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The preparation of some aryl- and methyl-substituted 1, 3, 4-oxadia- 
zoles and the oxidation of methyl groups attached to the oxadiazole 
rings to aldehyde groups are described. 

In th i s  w o r k  we a r e  cont inu ing  s tud ie s  on the s y n -  
t h e s i s  of 1, 3, 4 - o x a d i a z o l e  d e r i v a t i v e s  which  t h e m -  
s e l v e s  p o s s e s s  f l u o r e s c e n t  p r o p e r t i e s  o r  con ta in  
ac t ive  g r o u p s  (such as  m e t h y l ,  a ldehyde ,  and amino  
groups)  in the o x a d i a z o l e  r i ng ,  p e r m i t t i n g  t h e m  s u b -  
s e q u e n t l y  to be c o n v e r t e d  into new f l u o r e s c e n t  c o m -  
pounds  of th i s  c l a s s .  
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Ar= C6H4OCli3-p, 
CsH4Cl=p, C6H4NO2=p, 
R=  C6H4N(CHs)2=p, 

CH3 

The s y n t h e s e s  of the a r y l o x a d i a z o l e s  d e s c r i b e d  in  
th is  p a p e r  a r e  b a s e d  on p r e v i o u s  w o r k  [2, 3]. H o w e v e r ,  
the p r e p a r a t i o n  of a r y l m e t h y l o x a d i a z o l e s  con ta in ing  
such  subs t i t uen t s  as  phenyl  and eh lo ropheny l  i s  c h a r -  
a e t e r i z e d  by f e a t u r e s  c o n n e c t e d  wi th  the h y d r o l y t i c  
i n s t a b i l i t y  of the o x a d i a z o l e  r i n g  [2, 3]. Thus ,  in c o n -  
t r a s t  to the p r e p a r a t i o n  of the d i a r y l o x a d i a z o l e s ,  i t  
p r o v e d  to be  e x t r e m e l y  i m p o r t a n t  to m a i n t a i n  def in i t e  
t e m p e r a t u r e  cond i t ions  (80 ~ C) f o r  the  e y e l o d e h y d r a t i o n  
of the a e e t y l a r o y l h y d r a z i n e s  w i t h  p h o s p h o r u s  o x y e h l o -  
r i d e  and a l so  to u s e  m e a s u r e s  p r e v e n t i n g  the 
h y d r o l y s i s  of the p roduc t  to the c o r r e s p o n d i n g  
a c e t y l a r o y l h y d r a z i n e s  o r  e v e n  h y d r a z i d e s  du r ing  i s o -  
l a t ion  and p u r i f i c a t i o n  (such m e a s u r e s  be ing  i n t e n s i v e  
coo l ing  and e x t r a c t i o n  of the p r o d u e t w i t h e t h e r ,  s i m u l -  
t aneous ly  wi th  the p o u r i n g  of the r e a c t i o n  m i x t u r e  into 
w a t e r ,  and c a r e f u l  n e u t r a l i z a t i o n  of the e x t r a c t s ) .  
H o w e v e r ,  the p r e s e n c e  of a n i t r o  group in  the phenyl  
r a d i c a l  of a subs t i t u t ed  o x a d i a z o l e  s t a b i l i z e s  the 
1, 3, 4 - o x a d i a z o l e  r ing ,  and such  compounds  m a y  e v e n  
be ob ta ined  by the u sua l  method .  

Oxida t ion  of a m e t h y l  g roup  a t t ached  to an o x a d i a -  
zo le  r i n g  by s e l e n i u m  dioxide  in a n e u t r a l  m e d i u m  
l e a d s  to the f o r m a t i o n  of an o x a d i a z o l e a l d e h y d e :  

N - - N  N - - N  tL II I I  
+ SeO 2 ~ P h _ C , , o . ~ _ C _  H .  + Se + H20 Ph--C.,O~C--CH 3 
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A l d e h y d e s  of the o x a d i a z o l e  s e r i e s  w e r e  p r e v i o u s l y  
unknown. 

* F o r  p a r t  H, s e e  [1]. 

E s t e r s  of 1 , 3 , 4 - o x a d i a z o l y l b e n z o i c  ac id  w e r e  s y n -  
t h e s i z e d  by analogy wi th  p r e v i o u s  w o r k  [4, 5]: 

NH2NH 2 �9 H20 
R - - O C - -  C6H 4 - -COR R - - O C - -  CsH 4 - - C - - N H N H  2 
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R--OC--I! C6H4 --C~ O'C - -H 
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A m i n o o x a d i a z o l e s  w e r e  ob ta ined  by ox id i z ing  a c e -  
t y l t h i o s e m i e a r b a z i d e s  wi th  m e t a l  ox ides  in an aqueous  
m e d i u m  in b e t t e r  y i e l d s  than those  ob ta ined  in a n h y d r o u s  

o r g a n i c  s o l v e n t s ,  a s  d e s c r i b e d  p r e v i o u s l y  [6 -8 ] .  
O x a d i a z o l e  d e r i v a t i v e s  s y n t h e s i z e d  (see  E x p e r i -  

m e n t a l ) ,  apa r t  f r o m  VI, f l u o r e s c e  in the  u l t r a v i o l e t  
r e g i o n  of the s p e c t r u m .  A m o n g  them,  2 - ( p - m e t h -  
o x y p h e n y l ) - 5 - ( p - d i m e t h y l a m i n o p h e n y l ) - l ,  3, 4 - o x a d i a -  
zo le  (II) i s  a v e r y  e f f e c t i v e  s c i n t i l l a t i o n  a c t i v a t o r  in 
o~-methylnaphtha lene  [9]. The s p e c t r a l  c h a r a c t e r i s t i c s  
of II in a - m e t h y l n a p h t h a l e n e  a r e  as fo l lows :  ~abs  ' ~ m f l x  
347 n m  (e = 37 x 108); 2,fml ax 410 nm. In e thanol ,  t h r e e  
a b s o r p t i o n  b a n d s w e r e f o u n d :  k~nax 226 nm (e = 12 x 
• 10s); X'rnax 276 nm (e = 15.5 x 10s); and X'~nax 343 nm 
(e = 45.6 x 10s). T h r e e  s i m i l a r  a b s o r p t i o n  bands  a r e  
found in the u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  of o t h e r  
subs t i t u t ed  2, 5 - d i p h e n y l - 1 ,  3, 4 - o x a d i a z o l e s  in e thanol ,  
and t h e i r  n a t u r e  has  b e e n  d i s c u s s e d  p r e v i o u s l y  [10]. 

EXPERIMENTAL 

i -  (p- Methoxybeazoyl)- 2- (p- dimethylaminobenzoyl)hydrazine (I). 
With stirring, an equimoleoular amount of p-dimethylaminobenzoyl 
chloride was added to a solution of 0.i mole of p-methoxybenzoyl 
hydrazide in anhydrous pyridine heated to 60~ and, after cooling, 
the mixture was poured into ice water. The resulting precipitate was 
recrystallized from dimethylformamide, dioxane, and glacial acetic 
acid. Colorless crystals, soluble in dioxane and dimethylformamide, 
less soluble in ethanol, insoluble in benzene and water. Yield 89%, 
mp 237~ Found, %: C 65.37; H 6.01; N 13.67. Calculated for 
C11HI~NsOs, %: C 65.14; H 6.07; N 13.41. 

: 2-(p-Methoxyphenyl)- 5-(p-dimethylaminophenyl)- i ,  3, 4-oxadia- 
cole (II). Five grams (17 raM) of I was boiled in 15 ml of phosphorus 
oxychloride until it dissolved and the solution was boiled for another 
1 hr. A precipitate deposited which then redissolved. After the re- 
action mixture had been poured onto ice, the yellow precipitate that 
first separated out went into solution, and the reaction product was 
isolated by neutralizing the solution. The substance was heated in 
ethanol to the boil and, after cooling, was filtered off and crystallized 
from a mixture of ethanol and benzene; yield 3.3 g (66%). For further 
purification, a solution in a mixture of ethanol and benzene was 
passed through a column filled with layers of activated carbon and 
alumina, and the substance was then crystallized from dimethylform- 
amide and again from a mixture of ethanol and benzene. Colorless 
crystals, soluble in benzene and dimethylformamide, less soluble in 
dioxane, sparingly soluble in ethanol, insoluble in petroleum ether 
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and water; mp 187~ Found, %: C 69.02; H 5.96; N 13.99. Calcu- 
lated for C17H~TNsO2, %: C 69.19; H 5.76; N 14.24. 

1-Acetyl-2-(p-chlorophenyl)hydrazine (III). With stirring, 12 ml 
(0.117 moie) of acetic anhydride was added dropwise to a suspension 
of 20 g (0.117 mole) of p-chlorobenzhydrazide in methanol. An exo- 
thermic reaction took place. After an hour's standing, the precipitate 
was filtered off. Yield 21.8 g (87%). Colorless crystals, mp 211~ 
(from ethanol). Found, %: N 13.49. CalcuIated for CgHsC1N202, %: 
N 13.20. 

5-(p-Chlorophenyl)-2-methyl-l, 3,4-oxadiazole (IV). A mixture 
of 2 g (0.01 mole) of III and 1.8 ml of phosphorus oxychloride was 
heated in a water bath at 80~ for 6 hr and was left overnight. Then 
it was poured into a mixture of ice and ether with vigorous stirring. 
Tile aqueous layer was extracted several times with ether. The com- 
bined ethereal extracts were neutralized with ice-cold sodium car- 
bonate solution and were washed with ice water to eliminate the 
sodium carbonate, and the ether was evaporated. Yield 1.37 g (75%). 
Colorless crystals, mp 107~ (from cyclohexane). Found, %: N 14.63. 
Calculated for CgHTC1N20 , 0]o: N 14.42. 

1-Aeetyl-2-(p-nitrobenzoyl)hydrazine (V). This was obtained from 
22.4 g (0.19.3 mole) of p-nitrobenzhydrazide and 12.6 ml (0.123 mole) 
of acetic anhydride in a similar manner to III. Yield 26.1 g (950]0) of 
a light yellow product; mp 235~ (from acetic acid). Found, 0]0: 
N 19.09. Calculated for CsHgNsO4 , %: N 18.83. 

1-Methyl-2-(p-nitrophenyl)-l, 3, 4-oxadiazole (VI). A mixture of 
2.2 g (0.0i mole) of V and 1.8 mI of phosphorus oxychloride was boiled 
untiI the solid had dissolved and then for another hour. The mixture 
was poured onto ice. The precipitate that deposited was filtered off 
and was washed with aqueous sodium carbonate solution and with water 
to neutrality. Yield 1.8 g (93~ Light yellow crystals, mp I66~C 
(from ethanol), soluble in benzene and insoluble in heptane and 
water. Found, %: N 20.57. Calculated for CgHTN~O~, %: N 20.48. 

g-Phenyl-l,3,4-oxadiazole-2-aldehyde (VII). Nine grams 
(0.08 mole) of selenium dioxide was dissolved with heating in a 
mixture of 40 ml of dioxane and 3 ml of water, and then 15 g (0.08 
mole) of 2-methyl-5-phenyl-1, 3, 4-oxadiazole was added to the 
solution and the mixture was boiled for 4 bx. As the reaction pro- 
ceeded, a black precipitate of metallic selenium deposited and the 
solution became yellow. The selenium was filtered off and the so- 
lution was evaporated under vacuum. The product was distilled at 
136-139~ (15 ram); the distillate rapidly set to a colorless crys- 
talline mass. Distillation was repeated twice; yield 7 g (50~ Found, 
%: C 62.27; H 3.44; N 16.07. Calculated for CgH6NzOz, %: C 62.07; 
H 3.'/5; N 16.09. The aldehyde group was determined by heating the 
substance with a solution of hydroxylamine for 3 hr [111 

p-Methoxycarbonylbenzhydrazide (VIII). With stirring, 13.6 g 
(0.072 mole) of dimethyl terephthalate was boiled for 5 hr with 
7 ml (0.22 mole) of hydrazine hydrate in 150 ml of methanol. The 
precipitate that deposited after cooling was filtered off. Yield 6.5 g 
(610]o), mp 9.04~ (from a i : 1 mixture of methanol and dioxane). 
Found, %: N 14.35. Calculated for CgH10N2Os, %: N 14.40. Un- 
changed dimethyI terephthalate was recovered from the benzene 
mother liquor. 

Methyl p-(1, a,4-oxadiazol-2-yl)benzoate (IX). A mixture of 
6 g (0.03 mole) of VIII and 120 ml of orthoformic ester was boiled 
for 9 hr. The reaction mixture became homogeneous. The excess of 
ether was distilled off, and the residue was crystallized from benzene 
(with alumogeI) and ethanol Colorless crystals, yield 3.5 g (560]0, 
mp 151-159.~ (from ethanol). Found, 0]0: N 14.03. Calculated for 
CIoHsN20~, 0]0: N 13.71. 

p-Deeyloxycarbonylbenzhydrazide (X). A mixture of 5 g (0.016 
mole) of decyI terephthalate, 1 m1 (0.031 mole) of hydrazine hydrate, 
and 15 ml of dioxane was heated at 130-140"C for 6 hr. The initially 
clear solution became turbid. After cooling, the precipitate was crys- 
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tallized from ethanol (3 g: 25 ml), the insoluble dihydrazide of 
terephthalic acid (0.3 g) being separated by hot filtration: Col- 
orless crystals, yield 1.7 g (49~ mp 111-112~ (from ethanol). 

Found, %: N 8.97. Calculated for C18H28N2Oz, %: N 8.75. 
Deeyl p-(1, 3, 4-oxadiazol-2-yl)benzoate (XI). A mixture of 3 g 

(0.01 mole) of X in 45 mI of orthoformie ester was boiied for 15 hr, 
after which the excess of the orthoester was distilled off, the residue 
was poured into petroleum ether, and the precipitate was filtered off. 
Yield 1.9 g (65~ colorless crystals, mp 68~ (from a mixture of 
eyclohexane and petroleum ether). Found, %: N 8.65. CaIculated for 

C,gH26NzOz, %: N 8.49. 
2-Amino-5-methyl-1, 3, 4-oxadiazole (XII). A solution of 10 g 

(0.08 mole) of acetylthiosemicarbazide in 100 ml of water was treated 
with 18 g (0.08 mole) of yellow mercuric oxide, and the mixture was 
boiled for 4 hr. The hot solution was filtered from the mercurous sul- 
fide, and the filtrate was evaporated under vacuum almost to dryness. 
The residue was treated with 10 m1 of 10% alkali to eliminate the 
unchanged acetylthiosemicarbazide. Yield 3.15 g (43%). Mp 183~ 
(from a mixture of benzene and ethanol) (183~ [6]). 

The UV spectrum coincided with that given in the literature [6]. 
The absorption spectrum of II was plotted on a SF-4 speetrophotometer, 
and the fluorescence spectra were plotted as described previously [12]. 
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