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4-(2-Aryl-l ,3,4-oxadiazol-5-yl)naphthalic anhydrides were obtained by condensation of 4- 
chlorocarbonylnaphthalie anhydride with monohydrazides of substituted benzoic acids and 
subsequent cyclodehydration; the corresponding N-phenylimides were obtained from the 
4-(2-aryl-l ,3,4-oxadiazol-5-yl)naphthalic anhydrides. The UV and luminescence spectra are 
presented. 

We recently [1] described 4-(2-phenyl-l,3,4-oxadiazol-5-yl)naphthalic anhydride (Ia), which lumin- 
esces in toluene in the violet region of the spectrum. The subject of the present communication is the syn- 
thesis and investigation of the optical propert ies of phenyl-substituted anhydrides (I) and the correspond- 
ing N-phenylimides (II). 

Anhydrides I were synthesized by condensation of monohydrazides of substituted benzoic acids with 
4-chlorocarbonylnaphthalic anhydride and subsequent cyclodehydration of the unsymmetrical  N,N'-diaroyl-  
hydrazines by heating them with phosphorus oxychloride: 
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I, l l  a R=H; b R=Cl; c R=NO2; d R=C.a; e R=OCHa; f R=N(CH3) 2 

The corresponding N-phenylimides (IIa-f) were obtained by condensation of I with aniline. 

The absorption spectra of naphthalic anhydride and Ia at 300-500 nm consist of broad bands with vi- 
brational structures in the vicinity of the absorption maxima. The introduction of a phenyloxadiazolyl res i -  
due into the 4-position of the naphthalic anhydride causes a c o n s i d e r a b l e  shift in the absorption maximum 
(~35 nm) to the long-wave region of the spectrum and i n c r e a s e s  the absorption intensity. 

It is known that the oxadiazole ring in diaryloxadiazole molecules in both the ground state and the 
excited states has an electron-acceptor  effect, which is intensified in the excited state [2, 3]. This effect 
leads to a decrease in the electronic interaction of the phenyl and naphthalic anhydride portions of the mole-  
cule and is reflected in the shift of the absorption spectrum of phenyl0xadiazolylnaphthalic anhydride to the 
short-wave region (~20 rim) as compared with its phenyloxazolyl analog [1], for which the eleetron-aeeeptor  
propert ies of the heterocyclic grouping in the excited state show up to a l e sse r  extent [3]. 
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TABLE 1. Anhydrides and Phenylimides of Aryloxadiazolylnaph- 
thalic Acids 
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IIf 

H1 
NO2 
CH3 
OCH3 
N(CHJ2 

NO2 
CH3 

OCH3 
N (CH3) 2 

rap, *C 
Empirical 
formula 

200(dec.) a C2oHgN204CI 

350 b C2oHgN306 
259 a C~IHI2N204 
254 a C21HI~N205 

l~0(dee. )( C2~HIsN304 
288a C26HIsN3Oa 

265 a 
254a 

252 d 
I00 (dec.)c 

N, % Absorption 

calc.[~ . . . .  nm[ lg~ 
s 

7,8 

0,7 
7,9 
7,3 
,1,2 
0,4 

C26H14N4Os 2,0 
C27HIvN3Os 9,8 

C27HITN304 9,0 
C28H2oN40~ ~2,2 

i365, 385 e 4,30 
7,4 365, 385 e' -- 

10,8 865, 385 e 
7,9 365 ] 4,3-~ 
7,5 3?5 4,35 

10,9/320, 425 4,44; 4J5 
10,11365, 385 4,43 434i 

19i13%385 4,32; 4,24 
9,71 4,4,11 

320, 415 4,38; 4,221 

Luminescence 

nine'max' 11 ~.~ 
425 0,14 
425 Weak 

][um. 

OE4 
453 0,29 
4i0 0,31 
590 Weak 

lure. 

43'0 Wea-k 
lurn. 

455 0,12 
565 0,23 

P 

!2L 
5 8  
67 
48 
70 

50 
67 

5o 
171 

a)From acetic anhydride,  b) From aqueous dimethylformamide.  
c) F rom ethanol, d) F rom xylene, e) Inflection. 

One 's  attention is drawn to the inflection in the long-wave portion of the curve for  I, which gradually 
vanishes as e l ec t ron-donor  substituents with increas ing e lec t ron-donor  proper t ies  are  introduced but which, 
on the other  hand, is displayed more  dist inctly when e l ec t ron-aceep to r  substituents are  introduced.* The 
spec t ra  of methyl -  (Id), ch lo ro-  fib), and ni t ro-subst i tu ted (Ic) compounds do not differ f rom the spect rum 
of Ia  with respec t  to the position of the chief maximum; a smal l  bathochromic effect ('-q0 nm) is observed 
when a methoxy group is introduced. The spec t rum of If  is considerably  complicated.  In addition to the 
band this is also present  in the spec t ra  of the other  derivat ives but shifted to the shor t -wave region (Xma x 
320 nm); there  is a long-wave band (kmax 425 nm), which is apparently a c h a r g e - t r a n s f e r  band and is due 
to the e lec t ronic  interaction of the dimethylamino and carbonyl  groups at the ends of the conjugation chain. 

The luminescence spec t ra  of I which are  represented  by a s t ruc tu re less  band differ little in c h a r -  
ac te r  f rom one another.  The e lect ronic  nature of the substituents introduced into the phenyl ring of the 
luminescing compounds affects the magnitude of the long-wave shift of the luminescence maximum, and 
the Stokesian shift inc reases  considerably as the e l ec t ron-donor  proper t ies  of the substituents increase .  
The introduction of e l ec t ron-donor  substituents doubles the luminescence quantum yield. The nitro der iv-  
ative (Ic) has prac t ica l ly  no luminescence in e i ther  toluene or  in the crysta l l ine  state; the chloro derivative 
fib) also has ve ry  weak luminescence.  

The absorpt ion spec t ra  of toluene solutions of N-phenylimides of aryloxadiazolylnaphthalic acids are  
prac t ica l ly  the same as the spec t ra  of the anhydrides f rom which they were obtained. However, the phenyl-  
imides have less  intense luminescence than the anhydrides.  

EXPERIMENTAL 

The absorption spectra were recorded with an SF-4 spectrophotometer. The luminescence spectra 
were recorded with an apparatus consisting of a ZMR-3 mirror monochromator, an F]~U-18 optical emis- 
sion detector, and an M-95 microammeter; the photoluminescence was excited with an SVDSh-500 lamp, 
from the spectrum of which light of wavelength 365 nm was isolated by means of a DMR-4 quartz mono- 
chromator. The absolute luminescence quantum yields of toluene solutions were determined by the equal 
absorption method [4]. 

4-[2-(4-Methoxyphenyl)-l,3,4-oxadiazol-5-yl]naphthalic Anhydride (Ie). A saturated sodium carbon- 
ate solution was added with vigorous stirring to a mixture of solutions of 1.66 g (0.01 mole) of 4-methoxy- 
benzhydrazide in I00 ml of 10%hydrochloric acid and 2.6 g (0.01 mole) of 4-chlorocarbonyl-l,8-naphthalic 
anhydride in 50 ml of benzene until the mixture was alkaline. Stirring was then continued at room tem- 
perature for 2.5 h, after which the mixture was acidified with concentrated hydrochloric acid. The result- 

* Because of the low solubilit ies of Ib and Ic, the absorption spec t ra  of toluene solutions of these compounds 
were measured  qualitatively.  
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ing precipi tate  was removed by f i l t rat ion and washed success ively  with 10% sodium carbonate  solution, 
water,  and a smal l  amount of ethanol. The product  was refluxed in 40 ml of phosphorus oxychloride for  
40 min, a f te r  which the mixture  was poured over  ice, and the precipi ta te  was removed by f i l t rat ion and 
washed with water  until  it gave a neutral  react ion (Table 1). 

A s imi la r  p rocedure  was used to obtain 4 - [2- (4- to ly l ) - l ,3 ,4 -oxad iazo l -5-y l ] -  and 4- [2- (4-dimethyl-  
aminophenyl)- l ,3 ,4-oxadiazol-5-yl]naphthal ic  anhydrides (Id and If, Table 1). 

4-[2-(4-Chlorophenyl) - l ,3 ,4-oxadiazol-5-yl ]naphthal ic  Anhydride fib). A mixture  of solutions of 
equimolar  amounts (0.01 mole) of 4-chlorobenzhydrazide  and 4-ch lorocarbonyl - l ,8 -naphtha l ic  anhydride 
in pyridine was heated with s t i r r ing  for  3 h up to the boiling point, a f t e r  which it was refluxed for  another  
hour.  The react ion mixture  was cooled to room t empera tu re  and poured into water .  The precipi ta te  was 
removed by f i l t rat ion and washed with water  and ethanol.  The product  was refluxed for  6 h in 50 ml of 
phosphorus oxychloride,  a f te r  which the mixture  was poured over  ice, and the precipi ta te  was removed by 
f i l t rat ion and washed with water  until it was neutral .  It was then dried and chromatographed on activity II 
aluminum oxide with elution by acetone (Table 1). 

A s imi la r  procedure  was used to obtain 4- [2- (4-ni t rophenyl)- l ,3 ,4-oxadiazol-5-yl]naphthal ic  anhydride 
(Ic) (Table 1). 

Aryloxadiazolylnaphthalic Acid Phenylimides ffla-f). A mixture  of solutions of 0.01 mole of a ry l -  
oxadiazolylnaphthalic anhydride and 0.1 mole of aniline in 100 ml of acetic acid was refluxed for  6 h. The 
course  of the react ion was moni tored by th in - layered  chromatography on aluminum oxide. The solvent 
was evaporated to one tenth of the s tar t ing volume, and the residue was cooled. The precipi ta te  was r e -  
moved by fi l tration, washed success ive ly  with 10%hydrochloric  acid, water ,  and a small  amount of ethanol, 
dried,  chromatographed on activity II aluminum oxide (elution with acetone), and c rys ta l l i zed  (Table 1). 
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