ZHU and MEIGONG FAN '* 
a: Institute of Photographic Chemistry, Chinese A c a d e q  of Sciences, Beoing. looIOl, China 
b: Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080. china 

bbsta Synthesis and Photochromic behavior of an IR sensitive photochromic 
fulgide derivative: 5-DicyanoIllethylene4isopropylidene-3-[ 1-( l-p- 
methox~~nyl-2-m~yl-hyI-5-phenyl)-3-pyrryl-ethy~~] tctrahydrofuran-2-one 
(3) are rtportcd. The results show that after the replacement of one carbony1 
oxygen of the anhydride ring m pyrryl fulgide by the strong electron-withdrawing 
dicyanomethylene group, the absorption maximum wavelength of their 
corresponding colored forms (4 and 7) shifts from l- = 64Onm to X- = 820nm 
in acetonitrile. 

INTRODUCTION 

Thermally irreversible organic photochromic compounds, such as fulgides' are potential 

candidates for application in erasable optical information nwlia, much attention have 

been made to improve their photochromic properties.23 Previous paper' reported that 

the color of the ring-cold form of fulgides can be altered to deep blue by replacing 

the 3-furyl or 3-thienyl group by a 3-pynyl group (scheml). The absorption 

maximum wavelength (l-) of 2 in toluene is 494 nm @a); 520 nm @=S) and 610 

nm @=IWh). 

In order to match comrmrcial diode laser which emits radiation at wavelength 

780-830nmregion, itis necessary and ofgreat interestto modify the structure of 

I07 

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 



u Y 

1 2 
Scheme 1 

photochromic Mgides so that their colored forms can absorb in the near hfrared 

wavelength region. Our recent interests in photochromic fulgides with diode laser 

compatibility have kd us to synthesis a series of pyrryl substituted f ~ l @ e s . ~ - ~  Up to 

now, few compounds can match the emmision of diode laser, but none has a A,- over 

J4+ 4 
&b 

W -* v* 

d L 
4 

W - 
IR 

Scheme 2 
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PHOTOCHROMISM OF FULGIDE DERIVATIVE I09 

800 nm We report here a convenknt mthod for the synthesis of a rcal near infknxl 

sensitive photochromic dicyanomthylcnc compound (6, Schcm 2). derived from 3- 

Pynyl fulgiae (3). 
The replacemnt of one carbonyl oxygen of the anh- ring in photochromic 

pyrryl fdgide by the strong electron-withdrawing dicyanomthylene group can cause a 

signi6cantly bathochromic shift (18Onm) of the long wavelength absorption band of the 

corresopnding colored forms. 

EXPERIMENTAL 

Absorption spectra werc masured on Hitachi-557 spectrometer, NMR spectra were 

rccorded with a Varian &400 (400MHz) instrumnt. Mass spectra were obtained 

using a Flnnigan 4021C mass specwmeter with an electron-impact at 7kv .  Reagents 

and solvents were purifded before use. In the photocoloration e x p e k n t ,  366nm light 

(selected from an 8W UV-larrrp) was used as the irradiation source. The measurement 

were performed in a lmlcmx4cm quartz wlL In k photobleaching experiment, the 

visible light (L 2 6OOnm, from 500W iodine-tungsten lamp) was used as the 

bleaching source. 

Svnthesis of the Title Comuound (6.) 
Our key starting material, 3-pynyl fulgide (3) was prepared fiom l-p-mthoxylphenyl- 

2-mthyl-5-phenyl-3-acetyl pym~lc '~  and diethyl 2-isopropylidene-succinate" via 

Stobbe condensation, which has been described in 

Equal molar of pynyl fulgide (3): and malononitrile were dissolved in dry 
tetrahydrofuran o , 2  equivalent molar of diisopropylamine dissolved in dry THF 

was added dropwist to the above solution, after addition, the mixtm were maintained 

at ambient for 2.5 hrs, and the white precipate appeared (disah, 5.30%). The disalt (5) 

was tlltered off and thoroughly dried under vacumm pressure, then dissolved in 1,2- 

dichloroethane and treated with acetyl chloride (2 hrs) without exposure to UV light. 

Remove of the solvent and purified by silica-gel column chromotagraphy using 
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110 L. YU et al. 

dichloromthancllight petroleum ether (1:2) as eluent, after working up, give 

photochromic compound 6 as ycllow crystal (405b), after recrystalized from diethyl 

etherfight petroleum ether. M.P. 160-162OC; 'H Nh4R (-3) 6 ppm, 1.53 (s,3H, 

Me); 1.78(s93H,Me); 2.24 (s,3H, Me); 2.76 (s,3H, Me); 3.83 (s,3H, Me); 6.48 (s,lH, 

Pyrryl-H); 6.92-7.40(m,9H,Ar-H). IR, (V,cm-'), 2229(CN), 1801(C=O), 1547, 1509, 

1483 (Ph). MS(EI), dz=475(100%). Ekmntal analysis, Calculated for C3&12503N3, 

C:75.77; H5.30 N:8.84; found C:75.12; H: 5.55; N: 8.45. 

DISCUSSION 

One of the carbonyl group of the anhydride ring which located at juxtaposition to the 

ethylidene group is well-resonace conjugated with the pyrryl nitrogen atom, and thus is 

relatively deactived as compared with the other carbonyl The result in 

preferential nucleophic attack of the malononitril negative anion at the latter carbony1 

group. 
Upon irradiation at L 366~1, a lo4 m0Vdm3 solution of 6 in acetonitrile 

revealed a m k e d  bathochromic shift to the near infrartd region with a A,- = 820nm 

By contrast, irradiation of a similar solution of 3 at 366nm gave an absorption peak at 

L= 64Onm It can be inferred, therefore, that the introduction of a dicyanomthylene 

group into the succinic anhydride ring of fulgidc 3 results in a further si@cant 

bathochromic shift of about 18Onm with respects to their respective colored forms (4 

and 7). However, such moltcular modification has little effect on the absorption spectra 

of the ring-opened form (see figure 1, absorption bands of compound 3 and 6). Figure 

1 illustrated that a new kind of infixed active photochromic compound was 

synthesized by replacing the oxygen of appropriate carbonyl in fulgides by a 

dicyanomethylene group through the molecular design and tailoring. This system is 
matched very well with commercial diode laser. 

Figure 2 shows time-resolved absorption spectral changes during the coloration 

and bleaching processes of compound 6. By irradiation with 366 nm light, the pale 
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PHOTOCHROMISM OF FULGIDE DERIVATIVE 111  
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FIGURE 1 Absorption spectra of compound 3,4,6 and 7 in acetonitrile. 
-*-*-(3):-(4); -.. -.. 4 6 \  - - - 4 7 ) .  

300 400 500 600 700 800 900 

WaveialjJtIllnm 
FIGURE 2 Absorption spectral changes of comound 6 during the photochrornic 

processes in acetonitrile solution. Coloring with 366nm light, bleaching 
with 2 600nm light. 
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112 L. Y u 41 d. 

yellow solution of 6 was converted to a grecn solution, which does not fade in the 

dark, can be ascribed to the thermally stable 7,7adihydroindole derivatives (9, and the 

absorption band in ultra violet region decreased, whik the absorption band in the near 

infrand region incnased simultaneously, this is so-called photocoloration process. The 

reaction can be reversed and the color bleached by exposure to visible light or near 

hfranxl light, the absorption band of the colored form (7) in the near infrared region 

decreased while the absorption band in ultra violet region increased until fading out of 

the colored solution, this is rekrred to photobleaching process. These reversible 

spectral changes indicate that such new kind of the title compound possesses excellent 

photochromic properties. 

As for furyl and thienyl fulgides, the s a m  molecular modification of the 

anhydride moiety can also Icd to a large bathochromic shift of the h, of the 

corresponding colored The bathochromic shifted values are around 150m 

which is smalltr than for the corresponding pyrryl substituted molecule, and the of 

the colored form of dicyanomthylene derivatives of furyl and thienyl fulgides are 

shorter than 70Onm Table 1 shows the A,- values of colored forms, illustrating the 

major bathochromic shifts caused by replacing the oxygen of appropriate carbonyl by 

the dicyanomethylene group. 

TABLE 1 Comparison of fulgide and its dicyanomethylene 
derivative in acetonitrile. 

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 



PHOTOCHROMISM O F  FULGIDE DERIVATIVE I13 

Such a large bathochrornic shift of between the colored form 4 and 7 can be 

hardly rationalized only by the long conjugated n;-electron system existing in the 

colored forms 4 and 7. Nevertheless, the strong electron withdrawing group, 

dicyanomethyknc group, linked with the much stronger electron donating group, 

dihydropynyl moiety (compared with the corresponding fury1 and thienyl derivatives), 

through the long conjugated 'JGelectron system, it may contribute to such a large 

bathochromic shift of between 4 and 7. 

The introduction of a dicyanomthylene group at the 5-position of the 

tetrahydrofuran ring of 6 would provide an extended conjugation in the cyclized 

products 7 (see Scheme 3) . This conjugation would extend h m  the heteroatom of the 

(l-p-methoxylphenyl-2-mthyl-5-phenyl) pynole ring to the one of nitrogen atoms of 

the nitrile groups at the end, resulting in a resonance-delocahd species, such as 7a. 

Intramolecular electron transfer proceeded through the Ir-conjugation system and a 

zwitterionic like species fomed. Thus the large bathochmic shift was observed. 

The resonance stabilization of the colored form is believed to be partially 

responsible for the good thermal stabilities of fulgides and their derivatives. In fact, 

when the compound (6) was heated up to the melting point (160OC) the 

photochromism is not destroyed, showing that the title compound has excellent thermal 

stability. 

Investigation on the application of photochromic compound (6) in the optical 

information recording compatible with semiconductor diode laser are undergoing in our 

group. 
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1 I4 L. YU el ul. 

CONCLUSION 

In summary, the replacemnt of one carbonyl oxygen of the anhydride ring in pynyl 

fulgdes by the strong electron-withdrawing dicyanomethykne group, led to the 

preparation of an IR sensitive, thermally stable photochromic compound 6. The optical 

sensitivity of the colored form (7) at = 820m (i.e., sensitivity to the emission 

wavelength of commercial diode laser) is of much intenst for practical application. 
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